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Welcome Speech  
by Anatoli Unitsky,
Chief Investor, Chairman of the Organizing Committee 
of the VI International Scientific and Technical Conference 
“Non-Rocket Near Space Industrialization:  
Problems, Ideas, Projects”

Dear friends, colleagues, partners, guests and partic-
ipants of the VI International Scientific and Technical Con-
ference “Non-Rocket Near Space Industrialization: Problems, 
Ideas, Projects”,

This year our conference is taking place within the frame-
work of the World Space Week proclaimed by the UN. Almost 
all states hold events emphasizing the contribution of cos-
mic science and technology to the development of modern 
society, improvement of life of each person and the entire 
humankind. Today we also join the festive events. 

Traditionally, the scientific forum is organized in the hos-
pitable Aquarelle EcoPark. The place was chosen for a reason. 
Everyone will be able to see with their own eyes how our tech-
nologies work not on paper but in practice. Thanks to them, 
in just a few years the barren, ruined land of the former tank 
range was revived and became fertile again. Now the crops 
harvested here are envied by the neighboring agricultural en-
terprises. In this way, we prove in practice the effectiveness 
of our biosphere solutions, which we propose for applica-
tion, including in near space by using the General Planetary 
Vehicle (GPV).

Nearby, in the EcoTechnoPark, five types of operating 
complexes of Unitsky String Transport (uST) have already 
been built, where we are developing string technologies, 

one of which is the GPV. This means that each of our proj-
ects is scientifically substantiated and conceptually imple-
mented by the international Unitsky Group of Companies, 
first of all by the head engineering company Unitsky String 
Technologies Inc. 

The subject of our conference is very symbolic for me. 
As a schoolboy, in the 60s of the last century, living in Kazakh-
stan near the legendary Soviet Baikonur Cosmodrome, I got 
interested in rocket modeling. Soon, after some simple re-
search, I realized the fundamentally unrecoverable short-
comings of the launch vehicle. It was those first experiments 
that formed the basis for the scientific developments of my 
uSpace geocosmic program and, in particular, the GPV, which 
we will discuss at the VI international conference. 

We are voyagers in the world of science and technolo-
gy, and only our determination can open the door for human-
kind to amazing perspectives that were not even possible 
yesterday. Through bold experimentation and relentless pur-
suit, we can break the boundaries of the known and achieve 
the biggest progress. Our world is already entering a new 
phase of civilizational development that focuses on seek-
ing constructive cooperation among states and peoples 
as well as on using the most innovative engineering advances 
for the benefit of all of Earth’s civilization.

Engineers play a key role here. They are the ones who 
create innovations and find solutions that move our tech-
nological civilization forward step by step. It is from the en-
gineering blueprint that new technologies, machines, equip-
ment and a wide variety of goods grow, which improve 
people’s living standards, optimize production processes 
and accept the most complex global challenges of our 
time. 

It was engineers who originated science and art, trans-
port and power industry, agriculture and medicine as well as 
every other civilizational accomplishment. Over the millen-
nia, from stone tools and the first human-made fire, engi-
neering achievements have shaped our planetwide soci-
ety – human civilization, which by origin should be called 
engineering, not technological, technocratic, technogenic 
or industrial, as people commonly call it.

This topic has deeply interested me and has become 
the subject of my research, and I will introduce their re-
sults and conclusions to you in my plenary report. Today 
it is extremely important to realize that it is in engineering 
that a balanced approach is concentrated in, which can give 
the one true creative direction for the further development 
of our civilization. After all, it is engineers who have created 
the civilizational world.

The most significant step in the development of hu-
man civilization will be the relocation of the Earth’s indus-
try into space with its immense resources: area, ener-
gy, raw materials and technological ones, including deep 
vacuum and weightlessness, which do not exist on our 
planet.

The complex analysis I carried out 50 years ago revealed 
that only the GPV can handle this task, because the rock-
et path of industrialization of near-Earth space, which is  
the ultimate dream of science fictionists and futurologists, 
is a utopia.

In 1977, 47 years ago, I filed my first application for the in-
vention of the GPV. The correspondence with the USSR State 
Committee for Inventions and Discoveries took five years 
and included several volumes of comprehensive feasibility 
analyses and engineering calculations that I had to perform. 
About 500 arguments were put forward against the GPV, in-
cluding, for example, “the influence of the Moon and solar 
wind is not taken into account” and “there is not enough met-
al on the planet for construction”. Although I made calcula-
tions and showed that the Moon and the Sun do not inter-
fere with the GPV and that the Earth’s industry could produce 
the amount of steel required for its construction in only two 
weeks, I was denied a patent.
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I could not get my invention recognized in Russia 
and Belarus already in the recent history. That is why sev-
eral years ago I applied for foreign patenting. I would like 
to inform you that just the other day I received patents 
valid in 38 European countries. In the near future, patents 
for the GPV in China and four patents in the USA will be 
granted.

The GPV is a unique invention, because a planet is con-
sidered to be just a structural element of a gigantic in size 
and unrivaled in functionality geocosmic self-supporting 
aircraft. The GPV will be able to operate on three types 
of planets:

 • having, like Earth, the land; 

 • having, as in Stanislav Lem’s Solaris, only the ocean;

 • gas giants like Saturn, which have neither ocean nor land.

We are very fortunate to live on a small planet. If Earth 
had the mass of Saturn, a launch vehicle would not be able 
to take off into outer space at all because of the high grav-
ity and dense atmosphere in which any spacecraft would 
burn up at the required escape velocity of more than 
25 km/s (more than 90,000 km/h). And the GPV would be able 
to take off from such a massive planet because it traverses 
the atmo sphere at the speed of a car, not a rocket. 

That is why the rocket cosmic vector laid out on plan-
et Earth by our compatriots Konstantin Tsiolkovsky, Sergey 
Korolev and Yuri Gagarin would be excluded by the laws 
of physics and humankind would have to start conquering 
space immediately from the GPV. This is one of the main 
reasons why our conference is called “Non-Rocket Near 
Space Industrialization”. 

I invite the forum participants to join the roundtable 
discussions and actively participate in the debates. All those 
present here are experts, opinion leaders. During this event 
we will talk in detail about technological progress in various 
fields of science and technology and also address philosoph-
ical and social problems of society, which are inseparable 
from the evolution of Earth’s civilization. 

Together we will convey to the public that it is neces-
sary to revise outdated foundations and take actual steps 
for transition to the biospheric and cosmic path of civiliza-
tional development to save humankind from degradation, 
extinction and death on the planet limited in size and re-
sources, which has nurtured and raised our engineering 
civilization. 

The prophetic words of Konstantin Tsiolkovsky will come 
true:  “Earth is the cradle of humanity, but humankind cannot 
stay in the cradle forever.”

I would like to conclude my welcome speech by thanking 
the participants and guests gathered here. I wish everyone 
fruitful work! 

The VI International Scientific and Technical Conference  
 “Non-Rocket Near Space Industrialization: Problems, Ideas, 
Projects” is declared open.

Together we will convey to the public  
that it is necessary  
to revise outdated foundations  
and take actual steps for transition  
to the biospheric and cosmic path 
of civilizational development  
to save humankind from degradation, 
extinction and death on the planet  
limited in size and resources,  
which has nurtured and raised 
our engineering civilization. 
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Welcome Speech  
by Igor Kozhin,
Head of the UNIDO Centre  
for International Industrial Cooperation  
in the Russian Federation

Dear guests, 
On behalf of Sharjah Research Technology and Innova-

tion Park I would like to welcome everyone to the VI Interna-
tional Scientific and Technical Conference “Non-Rocket Near 
Space Industrialization: Problems, Ideas, Projects”.

This year’s event comes at a critical stage where na-
tions are competing to explore the space. Here today we 
gather the brightest mind, experts, scientists, entrepre-
neurs who are exploring this topic, sharing these practices 
and putting forward recommendation on how best we can 
explore space technologies in the more sustainable, safe, 
profitable manners. At this conference, we will discuss new 
ideas, challenges and opportunities associated with this 
sphere. 

In the United Arab Emirates our entity is among the lead-
ers in the space topic, whether it is an initiative about Mars 
and its exploration or development of human capital and ad-
vanced training of the specialists who are engaged in research 
of space technology, open new possibilities and educate others 
about this sector of the economy.

In the name and on the behalf of the Sharjah Research 
Technology and Innovation Park I wish you all the best and con-
gratulate our partners – uSky Transport and Astroengineering 
Technologies LLC – on the fact that they have gathered us 

On behalf of the UNIDO Centre for International In-
dustrial Cooperation in the Russian Federation I welcome 
the participants, organizers and guests of the VI Interna-
tional Scientific and Technical Conference “Non-Rocket Near 
Space Industrialization: Problems, Ideas, Projects”. 

The United Nations Industrial Development Organization 
(UNIDO) is a specialized agency in the UN system, and our 
main goal is supporting of sustainable industrial develop-
ment and its acceleration as well as strengthening of inter-
national cooperation and assistance in achieving the Sus-
tainable Development Goals formulated by the UN General 
Assembly.

These 17 goals are call for action from all the countries 
(developed, developing and least developed ones), and they 
are aimed to improve the wellbeing of our planet and pro-
tect it. Herewith, the measures on poverty eradication should 
be taken in parallel with boosting economic growth, solv-
ing issues in the spheres of education, industrialization, 
healthcare, social welfare, climate change and environment 
protection. 

Mr. Gerd Müller, Director General of UNIDO, stated in his 
report at the G20 Summit that in our world everything is con-
nected – all states and all peoples. The world has already 
faced several global crises in recent years, but it is clear that 

Welcome Speech 
by H.E. Hussain 
Al Mahmoudi,
CEO of Sharjah Research  
Technology and Innovation Park  
and American University  
of Sharjah Enterprises,  
President of West Asia  
and North Africa Division  
of the International Association  
of Science Parks (IASP)

at this historically significant conference to discuss, analyze, 
learn and create a global network of professional contacts.

multilateral cooperation is essential. We need more solidar-
ity. Our concepts of progress and growth should be recon-
sidered, alongside it is necessary to promote new innovative 
projects.

Ladies and gentlemen, UNIDO acts as a partner in the proj-
ects on technology and knowledge transfer and investment 
partnership programs. Our entity strives to support cooper-
ation of the government and private industrial enterprises 
and scientific institutions in both industrialized and develop-
ing countries. Together we are able to turn global responsi-
bility into a global solution for the benefit of all. In solidarity 
and cooperation, we can truly change the world and make 
it better! 

Given our organization’s mandate and a significant role 
of this annual conference in terms of suggested innovative 
approaches and technology for near space industrialization, 
in 2022 UNIDO Centre in Russia decided to support the or-
ganizers of the event and signed an agreement on cooper-
ation within the EcoSpace program. We intend to develop 
this cooperation and are ready to discuss the opportunities 
for implementation of new joint projects and initiatives.

I am confident that today’s event will strengthen 
ties between scientists and practitioners, while survey 
of space and the innovative projects presented here can be 
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an important element of the concept of sustainable devel-
opment and will be featured by tangible results at the inter-
national level. 

I wish participants, organizers and guests of the con-
ference fruitful communication, exchange of experience 
and further professional success! 

I am confident that today’s event 
will strengthen ties between scientists 
and practitioners, while survey of space 
and the innovative projects presented here 
can be an important element of the concept 
of sustainable development  
and will be featured by tangible results 
at the international level.

Welcome Speech  
by Pyotr Vityaz,
Academician,  
Doctor of Engineering Sciences,  
Professor, Honored Scientist  
of the Republic of Belarus,  
Head of the Aerospace Activities 
Department, Deputy Head  
of the Space Research Agency  
of the National Academy of Sciences  
of Belarus

Dear Anatoli,
Dear participants of the VI International Scientific 

and Technical Conference “Non-Rocket Near Space Industri-
alization: Problems, Ideas, Projects”,

Many fantastic ideas expressed by writers in literature 
are working in our lives today. Perhaps the non-rocket sys-
tem of near space exploration will materialize in the future 
as well.

The study of space is rooted in our land. In the treatise 
“Great Art of Artillery” published in 1650, Belarusian Kazimierz  
Siemienowicz for the first time proposed the technology 
of powder charge separation into compartments for artillery 
shells, which was later applied in the creation of staged rock-
ets, and also described the possibility of using jet propul-
sion. All over the world our fellow countryman is recognized 
as one of the founders of rocket engineering.

Semyon Kosberg from the city of Slutsk was an asso-
ciate of Sergey Korolev and the chief designer of the third 
stage liquid engine. It was this invention that made it pos-
sible to accelerate the Vostok spacecraft with the first cos-
monaut on board to the second cosmic velocity and launch 
it into orbit.

Zygmunt Florenty Wróblewski, born in Grodno, was 
the world’s first to master the physics and technology of gas 

liquefication and to obtain liquid oxygen and hydrogen which 
are the essential components of jet fuel.

Boris Kit, another outstanding scientist from near Ko-
relichy, developed the technology of using liquid hydrogen 
as a rocket fuel, which was applied in the American Apollo 
series of spacecraft, including Apollo 11 delivered Ameri-
can astronauts to the Moon in 1969, as well as in the Space 
Shuttle project spacecraft.

We are also proud of cosmonauts Pyotr Klimuk, Vladimir 
Kovalyonok and Oleg Novitsky, who have made three space 
flights each.

We highly appreciate many years of fruitful joint ac-
tivities of Belarusian and Russian scientists and specialists 
in building and operating space equipment and implement-
ing scientific and technical сosmic programs of the Union 
State. Since 1999, seven of them have been realized, two are 
underway and several are being finalized.

This made it possible to build the Belarusian space 
system of Earth remote sensing (ERS), to develop and put 
into orbit the Belarusian ERS spacecraft and the similar Rus-
sian Kanopus-V with a resolution of 2 m. Today, there are 
four Belarusian satellites in space orbit: Belarusian Cosmic 
Apparatus, two Belarusian State University nanosatellites 
and the Belintersat-1 communications satellite.
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According to the Decree of the President of the Re-
public of Belarus, the National Academy of Sciences has 
been entrusted with the functions and tasks of organizing 
and coordinating work in the space industry. To fulfill these 
decisions, the Space Research Agency of the National Acad-
emy of Sciences of Belarus and the Aerospace Activities 
Department were established.

At the 68th Session of the UN General Assembly on No- 
vember 1, 2013, our country was accepted as a member 
of the UN Committee on the Peaceful Uses of Outer Space. 
Belarus became a full member of the International Charter  
 “Space and Major Disasters”.

Our republic is actively involved in global сosmic activ-
ities. National scientists take part in congresses organized 
by the UN Office for Outer Space Affairs, the European Space 
Agency, space agencies of Russia, the USA, Japan, China 
and other countries.

In 1985, the Association of Space Explorers, an interna-
tional nonpolitical and nonprofit organization, was established 
to unite efforts to share experience in piloted astronautics. 
It holds annual congresses in different countries around 
the globe. In 2018, the 31st congress was held in Minsk, which 
brought together 81 astronauts from 18 countries. During 
the event, in honor of our compatriots, a memorial sign  

 “To Belarusians – Heroes of Space” (the work of Belarusian 
sculptor Ivan Misko) was opened in the capital on Kosmonav-
tov Street and the Alley of Cosmonauts was laid in the Cen-
tral Botanical Garden of the National Academy of Sciences 
of Belarus – the largest alley in the world planted by astro-
nauts at one time.

I would like to note that the space industry in the Re-
public of Belarus is successfully developing and has excellent 
prospects. Today only ERS technologies are used in our coun-
try by many enterprises and organizations of 11 ministries 
and departments. For wider application, a multilevel ERS sys-
tem has been created, including, apart from the cosmic seg-
ment, aviation, uncrewed and ground infrastructure, and also 
the Belkosmos production corporation is in operation.

A new joint Russian-Belarusian ERS spacecraft with  
a resolution of 0.35 m is currently being developed, which 
will significantly expand the possibilities of using cosmic 
information and technologies for its application.

As part of the Union State, the Complex-SG program 
is currently being implemented, which envisages the cre-
ation of a constellation of three satellites: one small sat-
ellite, weighing about 250 kg, and two nanosatellites, one 
of which will be manufactured by the National Academy 
of Sciences of Belarus. This constellation is intended to test 

new space technologies. It is also important to note that 
in 2024 it is planned to send a Belarusian female cosmonaut- 
researcher to the ISS.

Eight international congresses were held in the National 
Academy of Sciences of Belarus, and the sixth international 
conference was organized in Maryina Gorka. In 2023, togeth-
er with Denis Isaev, Director of Astroengineering Technolo-
gies LLC, I took part in the conference “Prospects and Pos-
sibilities of Private Cosmonautics Development in Russia”, 
which implies more active participation of the private sector 
in space exploration.

The event being held today features exciting reports 
on the development of space technologies. It is quite like-
ly that Anatoli Unitsky’s idea of non-rocket near space in-
dustrialization will be materialized by our descendants 
and the name of the Belarusian engineer will be remembered 
as we now remember the founders of space engineering 
and technologies.

I wish all participants of the forum success in achiev-
ing their goals and joining efforts in the exploration of space 
for the benefit of the people of our planet and for the sake 
of global peace.

It is quite likely that Anatoli Unitsky’s idea 
of non-rocket near space industrialization 
will be materialized by our descendants 
and the name of the Belarusian engineer 
will be remembered as we now remember 
the founders of space engineering 
and technologies.

WELCOME SPEECH BY PYOTR VITYAZ,
Academician, Doctor of Engineering Sciences, Professor, Honored Scientist of the Republic of Belarus, Head of the Aerospace 
Activities Department, Deputy Head of the Space Research Agency of the National Academy of Sciences of Belarus
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Dear colleagues, participants of the VI International Sci-
entific and Technical Conference “Non-Rocket Near Space 
Industrialization: Problems, Ideas, Projects”,

Dear Anatoli,
Please accept my best wishes for the success of a great 

cause to which you have devoted a significant part of your 
activity and a whole life.

Phenomenal and pioneer ideas regarding alternative 
principles and technologies of near space exploration of-
fered by Anatoli Unitsky are worth to be actively developed 
for the benefit of our and future civilization. 

What looks like a dream today can and must become 
a reality tomorrow. 

I wish success to everyone and pure joy of creating!

Dear organizing committee, participants and guests,
Congratulations on the opening of the VI International 

Scientific and Technical Conference “Non-Rocket Near Space 
Industrialization: Problems, Ideas, Projects”. I believe that 
it is a significant event in the field of space exploration.

The scientific forum covers many prominent issues 
of near space industrialization at the current stage. Today 
there is high correlation between Earth and space. Therefore, 
now it is important to take a look at the Arctic, Russian polar 
region and test there the results of research (developments) 
related to the issue of extreme conditions, including:

 • low oxygen content;

 • social isolation;

 • sensory deprivation and insufficient brain stimulation;

 • lack of natural light during the polar night;

 • cold;

 • unbalanced diet; 

 • limited resources and their extraction by alternative 
methods. 

We cannot live using only old practices, it is needed 
to create new opportunities, generate new scientific ideas 
and technologies, search for new ways. All of this is finally  

Welcome Speech 
by Arseny Mitko,
Corresponding Member  
of the Russian Academy  
of Natural Sciences,  
Ph.D. in Engineering Sciences,  
Associate Professor,  
President of the Arctic  
Public Academy of Sciences

Welcome Speech 
by Michael Orloff,
Doctor of Engineering Sciences,  
Professor, Founder,  
General Director  
and Scientific Supervisor  
of the Modern TRIZ Academy  
(Berlin, Germany)

Phenomenal and pioneer ideas  
regarding alternative principles  
and technologies of near space exploration 
offered by Anatoli Unitsky are worth  
to be actively developed for the benefit  
of our and future civilization.

embodied in the technical solutions by Unitsky String  
Technologies Inc. 

To my mind, the main goal of this conference is ex-
change of advanced experience and accumulated unique 
knowledge in the sphere of near space industrialization. I am 
confident that the results obtained in the course of your re-
search will benefit all humankind and the recommendations 
offered will be applied in practice.

I wish participants and organizers of the conference 
fruitful work, constructive dialogue and effective interaction.
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Dear Organizing Committee and participants of the VI In-
ternational Scientific and Technical Conference “Non-Rocket 
Near Space Industrialization: Problems, Ideas, Projects”,

We have been witnessing the increasing number of ab-
normal climatic phenomena on our planet, such as floods, 
droughts, earthquakes, frosts. The snow suddenly falls 
in the Sahara, Europe is flooded with torrential rains, while 
the summer of 2023 was the hottest in the history of hy-
drometeorological observations on Earth. The science can-
not yet explain whether human activity influences the cli-
mate or nature decides by itself there will be a new ice age 
or global warming.

That’s why more and more scientists, practitioners, 
desperate dreamers, fantasists look at space, and this con-
ference which we participate in is aimed to answer many 
complex questions regarding industrialization of near space. 

Space exploration can be considered as continuation 
of centuries-old human activity on habitat development, 
settlement and distribution of productive forces.

In terms of ways to solve transport and infrastructu-
re problems areas of the Far North may be identified with  
space. Even now it is a huge task to find balance and har-
mony between unpopulated northern regions and innovative 
technological solutions for their development. 

The organizer of this annual conference, Astroengi-
neering Technologies LLC, and a team of scientists and de-
signers, technologists and engineers bring humanity clos-
er to the dream of space exploration. Herewith, scientific 
achievements of Unit sky Group of Companies in designing 
linear cities, biotechnology and life support systems which 
can be applied in the Arctic extreme conditions are equally 
important.

I wish all conference participants fruitful work, heated 
discussions and new discoveries!

Dear conference participants,
In our time, futurological discourse is extremely valuable, 

because the image of the future alternative to the Schwab’s 
one and visions for our desirable tomorrow have not been 
formulated. It is worth recognizing that the official dis-
course in both Russia and Belarus as well as large part 
of society’s consciousness are focused on the past, on tra-
dition, on conservative values. All this is great and neces-
sary but completely not sufficient condition for building our 
future.

So, what is needed?
First of all, the ideology of the future and answers 

to the main challenges of the 21st century are required. During 
the collapse of globalism, the disintegration of the world 
into macroregions, close attention should be paid to our 1/6 
of the land. The rebuilding of Greater Russia is a necessary 
process and, under these conditions, we can say, inevita-
ble one. The broken “cup of Russian space” must be recon-
structed, probably in some new political forms but within 
the same – historical – boundaries. Greater Russia is a re-
tort in which a supernova society should mature. Without 
this great unity of peoples and bridgeheads, we will not 
be able to withstand the pressure of opponents, partners 
and competitors.

The second aspect that should be considered is the hu-
man problem. Modern technogenic digital civilization en-
croaches on the human’s limits. Radical environmentalism, 
genetic engineering, the theory and practice of “transhu-
manism” strive to “roll up” a human in asphalt of “progress”. 
The attempt on a person must be repulsed. The future needs 
human as a species, as a type, as the image and likeness 
of God.

For this purpose, it is necessary to define a person, to de-
fine boundaries that cannot be violated even in the name 
of progressive goals.

The third component is questionable to me. Many peo-
ple will say that this is justice. However, in the current condi-
tions, development is more important than justice. The dis-
tribution system, the national rent from the exploitation 
of natural resources, unfortunately, will not lead to social 
growth. It is much more important to create optimal models 
of education, management and personnel selection. We do 
not need a society of universal welfare but a society of uni-
versal establishment. Tension and development will turn us 
into a rocket flying vertically upward. Only such a movement 
will allow us to reach a new civilizational stage.

For this, we need to define not only what a person is  
but also what is development, its purpose and meaning.
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Engineers of the whole World, unite!

1. Formation of the Technosphere
1.1. Engineers Created Our World
Our world was created by engineers. The modern civiliza-

tional world as we know it became possible only through engi-
neering. It was the work of thousands of generations of name-
less engineers over millennia that created the objects, systems 
and technologies surrounding us every day. From stone axe, 
fire, wheels, nail and bolt to car, airplane, iPhone, power plant 
and spaceship, all of these are products of the engineer in-
tellectual work. Only engineering and technological advances 
have made it possible for humanity to take a dominant posi-
tion among the millions of living beings that inhabit our plan-
et. If you turn off electricity, heating and sewage, stop facto-
ries and plants – the world will quickly plunge into a primitive 
state. It is no exaggeration to say that without engineering 
devices there would be no politics, no art, no religion, no state, 
no society and no other form of social and spiritual life.

Human civilization differs from other terrestrial civili-
zations, for example, from such a purely biological civiliza-
tion as dolphins. They occupied a biological niche in the bio-
sphere, which had remained unchanged for millions of years. 
They do not have technocracy, science, art and the prob-
lems associated therewith. Although humans and dolphins 
are somewhat similar, as those marine mammals differ 
from other animals by their high intellect. Besides, they 
have their language, even more complex than that of hu-
mans, so it is possible that their intelligence may be higher  
as well.

Our civilization, unlike other terrestrial societies, is  
a technocratic (technogenic) social system, the genesis  
of which is based on the development of science, engineer-
ing, technology and production as well as the extremely ur-
banized environment formed around these systems – inan-
imate (industrial) technosphere, which occupies the same 
natural niche on our planet as the biosphere – not only 
the surface of the planet but also many kilometers of sea 
and land depths and the lower part of the atmosphere.  

This alien to earthly life technosphere exists and develops ac-
cording to approximately the same antagonistic principles as, 
for example, a cancer cell in a living organism, which is boom-
ing due to the suppression and destruction of healthy cells. 
Only two scenarios are possible: either the body’s immune sys-
tem kills cancer or cancer defeats the body and then dies itself.

The engineering technologies (not the natural biological 
ones) have been formed according to the laws of macroworld 
(not of the micro- or digital world, i.e., physics and not of phi- 
losophy and society). These technologies have created 
(in a very short time by historical standards) the modern 
human technogenic civilization.

When our ancestors were hunters and gatherers, they 
had only the most primitive tools at their disposal. Because 
of limited resources, with their own effort one person could 
only feed themselves. If things worked out well, there was 
something left for the kids. Nothing more. This is why slav-
ery was impossible for a long time. Slaves must work hard 
to provide necessary things for at least two – themselves 
and their master. There was much to learn, much to discover, 
to tame animals and to invent plow.

Marxist teaching about the base and superstructure 
grasp an important side of civilization development. Any 
significant transformation of society is linked to changes 
in the so-called productive forces and, above all, in the tools 
of labor along with technologies that meet people’s needs. 
I do not share the belief in the primacy of the base over 
the superstructure. In my opinion, this is too simplistic. Its fal-
sity is disputed by a lot of facts. For example, the October Rev-
olution, which supposedly led to the establishment of a new 
formation, was much more influenced by the processes that 
took place in the minds of people as well as in the culture 
and politics of that time. Russia remained a predominant-
ly agrarian country. The proletariat was a tiny minority. Nev-
ertheless, their dictatorship was proclaimed. Also, there’s 
a well-received theory of postindustrial society that has 
the service sector, not industry, in its focus. The transition 
to such a state is also difficult to relate to the transforma-
tions taking place in the base. But it remains true that every 
significant change is provided by some technology created 
by engineers. All spheres of life and the nature of people’s 
views are mediated by the same thing.

For a 21st century human it turns out to be normal  
to comprehend themselves and even to build corresponding 
anthropological theories in the terminology of cybernetics.  
People, for example, talk about their memory by counting  
it in gigabytes and think about health using words borrowed 
from video games such as “heath point". They describe 

mental states, resorting to “crashing", “lagging", “bugging" 
and other terms. The world and God are interpreted by analo- 
gy with computer programs and programmer activities. 
Sometimes it gets funny. However, more often there are trag- 
ic consequences, as in the case of Adam Lanza, who shot 
26 people, feeling like a computer game character in pur-
suit to “score as many points as possible”. At the same time, 
there is nothing unique in the description. We have always 
considered the reality in one way or another in relation 
to the achieved level of technology. Engineering solutions 
often proved to be the key to thinking.

1.1.1. How Does Religion Owe Engineers?
In the 17th–18th centuries with the flourishing of me-

chanics, people were describing themselves and everything 
around them as mechanisms. Julien Lamettrie wrote a book 
titled “Human a Machine”. The Deists painted the Universe 
as a sort of a giant clock, set by God. Even earlier, with the ap-
pearance of the first religious teachings on how God had cre-
ated human and the world, this reasoning came through 
the metaphor of pottery. The idea that human is made of clay 
came only after the invention and distribution of the pot-
ter’s wheel. The already mentioned plow and general develop- 
ment of agriculture gave rise to many religions that perceive 
the origin of everything uniting the masculinity of the sky 
and the feminine principle of the earth. The land is plowed 
over with a plow serving as a phallic symbol in Sigmund 
Freud’s terminology, and after that it produces a crop. In al- 
most all agrarian cultures, land is described as a female, 
a mother- breadwinner, etc. The beliefs of peoples who have 
not drifted away from the life of hunters and gatherers are 
usually associated with the worship of forest spirits, sacred 
animals and so on. Unaware of the technology of growing 
vegetables and fruits, they often do not even understand 
the causes and mechanisms of impregnation, do not link 
pregnancy with making love.

In the history of religion, one can find many exam-
ples referring to the use of technical innovations in reli-
gious practices. Ritual dancing with a tambourine around 
a campfire or lighting a pipe of peace – all of it belongs 
to technological innovations that dolphins lack, as well as 
most likely they do not have religion. One can also cite 
as an example the use of techniques for the replication 
of sacred texts. Religious books were created thanks to tech-
nical innovations in writing, such as brushes, mastic, parch-
ment, paper and printing. Construction techniques and tech-
nologies, such as stone cutting and wood processing along 
with manufacture of bricks and binding materials, played 
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a major role in creating architecture for religious sites 
and shrines. Churches, temples and mosques are defined 
by architectural styles that have emerged due to technical 
innovations in construction. Glass founding and stone ma-
chining as well as the possibilities of melting and forging 
metals allowed religious leaders and architects to create 
impressive and complex architectural objects.

There are even more examples of how technology im-
pacts thinking, but in this section it is enough to assert that 
the religious worldview correlates with the level of technical 
development of the epoch. Believers and religious figures, 
just like nonbelievers, wear clothes and shoes, use cars, 
airplanes, computers, iPhones and the internet. In addition, 
it is only necessary to point out one more circumstance – 
the weakening of the religion role in society is associat-
ed with the strengthening of the technological equipment 
of humankind. At the same time, the place of religious ex-
perience does not remain empty. For answers that were 
previously sought in church, the 21st century people increas-
ingly turn to search engines like Google. Let us leave this 
here as an invitation to reflection and go further, analyzing 
how the development of technology influenced the forma-
tion of philosophy and science. It may seem that the direct 
connection is obvious. But this is not quite true. 

Engineering gave more for the development of civiliza-
tion than science did, although there is a directly opposite 
point of view. In science, you don’t need to invent something, 
in science you need to discover what already exists in na-
ture, regardless of our consciousness and understanding, 
for example, the discovery of volcanism on the Moon or ra-
dio waves. Radio emission existed before Heinrich Hertz, 
who discovered electromagnetic waves, but everyone re-
members in this connection not him but Alexander Popov 
and Guglielmo Marconi, who invented (but did not discov- 
er) a radio transmitter and radio receiver and made it  
out of coils, relays, antennas and other parts not invent-
ed by them. Therefore, everything that is made by human 
hands and surrounds us was created not by scientists 
but by inventors, i.e., engineers, since without engineer-
ing knowledge and technical details, elements, assemblies 
and equipment invented by previous generations of creative 
people it would have been impossible to do this. Science 
cannot exist without engineering. It is infeasible to discover 
volcanism on the Moon without a telescope, just as it was 
infeasible to discover the Higgs boson without the Large 
Hadron Collider – a miracle of modern engineering. Sci-
ence is not the cause, it is the consequence of engineering 
progress.

1.1.2. Prerequisites for the Philosophy  
and Science Formation
I want to draw attention to the fact important for my  

research. Philosophy and science existed long before 
the appearance of many advanced engineering technol-
ogies. Although the basic technologies, such as fire, tools, 
weapons, clothing, housing construction and other engi-
neering solutions, were already available. As there was al-
ready a language – those who learned to pronounce new 
sounds as well as give names to objects and phenomena 
around them and then transfer this knowledge with the help 
of sounds to other people, were information technologists, 
i.e., engineers.

Ancient civilizations, that knew about the movement 
of stars and planets probably even more than we do, laid 
the foundations of astronomy and mathematics. Antiquity 
is already the pinnacle of rhetoric, logic, ethics, aesthetics 
and natural philosophy. The Middle Ages reached the limits 
in building various models of metaphysics and theological 
doctrines. But almost all this time, epoch after epoch, human-
kind used devices that had little change to them and were 
quite simple on the 21st century scale, such as a wheel, gear 
wheel, lever, inclined plane, pulley and screw.

For Antiquity, technology was considered something 
unworthy. A free human had to be immersed in the world 
of ideas as a rational being before everything else. Deal-
ing with the world of things was the domain of a slave 
who is a thing by definition. The engineers, of course, 
were in good standing. They have achieved great success 
in the construction of buildings and ships. But on the so-
cial ladder, they, along with artists and poets, were locat-
ed much lower than politicians, philosophers and warriors. 
The Middle Ages, following these guidelines, generally put ev-
erything material and corporeal below the spiritual. In some 
cases, one can speak of contempt for the material world 
as an imperfect likeness of what can be comprehended only 
by prayer and reason.

Neither in Antiquity nor in the Middle Ages there was 
anything that could be a prerequisite for the formation 
of natural science. Firstly, it was unacceptable to interfere 
with the world created by God and to perform certain ex-
periments, considered violence in itself, on it. This could 
be regarded as an encroachment on the divine world or-
der, as an attempt to change the natural course of things 
in favor of one’s own will, which was equated to witchcraft 
and could’ve ended with the Inquisition’s bonfire. Secondly, 
it was believed that human, as the image and likeness of God, 
contains all the knowledge that can only be available to them.  

Only the mind, dealing with ideas that precede things, is able 
to comprehend the essence of these things.

To illustrate what has been said, I will recall an anec-
dote about two monks. It seems to have been composed 
in the Middle Ages and describes well the spirit of knowledge 
of that time. The monks were walking around the garden 
and saw a lot of holes dug by moles. They began to discuss 
whether a mole has eyes. The first argument was that an an-
imal spending almost all its time underground does not need 
eyes. Divine providence does not create anything unneces-
sary, which means that the mole has no eyes respectively. 
The second monk objected that since the mole sometimes 
comes to the surface, it needs eyes and, therefore, they are 
present. The argument continued in the same vein. Then 
the gardener approached them and offered to dig up a mole 
to check which of the hypotheses is correct. In response, he 
heard: “Go away, ignoramus, you don’t understand anything 
about learned conversations.”

For a long time, cognition was mainly speculative in na-
ture. What has changed? And why did engineers start play-
ing more and more prominent roles? Here again we will 
have to make a reference to Marxism, which is especially 
important in the following description. 

The transition from the feudal formation to capitalism, 
in which engineering developments began to play a decisive 
role and in which experimental science was formed, is de-
scribed through the process of initial capital accumulation. 
In general terms, the logic is as follows:

1) people hungry for profit by their own means or with  
someone’s help come up with engineering solutions that al-
low them to achieve selfish goals more effectively. First of all, 
they need transport to trade as well as weapons to protect 
their wealth and take away the wealth of others;

2) engineers gradually create more and more advanced 
vehicles and weapons. Trade becomes an increasingly reli-
able and safe way of getting rich. Ships sail farther and far-
ther and sink less and less. Attacks on caravans require more 
and more technical equipment and are available to fewer 
and fewer people;

3) wealth, the size of which turns out to be much larger 
than the fortunes of some kings, is concentrated in the hands 
of the most successful merchants who inhabit territories 
on the shores of the Mediterranean Sea, which are the most 
favorable for their activities. And although the merchants 
themselves often do not even belong to the nobility, they begin 
to experience royal ambitions. In particular, this is expressed 
in the desire to perpetuate oneself in some way;

4) newly rich class promote artists, builders and inven-
tors who create portraits and palaces for them as well as 
various devices intended for fun, such as musical instru-
ments and other mechanisms. The people serving the first 
capitalists are forced to look for new and new ways in or-
der for each work to be unique and thereby amuse the cus-
tomer’s ego. At the same time, work is carried out within 
the framework of material world, not only the spiritual one. 
Materials are being searched for while properties of sub-
stances as well as original techniques in construction, paint-
ing, sculpture and mechanics are being discovered. The pur-
pose of everything is purely practical. It is neither to serve 
the state, as it was in Antiquity, nor to serve the king 
or the church, as it was in the Middle Ages. Now the goal 
is to please an ordinary person and, in fact, to make their 
life as comfortable and safe as possible. At the same time, 
the achievements of engineers are analyzed and recorded 
in scientific books.

This is how the Renaissance and the Modern Era began, 
forming the experimental natural science being the basic 
of a contemporary one. We can see the decisive contribu-
tion of engineers with their role being more significant than 
before due to an increase in the number of needs, as they 
remain a class that serves these needs. Despite the fact 
that due to the engineers’ efforts the resources necessary 
for both the formation and satisfaction of these needs have 
been released and concentrated, engineering began to be 
at the service of money more and more, while continuing 
to be at the service of power started back in the days when 
the invention of the axe or spear gave one tribe an advantage 
over another and helped to prevail. Around the same years 
politics has emerged and it was also thanks to engineers.

1.1.3. Emergence of Politics
Politics, like trade, only to a much greater extent, 

is connected with the improvement of weapons. The primi-
tive bow and fire followed by gunpowder and projectile – all 
these inventions have changed and largely predetermined 
the nature of politics. If it is true that politics is a struggle 
for power, and war is an extreme form of struggle for pow-
er, then tribal warfare in the primitive communal system 
is the limit of possible political claims of that time. Why 
were there no great armies and great campaigns? Because 
the great army needs a large supply of fodder. This means 
that carts are needed, and they are much more complex de-
vices than stones and sticks. In addition, the bronze or iron 
sword allows you to kill with one swing, without plunging 
into a scuffle with improvised objects. The army becomes 
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capable of crushing with lightning speed and moving on, 
without leaving the enemy’s unfinished soldiers behind.

The fleet created by engineers opens up new scales 
of politics. Now it can spread beyond continents. Empires 
that unite peoples are being created. Firearms, as they 
spread, allow politicians to be less afraid of adversity such 
as peasant uprisings. You just need to prohibit common-
ers from having guns – and any rebellion becomes relative-
ly easy to suppress. Although in previous centuries, several 
people armed with pitchforks posed a serious threat even 
to an armored knight. The more technologically advanced 
weapons became, the more power it was possible to concen-
trate in one hand. This direct correlation between the extent 
of power and the degree of killing devices perfection was 
probably the root cause for the weapon development always 
being at the peak of technological progress.

The bow for hunting and war was most likely invent-
ed earlier than stringed musical instruments. The axe was 
before the hammer. Gunpowder, however, is an exception, 
and it was initially used for fireworks while bombs, cannons 
and muskets were invented much later. In all other respects, 
there were almost no exceptions in the rule of military engi-
neering being prioritized over the civil one, since there were 
politicians who concentrated wealth in their hands and could 
afford to pay engineers more than anyone else. The warhead 
launch vehicle was developed much earlier than the rocket 
used for conquering space. The atomic bomb preceded 
atomic energy. The first satellite, the first computer, the first 
robot – all this was created by order of the military always 
serving politicians. And engineers, whose efforts have built 
the foundations of the most powerful states, also turn out 
to be service personnel. At the same time, they often be-
come accomplices of the most terrible crimes directed  
not only against people but nature as well. However, good 
deeds also happen thanks to the intellect and the hands 
of engineers. By creating prerequisites and tools for the de-
velopment of sciences, making possible and determining 
the content of art, they give humanity numerous reasons 
to hope for the best.

1.1.4. Origin and Development of Art
The art of music is impossible without musical instru-

ments created by engineers, while painting is not able to do 
without paints and brushes – they are quite engineering 
developments as well. As for the literature, at some point 
in its development it became necessary to create parchment, 
papyrus, paper and later a printing press. In turn, a theater 
is not only a building but also various mechanisms, lighting 

and much more. Already in Antiquity, Heron of Alexandria 
prepared an essay called “Automatic Theater”, in which he 
described complex structures that, due to the use of grav-
ity, allowed changing the scenery automatically. Everything 
happened according to a preplanned scenario, in strict se-
quence, considering time intervals. The machine worked like 
a clock or even like a program implemented not on punched 
cards but on rolls with spikes and ropes wound on them. 
This is how the engineer solved the problem associated 
with the creation of the show. Finally, there’s cinema that 
is a complex synthesis of various high-tech engineering solu-
tions. However, more importantly, as in the case of religion, 
art is defined by engineering not only technically but also 
in terms of content and existentialism.

You can refer to the etymology of the word “art” it-
self. It has a common root with “artificial”. Something that 
is not natural. It is human-made. It is already implied here 
that an artist needs tools. The primitive authors, who painted 
hunting scenes on the walls of the cave, had a fire in this cave 
to provide light. They invented or borrowed a way of draw-
ing lines and strokes. They found the necessary materi-
als. In the end, they survived, reached adulthood and were 
able to feed themselves – also thanks to engineering de-
vices. Moreover, and more importantly, their chosen theme 
reflected the goal and the pinnacle of engineering excel-
lence of those times. Spears, stones, traps, rituals using mu-
sical instruments – all this is a world created by engineers 
and made possible thanks to them. They formed the percep-
tion and the plot for the artist to illustrate. Similarly, abstract 
art of the 19th–20th centuries is associated with the appearance 
of a train and a car, which set a different speed of movement 
and then the nature of perception of reality, blurring the faces 
and outlines of objects, breaking them into fragments.

The technogenic world is not just the world of science, 
technology and engineering, which is not a bad thing in it-
self, but also the world of the material: material production 
and consumption, material relations and contacts. The en-
tire strength of modern civilization – agriculture, industry, 
transport, energy, electronics, computers, smartphones, 
the internet, cities, roads, etc. – is created by engineers. 

Before engineers understand how to save the planet, 
the biosphere and our technogenic civilization, it is worth 
looking back and tracing the entire history of the Earth’s 
civilization from an engineering point of view. It is also use-
ful to look at the relationships between two global ecosys-
tems: the biosphere, shaped over billions of years of evo-
lution by Live Nature, and the technosphere being created 
by Homo sapiens, or more precisely, Homo technocraticus [1].

1.2. Engineering Chronology
1.2.1. Engineering Epoch Technosphere 1.1 
(approximately 2 mln years B.C. – 5,000 years B.C.)
Engineering thought originated at the primitive stages 

of social evolution, long before the appearance of civiliza-
tions. This inevitable necessity with concrete pragmatic re-
sults in the form of the first primitive inventions marked 
the beginning of an endless technogenic path. At the heart 
of human activity is the primary experience of interaction 
with the outside world. Accumulating within the boundaries 
of one human life or entire generations, this experience in-
evitably turns into a new quality. Skills are being developed, 
the notion of previously unseen patterns emerges, rules 
are being drawn up, and new opportunities are opening 
up as well. At the same time, new needs arise and various 
sociocultural models are being formed.

At a higher stage of cognitive ability, with the accu-
mulation of practical and abstract experience, the world 
gradually becomes more complicated. The earliest religious 

and ceremonial practices in the worship of elements or 
the veneration of ancestors were already distinguished 
by the qualities of a structured activity organized accord-
ing to certain rules. Thinking strives to realize its creative 
potential thus resulting in the emerging of arts. Moreover, 
the experience of interacting with physical matter (water, 
air or stone) in any practical activity is so deep that its roots  
go back to unconscious times. Such an experience was ac-
cumulating in us even in the epochs preceding the state 
of savagery, at the beginning of the path of that beings who 
one day realized themselves as humans.

A person began to divide practical activity into the con-
struction and arrangement of a dwelling, the invention of hunt-
ing tools and cultivation of the land, the creation of places 
of worship for the service of cults – this is how crafts were 
formed. At the stage of the tribal society decay and sat-
isfaction of primary needs, they were already an integral 
part of life. The advantages that crafts gave along with new 
knowledge and arts were steadily changing the world.
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In history, we observed an ever-increasing pace of de-
velopment, mutual influence and interweaving of various 
kinds of human activity and ideas. There came a time when 
engineering became something of a luxury and intellectu-
al game for elites. Archimedes in the 3rd century B.C. came 
close to the origins of mathematical analysis, laid the foun-
dations of hydrostatics and designed such effective mech-
anisms that thereby delayed the capture of Syracuse by  
the Romans for several years. The image of an ancient Greek 
philosopher-mechanic, bent over drawings despite the risk 
to his life, was inspiring subsequent generations of engi-
neers and researchers. Did Archimedes need a royal crown? 
If so, then only in order to come up with a universal method 
for assessing the purity of the gold alloy from which it was 
made.

The vast world of natural science with a variety of think-
ing and theoretical approaches in its study was attractive 
in itself so much that often the conclusions obtained could 
not be consistent with reality. And as they said in such cases, 
resting on another paradox, dualism or denial in general: 
 “So much the worse for reality!” In fact, the work continued, 
and science found physical confirmation of what previously 
existed only as a result of private speculations.

The technological vector of human development, which 
in the 21st century turned into an industrial one, was chosen 
about 2 mln years ago by our distant ancestor – primitive 
human. It started when not yet quite a human but no longer 
a monkey invented the first engineering technologies – 
lit a fire, began to fry meat on it, processed animal skins 
and made the first primitive tools [2]. Furthermore, people 
have domesticated the wolf, which allowed them to improve 
efficiency of the hunts and won in the interspecies battle. 
Later on, our ancestors, the Cro-Magnons, due to their in-
herent anatomical features (one might say, a physiologi-
cal “defect”) that were insignificant at first glance, namely 
the structure and location of the vocal cords, made a fun-
damental evolutionary leap by inventing speech. It enabled 
the possibility to accumulate and transmit oral knowledge 
from one person to the others. This became the most im-
portant social invention without which further development 
of engineering technologies would not have become possible.

It can be identified as the first technological devel-
opment level for different tribes (clans), when the concept 
of “humanity” had not existed as of yet. This period lasted 
for about 2 mln years. That is, until the ancient engineers 
invented the wheel, saddled the horse and hitched it up 
to the first wagon (about 5000 B.C.). The communication 
of ancient human, like any other animal, in the first epoch was 

limited only by the natural parameters: muscular strength 
(running and walking as a material and energy component), 
vision, voice and hearing (an informational component).

It was the first (perhaps even zero, at the level 
of the ground) floor of the endless technological staircase 
of the infinitely high building named engineering knowledge, 
having its floors that are technological (more precisely, en-
gineering) epochs. However, even then scattered tribal civ-
ilizations had experienced their first local (house-based) 
ecological crises. People burned bonfires and processed 
skins in the caves, i.e., their homes, thus dying of lung can-
cer at the age of 20 from the unbearable smog and carcino-
gens contained in technological wastes. Although the capac-
ity of “technological equipment” – the fire – was low, about 
10 kW, and the technological fuel – firewood – was quite safe 
and harmless.

Nevertheless, they survived by taking their first technol-
ogies outside of their own homes, caves, to the surrounding 
environment. This technological solution required the cre-
ation of additional transport communications – footpaths. 
The volume of movement then was small, the distance – 
short: a person physically cannot carry a heavy load far. 
However, there was no special need for this, as primitive  
 “production facilities” were located near the caves. 

Tribes appeared as the first technogenic communities. 
Gradually, they had initiated formations of nations, which  
were united by the common interests formed around the an-
cient technologies. This fundamentally distinguishes us, peo- 
ple, for example, from the dolphin civilization mentioned 
above, which developed parallel to human but did not use  
any engineering solutions in their evolution.

The invention of the spear about 500,000 years ago [3] 
along with creation of the bows and arrows in the 12th mil-
lennium B.C. (the main type of weapon up to the 17th century) 
played a crucial role in the lives of our ancestors. With these 
weapons hunters got a possibility to kill animals and birds 
at a distance of up to 150 m. The bow and the arrows were 
the first complex composite hunting tool which has resulted 
from a whole epoch of human thinking as well as observa-
tion, centuries of experience, considerable mental abilities 
and knowledge of other ancient inventions, such as spears, 
spring traps, throwing sticks and traps.

Ancient people began to use hunting weapons in an-
other capacity that was already social: people chose war 
as a way to release their aggressiveness in the battles 
for the territories, food sources, resources and partners.  
This is how one of the first professions appeared – it was 
a warrior capable of only one skill: to effectively kill others, 

i.e., their own kind, with the help of special murderous weap-
ons (chopping, stabbing, striking, etc.) invented by primitive 
engineers.

The life energy used by our ancestors in this epoch was 
solar energy, which was transmitted along the food chain 
from phytoplankton and green plants to animals and hu-
mans. The technological energy consumed by ancient people  
(firewood, for instance) was also solar energy. 

The world population has reached 10 mln people by  
5000 B.C.

The essence of Homo sapiens, when interacting with 
the surrounding world, became two-component in those 
days: the first component is its biological basis, number-
ing about 4 bln years of evolution of living matter on planet 
Earth, the second is technological (i.e., technogenic) fea-
ture manifested in the engineering activity of their intelli-
gence. The root of all modern global problems is precisely 
in the second component of the intelligent person. Therefore, 
this problem will be further prioritized in this work. 

1.2.2. Engineering Epoch Technosphere 1.2
(5,000 years B.C. – the last quarter of the 18th century)

The epoch Technosphere 1.2 had absorbed all the achieve- 
ments of the bronze, iron and ancient eras of human history 
as well as the Middle Ages. During this period, a large num-
ber of discoveries were made followed by the breakthrough 
inventions and creation of innovative industry technologies 
such as:

 • ore mining and the inception of nonferrous and ferrous 
metallurgy;

 • blacksmithing and the first manufactories;

 • harrow, plow and agriculture;

 • wheel, bridle, yoke, saddle and other harnesses, cart 
and horse-drawn transport with a horse capable of devel-
oping a power of about 5 kW, which is an order of magni-
tude higher than human energy capabilities;

 • first glasses, microscopes and telescopes;

 • lever, nail, rivet, brick, gear, bolt, nut and on their basis – 
a variety of complex mechanisms, machines, structures 
and tools, including those for scientific research.

It was during the epoch Technosphere 1.2, when mathe-
matics, philosophy, physics, the sciences of the microworld 
and stellar world as well as the sailing fleet appeared. The first 
geographical discoveries were made, thanks to which people 
have begun to realize themselves as humanity and civilization 
living in a resource-limited and confined planet Earth.

Humans continued to improve the existing weapons 
to create new ones to kill other humans, including clubs, 
maces, swords, throwing mechanisms, axes, sables, dag-
gers, rapiers, dirks and other blade weapons. Moreover, 
they invented gunpowder and firearms (small arms, artil-
lery and grenade launchers) as well as the simplest powder 
rockets.

When the first states were formed, people created 
the army. The wars covered more and more areas and be-
came more and more protracted and bloody – the duration 
of some civil strife exceeded 100 years [4]. The loss of hu-
man life from the technocratic vector of development be-
gan to grow in proportion to this development, even when 
a person had not yet coined a term such as “ecology”.

The invention of painting, pictography, cuneiform writ-
ing, calendar, papyrus, manuscript, paper and printing made 
it possible to create, accumulate and transmit knowledge 
recorded on a physical medium without the need for di-
rect human-to-human contact, which later played a key role 
in the inception and development of engineering technologies 
and the entire Earth’s industry.

The development of the pack and wheeled transport 
on land as well as sailing vessels on rivers, seas and canals 
had led to the formation of the first road network. Looking 
back by 2,000 years ago, a developed network of communi-
cations was created in Europe and Asia, including transcon-
tinental connections such as the Great Silk Road, the Royal 
Road between Egypt and Persia, communications between 
Egypt, Anatolia and Mesopotamia, the Amber Road between 
the Mediterranean Sea and Baltic States, the Lapis Lazuli 
and Jade Roads as well as the Tin Road between the Cornwall 
Peninsula in Great Britain and the Mediterranean.

The Sumerians, who invented the wheel, and then the As-
syrians founded relatively long road network (it already hap-
pened about 3,000 years ago!), for the construction of which 
special engineering troops were formed within the army 
along with developing reference guides and road signs 
for its functioning. A network of horse-drawn roads began 
to form all over the world, and ancient cities immediately 
began to develop along them.

Hundreds of thousands of kilometers of carriage roads, 
mostly unpaved, were built on the planet. Transportation vol-
ume reached millions of tons per year with the travelling dis-
tance of hundreds or even thousands of kilometers. However, 
the average travel speed, including the rest stops, remained ex-
tremely low – less than the speed of a pedestrian, so the long 
journeys used to take days, weeks and even months.
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The size of the spontaneously emerging cities was de-
termined by a single infrastructure criterion – transport ac-
cessibility [5]. Back then people understood that the com-
fortable travelling distance should be limited by half an hour 
and should not depend on the weather conditions. In the an-
cient cities, the main transportation mode was the walks, 
thus the sizes of settlements were limited to a few kilome-
ters, as can be observed in Ancient Rome, Athens or Jeru-
salem. During the Middle Ages, people were using horses 
and carriages, which increased the travelling speed and en-
abled them to cover 10 km in 30 min. Consequently, the size 
of cities reached similar figures, like it can be seen in Paris, 
Moscow or London.

The technological energy used in this period was only 
solar: from firewood and charcoal to horses (via feed) 
and sailboats (via wind).

By the end of the epoch, the world’s population reached 
a figure close to 1 bln people.

1.2.3. Engineering Epoch Technosphere 1.3 
(the last quarter of the 18th century –  
the beginning of the 20th century)
Main achievements of the epoch Technosphere 1.3:

 • technological revolution in the textile industry (spinning 
machines);

 • channels construction, the invention of the water en- 
gines and later the steam engines;

 • appearance of the steam locomotives and the mass  
integration of railways;

 • steamship construction;
 • rapid development of the coal industry and ferrous 

metallurgy;
 • invention of the telegraph;
 • introduction of the first vehicles with steam or inter-

nal combustion engines, the first power plants and the first 
electric transport – trams and electric cars;

 • creation of building composites and initiating the use 
of reinforced concrete and asphalt globally;

 • discovery of radio waves and creation of radio;
 • emergence of the automobile industry and the begin- 

ning of large-scale construction of paved roads;
 • invention of the first tractor and the beginning of mech- 

anization of the agricultural industry;
 • first flight by plane and the creation of aviation;
 • rapid development of popular sciences (mathematics, 

physics, mechanics, chemistry, philosophy, biology, etc.);

 • explosive growth of industry and cities, the creation 
of industry and industrial countries, which is still an on going 
process.

Extraction of raw materials for construction, industry 
and transport had exceeded 1 bln tons per year, including 
stones, clay, sand, ore, coal, oil, etc.

The world’s population reached 2 bln people.
The road network began to expand and there were 

qualitative changes in logistics infrastructure: the length 
of railways and gravel roads exceeded 10 mln km; the av-
erage speed of movement on the railway also increased 
and significantly exceeded the speed of pedestrians.

The capacity of thermal engines using fossil fuels be-
gan to grow and reached thousands of kilowatts for steam 
locomotives and tens of thousands for steamboats (for ex-
ample, for Titanic it was 55,000 HP). The annual production 
of such machines, including cars, began to grow rapidly 
and exceeded the value of 1 mln units. 

The industry and its servicing cities began to develop 
rapidly along the railways. Traffic volumes had drastically in-
creased to more than 1 bln tons per year. The scale of con-
struction, even using simple tools like mattock and shovel, 
was set at a high rate even for modern standards. For exam-
ple, while Russia had been analyzing the need of the Trans-  
Siberian Railway going from Saint Petersburg through Moscow 
to Vladivostok (the Ministry of Transport offered an alterna-
tive project: to develop horse-drawn transport in the cen-
tral part of Russia), in the United States, more than 20 sim-
ilarly scaled railways were built over 15 years (from 1880 
to 1895), with the combined length of 187,000 km. It created 
a sustainable foundation for the most powerful economy 
in the world [6].

More and more fertile lands were allocated for the trans- 
port infrastructure and industrial facilities. These lands were 
withdrawn from the biospheric processes. Subsequently, 
they were not used to grow green plants and did not pro-
duce oxygen, necessary for the living creatures. At the same 
time, the volume of industrial waste released into the bio-
sphere had increased. This resulted in problems of regional 
ecology caused by industry and transport, from deforesta-
tion in adjacent territories to landfills and smog in industrial 
cities. Multinational corporations and rich people emerged, 
able to concentrate huge resources in their hands to make 
 a profit from engineering technologies, including socio-eco-
nomic and military-political ones. This had become the main 
criterion for the development of both individual enterprises 
and organizations as well as most countries.

The technological energy used in this era was only so-
lar: from firewood, coal and oil (nonrenewable sources) 
to windmills and hydropower plants (renewable sources).

1.2.4. Engineering Epoch Technosphere 1.4  
(the beginning of the 20th century – 
the third quarter of the 20th century)

The epoch Technosphere 1.4 was based on the following:

 • production and rolling of steel alloys;

 • development of heavy engineering industry;

 • construction of giant hydro-, thermal- and nuclear power 
plants, transnational transmission of power;

 • industrial development of inorganic chemistry products 
and the beginning of agricultural chemicalization;

 • mass development of the automotive industry;

 • development of aviation and aircraft industry.

Atomic and hydrogen bombs were invented as well 
as powerful multistage launch vehicles for them based 
on solid or liquid fuels. The rocket and space industry began 
to develop rapidly, both for military and peaceful purposes.

The following breakthrough technologies were imple- 
mented:

 • the first artificial satellite of Earth, after which a per-
son for the first time went to near space and, later, was able 
to visit the Moon;

 • television and electronics.

Further development and improvement took place 
in the internal combustion engine and vehicles, aviation 
and shipbuilding industries, the formation of nonferrous 
metallurgy, production of synthetic materials and composites, 
organic chemistry products, oil production and refining.

Large-scale construction of highways had begun. As a re-
sult, the production of new vehicles with an internal combus-
tion engine had increased dramatically: automobiles (cars 
and trucks with the production by tens of millions a year), 
ships (including hovercraft and hydrofoils), aircrafts, airfoil 
boats, surface-effect airborne ships as well as launch vehicles.

Access to the personal vehicles and highways had 
initiated creation of the American-like one-storey suburbs 
supported by the mortgage services, and it initiated the pos-
sibility to live dozens of kilometers away from the city, where 
the work is located. Simultaneously, the average speed in-
creased to the values 5–7 times higher than the pedestri-
ans’ travel speed. The car has become the dominant mode 
of transport, because, unlike the railway, it is able to provide 

transportation service “door-to-door” and can be purchased 
by any family or by a wealthy person.

The rapid development of all sectors of the industry – 
from agriculture and household chemicals to electronics 
and automobiles – had occurred with a single goal: to make 
a profit by satisfying the ever-increasing and specially cul-
tivated consumption of technogenic products and services 
(including food) by a new kind of technocratic human – 
the person who consumes.

The fast growth of a new type of technogenic employers, 
like transnational corporations and oligarchs, working exclu-
sively for profit, has led to the formation of new goals and ob-
jectives for them: limiting the growth of the Earth’s civili-
zation, including by eliminating “extra mouths”. This is how 
the “golden billion” theory emerged. We’ll speak about it later.

The rapid expansion of cities and megacities has in- 
creased the world’s population to 5 bln people.

The development of technology and transport – rail, 
automobile and aviation – has created a powerful military 
industry in many countries. Two world wars were unleashed, 
the bloodiest in the history of humankind, as a result of which 
not only at the front but also in the rear about 200 mln people 
were killed. This became a visible manifestation of the anti- 
human actions of the finally formed so-called “deep power". 
Technological progress began to cause more and more tan- 
gible damage to the technogenic civilization that had given 
rise to it.

The power of machines and equipment using fuel, 
the combustion products of which were released into the envi-
ronment (mainly into the atmosphere), reached the following 
values: tens of thousands of kilowatts for aircrafts, millions 
for power plants, over 100 mln kW for heavy launch vehicles.

The technological energy used in this era was mainly 
solar: from coal and oil to hydro, wind and solar power plants. 
However, a new source of energy has also appeared – nucle-
ar fuel, i.e., stellar energy, since all heavy chemical elements 
(carbon, oxygen, etc.), including radioactive uranium, could 
only be formed during the explosion of supernova – this 
is the fate of the evolution of many luminaries in our Uni-
verse. That is why our planet and we, humans, are made up 
of “stardust”.

1.2.5. Engineering Epoch Technosphere 1.5  
(the third quarter of the 20th century –  
the first quarter of the 21st century)

I will list only achievements of the epoch Techno- 
phere 1.5, such as:

 • rapid development of the electronic industry;
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 • creation of microchips, microelectronic components 
and personal computers;

 • emergence and large-scale spread of the internet 
and wireless communications;

 • intensive development of fiber-optic communications 
and telecommunications;

 • development of complex computer software;

 • widespread use of robotics;

 • large-scale production and processing of natural  
gas;

 • comprehensive provision of informational services;

 • emergence of 3D printing and artificial intelligence.

Next, it is proposed to understand the nature and pos-
sibilities of the engineering phenomenon and then to return 
to the journey through time and, based on it and today’s re-
alities, to try to predict the possible options for the Earth’s 
human civilization for the future.

2. State of Affairs in the First Quarter  
of the 21st Century

2.1. Status of the World  
Created but Not Controlled by Engineers
So, almost everything that constitutes the basis of our 

civilization was created by engineers. However, this world 
is governed by others – those who prioritize personal en-
richment; those who naively believe that in a situation when 
Earth is on the verge of destruction, money will save them. 
These people are sure that together with their families they 
will be able to take refuge on private islands, in underground 
bunkers, on submarines and Boeings with missile defense. 
But they are wrong. The planet’s biosphere is one big room, 
devoid of even partitions; there is nowhere to hide.

The number of people living on Earth has exceeded  
8 bln. Urbanization is accelerating, urban agglomerations  
are merging into megacities with a population of more than 
10 mln inhabitants. 

By the time of writing this text, there are 33 such mega- 
cities on the planet, including six cities with populations 
of more than 20 mln. The urban population began to pre-
vail over the rural one and exceeded the 50 % mark in 2007. 
The present time is marked by the emergence of a new 
kind of techno-consumer, namely the “humans of asphalt 
and smartphone”, who have atrophied their connection 
with the Live Nature that gave birth to them and raised them.

The construction of highways is progressing rapidly, 
the network of high-speed railroads is developing – the to-
tal length of all roads in the world, including the unpaved 
ones, is about 65 mln km [7] (of which more than 35 mln 
are paved). Planet’s soils turned out to be “rolled up” in as-
phalt and “buried” under sleepers. Their total area exceeded 
the territory of Great Britain by five times. The soils adjacent 
to the roads, which occupy the territory 10 times greater, 
are degraded. They are polluted with products of fuel com-
bustion, tire and asphalt wear, deicing salts containing more 
than 100 carcinogens, as well as waste associated with relat-
ed industries – oil refineries, chemical and asphalt-concrete 
plants, graveyards of old cars and car tires and much more. 
Just their enumeration would take several pages of text.

Traffic jams of many hours and many kilometers ap-
peared on the roads. As a consequence, the average speed 
of traffic in megacities dropped sharply (to the speed 
of a pedestrian) followed by air pollution and smog, con-
sisting of a mixture of exhaust gases, tire and asphalt wear 
products as well as industrial gaseous and dusty waste. 
The quality of life in cities began to decline sharply, including 
due to the deterioration of transportation accessibility. Trav-
el to and from work in many cities of the world started tak-
ing up the bulk of free time – up to 3–5 h daily. In some cities, 
it has become unsafe to go out without a mask (even before 
the coronavirus pandemic).

Engineering technologies have declared war on the tech- 
nogenic civilization that uses them unwisely. And neither 
the technologies themselves nor the engineers who creat-
ed them are to blame. Transportation in this invisible con-
flict is the most dangerous invention in the entire histo-
ry of technological development. On the world’s highways  
alone, approximately 1.5 mln people are currently killed each 
year (some of them die in hospitals from postaccident in-
juries and therefore are not included in conventional sta-
tistics), and more than 10 mln become injured, disabled 
and crippled. This is just the direct obvious damage that lies 
on the surface. The number of people dying every year in non- 
stop local wars on the planet as well as from technogenic 
disasters and terrorists’ activities is several times fewer.  

If the third world war happens, with its use of nuclear weapons, 
which can bring incalculable misfortunes and losses to hu-
mankind, transportation will also be to blame for the huge num- 
ber of victims. Nuclear warheads will be delivered and drop- 
ped on peaceful cities by transportation means (missiles, 
planes, ships and submarines) invented by engineers.

The 21st century is distinguished by an increasing use 
of mineral fertilizers and toxic chemicals in agriculture, 
which leads to a catastrophic deterioration of the biogeo-
cenosis of soils and food grown on them. In its biological 
essence, food is not so much a source of energy, but rather 
a building material for cells, organs and the body as a whole. 
Our cells live on average for about half a year, then die 
and are excreted from the body, and new ones appear 
in their place. At the same time, such a building material 
must contain more than 80 chemical elements in the form 
of a huge variety of organic compounds taken by plants 
from the living and fertile humus of soils. However, the de-
graded soil cannot give what it does not contain. That is why 
humankind began to increasingly use sort of biological    
 “crutches”, namely genetically modified products and dietary 
supplements (biologically active additives). In fact, in order 
to make an easy profit the food genocide of humankind 
has begun, as it allows for making huge amounts of money  
on it.

A powerful upsurge in pharmacology has taken place. 
You do not need healthy people to make a profit, since you 
can earn more on a chronically ill patient. Gene technologies 
began to develop rapidly. A human started to “improve” living 
organisms like an engineer. At the same time, due to their 
limited intelligence and knowledge, people are not only un-
able to understand the designs of what they are “improv-
ing” but also unable to foresee the distant results of such 
activities and the harm that may be caused to humankind 
in the future (as an example, the spread of coronavirus; 
and in the context of the above, it does not matter whether 
it is of natural or artificial origin).

The ideology of the planet’s carrying capacity, which 
has already been allegedly exceeded, is being formed. Civ-
ilizational values are being revised and shifted to maximize 
the consumption of new and excessive material goods 
(new house, new car, new computer, new smartphone, new 
clothes, new shoes, etc.) as well as new services: trans-
port (constant increase in the length of roads and the dis-
tance of travel by personal transport), energy (construction 
of an increasing number of thermal power plants, includ-
ing the nuclear ones) and information (internet, mobile 
communications, television, mass digitalization).
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Transition of consumers from material to virtual digital 
reality is being cultivated everywhere, as it is easier to earn 
higher profits there. In addition, the cult of emotional market-
ing is being created, which turned the vector of excessive 
consumption into the informational component: the market 
began to sell emotions rather than the goods themselves. 
This approach has sharply reduced the quality of goods. Why 
make a reliable and durable car or smartphone if in a year 
or two the consumer will buy a new one? Why reconstruct 
an old building if it is easier to demolish it and build a new one, 
and of lower quality? This has proportionally increased the re-
source intensity of all industries and raised the technogenic 
pressure on the biosphere.

The pervasive digitalization of society exacerbates 
the global problems of humanity, since any digitalization re- 
lies on the material component of the technosphere. In par-
ticular, the power of two power plants similar to Chernobyl Nu-
clear Power Plant is already being spent to support the global 
Bitcoin network [8].

More than 5,000 satellites have been launched into  
Earth’s orbit to provide the internet and mobile communi-
cations. Elon Musk plans to put more than 40,000 satellites 
into orbit, which will require about 700 starts of the Falcon 9  
heavy launch vehicle with 60 minisatellites on board [9]. 
But this will cause enormous damage to the Earth’s biosphere 
and the planet’s ozone layer.

The era is declaratively proclaimed as the century 
of saving resources (energy, raw materials, mineral, spatial, 
financial, labor, time, food, etc.) without a systematic un-
derstanding of the main thing: what, why, what for and how 
to save. Thus, over the century, the world population has grown 
by six times while the GDP – by 20 times, which has produced 
a multifold increase in the demand for some resources [10].

At the same time, humanity has entered an era of ex- 
pensive resources – the era of low prices is a thing of the past. 
The expansion of the planet’s middle class by 3 bln people 
within 20 years will increase the demand for new resources, 
and the search for other sources of minerals, energy, food 
and water will be complicated and too costly.

Shortages or price increases for one type of resources 
will spill over to others. An attempt to meet the progres-
sive demand by means of proportional growth of production 
will require investments in the world economy of more than  
10 tln USD annually [11]. This may become another springboard 
to the point of no return for the Earth’s technogenic civilization.

Meanwhile, services, among which transport and logistics 
are the main ones, are not considered as the basic consumer 
resource. However, our civilization will not be able to exist 

without them. Few people carry out optimization of these 
services, which are the most environmentally dangerous, 
costly and resource-intensive.

Roads and infrastructure, power plants and power 
transmission lines, communication satellites and the inter-
net are created to provide humankind with qualitatively new 
communications, i.e., transportation, energy and informa-
tion services. In engineering theory, these services can be 
much more efficient, accessible, economical, environmental-
ly friendly and less costly (less resource-intensive) as well as 
be aimed at maximizing the savings of the most valuable 
and nonrenewable humans’ resource that is time. In practice, 
they do not fulfill this role and everything happens vice versa.

The technological energy used in the 21st century 
is mainly solar (coal, oil, hydro, wind and solar power plants, 
etc.) and stellar (nuclear fuel). Engineers have a dream: 
to use the energy of singularity, i.e., the energy of thermonu-
clear fusion (its fuel, namely light chemical elements, includ-
ing hydrogen, has formed about 14 bln years ago at the Big 
Bang [12]). However, there are no examples of solutions 
using this type of energy, although tens of billions of dol-
lars have already been invested in the development of this 
technology since the 1950s.

This dream, for which humankind has spent 70 years 
(for example, the same amount of time the USSR exist-
ed) and tens of billions of dollars, is futile from the engi-
neering point of view, since it has already been realized 
in a natural thermonuclear reactor – the Sun. Unlike Cher-
nobyl and Fukushima, not a single accident has occurred 
in the Sun for 5 bln years of “operation”; there will be no ac- 
cidents in the next 5 bln years either [13]. It is much easier 
to convert fusion energy obtained on the Sun into electricity  
than that produced in a tokamak (a human-made fusion re- 
actor), therefore, people have been using solar power plants 
for a long time, but whether tokamaks will ever work is a big  
question.

Looking back at the entire engineering path traveled, 
one can see: the development of humankind was carried out 
in spurts. Generally speaking, there are only two significant 
shifts. The first one is the Neolithic Revolution (domestica- 
tion of animals, fire extraction, invention of tools as well  
as the simplest mechanisms and devices – wheel, axle, wedge,  
lever, inclined plane, screw and block). In a short time, a colos-
sal breakthrough of civilization was provided, and then we’ve 
been developing not intensively (qualitatively) but extensively 
(quantitatively) for a long time.

The second revolution, in general terms, is associated  
with the discovery of the scientific method and scientific 

approach in engineering. This stage provided an even sharper 
and more radical shift, but it also appears to have its limits 
of qualitative transformation. We could continue to devel-
op quantitatively, but the forces awakened during the sec-
ond leap, primarily industrial ones, do not allow us to hope 
for this. If the same approaches are maintained, our tech-
nogenic civilization will perish rather quickly – in agony 
and convulsions.

Staying in place in the civilizational sense is hardly 
a feasible task, although this is seriously thought about 
and seriously talked about. The concept of zero growth, zero 
environmental impact and the like are proposed. However, 
there is a contradiction of these programs that is universal-
ly and philosophically understandable and accepted by us: 
what does not grow, dies.

In the 21st century, the last point may be set for our 
human civilization in the experiment that has been lasting 
on Earth for thousands of years, similar to one in a Petri dish, 
only not in a local but in a planetary ecosystem. In a short 
time, having eaten limited resources and polluted the entire 

space with the wastes of its vital activity, the mold inevita-
bly dies. The main reason is that there are no circulations 
of substances, energy and information in the cup, and there 
are no trophic (food) chains, when one species of living or-
ganisms feeds on other species and their wastes. As a result 
of similar processes that have been going on continuous-
ly on the planet for billions of years of evolution, the main 
biospheric wastes – soil humus and atmospheric oxygen –
are formed. A dead Petri dish returns to its original dead 
state according to the second law of thermodynamics – 
the increase in entropy of any enclosed system.

2.2. Social Engineering  
and Pseudo-Problem of Global Overpopulation
The critical state of the environment and limited amount 

of resources force government and business to direct en-
gineers towards the development and mass implementa-
tion of systems that serve the interests of only a limited 
number of people. A future in which more than 7 bln people 
may be genocided, is being built by the hands of engineers. 
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New achievements are designed to retard development,  
weaken health, reduce fertility, etc. Not directly but indirectly, 
engineers use their knowledge and skills to create instruments 
of mass murder. In fact, they find themselves in the situation 
of those specialists who designed crematoria and gas cham-
bers in concentration camps. The motives dictated and im-
posed from above are also very similar. It is again about 
the struggle for living space.

There are almost no places left on Earth where hu-
mans have not set foot on. The planet’s population is con-
stantly increasing, while the populations and diversity 
of other species of living beings are, on the contrary, de-
creasing. Scientists claim that the growing consumption 
of resources is exhausting the capacity of the natural en-
vironment. Some assert that in the near future this will 
cause irreversible consequences – environmental catastro-
phes, wars, famine and possibly the complete extinction 
of humans as a species. But is this really the case? Have 
we reached the limits of possible growth? Or is some-
one trying to convince us that we have? What is the prob-
lem of overpopulation? What is the history of its study? 
And what is behind it?

In 1798, the Englishman Thomas Malthus anonymously 
published a small book “An Essay on the Principle of Popula-
tion”. The priestly scientist was interested in two questions:

1) what causes are holding back humanity’s develop-
ment and increasing its prosperity;

2) how these causes can be eliminated.

Malthus’ answer strikes his contemporaries with its  
simplicity and cynicism. The reason lies in the constant de-
sire of all living creatures to multiply faster than the amount 
of food at their disposal allows them to do so [14]. In the ab-
sence of war and disease, humanity reproduces too quick-
ly. Its number grows exponentially, while the increase 
in agricultural productivity can only occur in arithmetic pro-
gression. When the number of people exceeds the land’s 
ability to feed them, there are riots, wars and other upheav-
als. It is this circumstance that hinders the development 
of society and the improvement of people’s lives.

No matter how much food people produce, there will 
always be even more eaters. Moral abstinence could rem-
edy this, but the common people, who constitute the ma-
jority, are incapable of this. It follows that a prudent ruler 
who wants peace and tranquility for his citizens should keep 
them in a state of semi-starvation by not giving more than 
is necessary to sustain life. Mercy for the poor will only lead 
to an increase in their number. The task is not to find a way 

to feed the surplus population but to reduce its number 
as much as possible by one means or another.

A classic example used by the proponents of Thomas  
Malthus’ doctrine to prove his point is the Irish famine. 
In 1844, more than a third of the country’s potato fields 
were infested with parasites. The harvest was enough 
to survive the winter, but the next year the situation wors-
ened. The Irish had to plant sick or poor-quality tubers. 
The new crop was even worse than the previous one. Farm-
ers couldn’t afford to pay their workers. Landowners found 
it more profitable to graze cattle on their Irish land than 
to lease it to peasants who were unable to pay under the cir-
cumstances. More than 2 mln peasant tenants were forced 
off these lands, left without a source of livelihood.

People went to the cities, but there they faced other 
problems. The government tried to provide at least some in-
come by hiring the most enduring people for construction 
work. However, the winter of 1846–1847 was unusually cold, 
and outdoor labor became impossible [15]. The money al-
located to help the poor was exhausted within two years 
of misery. Epidemics began. People were mowed down 
by typhus, dysentery, scurvy. More than a million died of hun-
ger and disease. An equal number emigrated to Canada 
and the United States on old dingy ships, which were nick-
named “floating coffins”. In overcrowding, without medi-
cine or enough food, only 8 out of 10 of those who traveled 
5,000 km across the ocean made it to the New World. In total, 
the population of Ireland halved from 8 mln to 4 mln. Thomas 
Malthus’ admirers cited overpopulation as the main reason 
for this, which allegedly led to the fact that crop failure turned 
into famine.

The teachings of Thomas Malthus have had a tangible 
impact on economic science and world politics. It has even 
been argued that Darwin’s theory may have been inspired 
by these ideas. At least, the essence of today’s commonly 
accepted view of the evolution of nature coincides with what 
Malthus said about the development of society: “There is not 
enough for everyone!” Therefore, conflict is the most global 
and profound phenomenon, the true driving force of life in all 
its manifestations.

In relation to society, such a concept is represented 
in Social Darwinism. Struggle, natural selection and surviv-
al of the most adaptable organisms are the main concepts 
of doctrines of this kind. In modern history, under the influ-
ence of Malthusianism and Social Darwinism, Hitler’s idea 
of “living space” was formed. It became one of the main 
triggers of the conquest policy of the Third Reich. 

Whereas in Germany in 1871 there were 56 inhabitants 
per 1 km2, in 1910 – 120. Before World War I, the country was 
constantly deficient in agricultural production: 28 % protein 
deficiency, about 20 % calorie deficiency; food supply crises 
also continued in the 1930s, turning into a real nightmare 
for Hitler.

“The annual increase of population in Germany amounts 
to almost 900,000 souls, – wrote the German Führer on the  
pages of “Mein Kampf”. – The difficulties of providing for this 
army of new citizens must grow from year to year and must 
finally lead to a catastrophe, unless ways and means are 
found which will forestall the danger of misery and hun-
ger... Therefore, the problem was: a policy of territorial ex-
pansion or a colonial and commercial policy... The sounder 
alternative, however, was undoubtedly the first. The princi-
ple of acquiring new territory, on which the surplus popula-
tion could be settled, has many advantages to recommend 
it, especially if we take the future as well as the present 
into account” [16].

Hannah Arendt, the founder of the theory of totalitari-
anism, believed that Hitler’s racist ideology was directly de-
rived from Darwinism, which in turn was linked to the ideas 
of Malthus. Indeed, if the essence of all social and histori-
cal processes consists in the struggle between their partic-
ipants for limited means of existence, then sooner or later 
one of the parties, represented by nation, class, race or any 
other group of people, will proclaim itself the chosen one, 
for some reason inherently superior to the other and there-
fore worthier for survival. It is Darwinism, by virtue of its ap-
parent neutrality, which is obligatory for science, that legit-
imizes the old, universally understood doctrine of “power 
is right”.

Thus, the following has been scientifically substantiated:

1) in foreign policy – the right to seize resources and ter- 
ritories from other nations;

2) in domestic policy – the right to seize property and land 
from disfavored members of society: class, ethnic or reli-
gious groups.

Subsequently, complex ideological concepts, repli-
cated by propaganda, were adapted to society’s demand  
for the redistribution of a limited number of benefits. They 
became so deeply rooted in the consciousness of peo-
ple that some Jews, for example, were willing to accept 
their racial inferiority and death as something necessary 
for the good of society. They obediently lined up to the gas 
chambers and machine guns, even though they could not 
help but guess, and sometimes even knew exactly what 

awaited them. History has shown the horror of such beliefs 
and at the same time has disproved them. 

Hitler’s fears of famine awaiting overpopulated Ger-
many, which cost the lives of tens of millions of people, 
turned out to be futile. In the 1950s–1960s, the so-called 
Green Revolution [17] took place in Europe. It was associat-
ed with the development of more effective plant varieties 
and their introduction into production, the expansion of irri-
gation, the application of fertilizers and pesticides as well as 
the use of modern technology. After that, 4–5 % of German 
farmers was enough to meet more than 70 % of the coun-
try’s food needs, and their share in the gross national prod-
uct was negligible compared to prewar times. On the oth-
er hand, the second half of the 20th century is a period 
of a sharp increase in inequality between poor agrarian 
and rich industrialized countries. Against this background, 
the doctrine of Thomas Malthus not only did not disappear 
from the intellectual horizon but, on the contrary, found 
a second life in the form of neo-Malthusianism.

Neo-Malthusianism refers to the promotion of birth 
control measures taken by many modern states. It also 
includes mass introduction of contraception and legaliza-
tion of abortion, promoted by various public organizations 
around the world since the beginning of the 20th century. 
An important role in this work was played by representa-
tives of the women’s rights movement in Europe, the USA 
and Japan. Among the most famous neo-Malthusians are 
Michael Postan and Carlo Cipolla. They believe that social 
and economic conflicts are a consequence of demograph-
ic overload. The concept of overpopulation of the planet 
is emerging.

In 1972, at the request of the Club of Rome, which unites 
representatives of the world financial, political, cultural 
and scientific elites, specialists of the Massachusetts In-
stitute of Technology prepared the famous study “Limits 
to Growth” [18]. The purpose was to determine the possi-
ble limits of economic and demographic growth of civiliza-
tion due to the fact that the natural resources of the plan-
et are not infinite. It resulted in the thesis claiming that 
it is necessary to reduce population growth to solve global 
problems. Based on the report, the concept of “golden bil-
lion” emerged – this is the number of people that can live 
on Earth without causing it irreparable damage. The rest 
should either disappear or live on the edge of poverty, being 
socially and economically isolated from the “chosen ones”. 
In the same period, the concept of the “Malthusian trap” 
emerged – a situation in which population growth overtakes 
the growth of subsistence production.



4241
INGENIUM.  
THE WORLD AS AN ENGINEERING PROJECT
A. Unitsky

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

A terrible example cited as an illustration to the notion 
of the Malthusian trap is the genocide in Rwanda in 1994,  
resulted in about a million people killed [19].

Rwanda is one of the most densely populated countries 
in Africa. However, agriculture there is still conducted using 
primitive methods, almost without the use of mechanization. 
It is not possible to achieve large yields, even despite the ini-
tially high fertility of soils.

This is how the authoritative American scientist Jared 
Diamond described the situation: “The whole country looked 
like a garden and banana plantation. Steep hills were being 
farmed right up to their crests. Even the most elementary 
measures that could have minimized soil erosion… were not 
being practiced. As a result, there was much soil erosion, 
and the rivers carried heavy loads of mud. One Rwandan 
wrote me, “Farmers can wake up in the morning and find 
that their entire field (or at least its topsoil and crops) 
has been washed away overnight, or that their neighbor’s 
field and rocks have now been washed down to cover their 
own field.” Forest clearance led to drying-up of streams, 
and more irregular rainfall. By the late 1980s famines be-
gan to reappear. In 1989 there were more severe food short-
ages resulting from a drought, brought on by a combina-
tion of regional or global climate change plus local effects 
of deforestation” [20].

Despite the fact that virtually every square meter 
is cultivated in this country, “a median farm size of only 
0.89 acre in 1988, declining to 0.72 acre in 1993. Each farm 
was divided into (on average) 10 separate parcels, so that 
farmers were tilling absurdly small parcels averaging only 
0.09 acre in 1988 and 0.07 acre in 1993” [20]. These average 
figures, revealing in themselves, conceal a huge number 
of problems. Naturally, first of all, land was not distributed 
equally. There was social inequality, which has increased 
over time. However, both the poor and the rich in this coun-
try had almost nothing. A farm of only 1 ha was consid-
ered very large. Little farms were as small as 24 ares (1 are 
is equal to 100 m2), which was an extremely small area  
per family in the absence of mechanization and the relent-
less depletion of land year after year. In fact, it is believed 
that the minimum amount of land needed to feed one per-
son is 6 ares. At the same time, poor farmers with small 
plots mostly had no additional income, such as trading, saw-
ing trees, making and selling bricks, working on construction 
sites, etc.

Due to the lack of free land in the community, young 
people could not leave their families and start their own house- 
holds. By 1993, 100 % of men aged 20–25 continued to live 

with their parents. On average, 5–6 people fed from one such 
farm, getting no more than 77 % of the required (by the most 
modest Rwandan standards) calories. Almost half of the coun- 
try’s population was on the verge of starvation. There were 
many other points of tension in the society. Parents were 
unable to provide for their children, who in turn were in con-
flict with each other over the right to land plots, resulting 
in constant quarrels over inheritance. The relations between  
neighbors were complicated as well.

Against this backdrop, the class-ethnic conflict between 
the two peoples of Rwanda (Hutu and Tutsi) lasted for de-
cades, with periodic bloodshed. With the outbreak of the civil 
war, the tension between them reached its climax and cul-
minated in massacres committed with great brutality. Al-
though formally the aggression had the character of geno-
cide against the Tutsi, the reality was different. Let us quote 
Jared Diamond again.

“The distinction between Hutu and Tutsi is not nearly 
as sharp as often portrayed. The two groups speak the same 
language, attended the same churches and schools and bars, 
lived together in the same village under the same chiefs, 
and worked together in the same offices. Hutu and Tut-
si intermarried, and (before Belgians introduced identity 
cards) sometimes switched their ethnic identity. While Hutu 
and Tutsi look different on the average, many individuals 
are impossible to assign to either of the two groups based 
on appearance. About one-quarter of all Rwandans have 
both Hutu and Tutsi among their great-grandparents... This 
intergradation gave rise to tens of thousands of personal 
tragedies during the 1994 killings, as Hutu tried to protect 
their Tutsi spouses, relatives, friends, colleagues, and pa-
trons, or tried to buy off would-be killers of those loved ones 
with money. The two groups were so intertwined in Rwandan 
society that in 1994 doctors ended up killing their patients 
and vice versa, teachers killed their students and vice versa, 
and neighbors and office colleagues killed each other. In-
dividual Hutu killed some Tutsi while protecting other Tutsi. 
We cannot avoid asking ourselves: how, under those circum-
stances, were so many Rwandans so readily manipulated 
by extremist leaders into killing each other with the utmost 
savagery?” [20]. The scientist’s answer is that Rwanda was 
caught in a Malthusian trap, meaning it was necessary to get 
out of it one way or another.

However, Jared Diamond recognizes that demograph-
ic situation alone would not have had such dire conse-
quences as the genocide. The Hutu elite who seized pow-
er used the plight of the people and the accumulated  
resentments among them to strengthen their own positions.  

They resorted to a variety of tools, including deliberate prov-
ocation and, of course, propaganda. The latter had such 
a powerful effect that, as in Hitler’s Germany, people subse-
quently accepted the tragedy as a necessity and found thou-
sands of explanations for it. Diamond quotes a local resed-
ent who lost his wife and four children in the genocide. In his 
opinion, the reason was not the order given by the “elite” 
bathing in luxury and struggling for power, but the fact that  
 “the people whose children had to walk barefoot to school 
killed the people who could buy shoes for theirs” [20]. How-
ever, such a thing would not have happened if the authorities 
had not armed one part of society against the other and le-
galized the killings. Therefore, the reference to Malthusian-
ism, as in the case of the famine in Ireland and the threat 
of famine in Germany, is nothing more than an attempt 
to justify unnatural cruelty by natural causes.

Some European countries have population densities 
around the same level as Rwanda and, for example, Monaco 
and San Marino have significantly higher densities. As of da-
ta for 2018, Rwanda has almost as many people per 1 km2 
as the Netherlands. In the African country it was 420 peo-
ple, while in one of the most prosperous European coun-
tries this figure is 402. It turns out that it is not at all about 
the number of people and the land they live on. In the mod-
ern world, and even more so in the future, this factor will 
continue to play an important role, but it can be largely 
compensated by other circumstances. Technical equip-
ment, economic and political organization of the society 
are decisive.

Even Karl Marx argued that social disasters are caused 
not by quantitative territorial and demographic conditions 
but by the methods of production and distribution of prod-
ucts. Analyzing the famine in Ireland, he saw the main reason 
not in the fact that there were too many people in the coun-
try but in the fact that landowners simply drove people off 
the land, believing that it would be more profitable for them. 
However, as a result of the country’s population almost 
halving, the live of Irish people didn’t significantly turn 
for the better. According to Marx, capitalism makes a large 
part of the working class redundant and leads to the impov-
erishment of the proletariat even without population growth. 
Increasing the reserve army of the unemployed is a nec-
essary condition of capitalist production because it cre-
ates pressure on workers forcing them to sell their labor 
at a minimum price, which allows the owners of industries 
to obtain a greater surplus value of production and increase 
capital.

Convincing arguments against the Malthusian theory 
were offered by representatives of the so-called new insti-
tutional school. Analyzing the reasons for sustainable eco-
nomic development in European countries, when population 
growth was accompanied by an improvement in living stan-
dards and income growth, they concluded that the main rea-
son for this was a change in the distribution way of the labor 
results. According to their understanding, the plague epi-
demic that occurred in Britain in the 16th century not only re-
duced the number of people but also weakened the institu-
tions of serfdom. Peasants were able to retain more of their 
crops for themselves than before. Then, after the Glorious 
Revolution of 1688, England moved towards the development 
of pluralistic institutions, which allowed ordinary people 
to participate in the country management and earn income 
from their enterprises (including patents for inventions).  
This was just the reason for the beginning of industrializa-
tion, as a result of which the laws discovered by Thomas 
Malthus ceased to work.

The Malthusian theory has proved to be true only for so-
cieties in which a significant part of income is appropriat-
ed by a small group of people who constitute the “elite”.  
Under such conditions, the majority of people have no inter-
est in increasing labor productivity. The product will be ap-
propriated by others anyway. Only a fair (at least relatively) 
distribution system can make the masses work more effi-
ciently. In this case, the creation of conditions that motivate 
to produce more output leads to a constant increase in la-
bor efficiency, and population growth does not turn into a de-
crease in living standards. Nevertheless, Thomas Malthus' 
idea is very tenacious and is only gaining popularity.

The problem of overpopulation in the 21st century is  
considered to be one of the main challenges along with  
climate change, global warming and biodiversity reduction. 
This subject is actively discussed by well-known politicians, 
international organizations and mass culture.

Back in 2007, Boris Johnson, still just a politician, who be-
came the Prime Minister of Great Britain in 2021, called over-
population “the real number one issue” [21]. The Great Reset 
program announced in 2020 by Prince Charles and the dele-
gates of the World Economic Forum in Davos, although does 
not directly set the task of reducing the world’s population 
but obviously implies it. It is quite clear: it means that the rep- 
resentatives of the countries whose inhabitants belong 
to the “golden billion” will reduce the population of those coun- 
tries that are not among the chosen ones. Thus, if we call 
spade a spade, there are plans for social engineering or a new  
form of genocide, which humanity may face  in the 21st century. 
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Fortunately, Malthusian ideas are not shared by everyone. 
This gives us hope.

Under to the UN report presented in 2019, the popu-
lation growth rate is constantly decreasing. Thus, by 2100,  
this indicator will finally stabilize at 11 bln people [22]. Ac-
cording to the University of Washington projection, published 
on July 14, 2020 in the medical journal The Lancet, the world 
population will peak in 2064 and reach about 9.73 bln 
and then decline to 8.79 bln by 2100, which is 2 bln less 
than the 2019 UN projection [23]. Researchers at the Fraser 
Institute in Canada tend to believe that overpopulation 
of the planet and the danger of resource depletion are 
myths because technological advances have made re-
sources more accessible and abundant than ever before 
[24]. Dr. Heather Alberro from Nottingham Trent Universi-
ty stated that the subject of overpopulation is an attempt 
to hide the true source of all environmental problems of our  
time. It lies in “the waste and inequality generated by mod-
ern capitalism and its focus on endless growth and profit 
accumulation” [25].

The representatives of the world capitalist elite are not 
interested in neither any fundamental changes in the sys-
tem nor in the search for new directions and ways of de-
velopment, but wish above all to preserve their position, in-
creasing their power and capital if possible. This pseudo-elite 
(it so happened historically) was spontaneously and ran-
domly assembled from politicians, bankers and rich mer-
chants. Among them there are no engineers or, at least, 
philosophers, capable of complex and systematic think-
ing on the planet’s scale. So, according to their professions 
and views inherent to their competences, they will lead our 
civilization only to the place where here and now it is possi-
ble to get fabulously high profits on global problems of hu-
mankind – not for everyone but for them in the first place. 
Some of the most radicalized researchers even assert that 
corporations are artificially restraining space exploration be-
cause space projects lead to an increased role of the state, 
which goes against their interests. “Therefore, globalists,  
on the one hand, need to take charge of the process of space 
exploration and profane it. This task is performed by PR il-
lusionist Elon Musk with his unprofitable companies that 
exist on American taxpayers’ money. On the other hand,  
they should eliminate the reason for the need in space 
projects. It is necessary to provide the inhabitants of Earth 
with enough living area on their home planet. It is im-
possible to enlarge the planet” [26]. On this basis, the idea 
of combating overpopulation is promoted. 

This program is well-funded, has an impressive lob-
by at the highest levels of decision-making and a huge 
resource in the form of scientists and engineers who 
serve capital, inventing and developing ever more sophis-
ticated ways of slow, as stealthy as possible, yet efficient 
and the most widespread genocide in the history of civ-
ilization. The realization of such a plan could be the end 
of this history. Just as Hitler’s war unleashed for the inter-
ests of Germany led to the destruction of the country, so 
the pseudo-elite, opposing itself to all others, will eventu-
ally destroy itself, making our world unfit for human life. 
At the reckless pace of development of Earth’s industry 
achieved by the end of the 20th century, humankind has 
a couple of generations left before the point of no re-
turn. However, it may be too late if nothing happens in 30, 
40 or 50 years. Then, the gun called Industry, hanging 
on the wall of our house named Biosphere, will fire a shot 
at the head of the self-murderer, Human Civilization.

The problems of exceeding the limits of growth and over-
population of the planet, presented by globalists since 
the 1970s as the main ones for humanity, are a smoke-
screen behind which they hide other real problems, namely, 
the problems of the limits of growth of capitalist production 
and the limits of its human capacity.

Capitalism is a system in which the few thrive at the ex- 
pense of the many; the center is enriched by using the re-
sources of the periphery. The basis of the future postcapital- 
ist system is that it will not be for everyone either. This “brave 
future” is intended (which is carefully hidden) only for the “bril-
liant million”, next to which the “golden billion” of digitized in-
dentured servants, i.e., bio-digital convergents, will “subsist” 
while serving. This is on the one hand.

On the other hand, the automation of production leads 
to the fact that for capitalism the labor needs come down 
to rather low figures. Those involved in production are useful. 
They get paid for their work, and they are also consumers. 
But the remaining several billion are something like annoying 
parasites that need to somehow, more or less, be aliment-
ed, and who, on top of all, pose a real threat to the system: 
if there’s anything, they can rebel at any time.

The more population there is that has to be fed by the cap- 
italist system, the more unstable it becomes. This is what 
the Marxists called the main contradiction of capitalism: 
the contradiction between the social nature of the produc-
tion process and the private capitalist form of appropriation 
of the results of labor. That is, everyone exists within the sys-
tem, but only a few can live well, and the more there are 
those who cannot, the more likely it is that this poor majority 
will overthrow and destroy the rich minority.
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That is why when the “global elites” talk about overpop-
ulation, they are not at all concerned about the depletion 
of the planet resources – in fact, they know that there are tech-
nologies today that may solve this multicomponent problem.  
This is how they take care of the preservation of their wealth 
and dominant position. This is the real meaning of “sustain-
able development” for them. They play with concepts to achieve 
their real goals. When it comes to the limits of growth for cap-
italism, they talk about the limits of growth in general and find 
ways how to achieve their goals and at the same time also 
make money on this. This is their black magic. This is the plan  
of the global pseudo-elites.

Therefore, a “new reality” is systematically being formed 
with a “new serf” – a human-like creature without prop-
erties who is easy to control and manipulate, at the level 
of animal reflexes, namely: asexual and soulless, without 
historical memory and without identity, without conscience 
and without morality, without a family and without children, 
without the meaning of life and without goal-setting (ex-
cept for the sense of consumption, and not so much real 
as virtual and emotional).

One should not see in these plans any sort of plots 
and conspiracy theories. There is no conspiracy. “Global elites”, 
by masking our faces, the faces of billions of people around 
the world, unmasked theirs. They do not hide their intentions, 
they talk about them openly. Anyone can see for themselves. 
One has only to set a goal and spend a little time. For example, 
you can read the book “COVID-19: The Great Reset” and other  
works by Klaus Schwab [27, 28] – one of the ideologists 
of globalists and permanent head of the World Economic 
Forum in Davos. Below are just a few quotes.

“The world will no longer be the same, capitalism will 
take on a different form, we will have completely new types 
of property in addition to private and state. The largest mul-
tinational companies will take on more social responsibility, 
they will be more actively involved in public life.”

“Governments must also adapt to the fact that power is… 
shifting from state to non-state actors, and… to loose net-
works. …Increasingly, governments will be seen as public- 
service centers.”

“…The greater population growth is… the higher the risk 
of new epidemics.”

“…If both democracy and globalization expand, there 
is no place for the nation state.”

“…The containment of the coronavirus pandemic will  
necessitate a global surveillance network.”

And so on... For example, the Prime Minister and Prince 
of Great Britain, US President Joe Biden and others have  

not hesitated to declare their agreement with Schwab’s  
theses [29]. Obviously, the heads of transnational corpora-
tions will also not be against such a program that clearly  
expresses their interests.

In support of the above, we can refer to a detailed 
analysis of the utter futility of the socio-economic vector 
along which our civilization is developing, led by “deep power”, 
as conducted in numerous works and speeches in the field 
of economics, nature management, ecology, sociology 
and politics of such independent researchers as M. Kha zin, 
V. Ka ta so nov, O. Chet ve ri ko va, A. Fur sov, V. Bog laev, I. Shnu-
renko, A. Dugin, S. Pereslegin and others [30, 31]. I became 
thoroughly acquainted with their views as well as their analy- 
sis of the world situation, our past, present and foreseeable 
future during the pandemic, while in partial self-isolation 
at our innovation center “EcoTechnoPark”.

The developers of the Great Reset program actually 
plan to zero out the technocratic vector of human develop-
ment, formed over many previous millennia, as well as to zero 
out the human technogenic civilization itself – the one we 
know and form part of. Beneficiaries of capitalism, whose cri-
sis as a system by its socio-economic nature has taken place  
over the past several decades, are trying to camouflage 
it as the crisis of humanity – the planetwide technogenic 
society created in the era of capitalism.

“Global elites” led by the USA and Great Britain, by the hands 
of the world hegemon, are destroying and annihilating coun-
tries and nations. Iraq, Libya, Syria, Afghanistan are the states 
that did not want to walk the same road with them and there-
fore turned out to be undesirable. No one now even remem-
bers the two atomic bombs dropped on Japan (although 
there was no need for it) or the Korean and Vietnam wars...

The destruction of civilization occurs not only directly 
but also implicitly. First of all, it is done through the environ-
mental movement with quotas and bans introduced around it. 
Such measures are aimed at slowing down the industrial 
development of countries beyond the borders of the Col-
lective West. Because of all kinds of environmental sanc-
tions, it is too expensive for them to build and run factories. 
The growth of the economy slows down, and the standard 
of living and quality of life decrease. Earlier, in the days 
of Thomas Malthus, this factor was not a determining factor 
for the growth or decline of the human population, but now 
it is very important – all thanks to mobile digital devices 
and global informational monopolies.

There are already many studies showing that the prolif- 
eration of smartphones and access to information has a direct  
impact on a person’s view of themselves, their life and how 
many children they should have. Looking through Instagram  

and Facebook feeds, people see pictures of a “beautiful 
life” and set their sights accordingly. They strive for com-
fort, want to build a career and be successful, and the pres-
ence of a large number of children in these plans rather 
hinders than helps. Especially if the country’s economy 
is not developing and does not meet the new demands. 
The whole chain looks devilishly graceful. Because of envi- 
ronmental restrictions, industry does not grow, the economy  
does not grow, but informatization flourishes, which together 
leads to a decline in the birth rate. This is exactly as the pseudo- 
elites want it to be. In this way they throw off the human  
 “ballast” from the biosphere ship “Life on Planet Earth”. In ac-
cordance with their idea of tomorrow, they deprive billions 
of people of their future – those who have already been born 
but will not give birth, and those who will not be born to please  
false satanic values and idols.

2.3. 5D Program
Humanity’s way of life in the 21st century, along with  

the oppression of nature, is the cause of all past and future 
upheavals. All the wars and economic problems of the 20th cen- 
tury occurred because of overcrowding and a persistent de-
sire to consume as much as possible, resulting in the esca-
lation of the struggle for resources and spheres of influence. 
This struggle is one of the essential elements of a capitalist 
system based on profit and around profit.

In general, the capitalist system implies the need 
for and imminence of crises, each leading to more disas-
trous consequences. Most economic experts agree with this 
opinion. Currently, the knowledge about this has become 
widespread, right down to the layman’s level. According-
ly, there is a demand for the reform of capitalism since 
the “global elites” do not accept alternative models, like so-
cialism. After all, these are the capitalist elites, and they 
cannot disown themselves.

Since experts mainly associate crises with overproduc-
tion of goods, these crises can be avoided only if we change 
the nature of production and consumption. Before exploring 
how the “elites” intend to arrange the new world, it is neces-
sary to understand how all this happened before, in the most 
general terms.

Enterprises manufacture goods, pay workers for their 
labor and keep the added value to spend on product devel-
opment, plus their own needs, including their need to pay 
taxes. That said, the goal of production is to increase prof-
its, which is achieved by optimizing technological processes,  
reducing the cost of labor and increasing the number 
of manufactured goods.

Therefore, the production volume should always in-
crease, and the relative wages for labor should decrease. 
At the same time, workers are buying most of the prod-
ucts. If they earn less, they buy less. Yet, producers con-
tinue to create more and more goods and services. There 
are so many of them at some point, so nobody needs them, 
and the manufacturers cannot sell enough products to pay 
off the investments. Then they opt for staff redundancy, 
assembly line shutoff and production minimization.

The economy sinks into crisis. Then someone goes bank-
rupt, someone optimizes something, prices drop for the ac-
cumulated surplus of goods, warehouses once chock-full 
of products gradually empty, and then there is a demand 
again that exceeds supply. Everything is repeated at a new 
round. Of course, a war or a pandemic can significantly mit-
igate the situation. In a short time, they create new market 
outlets, job opportunities, requests for specific product ranges, 
orders, etc. That is precisely the reason why wars begin 
at the moment the economy reaches its peak; it is not an ef-
fect of power excess but a way to avoid the upcoming steep 
and painful fall from the top. Is it possible to prevent crises 
in some other way? It is believed that yes.

It is assumed that it is possible to improve the capital-
ist system, to make its development not cyclical (from cri-
sis to crisis) but sustainable. To do this, it is enough to ar-
range production and consumption in such a way that they 
are always balanced and orderly. Of course, not in the logic 
of a planned economy, but with the possibility of preserving 
the power and wealth of capitalists. 

Digitalization should come to the rescue, being a dig-
ital transformation of society and the economy. Most no-
tably, it’s about internet technologies, big data processing 
technologies, virtual and augmented reality, artificial intelli-
gence, 3D printing, printed electronics, blockchain, quantum 
computing, etc.

Digitalization will help to get total control and accoun-
tancy: what and how much is in production, what and how 
much is purchased. It will also form the basis of a new (in-
clusive, in other words “universal”) capitalism, where ordi-
nary people will no longer own anything as private individu-
als; they will only have access to services. Because life will 
turn out to be unthinkable over time without these digital 
services, the demand for them will become constant, in-
creasing in proportion to consumption without any funda- 
mental restrictions (as everything starts to happen in a vir-
tual digital environment, not in a limited world of material 
objects, there will be no restrictions).
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Digitalization is one of the five pillars on which a new 
world order is in the making. One can also speak of the four 
 “Ds”: desocialization, deindustrialization, decarbonization 
and depopulation. With their large-scale postcapitalist de-
ployment, these vectors of development proposed by mod-
ern capitalism are likely to ensure the stable development 
of the system. However, this “brave new world” will turn 
out to be horrific from the point of view of 7 bln people 
for whom there is no place. The substance of such plans 
is as follows.

Digitalization is the basis and is a dreadful tool within 
the logic it is developing today. It includes the following:

1) introduction of widespread accounting and control 
systems for production, services, banking and so on, which 
will lead, in the end, to the establishment of total control  
over the “wrong people” and the transfer of civilizational func-
tions to supposedly smart but in fact to primitive artificial 
intelligence, which, from an engineering point of view, 

is by several orders of magnitude below the complexity 
of the simplest microorganism structure, such as coronavirus;

2) accelerated introduction of bioengineering tech-
nologies, the mass production of robots, the promotion 
of genetic mutation projects and species crossbreeding 
as well as the interbreeding of people, artificial intelligence 
and machines, which will lead to a gradual transformation 
of the human personality into a soulless human-like creature, 
into a cyborg, a bio-digital convergent.

Desocialization is: 

1) establishment of a new policy glorifying minorities 
(social, ethnic, racial, biological, gender, etc.) where they 
dominate over the majority;

2) subordination of humanity to liberal values, opposi-
tion to critical and analytical thinking of people, deprivation 
of privacy and civil rights, total censorship, complete control  
and manipulation of the media, social networks as well as 

consciousness, ideology, education, science, culture, art 
and religion. After all, frail and dying capitalism needs primi-
tive convergent consumers, not creative individuals. Moreover, 
there will be a gradual decrease in the role of nation states 
in society and the transfer of most of their functions to global 
corporations;

3) fight against natural childbearing, the elevation 
of bodily and spiritual ugliness and perversion, depravity 
and lust, mentally and physically disabled people to an ideal 
of harmony and beauty;

4) destruction of family and nation-states’ institutions 
which must be replaced by global (supranational) corpo-
rations that have entered the totalitarian phase of their 
development; 

5) expanding influence of transnational pharmaceutical 
corporations, Big Pharma, the likes of which are not interested 
in human health since only ill people can bring profit;

6) incremental and consistent introduction of a guilt 
complex into social consciousness during many decades 
that is a complex of personal and collective inferiority. We, 
ordinary people, who are the overwhelming majority, are 
forced on all continents to repent, to feel guilt, inferiority 
and faultiness at the slightest pretext:

 • for the fact that we are not homosexuals;

 • for the light (or dark) color of our skin;

 • for our nationality; 

 • for eating meat and opposing genetically modified 
and artificial foods; 

 • for doubting the benefits of vaccinations and the exis-
tence of pandemic at all;

 • for having mothers and fathers, for using “man” and “wom- 
an”, “he” and “she” words; 

 • for being healthy and not disabled;

 • for the fact we don’t blindly believe in global warming 
and the carbon greenhouse effect…

The list of our “guilt” goes into infinity. In its social es-
sence, it is a psychological terror unleashed on every person 
and humanity.

Society is gradually and consistently turning (or rather, 
it is being transformed) into a kind of turbulent, albeit skillful-
ly managed, set of minorities dissatisfied with life, who initially, 
from early childhood, are offended by the “alien” majority. 
The majority of society, even to the detriment of its own in-
terests, is obliged constantly to take care of these offended 
people. Moreover, the interests of minorities, including  

their fanatical desire to dominate the majority, should not be 
questioned or criticized, otherwise this immediately falls 
into the category of racism, homophobia or xenophobia.

The fact that democracy, as it has been interpreted 
in the 21st century, is the power of the minority over the ma-
jority, was a revelation to me. Although it turned out that 
for the ideologists of the global liberal and capitalist sys-
tem, this is an accepted and evident axiom. Such a pervert-
ed view, essentially turning everything upside down, reminds 
me of the story of а cancer cell that, with its “unconven-
tional values”, misleads and deceives the weakened immune 
system of a healthy organism with trillions of normal cells 
and ultimately kills its master by metastasizing into all organs 
and dies itself.

The displacement of small companies and industrial 
enterprises from the market will lead to the emergence 
of global monopolies, free to dictate any favorable conditions 
to the consumer. 

The erosion of the functions of the state and their trans-
fer to global corporations will lead to a revision of social pol-
icy and social hierarchy. For example, why pay pensions? 
And, in general, do corporations need disabled older adults 
and children, hospitals and roads or the entire social infra-
structure? Consumption, childbirth and other manifestations 
of human life will have to be rationed by the new standards 
to support the “sustainable development” of the proposed  
 “brave new world”.

Reducing the importance and role of the state and its ab- 
olition is necessary for the beneficiaries of capitalism to pay  
fewer taxes. At the same time, it serves to increase the de-
mand for goods and services provided to the population 
in many countries at the expense of these same taxes. 
I’m talking about removing the intermediary that reduces  
the efficiency of the capitalist system and adds unneces-
sary variables. In essence, the reanimation of Trotskyism 
should take place. Its idea is laid in a phrase: “The technology  
of establishing global power by eliminating the nation 
states and other organizations competing with the global 
power.”

Desocialization and detaching from society makes ev-
eryone unprotected in the face of global corporations, de-
priving them of the hope of receiving help and support 
from loved ones who could pass on to them specific nec-
essary knowledge, experience, goods or services. So, natu-
rally, they will have to singlehandedly purchase everything 
they need. As the consumers, they become much more re-
liable and efficient from the standpoint of making a profit 
from them.
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That is why, under various glib excuses, there is an ac-
celerated elimination of competitors of global corporations – 
small and medium businesses, personal and private prop-
erty – with the transition to a supposedly more “advanced” 
sharing economy.

Deindustrialization is:

1) redeployment of almost all sectors of the world  
economy into a vague and opaque sphere of environmental-
ly safe production, plus the monetization of the environment 
to benefit elite of globalists. As a result, there is a wide-
spread change from traditional nature conservation activities 
to environmental extremism;

2) accelerated reduction of industries and workplaces, 
creating a civilizational “digital concentration camp” with a glob-
al lockdown and payment of guaranteed basic remuneration, 
i.e., minimum “ration”, to those who do not work;

3) curtailment of the traditional (natural) production 
of agricultural products and a transition to genetically 
modified foodstuffs, in particular a defective composition 
and the quality of artificial meat, which could be dangerous 
to human’s health. One of the main arguments is that a cow 
is allegedly more environmentally hazardous than a car 
and an airplane since it emits many greenhouse gases, in-
cluding carbon dioxide and methane, that is why the human-
ity will be supposedly compelled to renege on beef in the near 
future.

Decarbonization is the rejection of hydrocarbon fuels 
(oil, coal, natural gas) and carbon dioxide emissions into 
the atmosphere, replacing them with technologies purport- 
ed to be green but ineffective and environmentally even 
more dangerous.

Decarbonization and deindustrialization are interrelat-
ed elements of the same program. In a broader view, they 
refer to the monetization of ecology and its transforma-
tion into capital. For example, people and businesses must 
pay for what we need most, such as water and air, the val-
ue of which becomes part of the surplus value. As a result, 
the demand for this product will stabilize, reducing the risk 
of overproduction. On the other hand, the slowdown in indus-
trial development is a high road to a decrease in the popula-
tion’s real income and, consequently, to a population reduc-
tion. It satisfies one of the goals of the “elites”, also known 
as depopulation.

The “sustainable development” thesis of the Club of Rome 
assumes an accelerated reduction in the world population 
to the “golden billion”, even down to 500 mln [18]. Hence 
is the special operation “COVID-19 Pandemic” with protective 

masks and widespread lockdowns that destroy families, 
the immune system of people, voluntarily and forcibly placed 
in a “home prison”, and destroy medium and small businesses – 
the basis of the economy of any country.

Matrix RNA vaccination, yet to be adequately stud-
ied for long-term consequences, is supposedly the most  
 “humane” self-imposed method, which logically fits into  
depopulation. Over time, this can lead to irreversible genet-
ic changes in the vaccinated organism, negatively affecting 
the male and female reproductive organs. In its social es-
sence, such “treatment” can be used, if necessary, as “vel-
vet genocide”, i.e., prolonged murder. Although, most likely, 
we will never know when such “necessity” will come.

In the theories we’ve been fed, vaccination leads to col-
lective immunity, although, in the documents of the World 
Health Organization, this is called “herd immunity”. Human-
kind is just a herd in which natural immunity, that is beyond 
the control of third parties and has been polished over bil-
lions of years of evolution of life on the planet, should be 
replaced by artificial immunity controlled from the outside. 
So, we get hooked on mandatory vaccination – a strong ad-
diction to a lifelong intake of questionable vaccines, con-
stantly mutating. It will become another step towards turning 
people into cyborgs.

Depopulation is necessary because capitalism is a so-
cial system that only needs a small number of people to func-
tion due to the automation of production and similar innova-
tions. Moreover, an excess of human biomass is dangerous 
for the system since those individuals who are not involved 
in production will nevertheless need goods and demand 
them. Therefore, it is better to optimize the size of the pop-
ulation, even at its own expense, in such a way that it would 
provide sufficient volumes of demand and involve producing 
what it consumes. The people should be able to feed them-
selves and simultaneously guarantee an increase in profits 
and luxury to the “global elites” but nothing more.

Looking further and describing a transition that has 
already happened, theorists say that humans are no longer 
the primary consumer of products. The actual situation  
today is simplified: one company produces metal and sells 
it to a company that manufactures robots. Then the same 
metal producers and other companies buy those robots as, 
for example, machine tools. In the end, robots make robots 
for robots. Humans may not be involved in these processes 
at all. The world order described above is a global digital con- 
centration camp, digital fascism. The system, offered to us 
as an image of an inclusive future, will be strictly ordered 
and self-sufficient. 

The main difference between such a “brave new world” 
and the existing world order is “stability”, as opposed to cy-
clicity. That is why globalists repeat words “sustainable devel-
opment” like a mantra, sounding as a spell from black magic. 
At the same time, they use every effort to pretend that their 
actions are motivated only by global environmental problems 
and concern for people. Of course, the motivations are dif-
ferent, but ecology is a good product and perhaps the best  
planetary business resource available.

I have found evidence everywhere that what is happen-
ing, including the coronavirus pandemic, is part of a deliber-
ate and steadily implemented program. For example, Prince 
Philip, the husband of Queen Elizabeth II, one of the ideolo-
gists of the decrease in the planet’s population, talking about 
his rebirth back in 1988, said: “In the event that I am reincar-
nated, I would like to return as a deadly virus, to contribute 
something to solving overpopulation” [32]. How much do you 
have to hate humanity to say such a thing?

On October 18, 2019, months before the announce-
ment of the actual pandemic, the Johns Hopkins Center 
for Health Security, the World Economic Forum and the Bill 
& Melinda Gates Foundation held a pandemic exercise 
called “Event 201”. Business, government and medical rep-
resentatives discussed the specifics of a coronavirus pan-
demic, which will spread from bats to humans. It was sup-
posed that 65 mln people would die from the infection over 
18 months. The pandemic would continue until an effective 
vaccine was born or the number of recovered individuals 
reached 80–90 %. At the same time, the world economy will 
collapse by 11 % [33].

Information about this is publicly available, a script, vid-
eos from the scene, final recommendations and more can 
be easily found. Although the exercise occurred months 
before the epidemic, the description of the situation came 
to fruition. An “esteemed” validity check expert, the British 
organization FullFact, refutes the assertion that the exercise 
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was a rehearsal for the COVID-19 pandemic. It is noteworthy 
that among the founders of FullFact are such companies 
as Facebook, Google and the Open Society Foundations 
of George Soros. Interestingly, the same platform gets 
credit for refuting a series of scandalous news stories di-
rectly or indirectly related to the pandemic, depopulation 
and the role of the “global elites” in them.

Such facts include a widely circulated online quote 
dating back to 2009 and attributed to former US Secretary 
of State Henry Kissinger: “Once the herd accepts mandatory 
forcible vaccination, it’s game over! They will accept anything – 
forcible blood or organ donation – for the “greater good”. 
We can genetically modify children and sterilize them – 
for the “greater good”. Control sheep minds and you control 
the herd. Vaccine makers stand to make billions, and many 
of you in this room today are investors. It’s a big win-win! 
We thin out the herd and the herd pays us for providing  
extermination services. Now, what’s for lunch?” [34]. Kissinger, 
in 1974, prepared a secret report (Memorandum 200), which 
said that population growth in the least developed countries 
concerns US national security. Therefore, the proposal came 
forth to give paramount importance to ensuring birth con-
trol and downsizing the human population [35]. This docu-
ment has formed the basis of the official policy of the United  
States since 1975, later declassified in the 1990s.

Regarding the rebuttals given by supposedly reputa-
ble organizations like FullFact, I believe this is part of an ex-
tensive information game in which IT corporations can play 
with the facts in any possible way. They banner whatever 
is convenient and do their bidding. If something is not prof-
itable, they declare it fake, conspiracy or elements of con-
spiracy theories. Who can stop them when the media, social 
networks and search algorithms are all in their hands? They 
can even shut down the US President’s account, as happened 
to Donald Trump. Shut up anyone they want. They can say 
anything, including calls for the physical destruction of entire 
states, their leaders and their representatives. That is what 
the Facebook management did when they announced that 
they would not block messages suggesting the assassination 
of Vladimir Putin, Russian ministers and the military. Whoev-
er controls the information controls the world. They do to-
day, which is precisely what biochemistry corporations do. 
Therefore, they may soon have as much total control over 
our bodies as they already have over our minds and senses 
today.

For 20 years, the “medical mafia” Big Pharma have 
been pursuing their goal to create a sustainable demand 
for their products within the framework of the new world 

medical order, in which a person is just a subject for ex-
periments, something like a guinea pig. A vaccine is most 
suitable for this because its demand does not depend 
on market conditions. To do this, you must scare all of hu-
manity, all 8 bln people, with messages like “Get vaccinat-
ed! Or you will die.” The demand has been secured for many 
years, necessitating the pandemic and a constantly mutating 
virus, combating which will require more and more vaccines. 
The coronavirus fits perfectly into this scenario, and obvious-
ly there was an order for it. Vaccine production plants have 
already been built all over the globe. It is obvious that no one 
intends to give them up, and this was a long-term plan. 
Again, a prominent figure among the lobbyists is Bill Gates. 
The principal investor in the pandemic announcer the World 
Health Organization, the primary owner of the corporation 
that supposedly invented the cure for the virus.

The prices of the vaccines that have become indispens-
able can be raised over time, providing long-term profits 
for the owners of the WHO. This organization has become 
an effective tool for extracting profit from each of us within 
the framework of another antihuman program, “Bio- Digital 
Convergence”, which is being developed and successful-
ly implemented by the “global elites” in the framework 
of the 5D program of gradual transformation of people 
into convergent cyborgs.

2.4. Pernicious Passion of Engineers  
for All Artificial Things
The central place in the 5D program is given to digita-

lization, which possibilities of implementation are related 
to the development of artificial intelligence. This relative-
ly new phenomenon opens up amazing prospects. Applica-
tions for this tool are being sought in all areas, from house-
hold appliances to space exploration. And everywhere 
it is a question of finding a way to partially or completely 
replace humans with algorithms and the machines that ex-
ecute them. Although this situation is formally and techno-
logically new in many respects, it reflects the essence of our 
terrestrial engineering (industrial) civilization and embodies 
its characteristic attitudes.

The concept of “civilization” comes from the French civili-
sation (originally – the transformation of criminal proceedings 
into civil ones), then from civiliser – to civilize, from civil – civ-
il, then from Latin civis – citizen [36]. Many people are familiar 
with the statement “Civis Romānus sum! ” (“I am a Roman cit-
izen!”). In Antiquity, it was a formula of self-assertion, the su-
periority of one group of people over all others as bearers 
of special rights and privileges. 

Even the poorest Roman citizens received free bread 
and access to public spectacles and therefore remained 
the elite. On the other hand, such a special position was based 
on their inclusion in the legal system – a system of laws that 
applied only to the Romans and required a special court 
for them, while others were outside the law and deprived 
of any legal protection.

Civilization begins where the law appears. It is it (no mat-
ter whether formalized or conceptual) that regulates the rela-
tions inherent to a civilized community, which differ from re-
lations based on instincts or personal experience of a single 
individual in the animal world. At first, it is a law of tradi-
tion or nature, then – a legal law that has not only a limiting 
function but also contributes to the transfer of practical-
ly valuable knowledge. The procurement of fire, the man-
ufacture of tools – the entire material basis of civilization 
rests upon knowledge of the laws of nature and the imple-
mentation of the algorithms of actions prescribed by them. 
The law and the algorithm as a sequence of operations are 
largely identical concepts. The Latin word lex (law) in one 
of the meanings is the order of actions [37].

The main mechanism of self-preservation and develop-
ment of civilization is the maintenance of those engineering 
(industrial) technologies that lie in its foundation. Without 
hunting and gathering technologies, tanning hides and fire 
procurement as well as without other algorithmic actions, 
the rules of which are preserved and passed down from gen-
eration to generation, social development as an increase 
in the level of complexity of the organization of society 
would be impossible. The ordering tool in this regard is cer-
tain algorithms that subjects in civilizational processes obey. 
So, the laws of primitive tribes were built around the need 
to maintain fire. The industrial society serviced the machines. 
A person of the 21st century becomes at the service of arti-
ficial intelligence: performs functions related to the devel-
opment of computing machine capabilities, the expansion 
of its fields of application as well as its maintenance, while 
simultaneously being a consumer of digital products. Here, 
in the process of alienation of labor described by Karl Marx, 
a new dimension opens up.

Until now, the alienation of labor has been built up 
in several stages: alienation from the instruments of pro-
duction (they are owned by the capitalist, not the worker); 
alienation from the results of activity (products do not be-
long to the worker); alienation from the processes of per-
forming physical labor procedures and from one’s own 
physicality (the human body actually turns out to be part 
of industrial equipment). This was followed by alienation 

from the ancestral essence (from ties with ancestors and rel- 
atives, with whom neither the land as an object of labor 
nor the ownership of tools of labor are no longer united) 
and alienation of people from each other. With the advent 
of artificial intelligence algorithms, a person became alien-
ated from the elements of thinking and conscious abilities, 
from their own individual mind. Let us designate such a phe-
nomenon as the calculator effect not only because these 
electronic devices quickly and qualitatively process numbers 
and perform complex computational operations (in its engi-
neering essence, any computer is just a powerful calculator) 
but also because they are all the same – depersonalized, like 
any other machine. 

2.4.1. Calculator Effect
The calculator effect is that in the process of performing 

mental operations, such as counting, some actions are carried 
out by a mathematical (digital) algorithm instead of a per-
son. As a result, thinking becomes fragmented. In the course 
of forming a concept of the object, which cognition is basi-
cally the purpose of thinking, the essential stages end up 
missing out. The concept of the world becomes devoid of in-
tegrity, as the person themselves is alienated from thinking. 
Interestingly, one of the most successful brands of calcula-
tors is called Citizen. The word is derived from the Latin ci-
vitas (city), which goes back to the same roots as civis (citi-
zen) and civilisation (civilization). The calculator is the same 
machine algorithm that replaces the individual in their main 
component as a biological being endowed with intelligence – 
the ability to think.

The described effect applies not only to computing ac-
tivities. Algorithms are integrated into absolutely all men-
tal operations: comparison, analysis, synthesis, abstraction, 
generalization. Getting to the destination, people use a nav-
igator and may not even think about which part of the city 
they are in. There is a case when Japanese tourists in Aus-
tralia drove a car into the ocean, although they planned 
to get to an island near the shore. They followed the nav-
igator’s instruction [38]. Similarly, when reading the news 
and searching for the right information, people are increas-
ingly being led by algorithms that record our preferences 
and issue recommendations for studying only those top-
ics that, from the viewpoint of artificial intelligence, may be 
of interest to the consumer.

In communication, people are increasingly replacing 
entire blocks of conversation with videos and memes. Al-
gorithms make coffee, do the cleaning, build cars and are 
already learning how to drive them, launch rockets into space 
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and in seconds process volumes of data that humans 
won’t be able to cover even in a lifetime. With the emer-
gence of new technologies, society became more powerful, 
but there was less and less space for the individual in their 
natural manifestations. Let us call it the paradox of a civ-
ilized person. The less they are, the better and more pow-
erful they become. We fulfill the laws the better, the more 
we subordinate our lives to them. For an ideal performance, 
it would be good for us to disappear altogether – first reduc-
ing to the “golden billion”, then to the “diamond million”, which 
will then inevitably degrade as a society and become zero.

2.4.2. Natural and Digital Thinking
Civilization comprises a setting to replace the individ-

ual with algorithms and machines because human is a nat-
ural being. In the same way, asphalt replaces grass; trac-
tors and cars replace horses; communication on the internet 
replaces live contact. Civilization aims to replace the nat-
ural with the human-made. The creation of artificial intelli-
gence is a necessary stage in the development of the so-
called civilized (but by no means civilizational) community. 
And the root cause is technology and engineering technol-
ogies being at the heart of everything. They exist according 
to the same principles as Live Nature (living organisms), hav-
ing raw materials and energy at inputs and useful products 
(services) and technological waste at outputs, while follow-
ing the scheme: (raw materials + energy) – product (ser-
vice) = waste. The difference is that the waste of technical 
production cannot be used by technology or life to the fullest, 
as it happens with the waste of living organisms.

The entire biosphere, with human being only a small 
part of it, is formed from life waste: biohumus, which con-
tributes to the fertility of previously lifeless soils; oxy-
gen, which we breathe and which ensured the creation 
of an ozone layer saving life on the planet; carbon dioxide, 
thanks to which a greenhouse effect appeared, which in-
creased the average temperature on the planet by 32 °C, 
without what neither the biosphere nor us would exist, since 
all the oceans would remain covered with ice [39]. In con-
trast, the technosphere’s waste products damage the bio-
sphere because they are poisonous antagonists and take 
away the space that previously belonged to it – in the air, 
water and soil.

Thus, any technogenic civilization (terrestrial humankind 
is no exception here) not only replaces Live Nature but also 
fights with it and destroys it – first on the material level 
and then on the spiritual and social ones. By the same logic,  
material and informational raw materials turn into digital 

products as well as into material and informational waste, 
which increasingly fills up the living space and living thinking 
with digitalization.

The raw material for thinking is information or data 
(quantitative and qualitative). Through their processing, 
we form perceptions, beliefs, knowledge, worldview, goal- 
setting and array our actions on their basis. The by-product 
of thinking (waste) is also information, i.e., a digit. However,  
it undergoes changes in the thinking process. Compared 
to the informational raw material, informational waste 
changes its structure considerably, becoming organized 
according to the formal parameters of cognitive activity. 
Similarly, raw materials change their structure in techno-
logical cycles. For example, coal is used to produce such 
a product as heat and electric energy. The waste will be 
flue gases, ash, slag, sludge, etc. The chemical elements 
that make them up were also contained in coal, but now 
they are structured and correlated differently. At the same 
time, if coal (a former tree that lived on the planet hun-
dreds of millions of years ago) first existed as a matter har-
moniously integrated into nature, then from the moment 
of its extraction and through changing its structure, we get 
substances that violate the natural balance. 

A similar process in nature does not lead to similar re-
sults. Waste products of all living organisms in the plan-
et’s biosphere are effectively integrated into food chains 
that end up in the fertile humus of the soil and then start 
again in the same soil on a new life cycle. The situation 
is approximately the same when comparing natural thinking 
with the digital one.

Natural thinking is the activity carried out directly by  
the human brain. Digital thinking is the work of computer al-
gorithms. The specific features of the waste or by-products 
of the former are as follows:

 • they can remain absolutely unfixed;

 • the energy used to produce them is of natural origin 
and embedded in the natural energy exchange;

 • once fixed, they can be efficiently incorporated into  
the thinking processes of other subject.

The specific features of the by-products of digital 
thinking:

 • they are mandatorily recorded on digital media;

 • the energy used for their production is of artificial or-
igin and violates the natural energy exchange established 
in the Earth’s biosphere;

 • a significant part of them is not integrated into 
the thinking processes of the subjects of natural thinking  

but, on the contrary, disrupts and destroys them, which 
is described in detail above through the “calculator effect” 
concept.

The algorithm that generated the Cosmopolitan maga-
zine cover required the neural network to complete the task, 
based only on the text description as input data: “…wide- 
angle shot from below of a female astronaut with an ath-
letic feminine body walking with swagger toward camera  
on Mars in an infinite Universe, synthwave digital art” [40]. 
In addition to the cover itself, which the research team found 
to be the most successful, at least a dozen other images 
were created. This is waste. Electricity was used to produce 
them. They are of no use to anyone and will never be used. 
Nevertheless, they occupy space on a server or computer 
hard disk, can be thrown into the internet and there, along 
with the necessary and important information, will turn 
out to be just noise, an obstacle for searching the neces-
sary material. In other words, they become noospheric in-
formational garbage that invades the processes of natu-
ral thinking and pollutes it in the same way as the wastes 
of technological production pollute the biosphere.

2.4.3. Informational Garbage
The result of the fact that human has begun to trans-

fer a significant part of thinking and creative operations 
to the algorithms of artificial intelligence for execution 
is the overflow of the information field with informational 
garbage. This leads to the degradation of natural thinking 
in the same way as the destruction of the biosphere is caus- 
ed by its oversaturation with material wastes of the techno- 
sphere.

Informational garbage produced by the subjects of nat-
ural intelligence mostly appears when digital algorithms are 
included in the thinking and creative processes. Thanks 
to them, the creation of intellectual products is considerably 
facilitated: computer programs correct grammatical errors, 
can independently compile texts, perform graphic processing 
of images, make collages and perform editing of visual data, 
process and generate new sound tracks. Since the cre-
ation of an intellectual product appears to be greatly sim-
plified, its quantity may exceed the actual needs. As in tech-
nological process: a product that is not consumed turns out 
to be a by-product, ceases to be a product and becomes  
waste.

The processes of creating non-disposable waste of think- 
ing are cumulative. On the other hand, the products of natu- 
ral thinking are forced to compete with the products of digital 
thinking. This is another mechanism for replacing the individual. 

Eventually the individual may be completely displaced. Firstly, 
there will be no need for the products of his thinking and cre- 
ative abilities. Secondly, these abilities themselves will be un- 
suitable for efficient work under new conditions. In the abun- 
dance of informational garbage, humankind risks being 
unable to find the informational raw material necessary 
for thinking.

2.4.4. Mechanisms of “Escape from Freedom” 
in Industrial and Postindustrial Society
In the society of the 21st century, there is optimism 

about the expansion of artificial intelligence. There are in-
volved the same mechanisms, which Erich Fromm defined 
as “escape from freedom” [41] and which earlier caused 
the emergence of totalitarian regimes and now may re-
sult in the emergence of a new type of social order – dig-
ital totalitarianism or digital fascism. Before describing it, 
let us cite a few quotes by the German sociologist refer-
ring to the processes and mental states that lead to social 
unfreedom and alienation from mind.

“The new freedom is bound to create a deep feeling 
of insecurity, powerlessness, doubt, aloneness and anxiety. 
These feelings must be alleviated if the individual is to func-
tion successfully” [41]. For the most part, people “cannot 
go on bearing the burden of “freedom from"; they must try 
to escape from freedom altogether unless they can prog-
ress from negative to positive freedom. The principal social 
avenues of escape in our time are the submission to a lead-
er, as has happened in Fascist countries, and the compulsive 
conforming as is prevalent in our own democracy,” Fromm 
writes [41]. “Often he is well adapted only at the expense 
of having given up his self in order to become more or less 
the person he believes he is expected to be. All genuine in-
dividuality and spontaneity may have been lost” [41]. “By be-
coming part of a power which is felt as unshakably strong, 
eternal and glamorous, one participates in its strength 
and glory. One surrenders one’s own self and renounces all 
strength and pride connected with it, one lose one’s integ-
rity as an individual and surrenders freedom; but one gains 
a new security and a new pride in the participation in the pow-
er in which one submerges. One gains also security against 
the torture of doubt” [41].

The above quotes describe the situation in the 20th cen- 
tury that led to the emergence of fascism in Europe. How-
ever, all these statements and observations are also true  
for the 21st century. The difference is that it is not the state, a po- 
litical party with its ideology or a great personality of a leader 
but the algorithms of artificial intelligence and digital 
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technologies lying at their basis that act as an “unshakable 
eternal and beautiful force”. The individual of the 21st cen- 
tury, who in liberal countries is provided with a great nega-
tive “freedom from”, being unable to transform it into some-
thing positive, is ready to give up his or her “self” in order 
to gain confidence and be part of the great power of digital 
thinking.

The mass human appears ready to hand over to arti-
ficial intelligence the right and responsibility to make deci-
sions in as many areas as possible. Let digital friends make 
routes for people, manage enterprises and stock markets, 
diagnose diseases and give recommendations on their treat-
ment, choose music to listen to, books and news to read, 
movies to watch, count votes in elections and conduct trials, 
making supposedly objective and impartial decisions. Hu-
mans will only possess and use all of this and will be great 
because of the greatness of the incredible computing power 
that will be at their disposal. 

With the help of algorithms, people will learn to im-
prove genetic parameters before birth, and afterwards – 
to improve the human body by implanting chips and tak-
ing empowering drugs. They will be able to instantly learn 
complex professions and acquire the necessary knowledge, 
for example, through augmented reality systems and neural 
networks integrated into glasses, mastering new languages 
or learning to fly a helicopter. However, at the same time, 
they themselves, i.e., their ego, will be minimized as much as 
possible. On the one hand, they will become consumers, 
on the other hand, they will become slaves because a slave 
is only a tool serving the subject of thinking and decision-
making. Slaves themselves do not think and do not make  
decisions.

Digital totalitarianism in the first quarter of the 21st cen-
tury is no longer an anti-utopia but a new reality, the space 
of existence of which is steadily expanding, threatening 
to engulf the entire human civilization. Totalitarianism (Latin 
totalis – all, whole, complete ← totalitas – wholeness, com-
pleteness) is a political regime that implies absolute (total) 
control of the state over all aspects of public and private life. 
The ubiquitous introduction of gadgets and artificial intelli-
gence algorithms is doing a job of providing control tools 
better than any acting police force ever had.

Digital totalitarianism is much more dreadful than all 
previously existing systems of this kind because the subject 
of power and control in it is impersonal. Instead of a human 
being (a politician, a policeman or a neighbor in a commu-
nal apartment), an artificial intelligence, allegedly neutral 
and objective, performs the functions of control and makes 

a number of decisions on encouragement or punishment. 
The average person cannot detect any evil intentions in its  
actions, which means that he or she can only accept what 
happens as a matter of course, as some natural forces, 
which, however, are not such.

The pessimistic scenario does not necessarily imply 
the revolt of machines and the physical destruction of peo-
ple by them. It is likely that people will be eliminated in an-
other way – mentally. They will simply cease to be think-
ing beings, delegating this quality to machines, and thus 
cease to exist as a species. This will be the end of the his- 
tory of the rational human and beginning of the history 
of a digitized human, a bio-digital convergent. 

2.4.5. Digitized Human
A digitized human is a potentially new species of liv-

ing beings, a species of the genus Homo from the hominid 
family of primates. Under certain circumstances, they will 
be able to have a special physiological structure as well as 
appearance and behavior. Their main distinguishing feature 
is the introduction of various kinds of chemical prepara-
tions and electronic devices into the organism; the mediation 
of most of the mental processes by artificial intelligence al-
gorithms integrated into the global informational network. 
In fact, the residents of technologically developed coun-
tries by the end of the first quarter of the 21st century al-
ready have many signs of a digitized human, the emergence 
of which is due to the increasing role of gadgets as well as 
the information received and processed with their help. A de-
cisive step in the context of the assumed evolutionary leap 
should be the unification of biological and digital technolo-
gies into a single system for regulating the human condition 
and behavior. At the time of writing this text, humans have al-
ready come close to this in terms of the technical feasibility 
of such a system [38]. If it is formed, the probability of global 
digital totalitarianism will increase by orders of magnitude.

In order to see more clearly the trend of replacing hu-
man beings by computers in the field of intellectual activi-
ty, let us cite statistical information [42], which reports that 
during the 20th century the level of intelligence on average 
has increased significantly. Such a phenomenon is called 
the Flynn effect, a statistical phenomenon that is expressed 
in the gradual increase of intelligence quotient (IQ) indicators 
over the years, both in individual countries and in the whole 
world. This process seems paradoxical: the growth was ob-
served within decades, therefore, it is difficult to explain 
it by evolutionary and genetic factors as a literal “smartening” 
of the human race.
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James Flynn showed [42] that from 1934 to 1978 the av-
erage IQ of US residents has increased by 15 points – about 
three points for each decade. Similar studies in other coun-
tries have yielded similar results. Thus, a New Zealand psy-
chologist described a 20-point increase in the IQ of Dutch 
conscripts from 1952 to 1982. However, experiments con-
ducted after 2000 showed a decline in the Flynn effect: 
IQ growth slows down, stops or is even replaced by a de-
cline. In 2004, data on the IQ of Norwegian conscripts showed 
that the growth stopped after the mid-1990s and was re-
placed by a decline. Studies done in 2005 and 2008 found 
that the IQ test scores of Danish conscripts increased 
from 1959 to 1979 by three points per decade; during 1979–
1989 they increased by only two points; during 1989–1998 they 
increased by 1.5 points; during 1998–2004 they decreased 
by the same 1.5 points. The situation was worsening thereaf-
ter. It is important that the turning point, when, after a long 
period of growth, people’s intellectual abilities went into de-
cline, chronologically coincides exactly with the beginning 
of computerization of society. Natural thinking in the pres-
ence of an alternative (replacement) turns out to be simply 
redundant.

Civilizational development reaches its culmination, ac-
quiring the possibility of replacing not only the natural envi-
ronment surrounding humans but also the individuals them-
selves in their natural dimension. If we take into account that, 
thanks to this, humankind gets at its disposal new unprec-
edented computational capabilities and a digitized human 
may seem superhuman to some, this situation is sometimes 
assessed as progressive. Some believe [38] that it is a good 
thing to transfer the function and the right to make key 
decisions to a sufficiently developed artificial intelligence. 
However, before agreeing with such statements, it is nec-
essary to figure out whether artificial intelligence is capable 
of fulfilling the role which is held in store for it and which 
it is already assuming.

2.4.6. Fundamental Limitations  
of Artificial Intelligence
People think that an automated car control system 

is an intelligent system and, moreover, they are sure that 
an automated car is controlled by artificial intelligence. Is this 
really the case? Is a house in which you can open a window 
with the help of a smartphone really a smart house, even 
though it is uncomfortable and sometimes even dangerous 
for your health to live in it? Can we call a place where millions 
of people live and work a smart city, where “smart” “green” 
electric cars kill hundreds of residents, including children, 

on the streets every year, just as environmentally dirty cars 
equipped with internal combustion engines killed them in car 
accidents before? The soil under electric cars is also “rolled 
up” in asphalt, in them as well as in ordinary cars one should 
stand in traffic jams for hours and breathe carcinogen-
ic fumes from sun-heated asphalt, wear products of tires 
and roadbed.

On what basis is electric energy considered the saf-
est and most environmentally friendly, including that used 
for the electric cars? In fact, it is safe only at the point 
of its consumption, not at the point of its production:

 • environmental disasters in Chernobyl and Fukushima 
are the result of industrial production of electrical energy 
derived from the atom;

 • acid rains, global warming and destruction of the plan-
et’s protective ozone layer are by-products of thermal power 
plants;

 • flooded thousands of square kilometers of fields 
and forests are the result of the construction of hydroelec-
tric dams, which not only block fish migration routes but also 
grind all living things with their turbines, releasing down-
stream nutrient broth for the reproduction of pathogenic 
microflora;

 • windmills that kill millions of birds [43] because they 
cannot see the rotating turbine blades. In addition, the blades, 
with their capability of reaching the speed of sound, create 
powerful noise and vibrations (from low-frequency to high- 
frequency, which kill earthworms, the source of soil fertility) 
and make life unbearable for people even a few kilometers 
away due to these allegedly green power plants;

 • buzzing wires of high-voltage power lines, under which 
it is impossible to grow anything or graze cattle, and it is 
dangerous for health to live and work nearby because 
of the powerful alternating electromagnetic field [44].

One can argue about how complex a mechanism 
an electric car is and how difficult it is to control it with six 
simple actions: “accelerator”, “brake”, “forward”, “reverse”,  
 “left”, “right”. However, since the very notion of intelligence 
came from a Homo sapiens – the peak of perfection of liv-
ing matter, it is necessary to find the essence of this term  
not in mathematics and physics, not in philosophy and business 
but in the concept of “Life”, i.e., in living organisms.

The basic structural unit of any living organism is the DNA 
molecule, in which all its genetic information is recorded. This 
molecule has hundreds of billions of parts – atoms of various 
chemical elements [45], embedded in well-defined places 
in a molecular-spatial structure of the highest complexity. 

An electric car, on the other hand, has only a few thou-
sand parts. So, the DNA molecule is unimaginably complex 
from the engineering point of view – it is millions of times 
more complex than an electric car. DNA is even more com-
plex than all the innovative technologies created by thou-
sands of generations of people of our civilization (about 
100 bln people who lived on the planet) over the long human 
history (more than a million years, starting from the inven-
tion of the first fire): bolts and nuts, bridges and skyscrapers, 
internal combustion engines and turbines, rockets and air-
planes, cars and railroads, computers and smartphones 
as well as thousands and thousands of other engineering 
technologies.

The DNA molecule is more complex than the entire 
nonliving part of our vast Universe (i.e., without planet 
Earth), which stretches for tens of billions of light years, 
consisting of trillions of trillions of planets, stars, galaxies 
and galaxy clusters. After all, the Universe, which, accord-
ing to one of the theories, emerged from the singularity  
as a result of the Big Bang, was formed during billions 
of years (in the process of expansion of energy and mat-
ter in three-dimensional Space) randomly under the influ-
ence of the physical laws that emerged in the singularity, 
in particular gravity, which people then called the laws 
of physics – they are the “genes” that created our Universe. 
Such dead (i.e., nonliving) physical “genes” can be described 
by much simpler mathematical formulas than the genes 
of the DNA molecule that give life. The formation of plan-
ets, stars, galaxies and their clusters occurred mainly un-
der the influence of only one of the features of matter – 
gravity inherent in it [46]. This main “gene” of the Universe 
growth and development has fulfilled its important mission: 
it has gathered hydrogen into stars and ignited them, in-
cluding the Sun; it has created black holes, which formed 
galaxies around them; it has gathered rocks and stardust 
into planets, including Earth (keeping the atmosphere, oth-
erwise our planet would fly away into space), on which 
then life was born, perhaps, the only one in the vast Uni-
verse. The probability of its random occurrence is too 
infinitely small.

Industry is formed of its industrial “bricks”: units, mech-
anisms, equipment, various technological processes and ma-
terials, from which plants, power plants, roads and other 
industrial systems of countries, regions and the Earth’s tech-
nogenic civilization as a whole are then built. At the same 
time, all its industrial power (the terrestrial technosphere) 
by its intellectual potential as well as the intellectual 
potential of all people who lived on Earth and have been 

creating this technosphere for thousands of generations, 
as justified above, is very much inferior to the intellect 
of the Creator, who invented such a “simple brick” of any liv-
ing organism (not life and biosphere as a whole) as a DNA 
molecule.

Each living cell of any living organism is millions of times 
more complex than DNA, and there are about 40 tln of them, 
for example, in the adult human body alone [47]. Cells have 
their own roads, bridges, power stations, plants, factories, 
slipways, machines, bioreactors – about 50,000 complex 
biochemical (not simple chemical) reactions occur there 
at a time! All tissues, organs and systems of our body are 
made of these cells, which are of about 230 types: 850 mus-
cles, 208 bones, 230 joints, 10 major systems, 78 organs, 
dozens of glands, billions of endocrine cells producing 
thousands of completely different secretions, hormones 
and biologically active organic substances that regulate 
the most complex biochemical reactions – metabolism 
in cells and organs. 

In addition, the human body is endowed with the most 
complex internal transport system – more than 100 bln 
blood vessels alone with a total length of about 100,000 km 
with 25 tln “vehicles” [48], i.e., blood erythrocytes (if all 
erythrocytes are arranged in one line, close to each other, 
it will stretch for almost 200,000 km), and also has its own 
informational network – nerve fibers with a total length 
of about 150,000 km. At the same time, there is a huge 
number of all kinds of connections (for energy, information 
and products) both inside the organism and with the out-
side world, the exact number of which is unrealistic to cal-
culate: it is likely to be more than a googol, and this number 
is unimaginably large.

By its engineering complexity, and the Creator was cer-
tainly an engineer (but in no way a banker, politician, econ-
omist, philosopher, priest or oligarch), the human organism 
is myriads of times more complex than everything that our 
engineering civilization has created in the history of its ex-
istence, and it is impossible to give a more precise value 
of this complexity than the abstract “myriads”.

Let us imagine a human lying in a coma. His body is func- 
tioning normally, his organs and systems are working prop-
erly, and the work of this hypercomplex creation is controlled 
by his own brain without anyone else’s help. Such a person 
does not have only consciousness. Can it be said that in such 
a state he possesses intelligence? Of course not.

People began to use the term “artificial intelligence” 
to refer to primitive systems for controlling technological 
processes, such as automobile, with the help of primitive 
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machines – hardware computers, which are, in fact, fast 
calculators. Such “intelligence” has no consciousness, spiri-
tuality, worldview, morality, ethics, morals, culture and goal-
setting. It is obvious that the ability to quickly calculate 
and manage any processes, both technological and vital, 
is not included in the concepts of “mind” and “intelligence”.

The main reason for the emergence of ideas that 
the digit should lead the individual, society and humanity 
as a whole is the desire of the “global elite” to obtain su-
per profits with uncontrolled and irresponsible manage-
ment of humanity, reduced to the level of digital biorobot- 
convergent, where each digitized humanoid creature will be 
just a faceless ant or a worker bee in a swarm.

From the engineering point of view, the attempt to cre-
ate a “brave new world” of inclusive capitalism is no bet-
ter than the idea of creating a world in which, for example, 
the flight of a primitive Boeing airplane will be controlled 
by an incredibly complex virus, such as COVID-19. The fact 
that the simplest virus made up by the Creator is incredi-
bly more complicated than any most complex human-made 
machine, which is described in detail above, is evidenced 
at least by the fact that human can design airplanes, make 
them from scratch and then improve them, including invent-
ing an autopilot to make them fly even better. But the virus – 
no, human is not able to design it from scratch, from atom 
to atom, he can only somehow modify a natural virus, com-
pletely unaware of the long-term consequences of such 
an engineering transformation.

Simple systems should be managed by more complex 
ones, and not vice versa, as it is planned to do in the vir-
tual universe being created in the 21st century. Moreover, 
the managing system should be more complex than the con-
trolled one by many orders of magnitude. For example, 
a mosquito, which is millions of times more complex than 
a virus or even a monkey, which is even more complex, will 
not be able to control an airplane. The “successes” of so-
called artificial intelligence (all of them imaginary, not real) 
are not due to the fact that it is supposedly very clever, 
but due to the fact that it is generated and accompanied 
by a creator – intellectual person, engineer. And not just one 
but a society, and not just the society of some single African 
tribe but of the entire Earth’s technocratic (i.e., industrial) 
civilization.

It was civilization that gave everyone the main compo-
nents of their personal intelligence – awareness, spirituali-
ty, morality, culture, goal-setting, the baggage of knowledge, 
including scientific knowledge, formed during thousands 
and thousands of generations of development of Homo 

sapiens and Earth’s industry as a whole, which, in fact, 
made it possible to develop a fast computing digital ma-
chine. This means, a stillborn (because it is not alive), unin-
telligent and spiritless child of technological progress called 
artificial intelligence should in no way guide its creator – 
a human with real live intelligence. Otherwise, it will be like 
in the story with an airplane controlled by a virus, a mos-
quito or a monkey: after taking off, such an “intelligent” de-
vice will certainly crash. At least for the simple reason that 
even after learning to control the technology, the mosqui-
to will not learn to use it expediently, for example, to re-
fill it with fuel, which still has to be produced somewhere 
and then delivered to the airplane.

The essence of civilization, which is to establish an order 
parallel or alternative to the natural order, in the ultimate 
perspective can be realized in only three scenarios.

The first is the global oppression of all living things 
and their displacement (replacement) by artificial ones.

The second is the rejection of the civilizational (tech-
nological) path of development and a return to savagery, 
accompanied by the triumph of nature.

The third is the establishment of a balance between na-
ture (animate and inanimate) and artificial forms of organi-
zation of matter and thought.

The latter scenario is possible only with a strict distinc-
tion between the technosphere and the biosphere, includ-
ing segmentation of areas of application of digital and nat-
ural thinking. It is necessary that virtual reality technologies 
serve the actual (real) world, and not vice versa, as they are 
now trying to position it as some kind of universal benefit 
from inclusive capitalism.

Engineering in projects related to artificial intelli-
gence reaches its apotheosis and loses touch with real-
ity. On the one hand, in the form of industry, it destroys 
it by polluting it with waste. On the other hand, it replaces 
reality with refined artificial constructs. Engineering is at war 
with nature, although it does not set itself such goals. It does 
not set goals at all but turns out to be only a tool for achiev-
ing them. The goals themselves are dictated by power, em-
bodied in capital or systems of state repression. However,  
only engineering can and must become a goal-setting principle.  
Only engineering can save civilization and the world.

It is necessary to reject the continuation of existence 
in the format of technocratic civilization, which replaces the liv-
ing with the dead. Civilization should become of an engineer-
ing nature, so that not technology but the living and the main 
thing in human – Mind – rules the world.

3. Axiology of Engineering
3.1. Why Only Engineers Can Save the World
Only engineers can save the world. They are the only 

ones who are able to lead humankind away from the false 
path of the so-called “elites” of the 21st century, which 
grew out of the same impostor and self-proclaimed “elites” 
of the previous centuries. Why false? Because they are  
contrary to life and nature.

The idea that the future of civilization rests only in a re - 
turn to a state similar to primitiveness is unnatural and mon-
strous. Is it possible to presume that the best thing for hu-
manity would be an artificial population decline, the replace-
ment of humans with robots and artificial intelligence 
and the total control of conscious and physical life using dig-
ital and biochemical technologies? The above implies the ut-
most removal, a departure from all organic and natural to all 
artificial and manufactured. And if nature is the criterion 
of good (it is so, and I will tell you why) then the proposed 
course of action will lead to an absolute evil – satanism 
in its purest form.

Life and nature are the criteria of truth, goodness 
and beauty because they rise above everything and have 
no more significant definitions and certainties than those in-
herent in them. Of all the living things that are conceivable 
to us, it is humankind that brings something else into the world 
apart from nature. In Christianity, this is called free will. 
And this ability is not only to follow the laws of nature but also 
to use them for one’s own needs and even to oppose them, 
which is the cause of human’s evil, falsehood and ugliness. 
So, for example, killing a living creature is not itself evil if done 
by nature’s laws to obtain food. But murder committed by hu-
man for profit, power or perverse pleasure is malicious, false 
and ugly. In science, on the other hand, something correspond-
ing to the natural structure of the object under study will be 
the only true statement. In art, it is beautiful only if it re-
veals the nature of the thing portrayed. Finally, in engineering, 
the most efficient device is the one that makes the best use 
of natural energy and produces minor damage to nature.

If life and nature are absolute reference points for hu-
man, they must be the same for all humanity and civilization. 
From this perspective, we, like all life, must strive to grow, 
multiply numerically, develop physically and spiritually, oc-
cupy new territories, and humanely – without disturbing 
or destroying them. It is necessary to increase production, 
expand the industry, extract and process more and more, 
move faster and faster. The main thing here, in the indus-
trial vector of development of our multibillion civilization,  

is not to clinch with the Live Nature, our home inhabited 
by life about 4 bln years ago, the Earth’s biosphere. Under 
the accepted thesis of nature as the criterion of truth, only 
this path is valid. But is it possible? Or have we exceeded 
the capacity of our planet? Or is it true that the only way 
for humans to follow nature is to turn against it? Perhaps 
to commit suicide? Or to destroy everything in creation? 
To limit and to emasculate ourselves? Does it turn out that 
humans generally represent some misunderstanding, a ri-
diculous mistake of nature, a dead-end branch of evolution?

Engineering has become a systemic element for mod-
ern civilization. The world is defined and controlled by tech-
nology invented and maintained by humans. This technol-
ogy is killing all living things, including those who serve it. 
Who can make a difference? Only those who know how 
to manage, design and optimize technology.

Humanity cannot give up on industry. As Voltaire said, 
you can move backwards to nature, but then you will have 
to get on all fours. If we abandon the technogenic path 
of development, most of humanity will die out. Therefore, 
if we cannot give up industry and at the same time want 
to maintain suitable conditions for our survival, we must 
change the industry. This can only be done by the engineers 
who have created the industrial leviathan.

Using engineering means to eliminate the problems 
created by engineering, similar to the famous “Physician, 
heal thyself” – this is the existential challenge of the 21st cen- 
tury. Priorities must be set. Of all the values, the highest 
one should be a reasonable arrangement of the environ-
ment. Because only this value in the 21st century can provide 
the conditions of preservation and growth for humanity.

Of all the strata and layers of society capable of claim-
ing a decisive voice, only engineers can do so by right 
and circumstance. Politicians, regardless of their views 
and party affiliation, will always be concerned only with pow-
er. To do so, they must inevitably share everything – space, 
resources and influence on people’s minds. The more you 
have, the stronger your power, but you can never have every-
thing until there is another power-seeker off the leash. If you 
are a financier, you are concerned about numbers and will 
soon pull away from reality. Precepting the world through 
financial relations is monstrous and murderous in its es-
sence. Human lives and great nature turn into flows of val-
ues and quotations. The banker’s goal is profit. Nothing real 
is taken into account, and everything (even the planet) can 
be sacrificed for a good amount. How much is the planet?! 
Religion has lost the consolidating power it once possessed. 
Priests and clerics offer to seek salvation in another world, 
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while this world, torn apart by politicians and financiers, 
is dying. Art is ephemeral, science is indifferent. Only en-
gineers remain – servants of people, who, in order to save 
the latter, must become masters themselves.

3.2. Why Engineers Do Not Rule the World
The revolutionary engineering spirit changes the entire 

epochs when the rapid development of transportation, fuel 
and energy, metallurgy, machine-building, chemical, micro-
electronic, construction, agricultural and other industries 
begins. As for the inventors themselves, the managerial 
and commercial dimension is inherent in them to some 
extent, but in the realm of exact sciences they manifest 
themselves best.

Engineers seem to live in a world of their own, uncon-
nected to the rest of the human Universe. They are driv-
en by ideas. A few enthusiasts, faithful to the dream, unite 
around the idea. They occupy the simplest production facili-
ties and develop into a full cycle of manufacturing of various 
mechanisms, multikilometer conveyors, a continuous assem-
bly line of cars in 10 s, combat aircraft in 1 h or corporations 
that have actual impact on geopolitics. Engineers are often 
at the origin of these organizations. It happens, being ini-
tially low-profile and underprivileged, they are at the origins 
of the entire industries. And then, almost always, engineers 
withdraw into the shadows.

The overall management of the sprawling technoge-
nic giants is being handed over from the founding fami-
lies to those who are more legally and commercially sav-
vy and better informed about the global balance of power 
and political conjunctures. The engineering thought, stum-
bling over mass production, endless profit maximization 
and the ever-increasing drive for gain, returns to itself. 
It is from this secluded, rigorous intellectual world that engi-
neers bring their fundamentally different and stunning ideas 
into the reality of the average person. First the ideas are met 
with rejection, then with a cautious acceptance and, finally, 
with universal admiration.

From Nikola Tesla’s diaries: “If I only think about it, I see 
the whole picture. I experienced it for the first time in 1882 
in Budapest. During a walk in the park I suddenly showed 
myself the scheme of the engine working on alternating 
current. Even before I understood what was happening, I be-
gan to draw the diagram quickly with a cane on the sand 
because until that day it was not my habit to always carry 
notebooks and pencil” [49].

The government has always sought to put these unique 
people – engineers, inventors, scientists – at its service 

in order to ensure advantages and more favorable posi-
tions in the competitive race for supremacy among oth-
er powers. Not really going into the essence of research 
and depth of engineering studies, those in power were 
mainly interested in the practical significance of discov-
eries and inventions. And there is no contradiction here as 
one cannot serve two masters: either an engineer is ab-
sorbed in discovery and cognition of regularities existing 
in nature, creation of new forms of things and processes, 
construction of devices that can help in more perfect ex-
ploration of the world, or he strives to accumulate power, 
participates in the struggle for leadership and domina-
tion, strives to consolidate power, protects it and serves 
its achievement.

Igor Kurchatov, the originator of the Soviet atomic proj-
ect, headed a special laboratory in 1943 under a secret or-
der from Joseph Stalin “On Organization of Work on Uranium”. 
Colleagues spoke of the scientist as a talented and vigor-
ous organizer of engineering work, who at the same time 
was independently responsible for solving complex scien-
tific problems. Associates of the legendary physicist were 
officials and managers who were responsible for the ur-
gent execution of industrial orders, construction of enter-
prises, development of mining and processing of uranium 
ores and coordination of various endeavors. Kurchatov him-
self was on the cutting edge of solving the problem, which 
completely absorbed him, so sometimes he could be on duty 
in the reactor hall, risking a lethal dose of radiation. This 
Soviet scientist was the passionate creator of the world’s 
first atomic reactors and power plants. And it would be 
pointless to try to imagine him involved in an internal party 
struggle for power or agitating in favor of universal equal-
ity, freedom and fraternity, while subduing the undesirable 
and disobedient by waves of mass repression on the way 
to the establishment of a totalitarian society.

The government is always interested in using people 
of science and engineers to protect and strengthen its influ-
ence and power. Therefore, the power encourages or neu-
tralizes such people depending on what it needs at a particu-
lar historical moment. For his exceptional services in solving 
the problem of atomic energy use, Kurchatov was award-
ed honorary titles, rewarded with 500,000 Soviet rubles 
and received a car as a gift.

Another example of the extreme interest of the gov-
ernment in engineering discoveries in rocket science took 
place immediately after the Great Patriotic War. At that 
time, US intelligence exported German scientists of Hitler’s 
Germany to their country. The authorities in America were 

not at all embarrassed that the father of the so-called 
American space program was a member of the Nazi Party, 
SS-Sturmbannfuhrer Werner von Braun. He and other Ger-
man scientists were given new biographies as part of Op-
eration Paperclip, which made no mention of membership 
in the Nazi Party. This is how the US “laundered” the sci-
entists it needed from Nazism and gave them the oppor-
tunity to live and work in peace for the good of America. 
It is known that forced labor of concentration camp in-
mates was used in the construction of rockets and many 
people died. They were outnumbered by those who suf-
fered from the use of the rocket itself as a weapon. Howev-
er, von Braun and other “useful” people were not prosecuted 
and did not end up at the Nuremberg trials. Thus, in the last 
century, the USSR became the power to build the first nucle-
ar power plant, and the United States became the country 
to construct the first nuclear bomb…

In the 21st century, engineers continue to play a crucial 
role in the development of civilization. It is not only about 
supporting and utilizing everything created for the bene-
fit of humankind but also about the unceasing development 
of new technologies. The status and remuneration of en-
gineering competencies today vary depending on the spe-
cialization. According to the Bureau of Labor Statistics re-
port in 2019, the average salary for engineers in the USA 
was 94,000 USD per year, with the highest paid engineers 
making over 150,000 USD per year. In Germany, which is one 
of the most recognized leaders in engineering and has a high 
salary level for engineers, it’s an average of 65,000 USD  
per year. In China, engineering is developing rapidly. Many 
foreign companies invest and develop their projects with a fo- 
cus on China, which leads to a high demand for specialists 
in various fields. The Hays Asia Salary Guide report says that 
engineers in China can earn more than 30,000 USD per year. 
In India it’s about 10,000 USD per year. Despite this dispar-
ity and, in some cases, impressive sums, the pay available 
to engineers is not comparable to that of stock specula-
tors, arms and resource dealers, politicians and directors 
of multinational companies.

We see engineers being used as support staff to cre-
ate and arrange the material world for the global purposes 
of the government or to work for private capital. Then why 
don’t engineers run the world? After all, the world is creat-
ed, maintained and developed by them. With the technolog-
ical advancement, the need for and dependence on tech-
nically literate people around the world is only increasing. 
Instead, we observe the processes of engineers’ enslave-
ment, their distribution into industry segments and farms 

for the purpose of exploitation. It turns out that the inspirers 
and inventors of the world have to fight for their rights, de-
fend acceptable working conditions and achieve the sim-
plest and necessary for life benefits, while the beneficia-
ries are the holders of power and capital. It is they who 
decide the distribution of benefits, establish convenient 
laws and exceptions and are much more concerned only 
with their financial interests.

No matter how unjust the world may be, and no mat-
ter how many waves of indignation of the oppressed against 
their oppressors may rise from time to time, the world still 
ends up with a pattern in which, under various, more or less 
beautiful wrappings, the absolute majority is exploited 
by the minority and legalized methods of theft are prac- 
ticed. In the 19th century, the proletariat of the USA and Euro- 
 pean countries made every effort to reduce the working 
day to 8 h. In some industries, those working in difficult 
conditions, for example underground, were able to get 
at least a relative amount of rest. However, in disputes over 
the possibility of regulating the length of the working day, 
judicial practice was mainly on the side of businessmen. 
Over the course of a century, it took many mass worker 
protests to change this situation. At all times, the beneficia-
ries have been reluctant to make concessions and certainly 
never willing to share power. Unfortunately, history knows 
of no examples of a complete voluntary transfer of power 
to engineers.

We can conclude that engineering, like any creative 
thought, is a self-sustaining passion. It is in itself so sig-
nificant and fascinating that it can overshadow the rest 
of the world. And no matter what happens, no matter how low 
engineering labor is evaluated, nevertheless, being a vocation, 
it creates internal laws and meanings by which a creative 
person lives. In this respect, it is much more honest, stable 
and predictable than the world, in which a ruthless struggle 
for power has been going on for millennia. The latter is pre-
cisely the desire to rule the world, and in this race from an-
cient times people of various professions have participated, 
who were not always the best but always had great ambi-
tions. The qualities necessary for this struggle can be com-
bined with engineering genius, but sooner or later everyone 
has to choose one thing and give an answer to the question:  
 “Who were you: an engineer, a businessman or a politician?” 
Because one passion will always be overcome by anoth-
er, stronger and more exciting one. Unfortunately, engi-
neering as a passion (as well as the struggle for power) 
is itself devoid of moral implications and is therefore simply 
an act of will.
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3.3. Government Against Engineers
Engineers are often unwanted. There are reports that 

at the time of Russian tsar Ivan the Terrible, there was a hu-
man who invented wings. A peasant named Nikita built a fly-
ing machine out of wood and leather. He climbed the bell 
tower and flew over the fortress called Alexander Sloboda.  
The flights were reported to the tsar, who ordered: “Man is  
no bird, he has no wings. But if he gives himself wooden  
wings – he acts against nature… For this friendship with  
the evil, cut off the inventor’s head… And this invention, 
as if created with the devil’s help, after the Divine Liturgy 
shall burn” [50]. However, when the same ruler’s engineers 
laid a charge under the walls of an enemy citadel or armed 
an elite army of shooters with rifles and cannons to kill, 
it was considered normal, not abominable.

Until the 18th century, the profession of engineer cor-
related exclusively with military equipment such as weapons, 
defensive and siege structures. The government never had 
much need to optimize peaceful life with technology. The fact 
that the scientific and technological revolution once took 
place is the result of the engineers’ revolt. No one called 
on them, no one invited them to change the world. They did 
it out of their own initiative, against all obstacles and risks 
to their lives.

In many cases, the government simply does not hear 
engineers. Even the founder of genetic engineering, Gregor 
Mendel, did not find a response to his invention. His report, 
which described the key laws for the future Green Revo-
lution, aroused neither interest nor discussion. His experi-
ments in plant hybridization and mouse crossbreeding went 
unnoticed. He ended up spending his old age as a beekeep-
er. In the 1860s, people were interested in steam engines, 
not peas. The constant famine in Europe and its colonies, 
which was causing many deaths, was of no concern to any-
one. Money was made on other things. It was only half a cen-
tury later, when the inertia of the industrial revolution went 
down and the world approached the global crisis of World 
War I, that Mendel’s discoveries were given the green light. 
However, even then it was not without incidents.

In the 1930s, when genetics was developing all over 
the world, the Soviet authorities decided to overtake the whole 
world and, like gamblers, bet everything on a technology 
that, according to the authors’ unproven assurances, made 
it possible to increase yields fivefold in the shortest possi-
ble time, without years of work on breeding new varieties. 
Engineers who dared to go against the party line were re-
pressed. Among them was the outstanding genetic engineer 
Nikolai Vavilov.

In the case of Vavilov, the government appeared to have 
good intentions. In reality they were concerned with their 
own power and enrichment. By this time, agricultural prod-
ucts should have become one of the main export items. 
But this could not be achieved, although it was very much 
desired. To judge how strong this desire was, you can look 
at the experience of 1930, when suddenly the volume of grain 
sales abroad exceeded five times the figure of the previous 
1929. It turned out that this product was simply confiscated 
from the peasants, which was one of the causes of mass fam-
ine, including in Ukraine in 1932–1933. The authorities needed 
a quick result, no matter what the cost, including human lives.

Ultimately, the political pressure on agricultural en-
gineers in the 1930s cost the USSR biotechnology lagged 
far behind Europe. The government gained excessive con-
trol over engineering, essentially officially reducing all work 
on the technical improvement of the economy to the activ-
ities of state institutions. As soon as the power became ab-
solute, it demonstrated its primitive animal nature, chasing, 
as they say in Russia, the short ruble.

If power is distributed through the capitalist system, 
engineering is counteracted through the subjects of eco-
nomic relations, not directly, as in the example of the USSR. 
At different times, professional estates, large landowners 
or owners of industries have stood in the way of progress.

An important invention (along with the steam engine), 
which marked the beginning of the industrial revolution, was 
a newly designed mechanical spinning device. It was created 
by the Englishman James Hargreaves in 1765 and was called 
the “Spinning Jenny”, after either his wife or one of his daugh-
ters. The compact and relatively affordable machine was six 
times more productive than available alternatives. At the same 
time, it required one person to run the “Jenny”. This meant 
that at least five spinners were out of a job. The innovation 
caused a great deal of resentment. Hargreaves had only man-
aged to build and sell a handful of machines when his house 
and its equipment were burned to the ground in an armed 
raid. This case is probably the first in history to show how 
competition encouraged going to war against new technology.

When George Stephenson made his first trials, he had 
to hire huge boxers to walk in front of the locomotive 
and fend off farmers armed with pitchforks who were in-
tent on tearing the “fire-breathing beast” to pieces. When 
the first commercial interurban line was built between 
Stockton and Darlington, landowners began to resist the in-
novation – their reaction was immediate. When the project 
was first considered in Parliament, Lord Darlington objected, 
not liking the fact that the route would pass through his lands, 

where the aristocrat liked to hunt foxes. After some debate 
and the hunter’s use of high-level connections, the construc-
tion proposal was rejected. The authors of the project had 
to modify it to bypass Darlington’s lands, and the railroad was 
built. For nearly another decade, however, the new trans-
portation systems would not be embraced by the owners 
of the land over which the rails were to be laid. Protesters 
drafted collective letters to authorities, collected signatures, 
etc. They argued, for example, that because of the noise 
and smoke, cows would stop giving milk, trees would stop 
bearing fruit, chickens would stop laying eggs, houses along 
the roads would burn down and inns would be ruined. As can 
be seen, the arguments were purely economic.

In addition to landowners, shipping and canal compa-
nies were also dissatisfied. On the Manchester – Liverpool 
route, where Stephenson laid the first commercially viable 
railroad in history, the canals had long been the main thor-
oughfares. Naturally, road trusts and stagecoach owners also 
became agitated. Accordingly, problems arose from the very 
beginning of construction. Surveyors were attacked with stones, 
pitchforks and other weapons. Real battles broke out, during 

which the attackers tried to take the theodolites as spoils 
of war. Again (this time to protect the equipment) Stephenson 
had to enlist the help of a professional boxer, a local champion. 
Sometimes the surveyors were forced to work exclusively  
at night, while the men of one of the co-owners of the ca-
nals named Bradshaw, who was also a landowner in the area 
of interest to the railroaders, randomly fired guns in different 
directions. In addition, Bradshaw distributed leaflets depict-
ing the horrors of laying the rails. But in spite of everything,  
the job was done [51].

Very soon the British were convinced of the efficien-
cy of the new technology. The shareholders of the road 
received up to 10 % dividends annually. Landowners grad-
ually realized the inevitability of progress and the possibil-
ity of receiving serious compensation for the use of their 
property. The amount could be the greater, the less resis-
tance from their side, and consequently, the lower the costs 
of the railroad company. Since the most significant compen-
sation was paid to those whose houses stood on the track, 
there were cases of hastily erecting something resembling 
a dwelling there.



6665
INGENIUM.  
THE WORLD AS AN ENGINEERING PROJECT
A. Unitsky

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

Not only landowners but also doctors were against 
the innovations. In 1837, the Bavarian Royal Medical Coun-
cil gave the following conclusion: “The construction of rail-
roads would be detrimental to public health. It is obvious 
that the rapid movement (at a speed of 41 km/h) must 
cause brain disease, a kind of raving insanity, in the pas-
sengers. Since it is also obvious that there will be people 
who are not frightened by this terrible danger, the state 
is obliged to protect at least the spectators, for the sight 
of a fast-moving car can cause a similar disease in them 
as well” [52]. In the same vein, French journalists described 
the consequences of travel, claiming that a human who got 
off the train, “saturated with speed”, would continue to run 
until he hits some obstacle and his head would split open 
like a watermelon.

With the resistance that the railroaders faced, every 
slightest blunder of the engineers and builders went in favor 
of the opposition. Accidents and disasters were constantly 
recorded. During the commissioning of the same first line 
from Manchester to Liverpool, there was a tragedy. When 
the locomotive “Rocket” built by Stephenson stopped for re-
fueling with water, MP William Huskisson got off the train 
to look around. The train moved off. The parliamentarian 
panicked and found himself under the wheels. Natural-
ly, this was seen as a bad omen. Over the next few years, 
people unaccustomed to the new threat continued to die 
on crossings and overpasses, adding fuel to the fire of pub-
lic outrage. The Household Narrative, an English newspaper, 
even had a special section devoted to accidents involving 
steam locomotives. However, the convenience and speed 
of transportation that the new technology provided to people 
proved to be a more powerful argument than all the losses 
incurred by the ruling class of capitalists. The railroad spread 
its network and soon its owners became the bosses who 
did not want to give up the throne to anyone. And just like 
their predecessors, they were ready to do anything, right  
up to a murder.

The first patent for an internal combustion engine was 
issued to Frenchman Philippe Lebon in 1801. The engine was 
powered by luminous gas produced by burning coal in an air-
less space. The inventor did not have time to build a proto-
type. The drawings were ready, and work had already begun, 
but in 1804 Lebon was killed under mysterious circumstances.  
Unknown people attacked him on the way to Napoleon’s cor-
onation ceremony and stabbed him 10 times. Behind this 
crime contemporaries saw traces of railroaders. Never-
theless, the advent of automobiles was inevitable. And just 
as in the case of the railroad, the onset of this inevitability 

was associated with great resistance of power and business 
embodied in the representatives of the ruling classes.

Automakers and their shareholders had to overcome 
the lobby of horse and stagecoach owners as well as manu-
facturers and sellers of wagons, harnesses, fodder and oth-
ers. For example, an English poster from 1908 denouncing 
 “reckless motorists” who “kill your children”, dogs and chickens,  
 “fill your house with dust” and “spoil your clothes”, causing 
the loss of 100,000 jobs in industries related to carriage trans-
portation [53]. Neither these nor all other objections and pro-
tests could stop the spread of cars. By 1929, thanks to Henry 
Ford and his car, the Model T, available to the middle class, al-
most every family in the United States owned a newfangled 
vehicle. There were 20 cars for every 100 people. Gradually, 
other countries were doing the same. In 2020, there were 
almost 1.5 bln of these horseless carriages on the planet.

All these cases show how engineers paved the way 
for their peaceful inventions through misunderstanding 
and persecution. Only military discoveries have always been 
successful. With the support of the authorities, engineers 
came up with ever more sophisticated instruments of mur-
der and plunder. Engineers served the world by facilitating 
crime. Engineers changed the world for the better through 
rebellion against the system. The system then adjusted 
to them by changing. In the reality of the 21st century, a new 
rebellion must happen. An uprising of engineers.

3.4. Discovering the Power of Technology
As you can see, engineering and technology in the past 

occupied a modest place on the stage of civilization. Histo-
ry was made and dynasties were created, while weapons 
and tools of labor are only tools for achieving such goals. 
They have no effect on anything in themselves. They can be 
treated neutrally or even neglected. The situation was slow-
ly changing. Machines were taking over the world and be-
ginning to dictate the rules. But the inertia in thinking about 
them persisted for a long time.

The neutrality of technology was taken for granted 
in the 20th century. The underestimation of technology led 
to the largest wars, in which technology appeared as a glob-
al meat grinder that crushed tens of millions of human bod-
ies. But there were those who understood, those who fore-
saw the catastrophe, and those who realized its causes when 
it was too late to change anything. Martin Heidegger wrote: 
 “…We are delivered over to it [technology] in the worst pos-
sible way when we regard it as something neutral; for this 
conception of it, to which today we particularly like to do 
homage, makes us utterly blind to the essence of technology. 

…The revealing that rules in modern technology is a chal-
lenging, which puts to nature the unreasonable demand that 
it supply energy that can be extracted and stored as such. 
But does this not hold true for the old windmill as well? No. 
Its sails do indeed turn in the wind; they are left entire-
ly to the wind’s blowing. But the windmill does not unlock 
energy from the air currents in order to store it” [54].

According to Heidegger, technology, having become  
the social anchoring element, determines entirely how  
the humans view the world. And as long as it is perceived only 
instrumentally, our world has no chance of self-preservation. 
Technology in such a context grinds up the natural and mental 
masses in order to ensure its existence. It becomes an end in it- 
self. Technology thus gives dimension to everything. And makes 
everything neutral and lifeless. These are the consequences 
of the moral neutrality of technology and engineering.

Others have also spoken of the importance of giving 
technology a moral dimension. For example, Nikolai Ber dya-
ev noted that “the development of practical science was 
for him [Karl Marx] merely a subordinate function of social  
processes.

Our moral attitude towards technical achievements 
presents an important problem, worked out but little as yet. 
It has a significance for the world as a whole. The ethics 
of creativeness must admit that the progress of practical 
science has positive value and is a manifestation of hu-
man’s free spirit and of his creative vocation in the world. 
But at the same time it must clearly recognize that such 
progress brings with it the greatest danger of new slavery 
and degradation for the human spirit. We must be keenly  
sensitive to this and rise above a neutral attitude to scientif- 
ic progress. It is wrong and unspiritual to oppose to the new  
world discovered by science the old primeval “earth” and “na- 
ture” to which human ought to remain subordinated. The “earth”  
is a religious symbol but it may be understood materialisti-
cally. And it must be recognized that science, destroying as 
it does many illusions born of weakness and dependence, 
may help us to overcome religious materialism and attain 
greater spirituality, though, on the other hand, it threat-
ens to materialize life through and through. The achieve-
ments of practical science put the human spirit to the test 
and bring out its essential qualities. The right attitude to-
wards scientific progress inevitably presupposes a spiritu-
al asceticism and control of the lust of life to which science 
is always ready to pander. Practical science has an escha-
tology of its own, opposed to the Christian, and its goal 
is to conquer the world and to organize life without God 
and apart from a spiritual regeneration of mankind” [55].

“One of the consequences of scientific progress is that 
everything which had appeared as neutral acquires a spiri-
tual and religious significance. Technical achievements are 
morally neutral up to a point. When they reach a certain level 
they lose this neutral character and may turn into black mag-
ic if the human spirit does not subordinate them to a high-
er purpose. Scientific and technical progress may eventual-
ly lead to the destruction of the greater portion of mankind 
and even to a cosmic catastrophe. The moral and spiritu-
al condition of man, who has acquired an unheard of pow-
er over nature, becomes of paramount importance. Nature 
was at first full of gods, then it was regarded as a dark pow-
er and finally, in modem times, it has been completely neu-
tralized. But the progress of practical science confronts 
man with a new nature which can no longer be considered 
neutral” [55].

Both authors saw in technology not only a threat but also 
an opportunity to save the world. To do so, it must serve some 
kind of higher value, and not just supply products to the con-
sumer society. By serving values, technology itself becomes 
a value, just as one who climbs a mountain becomes a sum-
mit for others. However, technology is the embodiment 
of engineering and the result of the engineer’s labor. There-
fore, it should not be a value and reference on its own but as 
engineering. In addition to the value dimension, engineering 
is given the function of a goal-setting principle. The coin-
cidence of value, purpose and instrument is only possible 
in engineering. This is the basis of its power, which cannot 
and should not be interpreted as the power of technolo-
gy, as traditional technocrats try to suggest. It should be 
the domination of the living human principle, embodying ra-
tionality and reason – engineerocracy, which includes both 
engineering, social and humanitarian components.

3.5. Essence of Engineering and Engineer
The monkey picked up a stick and became the human. 

The human attached a stone to the stick and became an en-
gineer. The essence of a creature’s transition from the animal 
state to the rational state is that something else appears be-
tween the action and the object in relation to which this action 
is performed. At first it is an object, then the images of ob-
jects, the language and, finally, abstract concepts. At some 
stage of development, the sequence begins to work in the op-
posite direction, from concepts to objects. Through the con-
cepts, goals are set, which are particularized in the language 
of mathematics, in order to combine the objects in an expedi-
ent way and to influence the object by means of the resulting 
mechanism or device.
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Engineering is a type of supreme creativity as a human 
activity to transform the material reality surrounding ev-
eryone. The goals of engineering are always clearly defined 
and focused on achieving a practically measurable result, 
and the means are limited by available experience, knowl-
edge, the requirement to minimize resources and efforts 
while maximizing efficiency as well as the laws of the physical 
world around us, laid down by the Creator initially, at the time 
of the Creation of the Universe.

Here is an example from the era of primitive technol-
ogy: a river prevents a group of people from freely cross-
ing to the opposite bank, which people have concepts 
about. There is a forest there, which means there may be 
game. It can be caught and eaten. For the crossing, you 
need an object that can hold on to the water itself and sup-
port a passenger. Logs float well. It’s uncomfortable on one. 
Therefore, it is better to connect several of them with some-
thing like a rope and get something like a raft. In such con-
cepts a person defines a goal and a possible algorithm 
of its achievement. Then he starts to count by using the lan-
guage of primitive mathematics. What number of logs will be  
optimal? How many stems will it take to weave the ropes? 
What is the approximate length of the ropes? Having calcu-
lated, engineer begins to act to create the device necessary 
to accomplish the goal. Based on concepts and calculations, 
he combines preexisting objects in ways they have never 
been combined before.

Reflecting on technology, Oswald Spengler wrote:  
 “…Soul strides forward in an ever-increasing alienation  
from all Nature. The weapons of the beasts of prey are nat-
ural, but the armed fist of man with its artificially made, 
thought-out, and selected weapon is not. Here begins “Art” 
as a counter-concept to “Nature”. Every technical process 
of man is an art and is always so described – so, for instance, 
archery and equitation, the art of war, the arts of building 
and government, of sacrificing and prophesying, of paint-
ing and versification, of scientific experiment. Every work 
of man is artificial, unnatural, from the lighting of a fire 
to the achievements that are specifically designated as “ar-
tistic” in the high Cultures. The privilege of creation has been 
wrested from Nature. “Free will” itself is an act of rebel-
lion and nothing less. Creative man has stepped outside 
the bounds of Nature, and with every fresh creation he de-
parts further and further from her, becomes more and more 
her enemy. That is his “world-history”, the history of a steadily 
increasing, fateful rift between man’s world and the Universe – 
the history of a rebel that grows up to raise his hand against 
his mother” [56].

Engineering is the highest form of creativity, and its re-
sult is the most intellectually rich form of art. Just as an art-
ist takes paints and draws a picture, and a writer composes 
a novel from words, an engineer, putting together construc-
tive and technological elements created by previous engi-
neering and science, gets a result that is not equal to the sum 
of these parts. There is always a synergy here. Taken togeth-
er, such parts become an engineering work of art with a new 
quality. In our example, something fundamentally different 
has been created from logs and stems – a simple float-
ing vehicle. The difference between engineering creativi-
ty and artistic creativity is that it is always aimed at prac-
tical results. Art, on the other hand, creates the beautiful, 
the sense of which, as Immanuel Kant puts it, is the notion 
of rationality without the notion of purpose. The goal of en-
gineering, on the contrary, must always be clearly defined, 
tangible and have a roadmap, often involving teams of thou-
sands and investing millions of human-days of engineering 
labor. Can an opera, a ballet or a painting by an artist be 
compared to the creativity and complexity of the intellectu-
al labor invested, for example, in the creation of a spaceship 
or a nuclear power plant?

The situation in which an engineer is a servant caus-
es a series of consequences that are destructive both 
for engineer and for civilization. As one’s work can be guided  
not by one’s own but by the interests of others, responsibility 
is diluted or washed away altogether. “I have made a sword, 
and whether it will be used to defend the Fatherland or to kill 
a baby is the moral choice of the one who takes the sword 
in his hands.” This example can be found in Heraclitus, 
a philosopher who lived in the 500s B.C. and is considered 
the founder of dialectics. To simplify, his teachings can be 
reduced to the formula “everything is relative”, which has 
been the basis of world management for centuries. It has 
always been believed that good for one nation can be evil 
for another, that the truth of some social groups can be a lie 
for others. So, it is possible to lie, betray, kill, etc. This is what 
politics is based on at all times. Another Renaissance thinker 
Niccolò Machiavelli formulated such a principle even more 
succinctly: “The end justifies the means.” However, is such 
a position acceptable for an engineer, if we consider him 
or her not as a person who has acquired certain skills within 
his or her profession but as a matter?

If only the goal is clearly defined, the means to achieve 
it are quite specific and limited, which is rarely the case 
with political or economic goals. Power has no clear outlines, 
just as monetary wealth has no clear limits of reasonableness 
and sufficiency. If a society exists for the sake of increasing 

its power, then all means are good. If it exists to increase 
wealth, it’s the same story. But to get to the other bank 
of the river, there are only a limited number of possibilities, 
from wading or swimming to building a catapult or a bridge. 
Moreover, if we remove the first two methods as nonengi-
neering, the choice of options gets even smaller, although 
still quite big.

From an engineering point of view, the choice should 
be made in favor of the most efficient solution. It is absurd 
to carry stones a hundred kilometers away to build a cross-
ing when there are trees all around. It is foolish to build bulky 
supports and spans when a small raft is sufficient to achieve 
the same results. Besides the engineer’s goal is always clear, 
it should be achieved in the most efficient possible way. Pol-
itics, like an art, needs not be efficient in means. Not only 
its objective but the means themselves and the effect  
their application will produce can often be difficult to pre-
dict. An artist can draw a square ball or a black square 
and be recognized as a genius. If an engineer comes up 
with a car with square wheels, he is likely to be recognized  
as a madman.

Specificity of goal-setting and requirements to minimize 
the means of achieving the goal make the formula “the end 
justifies the means” inapplicable to engineering activity. It is ri-
diculous to assert, for example, that motion justifies a wheel 
or that the possibility of speed and automation of mathe-
matical calculations justifies microchips. In general, the con-
cept of justification, whether legal or moral, cannot be applied 
to technical developments taken as such. Engineering stands 
beyond good and evil. It helps to solve specific problems 
as efficiently as possible. It can be assumed that if the tasks 
were set within engineering, rather than coming from outside 
as a directive, the nature of the goals driving civilization could 
change, and the means used would not need to be justified.

For clarity, consider the structure of goal-setting 
for the same situation from three perspectives: politics, eco-
nomics and engineering. Let us return to our primitive com-
munity living on the river bank. Last season was not the best. 
Poor harvest, few mushrooms and berries, hunting mis-
fortunes. The coming winter promises famine. What would 
the politics do? It would suggest we go on a campaign 
to kill and rob our neighbors. What could economics do? 



7069
INGENIUM.  
THE WORLD AS AN ENGINEERING PROJECT
A. Unitsky

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

It could organize trade with a neighboring tribe, trading 
hides and tools for food. And what would be the solution 
in terms of engineering? To optimize the consumption, de-
velop and implement the improved methods of food storage, 
insulate dwellings, create devices for hunting and fishing 
in winter – skis and snowshoes, artificial ponds for fish-
ing, etc. All three options would potentially allow the tribe 
to survive. But in the first case, someone would have died. 
In the second case, the tribe would be deprived of valuable 
things, and instead would receive resources that would be 
consumed and disappear irretrievably. Only the third ap-
proach could ensure the preservation of what is available, 
at the same time increasing people’s security and creat-
ing prerequisites for improving their quality of life in the fu-
ture. However, both in ancient times and today it is very rare 
to choose an engineering way of action in a critical situa-
tion. Our disunity and the value neutrality of engineering are 
the determinants.

The underlying value in the case study is survival. 
In order to live, the community is willing to sacrifice some 
of its members or wealth. At the same time, the communi-
ty is not ready for creativity, which achieves better results 
than all other solutions. Why? Because already at the level 
of primitive instincts life can be perceived as domination. Life 
is about winning. To live is to be willing to kill or die. To live 
to the fullest is to consume as much as possible. All of these 
arguments are so natural. That is why they work perfect-
ly well in political technology, propaganda and advertising. 
Against this background, the following statements sound 
too weak: life is creativity; to live, one must invent; to live 
fully means to consume as efficiently as possible. Howev-
er, abovementioned theses are about the creative approach. 
The first ones are not. The conclusion is simple and bleak. 
Primitive, almost animal factors of the psyche are more of-
ten determinant in the choices made by human and human-
kind. The mind serves the will. That is a fact. And the way 
engineering is valued in the modern world follows directly 
from this. Engineers are servants.

In order not just to change the world but to ensure 
its harmonious development, it is important for engineering 
to get over its value neutrality. It is necessary to take engi-
neering out of the position on the other side of good and evil, 
which can be done only by giving it moral dimension, by con-
ceptualizing and positioning engineering as a good. Such 
a revaluation opens great prospects for positive transforma-
tion in virtually all areas of civilization. And such revaluation 
is possible.

Civilization established the will as the supreme value. 
Similarly, before that, faith was the supreme value. Even ear-
lier, at primitive levels of history, survival was the priority. 
It was pursued either through faith or will; it was embod-
ied first in the pursuit of titles and ranks and then simply 
in the pursuit of money and power, without any symbolic fix-
ation. Symbolic fixation is necessary in the religious dimen-
sion of civilization, in which the symbol acts as an interme-
diary between the earthly and the divine. Christianity is built 
around the Nicene Creed 1. The post-feudal world replaces 
symbolic fixation with embodiment. Meaningfulness moves 
entirely into the space of the tangible, the corporeal. Sym-
bols lose their stability because the scientific and technolog-
ical revolution accelerates the whole system so that its fixa-
tion becomes impossible. This is the reason for the transition 
of civilization to the establishment of will as the supreme val-
ue. At a certain stage of development of our engineering civ-
ilization, it is mind and engineering (as its embodiment) that 
can take the place of the supreme value.

3.6. Revaluation in Technogenic Epoch
Everyone becomes an individual only in society, and their 

humanity depends not so much on their personal scale of val-
ues as on the society itself, in which they were born, raised 
and educated, having absorbed fundamental values. 

Undoubtedly including the following: both values and life 
goals, for example, those of Mowgli, fed by wolves, or Indi-
ans, raised by a tribe, or Europeans, whose origins sprang 

1 The Nicene Creed is a statement that contains all the basic 
dogmas of the Orthodox Church. The doctrine is set forth in the Nicene 
Creed in a concise but precise form; it was compiled in the 4th century 
by the Fathers of the First and Second Ecumenical Councils. It consists 
of 12 statements: 1. I believe in one God, the Father almighty, maker 
of heaven and earth, of all things visible and invisible. 2. I believe in one 
Lord Jesus Christ, the Only Begotten Son of God, born of the Father 
before all ages. God from God, Light from Light, true God from true 
God, begotten, not made, consubstantial with the Father; through him 
all things were made. 3. Who for us men and for our salvation came 
down from Heaven, and was incarnate of the Holy Spirit and the Virgin 
Mary, and became man. 4. For our sake he was crucified under Pontius 
Pilate, he suffered death and was buried. 5. And rose again on the third 
day in accordance with the Scriptures. 6. He ascended into heaven 
and is seated at the right hand of the Father. 7. He will come again 
in glory to judge the living and the dead and his kingdom will have 
no end. 8. I believe in the Holy Spirit, the Lord, the giver of life, who pro-
ceeds from the Father [and the Son], who with the Father and the Son 
is adored and glorified, who has spoken through the prophets. 9. I be-
lieve in one, holy, catholic and apostolic Church. 10. I confess one Bap-
tism for the forgiveness of sins. 11. I look forward to the resurrection 
of the dead. 12. And the life of the world to come. Amen [57].

in Ancient Greece and Ancient Rome, Russians, who had their 
roots in paganism, will be completely disparate.

Since the values and goals of each society are differ-
ent, the problems that arise during their implementation 
will also be radically different. That is why the proposed 
solutions for achieving the set goals cannot be the same – 
they are often opposite and even antagonistic. This means 
that the logical chain being built “basic values – set goals – 
emerging problems – optimal solutions proposed to set-
tle problems” will have a completely different orientation, 
boundaries of implementation and time length, depending 
on a particular society. 

Since our Earth’s technogenic civilization as a whole 
(as a combination of all societies, as a mega-society con-
sisting currently of 8 bln individuals living in 195 independent 
states, nine states with an uncertain status, 38 dependent 
territories, three territories with a special status, 16 territo-
ries without permanent population, 22 territories of states 
considered an integral part of them, but belonging to anoth-
er part of the world, and two territories disputed by sever-
al states) is at the top of all social structures of humankind, 
then by itself it should become the greatest value for every 
person. At the same time, the general civilizational values 
of this mega-society should be only biospheric, since our civ-
ilization was born, grew up and turned out to be “registered” 
with billions of other species of living beings in our common 
house (or rather, in a large room that has no windows, doors 
or even partitions) – in the biosphere of planet Earth.

Ultimately, the issue of the humankind’s survival, which 
has arisen against the background of global environmen-
tal problems characteristic of our time, is an issue of cer-
tain values that drive us all. At the same time, the techno-
logical equipment of a civilization functioning on the planet 
as a global multibillion-faced technology consumer will play 
an incomparably smaller role than the intangible civilization-
al components – social, moral, ideological and spiritual as-
pects. No technical devices or ideas aimed at rationalizing 
people’s lives, protection of the environment and well-being 
will be implemented if there are no corresponding socio- 
spiritual values in the society. 

On the other hand, the appearance of certain val-
ues is due to the specifics of the relations between people 
into which they enter during the production, exchange, dis-
tribution and consumption of the social product. However,  
this does not make the role and importance of values 
in the life of society any less. Yes, a change in technical equip- 
ment can contribute to a change in values. Yes, values are  
secondary, but they are what ultimately make humanity change. 

Even this approach recognizes the overriding role of values 
in the processes of social transformation.

Value is something indicating “the human, social and cul-
tural significance of certain objects and phenomena, refer-
ring to the world of the proper, the target, the meaningful 
basis, the Absolute. Values set one of the possible ultimate 
limits of human sociocultural activity” [58]. Based on this, we 
can say: it is values that will determine the nature and di-
rection of society and culture in the future, just as they did 
in the past.

By the 21st century, the world has survived a number 
of value crises. The most general view gives the following 
picture. First, the denial of the values of traditional cultures 
based on religion. Then there is the denial of the values 
of technological progress due to disappointment in the con-
sequences to which this progress has led. Next – the rejection 
of values offered as part of three ideologies of the 20th cen- 
tury and their corresponding systems: nationalism (includ-
ing fascism), socialism (including communism), capitalism 
in various versions of its existence. At the same time, in reality, 
the latter model (capitalist) still retains its position and dom-
inates the world. However, it is experiencing a prolonged de-
pression, primarily noticeable on the leveling of the inherent 
value system in capitalism. 

Initiative, entrepreneurship, success, wealth, competi-
tion, free market – all this began to look very dubious against 
the background of environmental and social problems 
that result from the behavioral mindsets arising from this. 
But in reality, humanity is yet unable to generate anything 
fundamentally different, equally massive and attractive. 
As a result, the value structure of civilization, its sociosphere, 
acquires a relative character. There appear all kinds of surro-
gates and mixes that combine elements of political, religious, 
scientific and ideological doctrines. Everything is presented 
as relative, situational, acquiring meaning only in the context 
of a particular discourse.

The society finds itself deprived of values other than 
those that relate to the lowest material level of consump-
tion. “I am what I have” [59]. This is how Erich Fromm, author 
of the term “consumer society”, described the current situ-
ation. In fact, such a society is inert, since it does not have 
a goal set by the values that the majority shares. So, it doesn’t 
have a future either. The people in it, as Fromm noted, are just 
 “eternal suckling crying for the bottle” [59].

The things that today’s degrading capitalist liberal 
world offers to replace values, and specifically inclusiv-
ity, confirms the above. The relativity of all values is put  
forward for the role of the highest value. 
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Consequently, the requirements of tolerance and equal- 
ity in all forms of its manifestation become determining 
for the development of society. Thus, equality is indicated 
between the guiding principles of opposing ideological doc-
trines, religions, social and gender groups, cultures, tradi-
tions, i.e., the nature of what is happening corresponds 
to the formula “everything equals everything”. Obviously,  
such mindsets cannot act as “the ultimate limits of socio-
cultural activity” [27]. The horizon of the activity they set 
and the goals they dictate will, in fact, be focused on noth-
ing more than preserving the status quo. No orientation,  
no transformations, no qualitative development is possible 
here – constructive, creative, interactive, coevolutionary – 
because humanity should not only change nature but is also 
obliged to change itself, adapting to this nature.

Against the background of environmental, political, so-
cial, spiritual and other problems, on the solution of which 
the survival of humans as a species depends, the values 
of the 21st century (more precisely, anti-values, since they de-
value everything) resemble a sleepwalker, completely discon-
nected from life. Suddenly waking up (which sooner or later 
happens), they do not understand the situation they are in. 
Or, without waking up, they die, falling into the abyss, never 
realizing at the moment of their fall what really happened 
to them.

Yes, it can be stated with sufficient reason that in this 
universal relativity, as in the point of view on the world, the at-
titude to nature is also being revised. The ideas of equality 
of all species of living beings are postulated, an ecological 
imperative is established, setting the creation of a carbon 
neutrality economy (net zero) as a goal. However, all this 
is nothing more than a call to achieve the most stable state 
of the capitalist system and the society of material consump-
tion but not civilization as a whole. At the same time, such 
a system of universal consumption, which has recently taken 
a tilt in the direction of virtual emotional consumption, includ-
ing through the step-by-step transformation of a biological 
person into a digital cyborg, is initially imperfect in its funda-
mental parameters. Thus, the possibility of achieving the de-
sired stability is highly questionable. And in general, such 
concepts as “value”, “goal”, “achievement”, “problem”, “solu-
tion”, cease to be adequate to the situation. The words “busi-
ness plan”, “task”, “execution”, “optimization” become more 
appropriate here.

The values of society should not only provide conditions 
for preservation, they are also needed as a horizon of growth. 
If this is not the case, then we are no longer talking about 
 “value” but about “cost”, which, apparently, is inherently closer 

for capitalism and inclusive capitalism advancing on human-
ity. In order to explain what has been said, it is necessary 
to look even deeper into the history of the issue.

For Antiquity and the Middle Ages, this topic was incuri-
ous. At that time, people’s worldview was made up in the sys-
tem of religious coordinates, focusing on the corresponding 
goals, priorities and prospects. Values are something else. 
People start thinking about them when the medieval tradi-
tional culture dies out. It can be claimed that the problem 
of values arises in a situation of devaluation of former values  
and their reassessment. This process was deconstructed 
by Friedrich Nietzsche. Let us look at it.

The value according to the Nietzsche’s assessment 
is the point of view, i.e., the point at which the eye of the be-
holder is located and from which his attitude to the world 
is projected. At the same time, the value as a point of view 
always means a condition of preservation and growth [60]. 
It has a dual character because of the life’s nature itself, 
where the value should be a part of it. Nietzsche defined 
this essence as the will to power, which drives everything 
in the world, including human. If this will weakens, if the value 
does not reflect its dual essence and does not allow the pow-
er to surpass itself at every moment, to grow, then the being 
led by such values begins inevitably to degrade and rushes 
to its death. 

Despite the apparent complexity of such a mental con-
struction, its meaning is simple and clear. The thing that ceases 
to grow and develop dies. 

The described process is already happening in the 21st cen- 
tury in liberal culture with its pseudo-values that make ev-
erything relative, thereby depriving society of even the pos-
sibility of choosing the direction of development. Everything 
happens as in the situation when you need to get to a cer-
tain place located in the north. To do this, you need to know 
where north and south, east and west are, so that you can 
move in the right direction. If you start to reason and act 
in the way that south and north, east and west are rela-
tive, then in the end it will turn out that there is no need 
and nowhere to go; you just may lie down and die because 
life and death are also relative.

Values, according to Nietzsche, are a point of view pre-
cisely because they (unlike the external Absolute) should 
originate from a person and be set by him as a carrier 
and manifestation of the will to power. A person here, act-
ing as a fundamental condition, is obliged to realize his 
own “value” [61]. No matter how strange it may seem, but  
today Homo sapiens is not actually considered as a “value”. 
Although the opposite is widely claimed. However, only in form.  

The essence is correctly noted by Professor Olga Garani-
na, who wrote that “anthropological centrism, expressed 
in the dominance of humanistic values, strife for the affirma-
tion of life and signifying the biophilic life-value orientation 
of a person, is being replaced by technical and information-
al utilitarianism, which does not require direct human con-
tact, depriving a person of emotional intimacy and spiritual 
mutual enrichment. In the structure of the modern anthro-
pogenic world, technogenic elements are gaining dominant 
importance, as a result of which the value of living struc-
tures is leveled out. The space of natural life narrows un-
der the pressure of artificial, technical objects, in communi-
cation with which kindness, mercy and compassion are not 
required” [62].

The following is extremely important: the basis of the as-
sumption of values, according to Nietzsche, is the structure 
of the will to power. Only in this way the established values 

lead to survival because life through the will to power lies 
in their very essence. Without this, any values, and, in partic-
ular, the pseudo-values of the 21st century, not only turn out 
to be unviable by themselves but also lead to the destruction 
of the society that is guided by them.

It should be further clarified that the Nietzschean con-
cept “the will to power” implies something much deeper than 
the desire of some people to dominate others with the help 
of force, politics, etc. “The will to power says that the Exis-
tence “is present,” i.e., something through what it dominates 
(as power)” [61]. This is a kind of internal driving force of all 
living things, something that was at the heart of the Big Bang, 
and something that makes a blade of grass grow through 
the earth, fighting for a place under the sun with other exist-
ing things. Close to this concept is the key concept of the phi-
losophy of Arthur Schopenhauer “the will to live”, by which 
he understood the aggregation of “blind and irresistible” 
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desires that form the essence of our individuality: it is them 
who ensure the reproduction of individuals and the continu-
ation of the genus [63]. The values that give life are assigned 
to stand on this basis. 

Humankind and every person must strive to over-
come, gain a victory, be stronger but not act as proposed 
in the modern world of liberal structures: to understand 
and forgive, to live without any goals, without procreation 
(this way of behavior is indirectly called for by the ideals 
and goals of human existence imposed by liberalism), with-
out understanding of oneself and society as an intermedi-
ate entity on the path to perfection – something that will al-
ways need to be surpassed, but not equalize and talk about 
the relativity of everything and everyone.

Since values are conditioned by human and humanity, 
which are carriers and manifestations of the will to pow-
er and the will to live, no values can be final, the process 
of their assumption and depreciation is continuous and oc-
curs as once accepted virtual values cease to be applica-
ble to the real world. In this case, the world itself becomes 
devalued [61]. It is obvious that this is the situation of world 
depreciation that we are witnessing in the 21st century.

Tolerance, equality, lack of spirituality, relativity, rights 
of animals, ecological imperative – all this, perhaps, provides 
conditions for conservation but does not provide space 
for growth. Consequently, such values are simply inapplica-
ble to the world of technogenic civilization with all its con-
tradictions and problems – primarily environmental ones 
caused by the technosphere. Once again: values ceased 
to be applicable to the world, and the world itself began 
to seem devalued. The assumption of new values, the over-
coming of nihilism is necessary in this situation as a con-
dition for the survival of humanity and billions of species 
of living organisms inhabiting the planet.

“The reassessment of all previous values should be 
carried out and approved on the basis of the maximum 
awareness of one’s own consciousness of the value es-
sence and the assertion of values,” Martin Heidegger ex-
plained one of the key points of Nietzsche’s doctrine [61]. 
The value essence of human and humanity is determined, 
as already mentioned, through the will to power. The es-
sence of values is the provision of conditions for preserva-
tion and growth. Thus, having briefly considered the history 
of the issue in the 21st century, we can systematize the gen-
eral conditions and requirements for the civilizational values 
that need to be approved and comprehended:

1) applicability to the modern world, adequacy to the real 
state of matters, problems and opportunities;

2) affirmation of the priority of human life and funda-
mental freedoms (as a carrier and manifestation of the uni-
versal will to power rather than, for example, as a carrier 
of the attributes of a particular social or gender minority);

3) consolidation of everything created by civilization 
during the previous millennia up to the present time and en-
suring the preservation of the achieved level in the material 
and spiritual spheres of social life;

4) designation of directions and opportunities for fur-
ther comprehensive material (technogenic) and social (spir-
itual) development of each human and humanity as a whole.

Proceeding from the above requirements and looking 
at the issue from the standpoint of all humankind, which has 
entered the turbulent global stage of its existence on the plan-
et long ago, when the interests and actions of some countries 
and peoples are closely intertwined with all others, the ap-
proval of new values should also be conducted on a planetary 
scale. Only such an approach can be adequate to the glob-
al problems and challenges we are facing in the 21st century. 
If we accept the second point from the above list of criteria 
and agree that only humans can be put as a triune biological, 
social and spiritual matter and only as a subject of the will 
to power, then there can be no question of limiting them any-
how in that respect. And finally, if anyone should not be limited 
in their essence and at the same time should have a horizon 
of development, then such a person reveals to us only in engi-
neering. Only engineering can enable humanity to gain more 
while preserving what it has.

3.7. Dictatorship of Engineering. Supreme Value
Engineering is the embodiment of human reason 

and rationality. The functions commonly attributed to ra-
tionality can be summarized as follows. When the dispute 
between reason and sense is resolved in favor of reason, 
it acts simultaneously as a ground of being, as an instrument 
of systematization and as a goal-setter. Such is rational-
ism in the strict sense, in particular the rationalism of René  
Descartes, considered a classic example. In cultures that pri-
oritize the sensual world, rationality retains only systematiz-
ing and goal-setting functions. Finally, traditions that attempt 
to stand on the other side of reason and sensuality, matter 
and idea, good and evil reserve only the systematizing func-
tion for reason. Here something super- or extra-intelligent 
is taken as the basis and goal.

Rationalism in its purest form is realized only in re fined 
philosophical doctrines authored by people like the afore-
mentioned René Descartes. Europeans know only three 

types of cultures: sensual, anti-rational and voluntaristic.  
By sensual I mean Antiquity with its cult of corporeality  
and reasonable goal-setting. By anti-rational – the Middle 
Ages with the dogma of the priority of faith over reason. 
By voluntaristic, I mean New Europe, driven toward the abyss 
by scientific and technological progress.

Rationalism in its purest form is impossible because 
reason must be embodied to become the basis of being. 
In Descartes’ time, it did not yet exist tangibly because 
engineering and technological devices determined peo-
ple’s lifestyles and affected nature disproportionately less 
than in the 21st century. By the time this text was written 
the mind has been embodied and it continues to gain mass 
in technology and engineering products. However, despite 
the fact that the products of mind are crucial for the fate 
of civilization and its survival, mind itself is not yet perceived 
as the highest value.

The world is still not reasonable. Therefore, the prod-
ucts of intellectual activity, subject to spontaneous will, ex-
ist in an uncontrollable and almost chaotic mixture. There 
is reckless consumption of the planet’s resources, and peo-
ple continue to underestimate embodied intelligence, dream-
ing of limitless sensual pleasures. Those who believe that 
engineer, and therefore the embodiment of intelligence, 
is a servant. This assessment is characteristic of engineers 
themselves. They accept the humiliating position of servants. 
They think and act like servants.

If civilization alone retains the survival instinct, the bal-
ance of values must change. Engineer must rise to the ped-
estal. Engineering must establish itself as the supreme 
value.

Is it possible to imagine the creation of the atomic 
bomb in a situation where engineering is something iden-
tical with good? If an engineer is a servant of the good, 
and using the power for destruction is a morally and legally 
condemned crime, a sacrilege equivalent to theft or mur-
der? It is impossible because such a development requires 
enormous effort, huge funding and the consolidation of so-
ciety. If society’s values do not allow to promote murder 
through engineering, it will not unite around the creation 
of weapons.

If engineering takes the place of such values as equali-
ty, democracy, sovereignty, quality of life and more, all these 
values will no longer be reference points but will become 
a reality. In other words, engineering is the reality today, 
and the reality that unites everything around it. Neverthe-
less, it has a servicing status. Liberal values are a virtuality. 
However, this virtuality subjugates everything that is real.  

When we swap the real and the virtual, the virtual will 
become real.

Why, for example, is there no equality? Some people 
lack something, some want more than they have enough, 
some want to dominate others... How can we achieve 
equality? By restricting everyone’s rights equally. Is this 
possible? Unlikely – because some are strong and some 
are weak, rich or poor. But what if everyone was not try-
ing to agree on acceptable limits but instead set a goal, 
on the contrary, to push the boundaries as far as possible 
by technical means? There would be no need for equality. 
With an abundance of everything we need – food, space, 
luxuries, etc. – hardly anyone would infringe on the rights 
of others. This is confirmed by the experience of rich coun-
tries. The richer one is, the less the reason is to offend 
anyone. Only now wealth is created by robbing each oth-
er and nature. If engineering improvement became a goal 
and value, wealth would arise and accumulate evenly. 
Available to all.

How is this world that has realized the value of en-
gineering supposed to work? Where will the politicians, 
the banks, the corporations go? They will remain, obvious-
ly. But they will not be an end in themselves but a func-
tion. What (or rather, who) can make them give up the will 
and power with which they have fused over the centuries? 
Only engineers, into whose hands the will and power must 
pass to be overthrown for the glory of reason.

In fact, engineers already rule the world. All key re-
sources and tools are directly in their hands. They keep 
the various machines, factories, utility systems, transpor-
tation and defense complexes running. With the full power 
of civilization at their direct disposal, they manage it on or-
ders. Above them stand those who have nothing real be-
hind them but only a thirst for power and wealth, backed 
by account numbers stored on servers created and main-
tained by engineers. Viewed in this way, the picture appears 
phantasmagoric. Those who have everything have nothing, 
and those who have nothing possess everything. The un-
reasonable commands the reasonable. People in the first 
quarter of the 21st century are ready to recognize this. 
On the other hand, they have everything at their dispos-
al to change the world by establishing the dictatorship 
of engineering.

3.8. Engineers’ Dream
How can engineers take power? They will not build 

barricades, no matter how good they are at it, will they? 
We can look at the ways in which the lower class has 
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taken and whether it has actually taken the power. Through  
revolutions and civil wars. Who actually occupied the of- 
fices of the Kremlin? The revolutionary intelligentsia, who 
as planned put themselves in selfless service to the inter-
ests of the workers. And Joseph Stalin, for example, spent 
half his life wearing the same overcoat indeed. He built 
a society of justice. And he did not consider sacrifices. In- 
dustrial labor, set as a value, gave society a creative im- 
pulse, which allowed, having survived a ferocious war, 
to endure and develop advanced technologies that made  
it possible to send a human into space for the first time. 
It means, there is already a precedent when the type of ac-
tivity and its product turned out to be decisive and were put 
on a pedestal of universal reference point. It is logical that 
against this background a powerful industrialization was  
carried out.

Despite all the failures of the Russian communist proj-
ect, it was a colossal experience of realization of the plan 
on the scale of 1/6 of the land. However, the so-called ba-
sis in Russia was not prepared. It took too much effort  
and sacrifice, which eventually led to its downfall.

The 21st century is the time of utmost readiness for  
a meaningful global transformation. Engineers have at their 
disposal all the possibilities for reasonable ordering of the  
world and bringing it into balance. However, technology 
is managed by politicians, bankers, corporations and of- 
ficials hired by them, including presidents of countries, 
who appropriate the products of engineers’ mental labor. 
If Vladimir Lenin were alive today, he would say that engi-
neers must revolt. Then they would shout “Rob the robbed!” 
and burn down the skyscrapers of transnational compa- 
nies. That scenario might happen. The situation has es-
calated and the survival is at stake again, as in the primi-
tive times. The survival of the tribe called Earth’s Human 
Civilization.

An uprising of engineers is inevitable. The worse liv-
ing conditions get, the more wars and pandemics will be, 
the less chance of survival is, the more hopes will be pinned 
on engineers. Admittedly, it may be too late. But even then, 
at the last moment, the very last hope will be tied to an en-
gineer, able or unable to start a fire. Either engineers will 
rise, or a reasonable power will be found in the world that 
will raise engineers itself. Otherwise, our Earth’s civilization, 
which is essentially engineering, is doomed to perish. How-
ever, at present there seems to be no prerequisites for such 
civilizational reforms.

Engineers as intellectuals who determine the develop-
ment of civilization appeared in sufficient numbers and formed  

into unions, communities, associations and academies 
in industrial and postindustrial societies. There are two main  
theories describing the structure of these societies: class  
and stratification. The first theory divides society into the bour- 
geoisie and the proletariat, with a thin layer of intellectuals 
in between. Engineers belong to it. Strata are layers divid- 
ed not by ownership of the means of production but by income 
level, education, status, professional affiliation, etc. The postin- 
dustrial era is the time when the society is divided into stra-
ta. In the postindustrial era, engineers are the middle stra-
tum, and they occupy a subordinate position to the pseudo- 
elites. “Elites” appropriate the cost of their work, means 
of production and resources – they take away everything. 
They grow rich and decide the fate of the world without 
any clear goal. After all, wealth cannot be a goal because 
it is incalculable and has no limit. It is the same with power. 
The “elite” does everything to destroy all the superfluous 
as soon as possible. And everyone sees it, and tolerates 
it, and accepts it.

Engineers in the 21st century are philistines and con-
sumers. They are part of a herd of sheep being led to slaugh-
ter. They go to work and shopping, play computer games 
and watch TV like any other techno-consumer of the global 
consumer society. They are paid enough to satisfy their small 
philistine needs. They are satisfied with themselves and their 
fate. At the same time, every day their labor is aimed at main-
taining the unreasonable anti-natural structure of the social 
system.

There’s a scene in the movie Terminator 2. An ordinary 
American engineer at work, in a rich house, with his wife 
and child. He’s surrounded by a nice household. He has 
a good education and career. The character gets a big pay-
check. Without knowing it, he’s developing a chip for a ma-
chine that will destroy humankind. The engineer is asleep. 
What could wake him up? Calamity. And that calamity is re-
lentless. If we don’t wake up now, it will come to the irrevers-
ible – humanity will be destroyed in a catastrophe in which 
the quantity of global problems created by society will turn 
into a new quality. No humanity – no problems related to it.

3.9. Engineer’s Moral and Ethical Code
Given the role that engineering plays in our industrial 

civilization, it can no longer stand outside of morality. At some  
point, technology has become a determining factor in the sur- 
vival of nations, peoples and humanity as a whole. It may 
also turn out to be the main cause of the death of individual  
societies and the majority of the world’s population. The lives 
and health of people depend on the actions of engineers, 

and therefore, when entering the profession, they must as-
sume moral responsibility, just as doctors do. An engineer-
ing version of the Hippocratic Oath – an engineer’s moral 
code – should be developed and implemented in one way 
or another. Attempts to create such a code have been made  
before.

The Code of Conduct of the British Computer Society 
among the rules of conduct for a member of the Society 
includes the following: “He shall have due regard of the im-
pact of computer systems, to the extent that he is aware 
of it, on the exercise of the fundamental rights of individ-
uals, whether these rights are exercised within the organi-
zation, its customers and consumers or the general pub-
lic. A member of the society shall pass on the information 
available to the client in order to help him understand situ-
ations that may arise with the potential harm to a third par-
ty. He shall combat ignorance of the kind of technology he 
is engaged in, and especially in those areas where the ap-
plication of that technology appears to have dubious social 
merit” [64]. 

The Code of Ethics of the National Society of Profes-
sional Engineers of the United States says: “Engineers shall 
hold paramount the safety, health and welfare of the public. 
If engineers’ judgment is overruled under circumstances 
that endanger life or property, they shall notify their em-
ployer or client and such other authority as may be appropri-
ate. The ethical standards governing “engineer – employer”  
and “engineer – client” relationships require the good faith 
fulfillment of business obligations: to provide the client  
or employer with what one has promised to produce; to com- 
plete work on time and within budget and, if this cannot be 
achieved, to alert the client or employer as early as pos-
sible so that corrective action can be taken; not to dis-
close, without consent, confidential information concerning 
the business affairs or technical processes of any present 
or former client or employer… Engineers using designs sup-
plied by a client recognize that the designs remain the prop-
erty of the client and may not be duplicated by the engineer 
for others without express permission” [64]. However, there 
is something missing in all the versions presented. The pre-
cepts are inconsistent and seem to ignore the actual role 
in civilization that engineers play.

Engineer’s code should be built from the perspective 
of supreme values and include universal rather than profes-
sional provisions.

1. Engineer is called to change the world.
Changing the world by engineering is a constant and  

irreversible process. Understanding this must be coupled 

with an awareness of responsibility. Engineers have more 
reason than anyone else to control the world. Their role 
in the world is to organize the most efficient interaction 
of substances, objects, mechanisms, devices, technologies, 
people and societies to achieve practical results. Engineers 
truly rule the world.

2. Engineers shall know and respect the history of the  
profession and honor their teachers.

Without knowledge of the history of engineering, it  
is impossible fully to understand the significance of this 
phenomenon. Nor is it possible, without studying the expe-
rience of predecessors, to avoid repeating their mistakes. 
Only by looking at the overall picture it is possible to see 
how haphazardly and in spurts the technologies were de-
veloping. The growth of engineering was not subordinat-
ed to any general plan or purpose; therefore, the chaoti-
cally growing Earth’s industry came into conflict with Live 
Nature, bringing civilization closer to a fatal ecological 
catastrophe.

Acceptance of the history of one’s profession should 
be through teachers as bearers of knowledge vital to all 
humankind. The status of the teacher in society, and espe-
cially in the eyes of pupils, must correspond to the extent 
of the teacher’s vocation.

3. Each engineer, as an elementary genetic unit of a liv-
ing organism – the Earth’s engineering civilization, deter-
mining its existence and development, shall serve the good 
of the whole universal society, not its separate part.

When creating (developing) engineering solutions, 
the author should not be guided only by personal interests 
as well as the interests of other people of any communities. 
The primary goal of any engineer is the good of the en-
tire human civilization. The good of humanity is the pres-
ervation of life and improvement of the quality of life 
of all members and strata of all societies inhabiting plan-
et Earth, without any forms of birth control and life expec-
tancy restrictions, including all possible forms of genocide 
and segregation.

4. Life in all its manifestations and biodiversity is the 
engineer’s supreme goal.

An engineer should formulate and accept only those 
goals, which contribute to prosperity of life in our all-civiliza-
tional home – the planet Earth’s biosphere. Creating devices 
to destroy life is unacceptable as it goes against the essence 
of engineering. As a form of creativity, engineering must ac-
complish transformation without destruction and cannot 
serve to destroy life either locally or globally.
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The potential consequences of the operation of the de-
vices created by engineer are also important. Indirect killing 
must be avoided as much as possible.

5. Engineering is the highest value of civilizational life.
Engineering becomes a supreme value at the moment  

it incorporates a moral dimension and takes as its goals 
the service to life and good of humanity. The definition of en-
gineering as the human activity of transforming the reali-
ty around us is complemented by the fact that this activi-
ty is aimed at achieving and promoting good and therefore 
is opposed to evil. Engineering encapsulates value not in itself 
but in serving life by identifying with it and accepting its own 
inner limitations. On the other hand, life becomes a mea-
sured engineering and mind acting through it as its embodi- 
ment. The noosphere of the planet (the sphere of reason), 
which is the civilizational development of the biosphere, 
is formed.

This provision should not be taken indiscriminately 
and extended to all people. We are talking about the value 
of life as a universal asset. At the same time, everyone can 
and should have their own values in their life. Engineering 
serves the general reasonable arrangement of life so that 
all can find their place in it and choose their own reference 
points.

Without putting forward and adhering to the above prin-
ciples, the world is doomed. Engineers will inevitably contin-
ue to act. If engineering remains morally neutral and does 
not become a regulator, the consequences of these actions 
will either destroy all living and natural things, replacing them 
with inanimate and unnatural things, or destroy our civiliza-
tion, which we know and are a part of, because a degraded 
and thinned humanity that has returned to a primitive way 
of life can hardly be called a civilization. It is also possible that 
both scenarios will occur at the same time. Value- neutral en-
gineering generates false directions of development leading 
to the death of civilization.

3.10. Necessary Education for Engineer
We have described above that today’s world for its sur-

vival can and must be interpreted as a new living and cre-
ative project managed by talented scientists and engineers. 
False directions in attempts to reorganize the world have 
led and are leading us to monstrous catastrophes. Pseudo- 
scientists who carry out their experiments solely for the sake 
of the experiment itself, so-called capitalist elites for whom 
personal ends always justify any means, fanatics devoted 
to serving the ideas of their own power, cynical economists 

and politicians who talk about the improvement of society – 
all these are the servants of an infectiously dangerous 
and vivid phantasmagorical world 2.

The consciousness of these usually charismatic and ra-
tional people is always self-centered and sees no other re-
ality in the world but their own. Such consciousness does 
not know true values at all and, being immature, is incapable 
of true creativity.

Together with the long process of secularization, mod-
ern secular society has been deprived of a deep inner spir-
itual dimension in which, on the one hand, humans were 
aware of their mortality and, on the other hand, felt a sense 
of belonging to a reality of a higher and more meaningful 
order. Ritual practices and religious symbols, as well as wis-
dom rooted in the national past, were attuned to this spir-
itual reality in society; the meaning of human in the world 
was defined as service in a place of temporary habitation,  
followed by the heavenly world.

The qualities that the spiritual traditional society fos-
tered have been completely forgotten in the 21st century.  
In the consciousness of a European-type human, the in- 
dividual and personal are superior to the universal; self- 
centeredness and self-love are normal properties of a “de-
veloped” personality; insolence, ambition and licentiousness 
of manners are better than faith, modesty, respect for el-
ders and self- critical attitude. The world justifies and legit-
imizes human passions and pleasures, substitutes good 
for evil or levels moral categories, declaring them relative. 
Humans know only their own and accepts only what they 
need, and the world around is a mean of satisfying end-
less needs that do not know quenching and satiation, both 
material and informational, always having material carriers.  
Humans do not strive for self-overcoming, and mass cul-
ture from childhood persistently urges not to go beyond 
the consumerist attitude to life, to accept and defend them-
selves as they are, to develop only for increasing their value 
on the labor market and to monetize skills in order to reach 
the maximum scale of consumption.

Since the time of Cartesian binary logic, the “separation” 
of the world has been internalized and subject-object relations 

2 “The lust of greed and love of money for its own sake creates 
one of the most fantastic worlds, furthest removed from the real world 
of being – the world of capitalism, of banks, stock-exchanges, pa-
per money, cheques, IOU’s, advertisement, competition and pursuit 
of easy gain. The financial world is a terrible phantasmagoria, utterly 
remote from the world created by God and adding nothing to its rich-
ness, fullness or perfection. Leon Bloy was right in saying that finance 
is a peculiar kind of mystery-play,” wrote Nikolas Berdyaev in his book 
 “The Destiny of Man” [55].
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have been asserted, to the point where people can destroy 
the earth they walk on and live on without feeling that they 
belong to it. Because the thought is firmly lodged in the con-
sciousness: “The earth I walk on and the planet I live on are 
not me. I am the money in the bank, the house, the car, 
the devices and other things that I have somehow ac-
quired and have.” This trend in the world must be countered 
by the simple and sobering realization that the world, like 
all living things, requires attention, special care and careful 
handling.

Indeed, how can engineer have a moral and ethical 
code if it is not specially formulated? In physics and chem-
istry textbooks for schoolchildren you will find theoretical 
knowledge about the structure of matter, various ways of in-
teraction of bodies and practical illustration of physical laws. 
Where is the respect for the profession, including teachers, 
where is the service of the profession for the benefit of hu-
mankind and life as the highest value that needs to be pre-
served? The teacher in the 21st century is no longer perceived 
as a pedagogue but as a manager of educational services. 
The vast majority of parents and children, after them, treat 
teachers as if they are in their personal service and has no re- 
spectable professional status. With this attitude, students 
will learn nothing. Instead of serving humanity, they are pro-
pagandized to follow purely personal goals and interests. 
Young people may dream of contributing to the achieve-
ment of universal goals at an early stage, but these dreams 
are mostly not widely applied in society and are not nurtured 
in the existing education system.

Everyone first builds their own career and personal life 
and then, as he or she imagines, will start to “help the world”. 
However, this moment rarely comes because the priority 
of one’s own tasks is always higher, and security is always 
not high enough. Life is also not the highest value for human, 
and so engineer can invent and participate in turning rivers, 
producing means of mass murder, dangerous pathogens 
and vaccines, machinery and equipment that pollute the air, 
soil and water without questioning the morality of such 
a process. This happens with the silent approval of the con-
sumer society, which also needs to provide for its own needs 
first and foremost. In order to eradicate such an attitude 
and to educate moral engineer of a new formation, a fun-
damental revision of the education system is necessary. 
As an example, it should be introduced into the field of study 
along with technical sciences:

 • humanitarian disciplines, including those at the in ter-
section of scientific and technological and philosophical 
understanding. In particular, “Ethical bases of interaction 

between human, machines and biosphere”, “Bioethics”, “Civi- 
lization and planet”, “Cosmism and noosphere” and others;

 • religious and philosophical teachings. Undoubtedly, 
an individual has the right to believe in what he or she con-
siders worthy of his or her faith. However, the task of the ed-
ucational system is to familiarize the forming consciousness 
with the basic ideas and principles of moral and ethical doc-
trines. At the very least, this will help in understanding that 
the world has some spiritual dimensions and that it is more 
complex, deeper and richer than the surrogate imposed 
by mass culture.

Education is something everyone is involved in. Through 
education, a socially oriented person is formed. At any mo-
ment of time. And that is why all reforms here and now should 
start with education. In the devices, machines and technol-
ogies the engineer designs, he must effectively combine 
and use knowledge from various fields not only of science 
and technology but also of society (thanks to which, in fact, 
our human civilization was created), which differs significant-
ly from the civilization of an ant hill, a bee hive or a flock 
of dolphins.

Civilization did not appear by itself – it was created by en-
gineers, whose achievements were used not only by them 
but also by the whole society – first by tribe, then by na-
tion, state and humankind as a whole. Consequently, we can 
rightfully assert that our Earth’s human civilization is en-
gineering by the way it was created, and not technogenic, 
technocratic or industrial, as it is now called. “Engineering”, 
 “techno cracy”, “industry” are not the essence, they are symp-
tomatic. A real doctor does not look for symptoms, which are 
visible to the naked eye, but for the causes of disease. A doc-
tor who knows not only the symptoms but also the whole 
human body, who understands what health is, will be able 
to cure the patient.

The moment has come when engineer needs to start 
acting in the moral dimension as well. Ethical consider-
ations must be incorporated into the structure of engi-
neering action along with technical and scientific consider-
ations. The task of education is to instill this understanding, 
thus providing the conditions for a reassessment of val-
ues and the triumph of engineering as a purpose-driven 
beginning to save the world.

3.11. Power of Engineers
Engineering can and must become the benchmark 

of power as a supreme value. Out of this, the political and eco-
nomic order must be reformatted in the future. Politicians 
and bankers will perform a service function for engineering, 

not the other way around, as it happens now. This reformatt- 
ing must happen evolutionarily, without upheaval or revolution,  
i.e., without fanaticism. Never before have good civilizational 
goals been achieved through plunder, wars and revolutions.

Engineers have created and concentrated incredible 
technological resources in their hands. They actually control 
them. It is enough to define a goal and achieve coordinated 
action to reconfigure the entire system with one deliberate 
action. A longer way is to undertake a series of acts aimed 
at a civilizational reset. In the digital age, when everything 
is controlled by information, we have everything we need 
for this.

A hundred programs focused on transforming major 
economic sectors such as agriculture, energy, residential 
and industrial infrastructure, transportation will be able 
to set new algorithms for political and economic interaction. 
These programs can be implemented by engineers them-
selves through communities and computer products. Human-
ity has had such experience by the 21st century. Electronic  
services such as Google or Facebook have already changed 
the reality. They did it in a short period of time. The main 
problem is that this engineered product ultimately served 
the values of the capitalist system. It was designed for en-
richment and consumption. New products can be creative, 
tied to engineering projects on a global scale.

The technologies developed by engineers also include 
new financial instruments. In the 21st century, a crowdfund-
ing mechanism has been created that allows a large number 
of people to jointly finance new engineering developments. 
If we divide the cost of even the most grandiose engineer-
ing structures by the population of Earth, the sums can be 
negligible. For example, the cost of the International Space 
Station is 150 bln USD. This is less than 20 USD per inhab-
itant of an eight-billion planet. The US defense budget 
for 2023 is almost 900 bln USD. And even 110 USD/person 
per year is not a lot of money.

Theoretically, with 100 USD (27 cents a day) annually, it is  
possible to equip an army that is not under the control 
of any country. Financing of large programs can be carried 
out here without state participation. And the society united 
by technological goals will itself become a subject of pol-
itics on a par with the state but without “leaders”, “chiefs”,  
 “elite” and all others, who appropriates not only a part of peo-
ple’s income but also natural assets of entire countries 
and results of intellectual labor of their peoples.

Entering into technological competition with states 
and global corporations, the engineering community is able 
to offer universal solutions that are more effective than 

those made on the basis of interests and benefits of some 
isolated groups of people. At this level, it is no longer a ques-
tion of robbery, war or revolution for the sake of pow-
er and enrichment. Common interaction and common fi-
nancing are possible only around particular, constructive 
and practical targets. Only engineering can offer such goals.

As a result of the competition between creative and de-
structive engineering solutions, the former will inevitably win. 
In the end, they will be accepted by everyone and spread ev-
erywhere. The fact that such more efficient and unified devic-
es, systems and algorithms have not yet appeared in the first 
quarter of the 21st century is explained by the lack of real 
competition. The right to technology and to large techno-
logical projects is concentrated in the hands of the “global 
elites”. They pursue their clan interests, and efficiency is  
not favorable to them.

The more complex and power-hungry a device is, the more  
substances and energy rotate in it, and the more it consumes. 
The more it takes to run the infrastructure, the more it sells  
and buys. The more extensive the trade, the grander the prof-
its. “Elites” who have access to resources (it does not matter 
what – raw materials, technology, humans, etc.) cannot be 
interested in achieving high efficiency – it would mean low-
er costs and therefore lower revenues. That is why tools are 
needed to enable engineering with its specific and inher-
ent manner of goal-setting to compete with the obvious-
ly voracious systems produced by capitalism. Fortunately, 
in the 21st century, engineers have been able to create such 
tools.

It is enough to create effective global engineering sys-
tems in key sectors of the economy adequate to the level of de-
velopment of science, technology and society of the 21st cen- 
tury to achieve the goal. The revolution will be unnecessary. 
In the ideal but possible situation of the future, in which we 
have unlimited resources of space at our disposal, money 
speculations and wars will become a senseless anachro-
nism. Politicians and bankers will begin to simply fulfill their 
functions as plumbers and electricians, janitors and wait-
ers. Even if this will not happen overnight, it will come true 
step by step, as soon as engineering has a purposeful force 
in the development of society.

The inevitable need to recognize engineering as one 
of the highest values may lead to a different scenario. 
In this case, one of the states voluntarily, with the sup-
port of its citizens, starts to consistently implement a com-
prehensive program for reasonable engineering reorga-
nization of transport infrastructure, urbanism, energy 
and agriculture on biosphere technologies that are already 
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available – they are developed and tested by the interna-
tional Unitsky Group of Companies, which already employs 
more than 1,000 engineers. In this case, such a state will 
boost the economy many times over and become a world 
leader in the creation and implementation of highly effi-
cient and environmentally friendly industry-forming prod-
ucts. However, for this purpose the country must have real 
sovereignty and absolutely not depend on the interests 
of global political and economic centers. Is there such 
a state in the 21st century? By the time of writing this text, 
the question remains unanswered.

In any of the presented scenarios, the power of engi-
neers will not be exercised directly and owned by any group 
of people. The power will be a universal goal-setting that 
is shaped by engineering rules that require specificity 
and efficiency. Engineers will continue to serve their ma-
chines so that the machines will serve all people without 
harming Live Nature. The rest of the society will serve it-
self, including engineers, providing their needs and oppor-
tunities to realize their ideas. This is the only way to achieve 
harmony between machines and people – by linking them 
in a common cycle, breaking the historically established 
system in which engineers and all others serve the rich 
and kings, creating for them whatever they want, even their 
own gallows and guillotines.

The fact that engineers should not and do not want 
to lord it directly is important. No one, no group of peo-
ple should lord it over another. My statement is rooted 
in engineering logic. If society, civilization is a super-complex  
system, then no part of it should be determinative. There  
may be significant and less significant elements, there may 
be elements without which the device will cease to work, 
but there cannot and should not be a part for the sake 
of which the whole mechanism would exist. From an engi-
neering point of view, this is absurd. Any engineering device, 
including the engineering component (industry) of our civili-
zation, must have a meaning of existence beyond itself. Just 
as a car serves for transportation, a house serves for pro-
tection from wind, rain and cold, and a refrigerator serves 
for food storage, so civilization as a complex engineering 
device should serve the survival and development of human-
kind, not the enrichment of anyone, be it even the most out-
standing engineer. Only by uniting around engineering goals 
and objectives, people can achieve this in the conditions 
of the 21st century.

A similar synergy can be observed in our body. What 
is the most important thing in it: the heart, kidneys, lungs, 
brain or intestines? They are all important because their 

totality plus consciousness, spirituality and reason (as their 
common function) is what makes Homo sapiens.

It may seem to some that a model is being proposed 
in which humans serve machines. Yes and no. One might 
ask the same silly counterquestion, “In our organism, does 
the brain serve the gut or does the gut serve the brain?” 
They do not serve each other and they do not owe each 
other because they constitute a single whole living organ-
ism. So our engineering civilization is a single biotechno-  
socioorganism.

People will not cooperate with machines that poison 
nature, kill and deprive them and their children of a future. 
People will deal with machines that help and care for them. 
And it will not be a service but a care, just as we care 
for the garden we plant or the pets that live in our home. 
The way a race car driver cares for the engine of his car, 
and an artist cares for the brushes and easels. They take 
care of things that take care of them and harmonize their 
lives. If in the 20th century the relationship of master to slave 
was formed between human and objects – worthless and in-
efficient – in the future, when engineering developments 
are improved and filled with value, the relationship to them 
can be conceptualized as a partnership. This is a reason-
able civilization pattern that does not require any upheavals 
for its establishment but only awareness, will and revaluation 
of values.

The dictatorship of engineering by the middle of the 21st cen- 
tury cannot be established in the course of an open social 
revolution. It is a long process. Technologies are becoming 
more and more advanced and interconnected. Engineering 
thinking is becoming more and more global. Realizing deep-
er and deeper the significance and possibilities of the knowl-
edge in their hands, engineers try to apply it on a planetary 
scale, making the first attempts to reorganize the Earth’s 
world as an engineering project. One by one, the deci-
sions made by these true masters of the world are shap-
ing the present and the future. Something must push them 
to borderline conclusions. They must fully realize their role, 
responsibility and mission. Then a series of actions, carried 
out independently of each other but in a single logic, can 
overnight reformat the entire system serving Leviathan. 
From the engineering point of view, there is nothing impossi-
ble in this, as long as the chosen path fits within the bound-
aries of physical laws, genetically prescribed by the Creator 
at the making of our Universe, in which we all live now.

Earth has more than enough resources for the prosper-
ity of 10 bln people. We only need to give them a reasonable, 
engineering assessment and use them wisely.



8483
INGENIUM.  
THE WORLD AS AN ENGINEERING PROJECT
A. Unitsky

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

would not exist without it. Or the protozoa originated 
on an early hot planet would continue to exist somewhere 
in the unfrozen depths of the oceans.

Emissions of industrial water vapor, like that from cool-
ing towers of nuclear power plants, are not so harmless be-
cause each ton of steam entering the surface layer of the at-
mosphere is equivalent in terms of the greenhouse effect 
to 0.67 tons of carbon dioxide. Therefore, the environmental 
friendliness of a nuclear power plant is an illusion not only 
because of problems with radiation but also due to climatic 
factors, since for every kilowatt-hour of electricity generat-
ed at a nuclear power plant, 3.6 kg of water vapor is released 
into the surface layer of the atmosphere. In particular, in 2015, 
Russian nuclear power plants emitted 730 mln tons of water 
vapor into the atmosphere. In terms of СО2, that equals about 
490 mln tons of carbon dioxide [65], which, as example, sig-
nificantly exceeds greenhouse gas emissions by all Russian 
transport, including cars.

Additional sources of water vapor entering the planet’s 
atmosphere from human activities (in bln tons per year): evap-
oration from waters used for domestic needs – 180, evapora-
tion from industrial waters – 800, from river flows for irriga-
tion – 5,400. In total, in СО2 equivalent (from the standpoint 
of the global greenhouse effect), this amounts to more than 
4 tln tons of carbon dioxide.

Considering that the greenhouse effect from a ton 
of water vapor in the atmosphere is only 1.5 times less than 
CO2, the impact of anthropogenic activities on the water va-
por circulation and its contribution to the greenhouse ef-
fect is 140 times (!) greater than the carbon coming from all 
industries on Earth, including transport.

Today, it is more important for humankind to optimize 
water consumption in everyday life, industry and especially ag-
riculture to organize a successful fight against “global warm-
ing”. It is more significant than, for example, at the behest 
of globalists, to redirect our efforts to “carbonic windmills” be-
cause the decarbonization program promoted by “deep power” 
pursues completely different goals, nourishing their obsession 
with global warming. But when globalists realize the impor-
tance of water vapor in the greenhouse effect, they would 
most likely propose a radical “solution” to “optimize” plane-
tary processes in their demonic style: to roll the entire World 
Ocean into asphalt, since it is the main source of water vapor 
in the Earth’s atmosphere.

The entire multimillion-year-old history of the life devel-
opment on our planet evidences that carbon dioxide is not 
the main climate-forming factor. For example, 250–320 mln 
years ago, in the Carboniferous period, the concentration 

of carbon dioxide was two times lower than it is now, 
but the average temperature was 10 °C higher [67]. Mean-
while, 150–200 mln years ago, the content of СО2 was almost 
an order of magnitude higher than in 21st century – 0.3 %, 
and 400–600 mln years ago – even 0.6 % [68], although there 
was no global warming, on the contrary, almost the entire 
planet was covered with ice.

The total carbon dioxide in the Earth’s atmosphere 
amounts by the time of work on the text to 3.03 tln tons, 
or about 0.038 % of the total mass of the planet’s atmo-
sphere. Of that, 550 bln tons annually dissolve in seawater 
and transform into living matter due to photosynthesis [69]. 
On average, all atmospheric CO2 participates in the carbon 
planetary cycle every 5–6 years.

The creation of organic matter annually consumes 
about 300 bln tons of carbon dioxide (about 10 % of СО2  

in the atmosphere) [70]. Most carbon dioxide mass returns 
to the atmosphere and hydrosphere due to the oxidation 
of once-living organisms and their waste products. 

The most significant amount of free carbon dioxide 
in the biosphere is in the ocean’s upper layer – 140 tln tons, 
which is 46 times greater than in the atmosphere.

Due to the creation of organic matter in the Earth’s bio-
sphere, the carbon cycle is completely closed. Only an insig-
nificant part of the total organic carbon absorbed by plants 
annually passes into the lithosphere and leaves this cycle.

Studies have shown that the current level of carbon 
dioxide in the Earth’s atmosphere for effective photosyn-
thesis is 2–3 times lower than the optimal one. The data 
on the optimal levels of СО2 in commercial greenhouses 
is cited at levels of 0.1–0.12 % or more [67]. Based on this, 
we can conclude that there is a shortage of carbon dioxide 
in the Earth’s biosphere from all living matter point of view 
(and not from a “human-globalist” – a very limited in biospher-
ic knowledge – one of the billions of living organism species 
on the planet) by hundreds of billions, if not trillions, of tons.

An increase in CO2 concentration in the atmosphere 
is caused not so much by industry and transport as by its re-
turn from sediments in the ocean and on land due to a raise 
in the average temperature on the planet. It boosts crop 
yields and promotes the growth of forests, meadow plants, 
fish, crustaceans, mollusks, algae and corals in the ocean.

Therefore, the global level of industrial СО2 emissions 
in the 21st century (about 30 bln tons per year, or about 1 % 
of its content in the atmosphere) will affect the greenhouse 
effect at a maximum of 1 % of the previously mentioned 
22 % carbon dioxide impact on the climate, for a total 
of a mere 0.22 %. This is significantly lower than the margin 

of error in measuring the average temperature on the plan-
et and the average СО2 content in the atmosphere. An addi-
tional greenhouse effect will manifest only if this industrial 
carbon dioxide remains liberated instead of being bonded 
by green plants or green technologies in industrial regions 
or dissolved in the ocean.

Therefore, the recently vilified anthropogenic СО2 is en-
tirely safe for the biosphere and it is not just not excessive 
but does not even make up for the carbon deficiency 
in the Earth’s atmosphere.

It is important to remember that the dry matter of any 
organism, not including the oxygen and hydrogen contained 
in all living cells, is about 60 % of carbon. Carbon is the main 
chemical element of life on Earth, including humans. The food 
chain for carbon begins precisely in the atmosphere, where 
it should be present in sufficient quantity from the viewpoint 
of the evolution of the living biosphere, not the dead techno-
sphere created by human civilization or artificial intelligence, 
which does not need a biosphere at all.

4.1.2. World Energy Consumption
The term “world energy consumption” refers to the to-

tal energy consumed by our civilization. It includes all the en-
ergy obtained from all energy resources and used in all in-
dustrial and consumer sectors of the world economy. This 
measure of consumption is an essential indicator of a tech-
nogenic civilization’s level of development in the productive- 
economic and sociopolitical fields.

The average solar energy density at the outer edge 
of the Earth’s atmosphere is 1.366 kW/m2. It has already been 
calculated that without this energy on the planet (if the Sun 
is “shut off”), the Earth’s atmosphere would drop to −20 °C 
over a week and then to −73 °C over a year. After a few years, 
the temperature on Earth will drop to −240 °C and remain 
at this level [71].

The prevailing opinion is that over the whole new history, 
when the Earth’s industry appeared everywhere and started 
to develop intensively, solar radiation was stable, with vari-
ations within a 0.2 % range. Such variations in the intensi-
ty of solar radiation will amount to only 2.732 W/m2, which, 
with a cross-sectional area of Earth of 130 mln km2 that in-
cludes the atmosphere, provides fluctuations in the power 
of external energy falling on the planet of 350 bln kW. This 
value exceeds 167 times the total rated capacity of all pow-
er plants worldwide, equal to 2.1 bln kW. With a population 
of 8 bln people at the beginning of 2023, this amounts to only 
0.26 kW of electric power per one inhabitant of the planet.

4. Engineering Reconstruction
4.1. How Many People Can the Planet Accommodate?
Before having a vision of the engineering, which, by  

some means, have become the driving force and the high-
est value of civilization and can make the world a better 
place, it is necessary to make sure that there are enough 
resources for humanity to continue civilizational develop-
ment. What is the margin of safety and what are the actu-
al capacity limits of the planet and its biosphere? Will they 
be achieved in the 21st century? Or rather the rationalization 
of their use can significantly (by hundreds or even thousands 
of years) delay the moment of reaching the point of no re-
turn? Is everything that the capitalist pseudo-elites scare 
people with (the greenhouse effect, the carbon footprint, 
the impending shortage of food and energy, overpopulation)  
really that dangerous? Or are these only myths and hor- 
ror stories, the cultivation of which pursues goals that are 
fundamentally different from those proclaimed? How to es-
timate the capacity of the biosphere from an engineering 
point of view? This will require only figures and facts.

4.1.1. Greenhouse Effect  
and Safe Carbon Capacity  
of the Earth’s Atmosphere
The greenhouse effect on the planet is caused by the pres-

ence of polyatomic gases in the surface layer of the atmo-
sphere. These gases are opaque to thermal radiation and in-
clude water vapor, carbon dioxide, methane, ozone, nitrogen 
oxide, freon and others.

Water vapor, of which there are 12.7 tln tons in the Earth’s 
atmosphere, is the most active greenhouse gas in terms 
of its influence on the planet’s rising temperature. Its contri-
bution to the total greenhouse effect on Earth, reaching 32 °C, 
is 20.2 °C, compared to the 7.2 °C that СО2 contributes [65].

The greenhouse effect on Earth now is, on average, 
up to 78 % due to water vapor and only up to 22 %, or 3.5 times 
less, due to carbon dioxide. Contributions from other gases, in-
cluding methane, is negligible [66]. That being said, in terms 
of one ton of gas in the Earth’s atmosphere, the green-
house efficiency of a ton of СО2 is only 1.5 times higher than 
the greenhouse effect from a ton of water vapor.

Without greenhouse gases, the average temperature 
on Earth would be about −18 °C, compared to today’s average 
temperature of about +15 °C, meaning that all rivers and seas 
would permanently be frozen and there would be neither 
flora nor fauna on the planet. Therefore, the greenhouse 
effect is the greatest good. The life on Earth, most likely,  
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We assume that the same fluctuations in the power 
of the planet’s extrasolar energy supply from the technogen-
ic civilization are acceptable in the future and will not lead 
to global environmental problems. 

Moreover, the power of solar energy reaching Earth 
is unstable over time due to changes in the distance to our 
star (from 147 mln km in January to 152 mln km in July). 
Such fluctuations during a year can be up to 6.9 %, which 
is 34.5 times greater than the 0.2 % mentioned earlier, 
and amount to 12 tln kW. With this background, 2.1 bln human- 
made kilowatts of power plant capacities (less than 0.02 % 
compared to 12 tln solar kilowatts) do not have any sig-
nificant impact, which should be apparent to any more 
or less competent independent expert. So, due to annual 
fluctuations in the power of solar energy, the temperature 
in some regions of our planet can reach 100 °C: from +40 °C 
in summer to –60 °C in winter. It is unlikely that anyone 
in this region will notice the human-made climate changes  
by 0.02 % towards warming, for example, up to +40.01 °C 
in summer and up to –59.99 °C in winter.

Besides, the luminosity of our star increases by 1 % ev-
ery 110 mln years due to the accelerated combustion of hy-
drogen (the power of solar energy reaching Earth grows 
at the same time by 1.78 tln kW). Therefore, in 4–5 bln years, 
the Sun will go as far as turning into a red giant, expanding 
and simply swallowing Earth [72].

The capacity of the world energy consumption in the first 
part of the 21st century, considering the combustion of the nu- 
clear power industry and hydrocarbons in various furnaces 
and internal combustion engines, is about 20 bln kW, or 2.5 kW 
for each inhabitant of the planet. Combined with an increase 
in power of energy consumption per capita to 5 kW (i.e., with an- 
nual per capita energy consumption of 43,800 kW· h), con-
sidering its environmental optimization the safe capacity 
of the terrestrial power industry is: 350 bln kW / 5 kW/person = 
 = 70 bln people of the planet.

From the above analysis it follows, with a future Earth’s 
population of 10 bln people, the power capacity that is safe 
for the biosphere per one inhabitant of the planet will 
therefore be: 350 bln kW / 10 bln people = 35 kW/person. 

This amount is 13.5 times higher than the current per capi-
ta power consumption of the entire terrestrial technogenic 
civilization. Being more precise: these 350 bln kW of power 
are not critical for the biosphere, since the energy thresh-
old of security for it will be at least an order of magnitude 
higher.

4.1.3. Biologically Safe Capacity of the Biosphere  
for the Technogenic Human Population
According to the latest data, in the 21st century about 

a trillion species of living organisms currently populate 
the planet, of which we know less than 0.0001 %: animals, 
plants, fungi and microorganisms (microbes, viruses, bac-
teria, protozoa, etc.), whilst the non-microscopic species 
(visible to the naked eye) account for no more than a million 
species. All these living beings have been residing on planet 
Earth for millions and some for billions of years. In the course 
of evolution, everything here has evolved together, so ev-
erything in the Earth’s biosphere is harmoniously arranged, 
there is nothing redundant, and there is no need to improve 
anything.

We do not need to fight microorganisms; we must learn 
how to coexist. We will lose any war declared on microbes 
because more than 10,000 species of bacteria, viruses, ar-
chaea and fungi live in our bodies. The human microbiome 
has an astounding number of inhabitants, about 100 tln bac-
terial cells. They constitute a highly complex human eco-
system and are the basis of the immune system, especially 
the intestinal microbiota, which consists mainly of soil mi-
croorganisms – they feed, water and even treat us. A person 
has much fewer own cells – about 40 tln, so there is a risk 
of harming them, since it is impossible to fight a single rep-
resentative of unwanted viruses (for example, COVID-19) 
without disturbing the developed over millions of years sym-
biosis between trillions of species of useful microorganisms 
and the human body.

The medicine prescribed by the doctor may fix one 
thing while it breaks another. The treatment is not much im-
portant itself but the prevention of diseases by strengthen-
ing the immune system, which is our universal medicine. This 
requires healthy lifestyle, both physical and spiritual; proper 
and healthy nutrition, grown on fertile soil without chemical 
fertilizers and pesticides; living natural spring low-mineral-
ized drinking water; clean air that is replete with phytoncides 
from medicinal plants and flowers.

Even if 100 bln people live and work on the planet, 
their biomass will be only 0.05 % of the Earth’s biosphere  
biomass, which, for example, is less than the mass of all ants, 

mosquitoes and flies (including their larvae). And this in no way 
will lead to global problems if, of course, humanity stops 
fighting nature and begins to coexist with it, as one of the bi-
ological species, according to the biospheric laws that have 
developed over billions of years of evolution.

4.2. Engineer Reforms:  
Engineering Epoch Technosphere 2.1
The engineering of the 21st century has enough resources 

and unprecedented technical capabilities for the positive 
transformation of the world created by previous generations 
of engineers. However, this will require radical transforma-
tions in the system of value orientations and practical goals 
of society. The reassessment can be carried out as a re-
sult of the approval of the corresponding political will, which 
is hardly realistic, taking into account the modern specifics 
of both political and economic goal-setting. Another option 
for initiating a reassessment is to launch powerful engineer-
ing projects through social and financial instruments, which 
by this time had been developed and practically implement-
ed by engineers. Crowdfunding based on digital platforms 
can become such a system. At the same time, launched proj-
ects should cover the main areas of the economy and of-
fer solutions aimed at a deep transformation of the basic 
sectors of the world economy.

Engineers could start the changes by redesigning 
four key industries: power, agriculture, transport, urbanism 
(residential, social and industrial infrastructure). The goal 
of the changes should be provision to the humankind of en-
vironmental, raw materials, food, energy, transport, infra-
structure, demographic, social and other types of security 
as well as the harmonious spatial development of civiliza-
tion on a global scale. A significant economic effect should 
be based on large volumes of creative work. This means that 
the desired projects must have a huge potential, be feasible 
and effective. A complex of such projects is designed to en-
sure a deep reform of civilization and its entry into the epoch 
Technosphere 2.1. What can it be and on what technologies 
its basement is possible?

4.2.1. Power Industry
Oil shale’s total global biosphere reserves are estimat- 

ed at 650 tln tons, and brown coals is estimated at 4.9 tln 
tons [72, 73]. The organic matter of oil shale is formed 
from the biomass of predominantly nonvascular algae (sap-
ropel components), to a lesser extent – from land plants 
(humic components) and partially – animal organisms. 
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The content of organic matter, including proto petroleum, 
in shales is on average 45 % varying from 10 % to 80 %  
in different fields.

The mass of organic matter in brown coals and oil 
shale can be estimated at 300 tln tons with an average spe-
cific heat of combustion of 33 MJ/kg (Qbdaf = 29–37 MJ/kg), 
or an average of 9.2 kW·h/kg. These reserves of oil shale 
and brown coals are sufficient to generate approximately 
2.7 × 1018 kW · h of energy, of which 1.2 × 1018 kW · h is electric-
ity, with an average efficiency factor of a coal-fired thermal 
power plant equal to 45 %. Then, with an average annual per 
capita energy consumption power of 5 kW/person (!), where 
2.25 kW/person is electric energy and 2.75 kW/person is heat, 
oil shale reserves will provide 100 % of energy to the Earth’s 
population of 10 bln people for 5,400 years (!).

Relict Solar Bioenergy (RSBE)
The energy stored in brown coals and oil shale is rel-

ict (ancient) solar energy created by living organisms that 
were on the planet 100–450 mln years ago. Therefore, oil 
shale and brown coals can be used not so much for gener-
ating electrical and thermal energy but for producing relict 
living humus. This being the basis of the fertility of any soil 
because such biohumus will have the same chemical com-
position as an ancient tree that took everything necessary 
for life from the relict soil.

It is proposed that we should not burn fossil fuels com-
pletely; instead, perhaps 50–75 % at most. The combustion 
waste from fossil fuel burn, including ash, slag, sludge, dust 
and flue gases, must be mixed with the unburnt 25–50 % 
of shale or brown coals, plus any raw organic materials, like 
grass, peat, sawdust, manure or household compostables. 
The resulting multicomponent mixture, in which organic 
and mineral raw materials are present, is finally processed 
into fertile humus in bioreactors using specially selected 
communities of aerobic and anaerobic soil microorganisms 
taken from the world Bank of fertile soils created in Belarus 
on the territory of the Unitsky’s Farm Enterprise.

The resulting relict biohumus can be added to the soil 
at a level of 2–3 %, which, with this proportion, would make 
even the most barren desert sand fertile. Ideally, highly fer-
tile soil could be created around the power plants. Gar-
dens will grow on it. In this vision, grapes, apples and oth-
er agricultural products become the net positive “waste” 
of the operation of relict solar biopower plants.

This is easy to achieve, as more than 80 chemical ele-
ments that make up all terrestrial living organisms, including 
ancient plants, turned into coals and shales in prehistoric 

times, and all of them again, through the restored relict soil, 
will give new life to new organisms in 100–450 mln years only.

Most prevalent in the 21st century traditional thermal 
power plants emit waste into the atmosphere, causing acid 
rains that kill all life in the vast areas it touches. At the same 
time, the substances contained in these rains, for example 
sulfur, belongs to macroelements and is vital for all living 
organisms. So, the daily amount of sulfur an adult requires 
is 4–5 g (our body contains about 100 g of it), and it should 
enter the body of a plant, animal or human not in the form 
of acid rain but in the form of organic compounds with food. 

Excess heat from power plants (about 55 %) can be 
sent to the greenhouses or be converted into the cold in hot 
countries and sent to cool orangeries. Furthermore, car-
bon dioxide will not be emitted into the atmosphere. It will be 
delivered to greenhouses and orangeries instead where 
this carbon will be utilized by plants in food carbohydrates, 
proteins, fats, vitamins and other living matter in the form 
of thousands of various organic compounds, which include 
in their composition the entire periodic table, the main share 
in which, by mass, falls precisely on carbon. It should be not-
ed that greenhouses plants will absorb atmospheric CO2, pro-
duce food and release additional oxygen for people nearby 
to breathe.

Furthermore, deep processing of some coals and shales 
will be carried out at relict solar biopower plants to obtain 
from them not only fertile humus but also synthetic fuels  
as well as a wide range of chemical products (aromatic 
hydrocarbons, oxygen and nitrogen compounds, alicyclic 
alcohols that have hydrogen-donating properties, etc.) 
and chemical elements, including gold (its content in shale 
is up to 40 g/t), elements of the platinum group, tungsten, 
molybdenum, rare, rare earth and other metals.

For example, some Russian coals contain, in grams per 
ton of coal: yttrium – 254, scandium – 96, dysprosium – 384, 
gadolinium – 335, samarium – 211, lanthanum – 46, cerium – 
89, neodymium – 806, which is more than 2 kg of rare earth 
elements per ton of fossil fuels. Therefore, Russia’s entire 
demand for rare earth metals (about 10,000 t/year) can be 
covered by processing only 5 mln tons of such coals. The en-
tire world demand (about 200,000 t/year) can be covered 
by processing 100 mln tons, less than 1 % of coals and shales 
planned for use in such power plants. 

Coals (shales) and the products of their combus-
tion – flue gases, dust, ash, sludge, slag – will be used as 
raw materials for obtaining chemical products at biopow-
er plants located in industrial clusters. Such technologies 
in the 21st century have already been created for a long time. 

At the same time, the lower the energy value of the used 
coals and shales (the higher their ash content), the more 
efficient and productive they will become from the stand-
point of the production of fertile humus and a wide variety 
of chemical elements, products and substances at biopow-
er plants. Therefore, relict solar biopower plants operating 
on brown coals and oil shale will meet the future demand 
for these products of humankind on Earth for millennia 
to come. 

By-Product of Relic Solar Bioenergy – 
Soil Fertility Improvement
The RSBE technology is completely biospheric, mean-

ing environmentally friendly and waste-free. A power indus-
try such as this will not kill living creatures; on the contrary, 
it will create and foster new lives with natural, not nature- like 
technologies.

About 450 tln tons of living humus with a moisture con-
tent of 50–60 % can be obtained from 300 tln tons of organic 
matter of shales. When about up to 10 % of humus (this is its 

average content in rich chernozems) is introduced into 
the upper fertile soil layer with a thickness of 30–40 cm, 
or approximately 30,000 t/km2, it will be enough to transform 
15 bln km2 of area into chernozem agricultural lands. That 
amount exceeds the area of the earth’s surface by approxi-
mately 100 times and the area of the entire surface of Earth 
by 29 times.

Thus, the terrestrial relict biosphere power industry 
could transform the planet’s entire land into a blooming gar-
den, planted on the most fertile and ideal soil for life, the rich 
chernozem. Even if the layer of chernozem reaches a meter 
or higher, this will not be hard to achieve. Such bioenergy 
will become actually free for humankind since the “waste” 
it produces – fertile humus, which will cost more than oil 
on the market and will pay off the production of electric 
and thermal energy.

The RSBE technology can produce more than 1.5 tons 
of humus from a ton of brown coal. One ton of humus 
would enable the growth of about a ton of organic food. 
Therefore, the annual production of 15–20 bln tons of brown 
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coal and shale, which will be only 2–3 times as the level of their 
production by the end of the first quarter of the 21st centu-
ry, will not only provide energy to 10 bln people (!) at the rate 
of 5 kW/person but nourish them with healthy and whole-
some, even curative, food. Moreover, this will stop the desert-
ification of the planet and annually ramp up the production 
of nutrient-depleted and desert soils to the chernozem lev-
el on an area of more than 30 mln ha, which, for reference, 
exceeds the area of the most European countries.

The principal oil shale reserves are concentrated 
in the United States, accounting for more than 400 tln tons, 
from which more than 300 tln tons of humus can be pro-
duced (along with the generation of electrical and thermal 
energy). These reserves alone are enough to provide hu-
manity with energy for thousands of years to come and turn 
the entire planet into a blooming garden several dozen times 
over with a layer of chernozem thicker than that currently 
existing in Ukraine. The cost of American shales as an ener-
gy resource and raw materials for the production of biohu-
mus can be estimated at 3,000 tln USD at a minimum cost 
of 100 USD per ton, or 30,000 tln USD at 1,000 USD per ton.

Food Solar Bioenergy (FSBE)
Biofuels are various combustible products derived from  

raw plant materials, the main advantage of which is their 
renewability and that they require solar energy readily sup-
plied to Earth. Therefore, using biofuels in transport, indus-
try and power will not change the existing natural energy 
balance of the planet.

For example, with a sugar beet yield of 100 t/ha, grown 
on highly fertile soil enriched with biohumus, and sugar con-
tent of 18 %, the root crops planted on 1 ha of land can bring 
10 tons of pure alcohol. Alcohol is an environmentally friendly 
fuel that is practically equal in its characteristics to natural 
gas and hydrogen. The additional upsides of alcohol-based 
energy are that it is less explosive, easy to store and use 
and more readily available.

The remaining 90 tons of raw beets from each hectare 
will be used for animal feed and humus, returning to the soil 
as organic fertilizer. Additional humus will not be required 
to restore the nutrients taken by beets from the soil that 
were used to obtain alcohol, since the plants take carbon, ox-
ygen and hydrogen, forming part of alcohol, not from the soil 
humus but from the air (carbon dioxide) and soil water 
(for example, 100 tons of root crops contain about 70 tons 
of water).

To obtain 1 bln tons of alcohol annually (approximately 
the same amount of motor gasoline produced in the world 

in the 21st century) it would require 1 mln km2 of sown land. 
This area is 21 times smaller than the planet’s deserts, oc-
cupying 21 mln km2, not including the polar deserts of Ant-
arctica and the Arctic. By restoring the fertility only in these 
territories, humankind will be able to fill its need for environ-
mentally friendly hydrocarbon fuel for millennia and provide 
food through the additional production of humus to billions 
of people and animals.

The 2 bln tons of dry residual organic waste created 
annually in alcohol production could become animal feed 
and biohumus in biopower plants. That’s why living matter 
will return to the soil where, for example, sugar beets were 
grown, not only restoring but enriching the fecundity of this 
farmland, thanks to shales. This process is the real green so-
lar bioenergy, not environmentally unsafe windmills and solar 
panels that produce only energy but nothing more and re-
quire a lot of nonrenewable resources for their production 
and ensuing disposal.

If 1 tln USD is invested annually in relict and food solar 
bioenergy, it would be about the same as in oil production 
and refining in the 21st century. This investment would pro-
vide energy to all of humanity. In addition, this would en-
able additional annual vegetation of an area of 330,000 km2, 
equal to the size of a country like Vietnam. Note that such 
a biospheric-driven power industry could increase the to-
tal biomass of plants on the planet because they would 
grow where today’s deserts are. Such a plan would not only 
increase the utilization of anthropogenic CO2 by plants 
but also provide the additional production of food for hu-
mans and animals. Additionally, it would increase the produc-
tion of oxygen by the biosphere, which is necessary for 10 bln 
air-breathing people and compensation for its withdrawal 
from the atmosphere by terrestrial industry, including relict 
bioenergy.

4.2.2. Agriculture
The total dry biomass of the biosphere is about 2.4 tln tons, 

of which over a trillion tons is carbon [74]. At the same time, 
the primary biomass on the planet is green land plants, 
while all other living organisms (animals and microorgan-
isms on land and in the ocean as well as aquatic plants) have 
a total mass of only 38–46 bln tons (less than 2 %), counting 
the underground biomass located at depths of up to 5 km.

Contemporary humankind is about 350 mln tons of bio-
mass in live weight (about 45 kg/person, including children), 
or about 100 mln tons in terms of dry biomass (about 13 kg/per- 
son), which is about 0.004 % in comparison with the entire  
biomass of Earth. 

The large biomass and variety of terrestrial living or-
ganisms are accounted for by humus, a complex organic 
matter due to which any soil becomes fertile. In the most 
fertile soils, chernozems, up to 10–15 % is humus. The basis 
for producing organic food for humans is fertile soil.

An average person (considering all age groups) con-
sumes about 700 kg of food per year, or about 150 kg of dry 
matter. Because of metabolism, each person excretes ap-
proximately the same amount of waste into the environ-
ment, primarily through their digestive system. Suppose this 
waste, converted into humus, is brought back into the same 
soil where the crops were grown. In that case, the natu-
ral circulation of living matter, disturbed in the 21st century 
by the humankind, will be restored.

Chaotic development of engineering in the field of agri-
culture made food to grow in one place, and waste to be gen-
erated in another, thousands of kilometers away. At the same 
time, the billions of tons of nutrients taken from fertile soil 
do not return in exact quantities. Mainly just three chemi-
cal elements (nitrogen, potassium, phosphorus) return 
to the ground, although plants, during their growth, take 
more than 80 elements from it. Moreover, simple and sol-
uble industrial chemical fertilizers feed the soil of farmland 
instead of complex organic insoluble humates created by life, 
as it was during the previous hundreds of millions of years 
of the life evolution and the Earth’s biosphere.

Agricultural Production
To make the substances, taken from the soil during 

the cultivation of agricultural products, returning, it is nec-
essary to combine the zones of their production and con-
sumption spatially. Therefore, agriculture must be integrated 
into residential infrastructure or, conversely, residential in-
frastructure must be integrated into agricultural production. 
How to do it?

The roofs of houses (attic) can exist as glass green- 
houses and as orangeries in hot climate countries. The base-
ment could be used for growing mushrooms, breeding 
poultry, fish and seafood, both marine and freshwater,  
as well as other products for consumption. At the same 
time, an enclosed agricultural zone can be maintained 
commonly by a gardener and an agronomist hired by each  
household.

Microgreens and green food for the residents of these 
houses can be produced in greenhouses and orangeries, 
including equipped with humusoponic vertical farms. Ac-
cording to this technology, the root system of the plants  
receives a nutrient-rich solution, and shoots grow from planted 

seeds within 5–7 days. This technology is natural, in contrast 
to the conventional nature-like hydroponics based on chemical 
mineral substances, as evolutionarily plants feed on organic 
humus.

Humus – insoluble salts of humic acids stored in the soil – 
is converted into a soluble form by a community of thousands 
of species of aerobic and anaerobic soil microorganisms di-
rectly in the root system of plants. Therefore, agricultural 
farms integrated with a residential area can use humuso-
ponics – according to this technology, plants feed on liquid 
humus, in which insoluble salts of humic acids have pre-con-
verted into a dissolved form. By the time of publishing this 
text such experiments have been successfully implemented 
at the Unitsky’s Farm Enterprise.

Microgreens grown on humusoponics are natural organ-
ic foods, originally rich in easily digestible nutrients and vita-
mins. Their cultivation technology has no industrial fertilizers 
or chemicals like pesticides, herbicides and GMOs. For exam-
ple, in comparison with dry food for animals (mixed fodder, 
meadow hay) humusoponic fodder from wheat germs is bet-
ter absorbed, more energy-intensive and contains 2–3 times 
more proteins and fats. At the same time, it exceeds dry 
food tenfold in terms of its content of carbohydrates, sug-
ar and vitamins. It is also much healthier and more efficient 
than fresh grass and hay. Unlike other forage eaten outside 
the pasture, this feed comes in the living form at the peak 
of its growth, preserving all the vitamins and digestive 
enzymes that animals need, especially in winter.

Another fundamental difference: the animal eats the abo- 
veground part and the remnants of seeds with starch 
and the root, rich in sugars and proteins. Meanwhile, di- 
verse organic waste materials can become a substrate: 
straws, press cake and even specially prepared wood chips, 
which microorganisms and plant roots convert, through fer-
mentation, into easily digestible food. The result is balanced, 
complete and stable in its composition and quality fodder, en-
suring the herbivorous animals get all the essential nutrients 
they need.

Regardless of the season and natural and climatic con-
ditions (drought, torrential rains, heat and frosts), humuso-
ponic installations will provide animals and people with fresh 
green food all year round, which is especially important 
in case of vitamin deficiency in winter.

Growing a ton of green forage requires about 2 tons 
of water, while the conventional field method requires 
400 tons, i.e., 200 times greater. Moreover, for tradition-
al cattle feed harvesting it takes about a hectare of land 
to feed one head of livestock. In contrast, the proposed 
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technology of all-year-round vertical humusoponic farms, 
arranged, for example, in the semibasements of buildings 
and structures, requires about 1 m2 of floor space, which 
is 10,000 times less. This comparison excludes (in 10,000 times 
larger natural areas) the mechanical tilling, fertilization, 
sowing, harvesting, transportation, drying, etc.

Year-round cultivation of agricultural products in green-
houses under protected ground conditions towards the end 
of the first quarter of the 21st century, for example, in the Neth-
erlands, yields an average of up to 50 kg/m2 per year.  
To sustain a family of five with fruits, vegetables, berries 
and herbs, up to 100 m2 of area is enough. If greenhouses 
occupy the roofs, then each house could feed the family 
living there with plant food. In this case, such a house does 
not destroy natural soil, as it will be moved to the roof from 
under the foundation of the house, enriched with humus 
and become greener and more productive.

Meat and Biohumus Production
Let us consider the production of organic meat us-

ing the example of cattle since cows allegedly cause much 
more damage to the Earth’s ecology than, for example, cars 
and airplanes combined. Experts made this conclusion 
from the Food and Agricultural Organization of the United 
Nations (FAO) [75]. According to the FAO, about 1.5 bln cows 
live on Earth in the 21st century, emitting 18 % of supposedly 
all 100 % of greenhouse gases, which exceeds the emissions  
of all transport on the planet.

Actually, this 18 % comes from 22 % of the greenhouse 
gases – carbon dioxide. That is, their effect is only 0.18 × 22 % =  
 = 4 %, since the leading greenhouse gases – water vapor –  
for some reason were not considered, although the signifi-
cance of Н2O in creating the greenhouse effect in the Earth’s 
atmosphere, as justified above, is 3.5 times higher than CO2.

A cow eats about 20 tons of green fodder annually 
and produces roughly 20 tons of urine and manure. Hence, all 
1.5 bln cows in the world will require about 30 bln tons of ani-
mal feed; they will provide 30 bln tons of manure, or in terms 
of dry matter – 3.5 bln tons, or 1/55 of the biomass produced 
by the biosphere.

The annually dying on the planet biomass, that same 
grass, regardless of whether cows ate it or not, would still 
require processing by the biosphere during one season 
into humus by the same microorganisms as in the stom-
achs of cows, with the release of the same associated gases, 
primarily methane and CO2, and in the exact amounts. 

So, cows in no way change the biosphere processes 
and do not harm Live Nature because the biosphere is utterly 

indifferent to where this organic matter, with the absorption 
of oxygen and the release of methane and CO2, is processed, 
whether in the soil or the digestive system of an animal. 
At the same time, cows speed up processing organic mat-
ter into humus since this living biofactory turns dry grass 
into almost ready-made biohumus within a day. In the soil, 
these processes take several months.

Each cow produces several items, among which the sur-
plus value of its biospheric waste – manure and urine as or-
ganic raw materials to produce humus – is commensurate 
with the cost of milk and meat it produces. One cow can annu-
ally supply 100 kg of nitrogen, 50 kg of potassium and 140 kg  
of phosphorus as part of natural organic fertilizer with al-
most 100 % assimilation in soil [76]. In addition to replac-
ing nutrients taken out by plants from the ground, all types 
of manure increase the proportion of humus in the soil 
and restore the fertile layer of any land.

Therefore, the vilification of organic beef in the works 
of some researchers, including under the auspices of the UN, 
is just a commissioned work to transfer human nutrition 
to synthetic meat in the interests of the producers of this 
dangerous food.

As mentioned earlier, 30 bln tons of manure, converted 
annually into fertile humus, for example, in relict solar bio-
power plants, will cost about 10 tln USD on the world market. 
However, these 30 bln tons of biohumus will make it possi-
ble to cultivate many organic agricultural products (primar-
ily in linear cities) to feed more than 20 bln people – without 
using chemical fertilizers, pesticides and GMOs. This solution 
will solve the problem of hunger on our planet.

A car, on the other hand, does not produce anything 
useful except for transport services, while its industrial 
waste (exhaust gases, wear products of tires and asphalt, 
deicing salts, etc.) contains more than 100 carcinogens 
that can poison all life on the planet in territories exceed-
ing, for example, an area of Great Britain several tenfold. 
Therefore, comparing a cow and a car from the standpoint 
of danger to the biospheric habitat is incorrect and sinful.

4.2.3. Transport
It has been repeatedly said that by the end of the first 

quarter of the 21st century transport became one of the main 
sources of environmental pollution of the planet. A signifi-
cant part of the best plots of land on the planet is today paved 
over and “buried” under railway sleepers; it is equal to the area 
of five Great Britain [77]. The fertile soil adjacent to the roads 
is degraded on a more extensive territory by order of mag-
nitude. Due to imperfect transport, about 1.5 mln people  

die on the roads every year, including postaccident deaths 
in hospitals, and hundreds of millions, if not billions, of large 
and small animals; more than 10 mln people get into accidents, 
are injured, become disabled and are crippled.

If nothing changes, by the end of the 21st century, more 
than 100 mln people may die on roads, while about a billion 
will become disabled and crippled. Electric cars – a fash-
ionable trend in transportation – will not necessarily save 
lives. On the contrary, they will likely kill and maim people 
on the roads.

Meanwhile, the travel speeds remain limited due to  
the technical imperfection of the transport systems that are 
widespread everywhere. Optimization of the global transport 
industry becomes a vital task. It can only be solved by en-
gineering means. If the humanity starts with the recogni-
tion that engineering is the highest value, then construc-
tors and designers should solve not only an improvement 
challenge for the existing transport but also a creation one 
for the optimal transport. To do this, it is necessary to under-
stand the essence of such technological invention and bring 
its configuration to the verge of effectiveness in terms 
of the physics laws.

The bases of traction calculations for the movement 
of any vehicle are four main forces operating upon transport 
while in motion:

1) aerodynamic resistance;

2) wheel rolling resistance (or other propulsion unit 
resistance);

3) ascending grade resistance on the upward route;

4) inertial forces.

Moreover, the first two forces are the major ones. 
The force of an automobile wheel rolling resistance mainly  
depends on the deformation of the tire and the road in 
the contact zone. However, already at a speed of 60–70 km/h 
the force of air resistance exceeds any other, and at a speed 
over 80–100 km/h it surpasses them all combined. 

In the formula for calculating the air resistance force, 
only the speed is taken in the square. Thus, if the speed 
is doubled, the air resistance will be increased four times, 
if the speed is tripled, the resistance will be increased nine 
times, and so on. The energy consumption to overcome this 
resistance will also grow proportionally, which becomes 
to be extremely significant and in fact makes it impractical 
for an ordinary car or train to travel at a speed over 120–
150 km/h. Taking this into account, it turns out the improve-
ment of high-speed ground transport is impossible without 
knowledge about aerodynamics.

Which item has the best wind shape? Everyone knows 
the answer to this question. A falling drop of water has the most 
acceptable shape (at the time of its formation, since then 
the drop is deformed during its fall) from the aerodynamic 
point of view. That is, a rounded front surface and a smoothly 
tapering long back.

Aerodynamic drag coefficient Cx is an experimental  
value. Numerically, it is equal to the force of air resistance 
in newtons that occurs at a flow velocity of 1 m/s per 1 m2 
of frontal area. It is customary to take a flat plate as a ref-
erence unit, for which Cx = 1. So, a drop of water has Cx = 0.04. 
Now imagine a car of this shape. Nonsense, isn’t it? Not only 
such a thing on wheels looks somewhat cartoonish, this car 
will not be very convenient to use for its intended purpose. 
Therefore, designers are forced to find a compromise between 
the aerodynamics of the car and the convenience of its use. 
Constant attempts to reduce the coefficient of air resistance 
have led to the fact that for some cars Cx = 0.25–0.28. High-
speed cars can boast of Cx = 0.2. However, these indicators 
are still insufficient for cars to drive at a speed over 150 km/h 
in normal mode without enormous fuel consumption. 

Any gas, including air, consists of molecules. They are 
in a constant motion and interaction with each other. And so-
called van der Waals forces occur – the forces of mutual 
molecular attraction that prevent their displacement rel-
ative to each other. Some of them start to be attracted 
to the rest stronger. With an increase in the chaotic mo-
lecular motion, the effectiveness of one air layer impact 
on another also increases as well as its viscosity. Such a pro-
cess occurs due to a rise in air temperature, and this can 
be caused both by direct heating from the sun or indirectly – 
from the air friction on any surface or simply its layers among 
themselves. In order to understand how this affects the car, 
just try to wave your hand with an open palm. If the stroke 
is slow, then nothing happens, but if it is stronger, the palm 
clearly perceives some resistance. This is just one component.

When air is directed over some stationary surface (for ex- 
ample, the body of a car), van der Waals forces contrib-
ute the nearest molecular layer sticking to it. This “stuck”  
layer slows down the next one. And so on, layer by layer, 
and the faster the air molecules move, the farther they are 
from a stationary surface. In the end, their speed is equal-
ized with the speed of the main air flow. A layer in which par-
ticles move slowly is called a boundary layer, and it appears 
on any surface.The greater the value of the surface energy 
of the vehicle coating material, the stronger its surface inter-
acts with the surrounding air and the more energy must be  
expended to overcome these forces. Now, based on the above,  
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we can say that air resistance is not just wind hitting 
the windshield. This process has much more components.

Frontal resistance is up to 60 % of all losses. When mov-
ing, the vehicle compresses the air flow on it and expends 
the effort to push the air molecules apart. The result is a zone 
of high pressure. The most striking example of this effect 
can be observed in the subway while the train is approach-
ing the station: the train, like a huge piston, squeezes a huge 
amount of air out of the tunnel, and at the very beginning 
of the platform anyone can feel the power of this flow. 

Further, the air flows around the surface of the vehicle 
body, during which the air jets are separated with the for-
mation of turbulences. The final stall of the air flow is stated 
at the car’s rear and creates a zone of low pressure. The re-
sistance in the front and a suction effect at the car’s rear 
constitute a serious counteracting to the movement. This 
fact obliges designers and constructors to look for ways 
of body shaping that would cause the least disturbance 
of the air environment when the air flow vanishes.

The utmost influence on the overall aerodynamics 
of a high- speed train, as example, is exerted by the fore-
body. During experiments in a wind tunnel, it is concluded 
that for better aerodynamics, the forebody of a locomo-
tive should be low, wide and should not have sharp corners. 
In this case, there is no airflow separation, which has a very 
beneficial effect on streamlining.

From the aerodynamic point of view, the side surfaces 
of the car, which has a small length compared to the train, 
influence the creation of a vortex-free flow most of all. 
But they also should not be rounded too much, as this will 
lead to an increase in the cross section of the body (midship) 
and worsen its aerodynamics.

The rear of the vehicle also has a significant impact 
on the streamlining coefficient. The explanation is simple. 
Here the air flow breaks off and forms backwash. In order 
to avoid this, the back part tend to be made with a teardrop 
shape to minimize the effect of stall. 

There is one more thing that significantly, at least twice, 
worsens the aerodynamic qualities of ground vehicles moving 
at a high speed – the airfoil effect.

The airfoil effect is the same air cushion used in the trans-
port of the same name, but the air injection is formed not by 
special devices (for example, a propeller) but a dynamic air 
flow. Thus, the body of the car, when driving at a high speed, 
creates lifting force not only by reducing the pressure above 
the roof surface but also by increasing the pressure under 
the lower part of the body, which is fraught with separation 
from the roadway when driving. 

The manifestation of the airfoil effect can be regularly 
observed during the “24 Hours of Le Mans” motor racing.

To combat the airfoil effect, designers must increase 
downforce with the help of rear air spoiler, diffusers and fair- 
ings. Each aerodynamic element increases the midsec-
tion of the transport, which negatively affects the overall 
aerodynamic quality. It is a vicious circle.

Public transport has also picked up on the trend of re-
ducing aerodynamic drag, making it faster and more efficient. 
Mallard steam locomotive No. 4468, built in Great Britain 
in 1938, had a maximum design speed of 203 km/h and was 
used in regular passenger service until the early 1960s.

Japanese Shinkansen (Jap. 新幹線 – new highway)  
high-speed rail network has been transporting passen-
gers since 1964. The first trains reached speeds of 210 km/h 
in some sections. Later, it became possible to increase 
the speed up to 360 km/h. However, such high speeds are 
the exception, not the rule. These railway trains continue 
to experience the airfoil effect, which decreases the aero-
dynamic performance at least twice, and require a huge 
amount of energy for high-speed movement.

The impact of the airfoil effect is especially significant 
when using a monorail suspension scheme, for example, 
in the Transrapid train, which has the highest value of the aero-
dynamic drag coefficient Cx . This indicator at a high speed 
cannot be lower than 0.4 due to the presence of a so-called 
 “skirt” enclosing the carrier beam and the velocity gradient 
in the air gap between the “skirt” and the fixed beam (not only 
from the top of the beam but also from its sides and the bot-
tom). The minimum possible value of Cx for a module that 
is placed near the roadway (as a car) is 0.2 due to the air-
foil effect created by the stationary roadway. The small-
est value of Cx (0.05 and below) is for a virtual wingless 
drop-shaped module located above the ground at a height 
of 10 m or more. For a bus-sized vehicle (length, width 
and height) with a speed of 140 m/s (504 km/h), in the first 
case, the power of the aerodynamic drag will be more 
than 4,000 kW (the power of the main diesel locomotive), 
in the second case – 2,000 kW (the power of three tank en-
gines), in the third – 500 kW (engine power of a high-speed 
passenger car). 

As you can see, due to its configuration, which implies 
movement in close proximity to any surface (the airfoil can 
be not only the roadway but also the surface of the earth 
and the water), not a single mode of transport is able to get 
rid of the airfoil effect. For this reason, high-speed traf-
fic for all existing types of land transport is either difficult 
or impossible. That is why airplanes are used for high-speed 

traffic – self-supporting vehicles that do not need a track 
structure, which are also expensive, inefficient and causing 
severe damage to nature. 

It is possible to remove the airfoil effect by raising 
the vehicle above the ground. This, of course, does not entail 
a creation of one more obviously inefficient aircraft. Besides 
that, there are options.

So, an ordinary overpass raised above the ground is very 
material-intensive, expensive and, in addition, has a con-
tinuous roadbed. Therefore, even there the airfoil effect 
is not eliminated. However, this can be avoided by remov-
ing the continuous roadbed and leaving only narrow strips 
for the wheel movement. However, if the track structure 
is made continuous in length, without expansion joints, then 
the carrying capacity of the overpass can be doubled. To ex-
clude compression (for example, in hot weather) and loss 
of stability, the supporting structure of the overpass can be 
stretched in the longitudinal direction, i.e., it can be made 
as a prestressed one. Such variant of systems exists, in par-
ticular, in cableways, but there is no rail, and the wheel moves 
at a low speed (and with large energy losses) along the cable, 
which quickly wears out and becomes unusable.

That is why the main technological element in an opti-
mized transport is a rail, in the core of which there is a bun-
dle of bearing reinforcement (strings) stretched in the lon-
gitudinal direction. Such a rail allows not only to remove 
the airfoil effect but also to increase the bearing capacity 
of the supports on which it is mounted by eight times, since 
the supports are not cantilevered as in traditional brid- 
ges but are fixed at the ends – from the bottom (founda-
tion) and from the top (track structure). This means that 
supports can be dozens of times cheaper, since the weight 
load from a light overpass (as an engineering bonus) will be 
an order of magnitude less than in traditional beam bridges. 
This solution seems to be optimal from both the minimizing 
aerodynamic resistance and reducing capital costs for road 
construction points of view, compared to all known alterna-
tives for a track structure laying – an earthen embankment, 
a tunnel, a conventional beam overpass.

The described road configuration makes it possible 
to improve aerodynamics by using a rail car on steel wheels. 
Its drag coefficient has been reduced to 0.05 (for example, 
the most expensive and fastest Bugatti car has this coeffi-
cient of 0.38), which approaches the theoretical limit of 0.04. 
These results were obtained experimentally, by means 
of multiple blowdowns in a wind tunnel, and are patented.

It remained to solve the problem of overcoming the  
rolling resistance of the wheel, which consumes about 1/10 

of the energy during high-speed movement (9/10 goes 
to aero dynamics). This solution was borrowed from railway 
transport, which uses the most efficient system for support-
ing the rolling stock on the track structure: “steel wheel – 
steel rail”, where the efficiency factor is 99.8 %, since a force 
of 2 kg can move a cart weighing a ton on a horizontal rail 
track. Losses in this case are by an order of magnitude less, 
and at high speeds they are even two orders of magnitude 
less than that of the “pneumatic tire – asphalt concrete can-
vas” system. And far less compared to other systems – air 
and magnetic cushion, not least because of the presence 
of the latter’s airfoil effect.

The described engineering goal-setting allows to create 
an optimal transport system. Its main elements:

1) continuous prestressed string rail overpass;

2) unmanned rail vehicles on steel wheels, called uPods, 
are highly aerodynamic, equipped with an anti- derailment sys-
tem and having an intelligent security, control, power supply 
and communication system.

The creators of all transport systems spread on Earth 
in the 21st century relied on the laws of nature, but their  
actions were spontaneous in terms of goal-setting. As far 
as it is known, none of them set themselves a large-scale 
task. They were designing, for example, the best sports car 
or the most advanced fifth generation fighter jet. No one tried 
to create a fundamentally new system, or rather a transport 
and infrastructure complex, including more than a dozen sys-
tems and subsystems (rolling stock, track structure, power 
supply system, automated control and communication sys-
tem, logistic infrastructure, etc.), optimized from the stand-
point of physics (mechanics, aerodynamics, energy, strength 
of materials, tribology, etc.), which could become the ba-
sis for transportation on a global scale. Namely, the scale 
in the assessment of transport is a decisive factor. One car 
is probably good. But 2 bln cars predicted by 2035 is a di-
saster. One plane is great. But hundreds of thousands are 
so bad that the governments of some countries are even 
forced to introduce an environmental tax. Therefore, the main 
requirement for ideal transport is the ability to transport 
many people and goods quickly, efficiently, comfortably 
and affordably (spatially and financially) without harming 
the environment, primarily living, of which people are a part 
(but not an artificial intelligence, as example).

Engineering optimization, possible in a situation where 
engineering becomes a value, allows to create not only 
the most efficient but also the safest and most environ- 
mentally friendly transport.
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If during the 21st century all transport will become over-
pass and string rail then land users on the planet will be re-
turned territories equal to six Republics of Belarus, previously 
occupied solely by motor roads [77]. The liberated lands can be 
made fertile again. It will require about 25 bln tons of living 
humus, allowing enriched soil to produce about 1 bln tons 
of agricultural products annually (about 100 kg/person). In ad- 
dition, the greenery will enable oxygen production and cap- 
ture atmospheric carbon dioxide at about a ton of CO2 from 
a hectare daily [78].

Building a network with its overpass prestressed track 
structure on the second level will reduce pointed earthwork 
by more than 100 times compared to laying the same roads 
in a linear embankment. In addition, savings on the road net-
work of 25 mln km will amount to more than 1 tln tons of soil, 
and it should not have to be brought from the tens of kilo-
meters far away the quarries as well as there will not be 
any need to dig them. Consequently, the natural landscape 
and biogeocenosis will not suffer any significant damage, 
and land reclamation will be unnecessary in the construction 
zones as well as in the ground and the sand mines. This part 
is crucial when passing the route on permafrost soils that 
cannot withstand the additional load from the embankment 
weight and higher temperature loads in summer.

There will be no embankments and dugouts here, some-
times reaching 10 m or more, like the modern roads and rail- 
ways have. Such structures will not disrupt the migration 
of domestic and wild animals, will not depress natural bio-
diversity and will not hinder the movement of agricultural 
and other equipment. Furthermore, there will be no swampy 
or deserted vast territories along the second level tracks, 
especially on rough terrains, since each roadbed is a low- 
pressure earth dam that interferes with surface and ground-
water movement. The soil in it should compact only 10 % 
compared to the natural occurrence. There will be no need 
for water release structures, bridges, overpasses or multi- 
level interchanges.

In the 21st century, introduction of new technologies 
into transport can save about 100 mln people from death 
in car accidents and about a billion people from injuries 
and traumas. At the same time, overpass prestressed tracks 
will not kill trillions of large and small animals as they will  
not trap under the wheels since it is the second level trans-
port. The wars continuously going on the planet claim few-
er lives and maim less people as well as animals – large 
and small, domestic and wild.

In addition, land users of the planet will get back 
more than 1 mln km2 of soils that are “rolled up” in asphalt 

and “buried” under rail sleepers today. Significantly larger 
land areas on all continents will not continue to degrade 
due to the proximity to motor roads and railways.

The unmanned vehicles on steel wheels moving above 
the ground are characterized by unprecedented efficiency. 
So, compared to the Tesla electric car with pneumatic tires, 
their efficiency is 5–7 times higher. This indicator is also due 
to the absence of an airfoil effect. This aspect alone improves 
the aerodynamic drag of uPods by 2–2.5 times [77].

The described advantages are especially noticeable  
for large-scale communications. For example, about 10 mln 
high-speed uPods will run on the routes of linear cities 
with an average capacity of 40 passengers. That equals 
3–5 passengers for family cars to 150–250 passengers 
for trains. (For comparison, by the moment of publishing this 
text, the world’s car fleet alone is greater in 150 times, which 
is approximately 1.5 bln units.)

Steel wheels, unique aerodynamics and the absence 
of an airfoil effect reduce the power of resistance to move-
ment at a speed of 500 km/h by an average of 2,500 kW  
per one vehicle [77], which will save up to 25 bln kW for the men- 
tioned car fleet. With a utilization rate of 0.75 (18 h of oper-
ation per day), these parameters will save about 40 bln tons 
of fuel annually, worth about 40 tln USD. In addition, ap-
proximately 120 bln tons of oxygen will not be burned out 
of the planet’s atmosphere yearly, including that in ther-
mal power plants that generate energy for electric trans-
port. Plus, almost 200 bln tons of exhaust and flue gases will  
not enter the atmosphere.

This is the real, and not declarative, saving of resources 
in the 21st century (and only in relation to the high-speed 
component of the global transport and communications 
industry):

 • steel – savings of 250 bln tons;

 • reinforced concrete – savings of 3 tln tons;

 • exhaustible mineral raw materials – savings of more 
than 3 tln tons;

 • soil (including fertile soil) – savings of 1 tln tons;

 • fuel – annual savings of 40 bln tons;

 • atmospheric oxygen – annual savings of 120 bln tons;

 • environmental resource – the absence of annual emis-
sions into the biosphere of about 400 bln tons of solid 
and gaseous technogenic wastes, including gases from  
exhaust and flues.

The cost of saved resources at about 1,000 tln USD.  
No less valuable will be the billions of people’s and animals’ 
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lives saved in the 21st century and about 1 mln km2 of territo-
ry returned to the true landowner, the biosphere. It is also 
essential that it will not contain about 400 bln tons of fuel 
combustion products and technogenic pollution.

4.2.4. Residential and Industrial Infrastructure
Both the early 21st century cities layout and the logis-

tics in them as well as buildings and structures do not re-
spond to the requirements of a safe, sustainable and com-
fortable living for residents. Cities on the planet were built 
and developed spontaneously. First, hundreds and thou-
sands of years ago, footpaths were made between certain 
dwellings by walking and then paved with cobblestone, along 
which horse-drawn city transport began to move. Then as-
phalt was laid on the cobblestones for the cars to drive. Lat-
er, skyscrapers were built around the asphalt. This was how 
megacities emerged where the life had become impossible. 

The historically formed infrastructure of habitation was 
built not for people but for cars, primarily for road trans-
port, which today counts more than a billion passenger cars 
alone. This includes traffic jams, smog, noise pollution, dirty 
air, soil saturated with hundreds of carcinogens, exhaust 
gases, anti-icing agents and tire and asphalt wear prod-
ucts. The streets, backyards, surface, overland, underground 
garages and car parks are packed with millions of vehicles.

Cities on the planet have occupied vast territories, 
and what is more, they use the best lands. These lands 
have been withdrawn from biospheric life cycles because 
buildings, structures, city roads and infrastructure occupy 
them. For example, China’s world’s largest city, Chongqing 
(82,400 km2), is practically equal in area to a country like 
Austria (83,800 km2).

Linear cities harmoniously blend with the environment 
of any natural and climatic zone on the planet can become 
an alternative to the 21st century megacities [79, 80]. They 
will not take away the fertile land for construction, more-
over, they create more. The cities will have everything they 
need: clean energy, organic food and artesian spring wa-
ter. In the 21st century such cities will help deserts disappear 
from the planet, transforming Earth into blooming garden 
where all humanity will live and work safely and comfortably.

Placing linear cities at least 10 m above the current 
ocean level is more reasonable. If it rises in the future, in hun-
dreds of years, through a natural cyclical global warming 
or warming caused by human activity, the ocean will not flood 
these settlements.

The linear city will be made of pedestrian clusters  
connected by the urban electric second level communicator 

moving at a speed up to 150 km/h as the safest, most energy- 
efficient and environmentally friendly type of passenger 
and cargo transportation [81].

The transport and communication corridor of about 
100 m wide will be passing through the linear city or parallel 
to it – the high-speed air routes of string transport (speed up 
to 500–600 km/h), hypervelocity routes located in fore vac-
u um tunnels (speed up to 1,200–1,500 km/h) and cargo sys-
tems [77]. To ensure comfortable movement, in which centrif-
ugal accelerations should be below 1 m/s2, the radii of curves 
on vertical and horizontal routes at a speed of 500–600 km/h 
should be at least 20–25 km, and for 1,200–1,500 km/h – 
at least 120–150 km. Hence, the linear city can be winding, 
but high-speed routes must be as straight as possible.

With an average population density in a linear city 
of 2,000 people/km, to accommodate 10 bln people, the to-
tal length of cities, built along the communication network 
and combined with relict solar biopower plants, power trans-
mission and communication lines, would be 5 mln km. Then 
the network of linear cities will occupy an area of about 
5 mln km2, or 1/27 of the Earth’s land, excluding the conti-
nent of Antarctica. The remaining 26/27 of land can be al-
located for national parks, reserves, wildlife sanctuaries 
and reservations with sparing land tenure systems [82].

The area of deserts on the planet, excluding the po-
lar deserts of Antarctica and the Arctic, is four times great-
er [83]. Therefore, if the deserts were made green and fer-
tile and linear cities were built only there, 40 bln people 
would be able to live in them, and they would be supplied 
with everything they need: housing, food, drinking water, en-
ergy, transport, work, rest and recreation. It would be easier 
and cheaper to do this than, after having finally exhausted, 
polluted and ruined our native planet, to fly to a distant, cold 
and alien Mars to lead a wretched existence in spacesuits, 
without organic food and fresh air and water.

Linear cities will occupy the land nominally, since gar-
dens will grow on the roofs of all buildings and construc-
tions (in greenhouses and orangeries). Thus, natural biogeo-
cenoses and biospheric ecosystems will be created – even 
in the place of deserts and permafrost.

The total length of the network, counting the trans-
verse lines and the second level roads entering protect-
ed natural areas and natural resource deposits, will then 
amount to approximately 10 mln km (for comparison, the total 
length of the world network of all types of roads is currently 
more than 60 mln km) [84]. 

Near the residential clusters, along or across the linear 
city, there will be infrastructural clusters with other functions: 

scientific, educational, industrial, sports, shopping, enter-
tainment, recreational and more. To improve the logistics 
and maintenance of production facilities, including the rel-
ict solar biopower plants with a large volume of freight 
traffic of raw materials and humus, infrastructure clus-
ters may be located outside the residential area – in the ar- 
ea of the transport and communication corridor. The re-
quired volume of transportation through the cargo com-
ponent of the global network is about 10 bln tons of shale 
and brown coal per year and about the same amount 
of fertile humus. 

In the linear city, the average speed of public urban 
transport, rail electric vehicles on steel wheels, will be 
60–80 km/h and more, that is, for example, higher than 
in Moscow tube. With no traffic obstacles, such as inter-
sections and pedestrian crossings, cars, trams, buses, snow 
or sand drifts or puddles on the roadway, it will be the saf-
est and by order of magnitude faster urban public trans-
port in the world. For example, the fastest urban transport 
of the first quarter of the 21st century is in Berlin, where its av-
erage speed is 6.5 km/h (for comparison: in Washington – 
only 2.8 km/h) [85].

The overpass transport with a prestressed sagging 
track structure can become the most energy-efficient type 
of urban road out of all theoretically possible ones, since 
it automatically recovers energy when moving from station 
to station. When leaving the station, the uPod, moving down-
hill, accelerates to the rated speed (for example, 100 km/h 
in the middle of a span) only due to gravity and without using 
engine. In the second half of the way, moving upward, cabin 
is decelerated by gravity without using brakes.

In such operation system, similar to the pendulum 
swings, the potential energy is automatically converted 
into kinetic energy and vice versa under the laws of phys-
ics and not with the help of mechanical recuperates, which, 
as a rule, have a low efficiency factor. Energy is needed here 
only to overcome a steel wheel’s aerodynamic drag and roll-
ing resistance, which is about 5–7 times less than is required 
when the traditional urban modes of transport, like bus-
es, trams and trains, move along a horizontal track. There-
fore, to perform similar transportation work, the network 
of string urban routes located at the second level will re-
quire 5–7 times less energy than an ordinary urban transport 
network at the first level of the same length and capacity.
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The track structure of transport systems of linear cities 
can be designed in such a way that electrical and informa-
tion networks will be embedded into it, providing electricity 
and communication for both the clusters and the linear city 
as a whole with the entire infrastructure: social and cul-
tural, shopping and entertainment, scientific and industrial 
and others.

Each cluster will have one or several relict solar bio-
power plants with a total capacity of 5,000–10,000 kW (de-
pending on the number of cluster residents) located out-
side the residential area and producing up to 50,000 tons 
of fertile humus over a year. This would enable, for example, 
annually transforming up to 1 km2 of the desert into fertile 
land such as chernozem. Therefore, in 50 years of operation, 
the worldwide linear city will be able to increase soil fertil-
ity to the level of rich chernozem on the entire Earth’s land, 
including mountains and deserts. 

The cluster, with an area of 1–2 km2, with dimensions 
of about 1–1.5 km, is planned to be constructed as a pedes-
trian urban-type settlement. It will comfortably accommo-
date from 2,000–3,000 people (based on 500 m2/person, 
or 25 ares for an average family of five) to 7,000–10,000 peo-
ple (200 m2/person, or 10 ares per family). With minor changes,  
the cluster can be erected on the sea shelf or open sea,  
if the buildings and structures are buoyant. 

The dimensions of the clusters are conditioned upon 
the need to connect their centers with each other by the ur-
ban overpass tracks of a sagging type with one span with-
out supporting towers. It is known, that frequent stops 
for urban transport less than 1 km apart significantly re-
duce the average travel speed and lead to an increase in trip 
duration. And in a linear city on spans longer than 1.5 km, 
the track structure will sag excessively under its weight 
and the weight of the rolling stock, requiring passenger sta-
tions to be located at height of 50 m or more. Therefore, 
the dimensions of the cluster in plain view and the length 
of spans of 1–1.5 km are ideal from the viewpoint of pe-
destrian and urban transport logistics as well as technical 
and economic indicators. 

The residential area will appear as blocks, separat-
ed by a green strip 100–200 m wide, with common spaces 
for the cluster residents and guests: leisure and sports 
areas, public buildings, sports stadiums, a health center, 
a medical station, shops, cafes, workshops, a kindergarten, 
a school and other amenities.

In the center of the cluster, there will be a dominant  
building with a passenger station on one of the floors 
or the roof, within walking distance. Reaching it from any 

point of the cluster takes less than 10 min. In the center 
of the green strip at the height of more than 10 m, there  
will be a track structure that is visually light and delicate, 
even casting no shadow, which, with the same capacity, 
will be at least 10 times cheaper than a traditional under-
ground metro.

Silently moving along air rails, there will be the rolling 
stock of high-speed sky metro – unmanned rail electric ve-
hicles on steel wheels, which are at least three times more 
power-efficient, i.e., greener than a traditional electric 
car. The height of the safe movement of suspended uPods 
at the lowest point of the track, in the middle of the sag-
ging span, namely in the interval between adjacent clusters, 
will be no less than 6 m to their bottom.

Residential buildings will be united as a single archi-
tectural and functional system, like a “horizontal skyscrap-
er” multi-apartment, or a high-rise building lying on its side. 
The “skyscraper’s” dimensions, including its length, can vary 
over a wide range, from 100 m to 1 km. Each house would 
need a living area of 100–300 m2 to accommodate an aver-
age family of five. The homes will have two or three floors: 
a semibasement, a living floor and an attic.

For thermal insulation, the buildings are more expedi-
ent to carry out frame with panels made of vacuum glass – 
the thermal insulation properties of such panels with a thick-
ness of 20 mm are equivalent to a brick wall with a thickness 
of 1.5 m. If necessary, the panels could be transformed 
into electronic screens to display images. The primary con-
struction material is sand, which is enough on the planet 
for trillions of such “skyscrapers”.

In terms of energy efficiency, each “horizontal skyscrap-
er” in the cluster will be designed as a “energy-plus house”, 
according to the European classification. When a house 
like this includes all the utility equipment (solar panels, collec-
tors, heat pumps and recuperates), it generates more energy 
than it consumes.

Conventional roads in the cluster will be green, made 
of aerated concrete with grass, combined with pedestri-
an and bicycle paths and suitable for light electric vehicles. 
In addition, provisions will exist for heavier traditional vehi-
cles, such as ambulances, fire engines and farming equip-
ment. The same goes for dirt roads with grass embankments 
between the houses to access each household plot.

Therefore, each cluster is a self-sufficient urban-type 
settlement, although according to its living arrangement 
it is more likely to belong to rural settlements. It will be pro-
vided with everything of its own production, including food, 
water, energy, transport. And it guarantees food, energy, 

environmental, infrastructural, social and other security 
of the linear city even during pandemics, lockdowns or other 
natural and human-made disasters.

Optimization of urban planning constructions, build-
ings, structures and infrastructure (“linear skyscrapers”, 
roads on the first and second levels, adjacent territories 
and common land plots, engineering networks, landscap-
ing, etc.) will reduce the cost of housing and living in a lin-
ear city by 2–3 times that of conventional urban develop-
ment while improving the quality of the living environment 
and the standard of living of urban residents.

4.3. Rules for Life of the New Engineering World
A fundamentally new infrastructure of settlement, living, 

working and recreation of people in linear cities, dovetailed 
with terrestrial nature, without violating its local and global 
biogeocenoses that have developed over millions of years 
of evolution, enables us to look differently at societies his-
torically formed on the planet that are part of the structure 
of our modern technogenic human civilization.

After inventing the first machine as the servant, human 
socially mutated over the generations and became the in-
vention’s servant and eventually its slave.

We cannot imagine life in the 21st century without 
a smartphone and a car, and we care about them more than 
about our health. For example, the creation and implemen-
tation of the iPhone and MacBook technologies were more 
important to Steve Jobs than the functioning of his pancreas, 
from cancer of which he died at the age of 56. 

After all, we do not put our smartphone in the micro-
wave for a night because we realize it will quickly fail to func-
tion, although we can put it next to our pillow, closer to our 
brain. And we can even build a house under a high-voltage 
power line and easily cross it dozens of times daily.

We are afraid of high voltage in the socket. Still, we do 
not attach importance to getting electric shocks from a door-
knob because we are dressed and booted in an electrified 
insulator. However, our ancestors walked barefoot and had 
the electrical potential of Earth. People are not bothered 
by sparks flying when we comb our hair, which speaks 
of a high, about 100,000 V, electrical voltage around our 
head. However, we know that our nervous system and brain 
are super-complex low-voltage networks that exchange 
weak electrical impulses sensitive to external electric 
and electromagnetic fields.

We are afraid to walk up to the verge of the roof 
of a 20- sto ry building but not scared of the collision with  
an oncoming car at a speed of 70 km/h, although hitting 

the ground after falling from a height of 80 m will happen 
at the same relative rate.

We, humans, keep moving further away from the Live 
Nature that gave birth to us into the inanimate world of ma-
chines, devices and artificial intelligence. We are happy when 
our five-year-old child is confident with a computer but are 
not upset when they think that bread grows on trees, like 
apples, and sausage is grown in seedbeds, like radishes.

Four sectoral industrial technologies drive the tech-
nocratic development vector of our civilization – agricul-
ture (food sector), transport and communications (commu-
nications sector), power industry (industrial opportunities), 
the infrastructure of living, production and work (habitat). 
It is going down a blind alley due to the imperfection of these 
outdated and almost ancient technologies that do not meet 
the civilizational requirements even of today, let alone the fu-
ture. Under the guise of global warming, deindustrialization, 
decarbonization and other global problems of our time, there 
is an attempt to zero out the civilizational settings and break 
the existing industrial civilization code.

It is well known that the solution to any complex issues 
should always be sought at a higher level of understanding.

The leading causes of the global problems of our time 
are the activities of humankind on the platform of the mind. 
For these difficulties to become a thing of the past, every 
human and humanity needs to rise to a new macrolevel, 
the level of reason.

Only our ability to reason distinguishes us from ani-
mals on a system level. Animals have intelligence, but they 
cannot form reason. The mind is responsible for food, pro-
creation and other bodily needs required for survival. There-
fore, even the coronavirus is smart enough not to set a goal 
of annihilating its habitat, the human body, where it settles.

Our ability to reason is responsible for spirituality, self- 
knowledge, self-development, human feelings and emotions, 
morality, ethics, art, culture, improving relations with oth-
ers and the surrounding nature and other spiritual values, 
including engineering as a form of practically oriented art.

Only the presence of reason makes a human a social 
person. Concepts such as “society”, “sociality” and “socializa-
tion” have very similar meanings. All these concepts can be  
replaced by two simple and familiar to everyone words: 
human relations.

The presence of reason enables us to consciously 
improve and develop our relationships with other peo-
ple, the surrounding nature and with the entire Universe  
as a whole. It manifests itself in every person as spirituality 
and conscience. According to all spiritual, philosophical 



102101
INGENIUM.  
THE WORLD AS AN ENGINEERING PROJECT
A. Unitsky

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

and religious teachings, everyone should improve and devel-
op themselves, building elevated relationships at all levels. 
For this, nature gave reason to humans.

While possessing both mind and reason, human has be-
come binary: he is both a social person and, simultaneously, 
an individual one.

Individual means intelligent, while social means rea-
sonable. The more reasoning a person does, the higher 
the spirituality is and the better the human builds relation-
ships with others, the surrounding world and nature in all 
its manifestations.

With the development of industrial technologies in a con-
sumer society, created in the era of capitalism and oriented 
just on getting profits, aimed at satisfying bodily and mental 
needs and pleasures. At the same time, we pay less attention 
to improving the inner people’s world, the level and quality 
of their relations with one another and the outside world. 
And the less humaneness remains in people, the more inhu-
mane offenses they commit and the more chaos they bring 
to our world, destroying Live Nature.

The technogenic civilization created by people is a civili-
zation of knowledgeable but very unreasonable people. Mod-
ern humans have begun to value individual comfort much 
more than interpersonal relationships. Such people are, 
by contemporary medicine standards, “mentally unsound”.

The wider the gap a person has between mind and rea-
son, the worse it turns out for the individual and the spir-
itual environment of the habitat – society. And, vice ver-
sa, the more conscious the relationships between people 
in the community are, the faster they and society succeed 
in all areas of their activities with significantly less effort 
and resources. This point is where the rationality of every-
one should manifest in the realization that their main per-
sonal benefit is the spiritual development and the develop-
ment of social and interpersonal relations not only with other 
people but with the surrounding world.

The actual progress of our technogenic civilization, 
built on engineering and scientific technologies and dis-
coveries, should consist not so much in the development 
and improvement of industrial achievements as in the progress 

of humaneness in people making up our terrestrial and pre-
cisely human civilization and not any other (dolphins, ants, 
bees, etc.). The time has come to build a society consist-
ing not so much of intelligent techno-consumers as of so-
cially reasonable people, for which they need to learn how 
to create and make social inventions and discoveries, along 
with technical ones. Technogenic civilization must be replaced 
by engineering civilization.

Humaneness is a cultural, moral and community-social 
state of an individual, the development of their mind and ac-
quisition of full-fledged morality and ethics of interpersonal 
relations, conscious responsibility and a holistic understand-
ing of real life on Earth, in the biosphere of which there are 
billions of species of living beings inhabiting a shared planet 
that is but a speck of dust in the infinite Universe.

Humaneness and spirituality reveal the fullness of each 
person’s nature, unique abilities and talents. By developing 
these qualities in oneself, one begins to feel the fullness 
and wealth of the Earth’s life – one’s own and that of society 
created together with the likes of oneself.

The completeness of morality is when it is not only our 
life that we want to make happy, versatile and high-quality 
but the lives of our relatives and friends, based on the log-
ic of the “Six handshakes rule”, out of love for them, relying  
not on self-interest but on higher order values.

Conscious responsibility is when we take personal re-
sponsibility not only for our life and health (physical, spir-
itual and moral) but for the health and life of our loved 
ones, humanity and the whole planet and do not shift this 
responsibility onto others.

The integrity of understanding is when we consciously 
develop our reason towards understanding how the natural, 
not virtual and digital, world around us works and functions 
and the meaning of each life and its purpose.

The deeper and wider a human reveals one’s individual-
ity and hidden talents, the wealthier, better and more inter-
esting one’s relationships with others will become. The divine 
principle of unity in diversity put in by nature is possible only 
with the disclosure of people’s essence, which will only en-
hance and increase their enjoyment of life and relationships 
with one another.

The more femininity in women and masculine qualities 
in men, the more attractive they will become to each other 
and the more powerful and stable their family unions will be. 
Here lies the divine wisdom so that life should not degenerate 
but develop eternally from the simple to more perfect, sublime 
and higher quality. Specifically, sociality and interpersonal  
relations enabled several thousand primitive people to create 

their first engineering technologies and, over several thou-
sand years of evolution of engineering creativity, to develop 
into a modern technogenic mega-society – multibillion hu-
manity. However, in this process a gap appeared between 
morality and engineering, which must be eliminated through 
an appeal to reason and giving it a system-forming status.

Reason, like life itself, has an anti-entropic nature, mean-
ing that it always strives to increase and arrange knowledge, 
to understand the essence of the Universe and in its high-
est manifestation to comprehend the divinity of Live Nature 
and to restore the material and mental relations and con-
nections with it that the techno-consumer has lost during 
the development of industrial technologies.

Human, as an entropic matter, is doomed to decay. Hu-
man’s intellect and ability to reason is an anti-entropic tool, 
the purpose of which is to elevate the nonmaterial component 
of the personality – spirituality. Human develops the individual 
and, accordingly, collective reason only when, relying on per-
sonal talents and experience, brings benefits not so much 
to individual targets as to those that are common; this is  
the essence of the concept of human humaneness.

Based on all existing religions, the goal of anyone’s life 
is to be able to reveal all the best in themselves and to be re-
united with the Universe that created them. Therefore, the  
main goal of the leadership of each state is to help people 
living there to achieve that. Such is the social and spiritual 
responsibility to society.

People on the platform of the mind become individ-
ualists and morally degraded due to the wrong priorities 
and goals of the consumer society imposed upon them 
by the media working for the highly secretive interests 
of the global businesses that created them.

In the current reference frame, economic growth 
and GDP are determinants for all states, not the develop-
ment of a country’s citizens as spiritual people. The actual 
priorities should be different. There is a well-known saying: 
do not put the cart before the horse. Material well- being 
is the cart, while the development of human qualities 
in a person is the horse of civilizational progress. Correct 
and safe onward movement is when the horse is harnessed 
to the cart, not vice versa.

If people switch from an economic frame of reference – 
from a consumer society – to a social coordinate system 
that stimulates the development of their human qualities 
and reason, then our civilization, realizing itself not as tech-
nogenic but as engineering one (i.e., based not on tech-
nology but on creative potential inherent in the essence 
of engineering activity) will be developing much faster, more 
confidently and more sustainably.
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Our priority should be living in a society of humanity, 
spirituality and morality, not the desire to become a slave 
of the rapidly created dead, soulless and impersonal arti-
ficial intelligence, which will control our bodies and souls 
based on primitive binary and virtual mathematical codes. 
There is no need for rose-colored glasses to see why this 
is happening; it is to obtain enormous profits for those who 
promote this same vector of civilizational development.

Where the bow of the ship points, the ship will sail 
along that course. Therefore, the state should focus on de-
veloping morality, spirituality and humanity in people. Then 
it will be assessed upon indications featuring the level 
and quality of human relations. Accordingly, we can focus all 
public institutions on improving these indicators.

Today, heads of state are like principals of trendy schools 
who assess the situation only by technical improvements  
in their educational institutions. Notably, the educational pro- 
cess itself at school needs to be improved. So, what are chil-
dren taught? And are they taught anything necessary, mean-
ingful and valuable? What is the use of the fact that the school 
is equipped with the latest technology and looks good  
on the outside when the pupils there, oblivious of their lessons, 
ferociously fight with one another and class on class and can 
even kill each other in the heat of the moment? We see it hap-
pening now everywhere on our planet, divided, like a patchwork 
quilt, between 245 states and dependent territories.

The level of development of people’s reason, morality 
and responsibility determines the quality of their relationship. 
Therefore, a state should not be assessed by the GDP growth 
rate, as it is common in the age of full-fledged capitalism, 
but by such factors as the crime level, the scale corruption; 
the number of depression, stress, conflicts; cases of do-
mestic violence, mental and other diseases, divorces, abor-
tions, suicides; the number of unemployed and homeless 
people; the number of single parent or incomplete families, 
children raised by stepparents and older adults left without 
the support of their children.

Among the positive factors are birth rate and the level 
of education and morality; the number of registered fami-
ly unions and orderly families, gold and diamond weddings; 
the number of healthy (physically, morally and spiritually) peo-
ple leading a healthy and moral lifestyle; the duration and qual-
ity of life of each person and society as a whole; attitude to-
wards friends and family and the outside world; the amount 
of preserved and augmented biosphere resources.

The main task of the education system will be fostering 
children’s high qualities and pursuit of moral and spiritual 
development. Cinema, television and mass media should 

not advertise “chewing gum and popcorn” for the prosperity 
of yet another business but spread something more elevated 
and significant: morality and ethics, co-creation and a cul-
ture of communication aimed at strengthening the family 
and encouraging people to show their best human qualities 
in all structures of society, starting at the family and rising 
to the state and civilization level.

In the 21st century, society is focused on profit, which 
develops individualism and the “take it” vector in people. 
In contrast, commitment to the ideology of morality and hu-
manity extends in people the will to share something mean-
ingful and worthy with others. Resetting society to the moral 
vector of development will entail economic growth because 
where people care for each other’s welfare, security and sta-
bility will rise, labor efficiency and productivity will increase 
while living and operating costs and expenses will drop.

The criterion of efficiency and the level of civilization 
of society and an individual will not be profit but the common 
good, which will turn the techno-consumer humanity into engi- 
neering, socio-technocratic one. Labor will become the central 
element of creation and creativity rather than a mechanism 
for a person to survive in society and civilization on the planet.

Such a development course can bring the world com-
munity during the 21st century to harmony and prosperity. 
Without reducing population and without deindustrialization, 
as exactly the engineering technologies increased the qual-
ity and a standard of life: from the primitive existence 
of caveman to the current civilizational level, with the simul-
taneous growth of a small population of two-legged and up-
right walking semi-animal individuals to billions of reasoned 
and spiritual individuals.

By the end of the first quarter of the 21st century hu-
man civilization has entered a regime of turbulence and in-
stability due to the rapid development of engineering tech-
nologies and against the backdrop of underdeveloped moral 
and ideological platforms. Attempts to create new totalitar-
ian sociopolitical and economic-technocratic global interna-
tional systems will inevitably arise on the ruins of old philos-
ophies and ideologies. To prevent these attempts, one needs 
to be aware of their symptoms.

These destructive systems block and suppress the de-
velopment of morality and the manifestation of humanity 
in people; they do not allow us to find, reveal and realize 
the amplitude of our human qualities. Social and educational 
stratification and restriction of knowledge limit the develop-
ment of human reasoning, including reducing it to piecewise 
knowledge. For example, some children are educated more 
about one subject or another but not on the amplitude 

of knowledge about the surrounding world’s diversity and that 
everything is connected. Moreover, the education system 
is perverted: children learn to become consumers and lay 
people rather than social personalities and creators.

Deterioration of morality begins in childhood and is im-
plemented by focusing people’s consciousness on bodily 
needs. However, spiritual needs mainly come down to en-
tertainment and virtual games, most of them being trivial 
and primitive “shooters” in which you need to wipe out as much  
and many of something and someone as possible or destroy 
and kill in the most sophisticated manner. From early child-
hood, this forms a person’s individualism and consumer at-
titude to life, each other and the entire Universe as a whole, 
leading ultimately to the disintegration of individuals, societies 
and countries, to environmental and manufactured disasters, 
economic and sociopolitical crises.

The destruction of traditional morals, which have form- 
ed in society over millennia, occurs, among other things, 
through the damage of the institution of the traditional family  
as well as through the deprivation of parental rights and com-
mitting children to the care of a depersonalized and soul-
less state or third-party or alien and strange individuals 
and organizations.

People’s sense of responsibility gets blocked through 
the stratification of society, through the systemic subordi-
nation of people to the hastily created impersonal, asexual 
and unfeeling artificial intelligence as well as through re-
striction of social rights and freedoms of the human person, 
which has a nature- given living body, life-creating gender 
and living soul.

The planetary consumer society, a contemporary techno-
genic civilization, created over the last 200 years of capitalism 
(starting with the George Stephenson railway), now resembles 
reasonless mold in a Petri dish devouring limited resources, 
polluting the space around it and inevitably perishing.

Responsibility can develop in every person only in the 
space of freedom. The less genuine freedom people have, 
for instance, the more the application of protective masks 
on their faces, the more vaccines and microchips they re-
ceive, the more often they hide in lockdowns, the less re-
sponsible and free they become. Step by step, they turns 
into cyborgs, digitalized bioconvergents.

A hindrance to the development of every individuality 
is also the one-size-fits-all approach to assessing the useful-
ness of their work for society. For example, this was the case 
in the late Soviet Union – the same income level for all em-
ployees, regardless of the volume or existence of the profit 
they may bring.

Another formidable barrier to discovering the talents in-
herent in each person is all types of stratification of society, 
with the absence of individual means of social mobility.

For artificial intelligence not to turn humanity into an obe- 
dient herd of zombified enslaved people, a social and moral 
transformation of our civilization’s technogenic vector of de-
velopment is necessary, which translates into the progress 
of human relations, morality, ethics and humanity in peo-
ple. And all this must exist spiritually for the Earth’s society  
to become a civilization of reasonable people.

It is necessary to start such a civilizational reboot 
with specific steps: with the construction of the first tar-
geted projects on a fundamentally new planetary eco- 
infrastructure, such as the string rail second level transport,  
linear ecocities at the first level and relict solar ecobio-
power plants, whose industrial waste will be fertile humus  
and, accordingly, apples and grapes.

Proximity to the earth in a linear city would enable one 
to return to the origins – to Live Nature, whose part one 
forms and from which one becomes distant, having believed 
in the idol of scientific and technological progress.

At birth, we receive a body, the only thing at our dispos-
al until the end of our days. Therefore, we must love our body 
so that it should serve us as long as possible. Food is the pri-
mary raw material for constructing cells, organs, systems 
and the whole organism. A lifestyle that provides bodily 
contact with nature is also important. All this is achievable 
with the organization of settlement in linear cities. Here 
it will become possible:

1) to walk barefoot on the healing morning dew every 
day and get up at the crack of dawn;

2) not to fear for the lives of one’s children playing 
on the grass, not asphalt – they will not get run over because 
there are no cars;

3) to eat only natural organic food, which is healing 
and gives us health, well-being, endurance, high efficien-
cy and longevity. Such natural food strengthens the im-
mune system and prolongs our life up to 100 years or more, 
and it is irreplaceable by any of the most innovative and ex-
pensive biologically active dietary supplements, medicines, 
vaccines, vaccinations and procedures;

4) to breathe freely clean life-giving air, replete with phy-
toncides of healing field and forest flowers, herbs and trees;

5) to drink living spring (artesian) water, adequately 
sourced from the required deep aquifer within one’s own 
or neighboring residential cluster without deterioration 
of its properties and quality;



106105
INGENIUM.  
THE WORLD AS AN ENGINEERING PROJECT
A. Unitsky

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

6) to have one’s favorite occupation in one’s house 
or next to it, in one’s own or a neighboring cluster, and not 
waste hours of precious spare time on uncomfortable, 
unsafe and not free of charge transport to get to work 
and back home every day. Walking to work will become 
the norm; based on physiology, walking at least 10,000 dai-
ly steps is advisable to invigorate the whole body. Such 
health-promoting physical treatment is beneficial at any age 
and has practically no contraindications;

7) to communicate with Live Nature and strengthen 
the body and spirit with productive physical activities. Regular 
activity is indispensable for our body, consisting of many mov-
ing elements – 850 muscles, 208 bones and 360 joints. Such 
daily practical physical activity on one’s land, not in the gym, 
is vital for us, above all for the lymphatic system, which 
is the body’s internal environment and is the basis of our 
immunity and health. Lymph consists of intercellular fluid  
and is the “gullet”, “water pipe” and “sewerage” for every cell 
of our body; there are about 40 tln of them. This liquid does 
not have a heart of its own; therefore, the constant contrac-
tion of every one of our muscles is necessary for circula-
tion through the lymphatic capillaries without the formation 
of zones of stagnation in all of the above moving elements 
of the human body and the diseases it causes, including 
cancer;

8) to get their primary life profession for each resi-
dent of a linear city – a happy person, which means he will 
become wealthy by creating in themselves the most out-
standing human values: health (physical, spiritual and moral), 
longevity and soul profusion.

Clusters of linear cities will become the primary plat-
form for the self-organization of communities for surviv-
al in today’s fierce global competition, with a decrease 
in the role and importance of state borders as some socio- 
economic regulators.

Psychologically, a person continually strives to find 
support and mutual understanding among a community 
of people close to them in spirit and way of life. It is not 
enough to feel oneself just a member of society and a cit-
izen of one’s country. A modern person, tired of constant 
pressure from the authorities, politicians, businesses and ad-
vertising, vitally needs a kind of safety valve: understand-
ing and solidarity, involvement without reaping benefits 
and gaining profits, self-fulfillment, spiritual and moral 
guidelines. The common culture and language are also sig-
nificant: the mother tongue, through which the experience 
and knowledge of previous generations, culture and social 

reference points transmit; and the communicatory (non- 
native) language, which is spoken by and between billions 
of people.

Such social needs – sociocultural ties, shared values,  
religion, traditions, art, ethnic and interethnic contacts, etc. – 
are satisfied precisely in small groups with similar inter-
ests. Consequently, such self-governing communities of var-
ious types, manifesting themselves in multiple respects 
(spiritual, religious, socio-economic, ethnic, organizational, 
managerial, communicative, political, educational, historical, 
ecological, etc.), can be created in clusters of linear cities.

At the same time, the development of science, cul-
ture and education, small and medium businesses, tour-
ism and the service sector, intellectual and spiritual growth, 
upbringing of children, communicating with nature, grow-
ing organic food for oneself and members of one’s fam-
ily and other areas of academic, spiritual and physical 
activity will become the main work for many residents 
of linear cities.

Such work will be more exciting and significant for any 
society, including humanity in general. Thus, people will 
receive much higher wages than a coal miner, lathe op-
erator, welder, steelworker or truck driver in a consum-
er society. Therefore, unemployment and poverty will be-
come a thing of the past when the bulk of humanity moves  
from the concrete-asphalt jungles of megacities, torn 
from nature and life, to pedestrian linear cities, harmoniously 
blended with Live Nature.

An innovative strategy for transitioning local (cluster) 
societies of techno-consumers to a new state – an engi-
neering socio-technogenic community – will prevail here. 
Such a readjustment of the long-term development vec-
tor of the Earth’s human civilization assumes the con-
version of military-industrial complexes and the creation 
of a new planetary eco-infrastructure – residential, trans-
port, production (including agricultural), energy and infor-
mation. As a result, it will become possible to use the social 
resources of the territories, the spiritual and intellectual po-
tential of each person, energy- and resource-saving tech-
nologies, in particular, through the transition from the global 
export of resources and raw materials to the eco-production 
of goods and services (from the very same raw materials) 
in the clusters of linear cities – backed by our strength, 
interregional interaction and the human dimension in ecology.

4.4. Engineering Space Exploration
The reassessment of the engineering status and its 

inclusion into the context of the humankind moral life is 

intended to provide conditions for the rationalization of civ-
ilization. In other words, such reassessment should create 
the initial necessary prerequisites for a rational arrange-
ment of the human world. It also sets a new goal-setting 
horizon, in which civilization should no longer be considered 
as only an Earth’s civilization but also as noospheric, take 
cosmic scales. The new approach directly follows the global 
significance of technology as a factor in civilizational devel-
opment as well as from the global nature of the transfor-
mative possibilities of engineering. Moreover, when consid-
ering the prospects for transforming the people’s lifestyle 
on Earth, inevitably conclude about the expediency of space 
exploration for industrial purposes.

The terrestrial technosphere occupies the same eco-
logical niche as the biosphere: machines, mechanisms, 
technical devices are located in the thickness of the earth, 
water, air and actively exchange matter, energy and infor-
mation with them. Environmental problems have already be-
come acute in the last quarter of the 20th century because 
the technosphere in terms of its power supply, i.e., ability 
to transform the environment, has come close to the bio-
sphere as a whole. For example, the biosphere reproduces 
230 bln tons of dry organic matter per year, which, in terms 
of fuel, is only an order of magnitude greater than the an-
nual energy consumption of all the equipment at the dis-
posal of the Earth’s civilization. And the volume of soil, ore 
and other types of raw materials transported and processed 
by machinery has come close to the volume of production 
of organic matter by the biosphere.

All technological resources are finite and nonrenewable 
due to the lack of circulation of substances, energy and in-
formation in the human-made technosphere. The main rea-
son is that it does not have microscopic equivalent robots 
working at the atomic and molecular levels, such as micro- 
organisms in the Earth’s biosphere. If they were present, 
they could close local trophic industrial chains. The waste 
from engineering technologies, without any additional trans-
portation and additional costs of energy and other resources, 
would become raw materials for other engineering technol-
ogies, and industrial (as well as biospheric) resources would 
become renewable.

Thus, the Earth’s industry will continue to exist until  
it converts all the resources it needs into industrial waste 
thrown into the biosphere. And it does not matter whether 
the resources run out or the pollution destroys the biosphere 
because, in all these scenarios, any technogenic civilization 
will forego its future on its home planet. It will inevitably fade 
away and then die. 

There is only one cardinal way out of this situation: 
it is necessary to provide the technosphere with an ecolog-
ical niche outside the biosphere. This will ensure the pres-
ervation and development of the biosphere according to  
the laws and directions that have been formed over bil-
lions of years of evolution as well as the harmonious in-
teraction of the people’s community (as biological objects) 
with the biosphere.

There is no such ecological niche for the technosphere 
on Earth. But it exists in space, where for most technological 
processes there are ideal conditions: weightlessness, deep 
vacuum, ultrahigh and cryogenic temperatures, unlimited 
raw materials, energy and space resources, etc.

Thus, we reach the conclusion about the need of space 
industrialization, if in future the Earth’s civilization contin-
ue the technological path of development. Humanity does 
not have much time for large-scale cosmic exploration – 
even with a reasonable reorganization of people’s lifestyle 
on Earth. Technocratic oppression will be continued, although 
it has been optimized, which means further though slower 
but still degradation of the biosphere. Moving production into  
space not only solves this problem but also opens new vistas 
for engineering.

The entire terrestrial industry of the 21st century exists 
in the planetary technological environment, which is based 
on the specific gravity value (gravitational acceleration is  
9.81 m/s2 on average) and an air environment under the av-
erage pressure of 760 mm Hg, containing on average 21 % 
of very active oxidizing agent – oxygen. Gravity does not allow 
the creation of alloys and composites from materials with dif-
ferent densities – they are getting delaminated by the gravity 
forces. Many technological operations cannot be performed 
in the air, so they require vacuum systems. Moreover, obtain-
ing 1 m3 of deep vacuum in terrestrial conditions is currently 
more expensive than extracting a ton of oil.

When the molten steel is poured out of the blast fur-
nace, it burns and smokes. Thus, the process of metal ox-
idation with air oxygen takes place, as a result of which 
the metal loses its qualities [86, 87].

When obtaining medicines and other highly purified 
substances without impurities, ideal conditions are re-
quired, so the workshops for their production have a multi- 
circuit air purification system. However, this does not always 
help – even the most sterile air contains millions of tiny dust 
particles and thousands of microorganisms. 

Earth’s solar power generation industry does not work 
at night, in rain and cloudy weather, and the surface of solar 
panels should be constantly cleaned of dust and dirt. 
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We can continue to list the disadvantages of the plan-
etary technological environment – there are thousands 
of them, including the limited material and spatial as well as 
energy and information resources.

The cosmic technological environment has many ad-
vantages. Weightlessness is the first one. If gravity is need-
ed, it can be artificially created: any, arbitrarily large object 
(for example, planet Earth) can be spun around an imag- 
inary axis without the use of thrust bearings since it is  
in space in zero gravity. The second advantage is deep vacu- 
um and ultra-purity (including the absence of gases, air 
and microorganisms) extending to infinity. Thirdly, solar pow-
er plants (slender, light because they are weightless) in high 
orbits will work around the clock and year-round, they do not 
need to be cleaned of dust and dirt. Only one question 
remains – how to deliver all the necessary equipment 
into orbit and then how to transport space products back  
to Earth?

The geocosmic cargo flow determines the leading role 
of the industrial space exploration. In order to solve the prob-
lem of antagonism between the technosphere and the bio-
sphere, which cannot be solved within Earth, it is necessary 
to establish production in space and the delivery of a suf-
ficient amount of products to the planet. In the 21st century 
and in future, the annual individual consumption of indus-
trial products should be commensurate with the ergonom-
ics of a person, and above all, with his or her body weight. 
So, for 10 bln people that is at least 100 mln tons per year 
of space products or at least 10 kg per resident of the planet.  
In this regard, geocosmic transport (GCT) has a key role 
to play.

To create and optimize GCT, which can ensure the in-
dustrial exploration of space and the transition from Earth’s 
to space civilization, a fundamentally different approach 
is needed in comparison to ground transport.

The fact is we are on a planet in a very deep gravita- 
tional pit, to get out of which we can either by rising into  
the infinity or flying out with the first cosmic velocity, equal 
to 7,919 m/s of the zero altitudes. And not vertically up but pas-
sing over to a low circular orbit, i.e., parallel to the surface 
of Earth. Therefore, each ton of cargo delivered to orbit 
must be supplied with a minimum of 8,700 kW·h of ener-
gy, which, for example, corresponds to the kinetic energy 
of a train about 20 km in length and more than 80,000 tons 
in weight, rushing at a speed of 100 km/h (the rocket sys-
tem spends tens of times more energy on this work due to  
the low overall efficiency factor of the system). The tradi-
tional ground transport does not need so much energy –  

it moves from point A to point B horizontally along the bottom 
of the “pit”, i.e., over the surface of the planet.

Extremely high energy expenditures during the space 
industrialization impose a few serious restrictions on GCT:

 • its efficiency factor should be close to 100 %, since even 
a relatively small release of energy into the environment, 
i.e., into the atmosphere through which cargo should be 
transported to orbit, will lead to catastrophic environmental 
problems during the operation of GCT;

 • it is necessary to use the most environmentally friendly 
energy – electric – as the reference energy for GCT.

In addition to solving environmental problems, an in-
crease in the efficiency of GCT will reduce the net cost of deliv-
ering cargo to orbit, which is inversely proportional to the ef-
ficiency factor of the transportation system (similar to any 
ground mode of transport). Currently widely used rock-
ets as a transport for all these requirements do not fit 
categorically.

In fact, launch vehicles are extremely inefficient and  
causes the largest damage to the environment. If we consid-
er all the flight and preflight costs and energy losses, then 
the efficiency factor of the rocket is less than 1 %, which 
is an order of magnitude worse than that of an archaic 
steam locomotive. In addition, it has long been calculated 
that only 80 launches per year of heavy Space Shuttle rock-
ets can destroy the planet’s ozone layer. The maximum per-
missible productivity of the entire world rocket and space 
complex by the end of the first quarter of the 21st centu-
ry is less than 1,000 tons of cargo per year (only 0.1 g/year 
per one inhabitant of the planet), which, from the transport 
point of view, is at the productivity level of one earthly cart 
with a pair of strong horses. With the fabulously high trans-
portation cost, the delivery of each ton of cargo into orbit 
costs about 10 mln USD.

There are various alternatives to rockets. A space el-
evator, a space tram, an electromagnetic accelerator, etc. 
If we consider this list from the proposed GСT requirements 
point of view, then to the greatest extent, only one engineer-
ing solution presented back in the 20th century corresponds 
to them – the General Planetary Vehicle (GPV), developed 
by the engineer Anatoli Unitsky [1, 77, 81, 88, 89].

The GPV is a ring located along the Earth’s equator 
(or parallel to the equator), consisting of separate segments 
united by two longitudinal channels isolated from the ex-
ternal environment, in which vacuum is maintained. Inside 
the channels there are two linear (ribbon) rotor-flywheels, 
covering the planet and held by a system of electromagnets  
mounted on the principle of magnetic levitation, which  

are the rotors of a giant electric motor capable of operating 
in generator mode.

The ring is located on a specially equipped overpass en-
circling the planet and running on land as well as on water 
(on special underwater pontoons). With the help of an ex-
ternal energy source, one of the linear rotors located inside 
the ring accelerates along the channel and, accordingly, spins 
around the planet to a speed exceeding the first cosmic ve-
locity. Thanks to centrifugal force, each linear meter of the ro-
tor first (when reaching the first cosmic velocity) balances 
its weight and then tends to rise up, providing lift force.

In the initial state, the ring is fixed to the overpass along 
its entire length. After the clamps are released, each linear 
meter of the GPV begins to rise upward relative to the cen-
ter of the planet, i.e., increase its radius and, accordingly, 
its length. The design of linear ring objects (vacuum chan-
nel housings, linear electric motors, belt rotors) allows 
to increase their length by 1.57 % for every 100 km of as-
cent above the Earth’s surface. After leaving the dense lay-
ers of the atmosphere, the rotor is transferred to the genera-
tor mode, and the generated electricity is used to accelerate 
the second rotor in the opposite direction. As a result, the body 
with the payload placed in it (or on it) begins not only to rise 
(lengthen) up into space, getting out of the Earth’s gravitational 
pit, but also to rotate around the planet until it reaches the first 
cosmic velocity at a given height. The height that the GPV 
ring reaches and stabilizes at is determined by the excess 
of the initial kinetic energy of the rotor and the possibilities 
of elongation (stretching) of the ring.

The unloading of the GPV is carried out in special modules 
of the stationary orbital infrastructure located in the equa- 
torial plane at an altitude of several hundred kilometers. 
In this orbit, it is proposed to place the entire heavy industry 
of Earth: plants, factories, workshops, power plants, chemical 
enterprises as well as the orbital settlements of earthlings 
serving this industry – scientists, engineers, technologists, 
machine builders, space builders.

The GPV landing on Earth is carried out in the same 
logic as the takeoff but in reverse order.

For one flight only (!) the GPV can deliver into orbit about 
10 mln tons of all kinds of cargo3 and 10 mln passengers4. 
In a year, this giant self-supporting aircraft, using only its  
internal forces, will be able to go into space up to 100 times.

3 Modern astronautics will require at least 20,000 years for the same 
volume of transportation.

4 It would take more than 100,000 years to get the same number 
of people into orbit using modern launch vehicles.

The implementation of such an engineering solution 
as the GPV will reduce the cost of geocosmic transportation 
by more than 1,000 times – up to 1,000 USD (and even lower) 
per ton of cargo.

An environmentally friendly self-supporting GCT, operat- 
ing exclusively on electric energy, will make it possible to car- 
ry out the industrialization of near space and ensure the re-
moval of all industrial production harmful to the Earth’s bio-
sphere from the planet, creating them again in the near-Earth 
orbit. This will immediately open access to fundamentally 
new technologies with unique space capabilities that are 
not available on Earth. Tremendous prospects are also be-
ing opened in the field of information and energy communi-
cations. The removal of industry from the planet will radical-
ly improve the common habitat of people and living beings, 
the Earth’s biosphere, especially in industrial regions, without 
any restrictions on the production growth.

Almost all engineering solutions used in the project are 
widely known, tested in practice and currently implemented 
in industry. The project has been repeatedly studied and ver-
ified by calculation methods. It is technically and econom-
ically justified. To implement it, there are enough opportu-
nities and means even for one country, for example, such 
as the USA, China or Russia. In the 21st century humanity has 
everything it needs to carry out the project:

1) finances: you need about 3 tln USD (within 20 years –  
about 150 bln USD annually), i.e., 4–5 annual US military budgets;

2) metal (mainly steel): about 100 mln tons are requir- 
ed (for 20 years – about 150 mln tons of metal annually),  
i.e., as much steel as it is smelted in the world in a couple  
of weeks or as much as it is spent for a few months only 
to produce cars;

3) concrete: about 10 mln m3 is enough (for 20 years –  
about 500,000 m3 of concrete annually), i.e., approximately 
the same amount was spent on the construction of the Sayano- 
Shushenskaya Hydroelectric Power Plant;

4) electrical energy: the power consumption of the GPV 
(for the specified volume of geocosmic transportation) will be 
about 100 mln kW, which is commensurate with the pow-
er of a heavy Space Shuttle launch vehicle, or less than 5 % 
of the total power of the world’s power plants5.

5 The GPV creates a stable load, unchanged during peak and low-
load hours, which is the best option for generation. It increases the ef-
ficiency of the global energy system as a whole. In order to increase 
the efficiency of GPV sections connected to existing generating sources,  
it is possible to reduce slightly the consumption during peak hours 
and maximize it during low-load hours. This will increase the lifting 
time of the GPV but will improve the efficiency of the process.
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The project implementation period is 20–25 years, 
considering sociopolitical, research, development, design 
and survey, construction and installation work.

Such a global geocosmic program will unite all developed 
countries of the world with common goals and objectives  
as well as attract them to the financing of this super ambitious 
project designed to save humanity.

In the first years of the GPV operation about 100 mln 
tons of equipment, structures and materials will be delivered 
to the near space from Earth, sufficient to create the fol-
lowing elements within the equatorial orbits at an altitude 
of 300–500 km [77]:

1) solar power industry with a peak capacity of approx-
imately 2 bln kW (this is the capacity of all power plants 
in the world today), since about 1 kW of power can be ob-
tained from 1 m2 of the surface illuminated in space. Fuel 
for these and subsequently built power plants – hydrogen 
in our Sun – will be enough for at least 5 bln years;

2) several hundred space settlements for long-term res-
idence and work on the orbit for several hundred thousand 
people; 

3) the basic linear platform of the Industrial Space Neck-
lace “Orbit” (ISN “Orbit”) with the relevant infrastructure com-
munication (transport, energy and information) along it, made 
using string technologies, with a length of more than 42,000 km.

Around space string communications and infrastruc-
ture modules, as around catalysts, the “crystals” of the or-
bital industrial ring will grow up over time – laboratories, 
shops, factories, power plants and other industrial facili-
ties. The personnel servicing the space industry will be able 
to live and work in the residential biosphere settlements built 
nearby with more comfortable conditions than on the plan-
et. Eventually, the population will reach about 10 mln people 
(0.1 % of the Earth’s population).

Thus, during the 21st century the main part of the harmful 
terrestrial industry can be taken out of the planet by engineer-
ing means, precisely, can be newly created in the near space 
on circular equatorial orbits in the conditions of the space 
technological environment. To implement this plan, 5 tln USD 
of investments annually is quite enough – an insignificant part 
of what is planned to be invested in the program for “rescuing” 
the world economy, which is actually a program for genocide 
of civilization.

This will allow within about 50 years to complete reload-
ing of our technogenic civilization to the cosmic vector of de-
velopment according to a new resource logic under the motto:  
 “Earth – for Life. Space – for Industry”.

With a full-scale engineering approach based on reason 
and with the implementation of specific practical solutions 
presented in the previous chapters, the world of the 21st centu-
ry, poisoned and suffocating in a crush of people and machines, 
can be changed in a short time.

An anthropogenic biota will be created on 1/15 of land 
(1/60 of the planet’s surface). It will be able to feed and ser-
vice all 10 bln people by that time. And the natural biota will be 
preserved on the rest of the land (14/15 of land, or 59/60 
of the entire surface of the planet). This will ensure the natu-
ral biological regulation of the environment existed in the pre-
industrial era. The main part of the technosphere will be 
in the outer space, while the remaining industries on Earth 
will include terrestrial agriculture and medicine, green trans-
port and eco-infrastructure, ecologically friendly construc-
tions and pedestrian linear cities as well as individual en-
vironmentally friendly structural elements of the general 
planetary power industry, communications and mechanical 
engineering.

Taking the industry into space will open access to inex-
haustible mineral resources in the Solar System, in particular 
to heavy metals, the reserves of which are limited on Earth. 
For example, the asteroid Psyche, located in the asteroid ring 
of the Solar System between Mars and Jupiter, having a di-
ameter of about 250 km and a mass of almost 1018 tons (mil-
lion trillion tons), according to experts, consists of 90 % iron 
and nickel [90]. And the gold reserves are estimated there 
as hundreds of billions of tons.

The Industrial Space Necklace of the planet will become 
a springboard for protection against cosmic threats (includ-
ing meteorites) and a platform for the Earth’s civilization ex-
pansion into deep space, where you can create various bio-
sphere banks of samples of living fertile soils, microflora 
and microfauna, flora and fauna, delivered from Earth. Conse-
quently, no human-made or natural cataclysms and catastro-
phes on the planet that can kill the Earth’s biosphere won’t 
be able to destroy thousands of enclosed and autonomous 
ecosystems located in orbit in space ecohouses.

The Earth’s, no longer technogenic but engineering 
civilization, taught by the bitter experience of difficult rela-
tionships with the surrounding nature on its native planet, 
in its home – in the living biosphere, will take careful steps 
in space in order to fit into the surrounding space environ-
ment harmoniously – into someone else’s (cosmic) house, 
although dead in the Earth’s vicinity. This will enable our en-
gineering civilization not only to survive but also steadily 
and indefinitely develop in the space and time of the infinite 
Universe.
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5. Engineering Eschatology
5.1. Inevitability of Engineering
Everyone could feel the rain coming. Gust after gust. Ap-

proaching dusk and the rising tide. The Sun rises indomitably 
afterward. 

Technocratic civilization has exhausted itself. It is in a cri- 
sis. It has only two ways – degradation or development. 
The possible vector of both is predetermined. It is a tech-
nogenic process that has degenerated into technocracy 
and is doomed either to perish or to transform into a new 
engineering mode. The critical situation reached in the first 
quarter of the 21st century is conditioned in two ways. 
On the one hand, as a deadlock, – the fundamental con-
tradiction between techno- and biosphere. On the oth-
er hand, colossal engineering capabilities to resolve this 
contradiction.

Humankind has long contemplated on a reasonable re-
adjustment. The hero of Victor Hugo’s novel “Ninety-Three”, 
thrown into the dungeon of an ancient tower, condemned 
to death at dawn, argues:

“You demand compulsory military service. Against whom? 
Against mankind. I object to military service; I would have 
peace. You desire to help the wretched; what I wish is the ab-
olition of their misery. You demand proportionate taxation;  
I would have no taxes whatsoever. I would have the public ex-
penses reduced to the lowest level, and paid for by the social 
surplus.”

“What do you mean by that?”
“This: In the first place, it is for you to suppress sy-

cophancy, – that of the priest, the soldier, and the judge. 
Then, use your wealth to the best advantage; distribute over 
your furrows all that fertilizing matter which is now thrown 
into your sewers. Three quarters of the soil lies fallow; 
plough it up; redeem the waste pastures; divide the com-
munal lands; let each man have a farm, and each farm 
a man. You will increase a hundredfold the social prod-
uct. At the present time, France affords her peasants meat 
but four times a year; well cultivated, she could feed three 
millions of men, all Europe. Utilize nature, that gigantic auxil-
iary; enlist every breeze, every waterfall, every magnetic cur-
rent, in your service. This globe has a subterranean network 
of veins, through which flows a marvellous circulation of wa-
ter, oil, and fire; pierce this vein of the globe, and let the wa-
ter feed your fountains, the oil your lamps, and the fire your 
hearths. Consider the action of the waves, – the ebb and flow 
of the tides. What is the ocean? A prodigious force wasted. 
How stupid is the earth, to make no use of the ocean!” [91].

Previously, people were also thinking about the po-  
tential of the sphere of mind realized in technology, i.e., 
the noosphere. Konstantin Tsiolkovsky, the founder of rock-
et cosmonautics, created his cosmic philosophy. It is based 
on the principles of the unity of human and the Universe 
as well as the projective attitude of human to the world, as-
suming radical transformations of Earth, the cosmos and hu-
mans themselves with the help of mind. “Reason is the great-
est force in the cosmos,” the scientist kept repeating [92]. 
The cosmos is a unity of mind and matter, which is in the pro-
cess of self-organization and evolution. Not only humankind 
is the bearer of reason. There are many intelligent beings 
inhabiting the Universe, and the Universe itself is endowed 
with reason. It arises in the process of self-organization, pass-
ing through a number of stages from the physical vacuum, 
through the emergence of quarks, gluon plasma, atoms, pro-
toaggregation of galaxies, then the emergence of galaxies 
themselves, stars, planets, biosphere, anthroposphere, socio-
sphere and, in fact, the sphere of reason, called noosphere 
in the works of Vernadsky.

According to Tsiolkovsky’s assertion, the latter is the peak 
of self-organization and the determining factor of further 
development of the Universe. The main actors in this process 
on the scale of Earth are geniuses: “Geniuses have performed 
and are performing miracles. Who does not know it!” [93]. 
Geniuses “are needed not only for the circulation and as-
similation of truths already discovered long ago, although 
not used by people, but also for the generation of new ones. 
Moral and every kind of light emanates from geniuses” [93]. 
 “The thoughts of geniuses are immortal as well as their deeds, 
because even after death they continue and give infinite 
and limitless fruit” [93].

Vladimir Vernadsky agrees with Konstantin Tsiolkovsky 
that human and humanity cannot be understood if we consid-
er them in isolation from more global processes and phenom-
ena. First of all, according to Vernadsky, human is connected 
with the “living natural body” and “living matter” of the envi-
ronment – the biosphere. At that, the scientist understood 
 “living matter” as the whole “totality of the living organisms in-
habiting it” [94]. Living matter is in constant intensive interac-
tion with the nonliving part of the biosphere and outer space. 
 “The matter exchange is implemented through the atomic 
movement caused by the living matter... The planetary, cosmic 
significance of the living matter manifests itself just in this bio-
genic flow of atoms and in the energy involved in it. For the bio-
sphere is the only envelope of the Earth into which the cosmic 
energy and cosmic radiation permanently penetrate. Cosmic 
radiation, first of all the solar one, supports the dynamic 

equilibrium and the organization between the biosphere 
and the living matter” [94].

The activity of reason transforming the biosphere 
turns out to be a part of not only local, terrestrial processes  
but also the life of the Universe as a whole. “By his scientif-
ic thought and state-organized technology generated by this 
thought, by his very life, man creates a new biogenic force 
in the biosphere: the force directing his reproduction and cre-
ating favorable conditions for the settlement of man in such 
parts of the biosphere whereto his life (in some places, 
even any life at all) previously did not penetrate. Theoreti-
cally, we do not see any limit for his potentialities…” writes 
Vernadsky [94]. Humankind on the scale of the planet fulfills 
a controlling role, and its entry into space is a natural and in-
evitable stage in the evolution of the biosphere and the Uni-
verse as a whole. However, it can happen under certain 
conditions, associated by the scientist with the formation 
of the noosphere.

Consequently, two moments are the pre re quisites for  
the replacement of the anthroposphere by the noo sphere: 
the domination of human over external nature and the dom-
ination of the forces of mind over the lowest instincts in hu-
mans themselves. “…The course of the history of the scien-
tific thought becomes for us a natural process of the history 
of biosphere. The historical process as the manifestation 
of the world history of the mankind is revealed before 
us in its one but cardinal consequence, as the natural 
phenomenon having essential geological significance” [94].

In order for the noosphere to emerge, it is necessary 
to unite humankind. Vernadsky believed that already in his 
time, by the middle of the 20th century, there were all pre-
requisites for that: “The first time in the history of the man-
kind that we live under the conditions of the united historical 
process that embraced all the biosphere of the planet” [94]. 
At the same time, Vernadsky was one of the first who felt 
the importance of transition to a new quality and realized that 
otherwise humankind would perish: “It is for the first time that 
a man had recognized himself as an inhabitant of the plan-
et and may (and must) think and act from another view-
point – not solely from that of a separate personality, fami-
ly, or kin, state, union of states, but also from the planetary 
point of view” [95]. 

In the 21st century, when global environmental, political 
and other problems are reaching the peak of their signif-
icance, these ideas are acquiring a second birth, however, 
Vernadsky does not say much about how exactly the tran-
sition to the noosphere is possible. According to the gen-
eralizations of Fidana Yanshina, a researcher of his work, 

the Russian scientist formulated the following 12 conditions 
for the formation of the noosphere in the future [96]:

 • human settlement of the entire planet;

 • a dramatic transformation of the means of communi-
cation and exchange between different countries;

 • strengthening of ties, including political ones, among 
the nations of Earth;

 • predominance of the geological role of human over 
other geological processes occurring in the biosphere;

 • expansion of the biosphere’s boundaries and entry 
into space;

 • discovery of new energy sources;

 • equality of people of all races and religions;

 • increase in the role of people’s masses in solving issues 
of foreign and domestic policy;

 • freedom of scientific thought and scientific search 
from the pressure of religious, philosophical and political 
constructions as well as the creation of conditions favorable 
to free scientific thought in the social and state system;

 • improvement of the workers’ well-being. Formation 
of a real possibility to prevent malnutrition, hunger, poverty;

 • alleviation of the impact of diseases;

 • intelligent transformation of the Earth’s primary na-
ture to make it capable of meeting all the material, aesthetic 
and spiritual needs of the numerically increasing population;

 • elimination of wars from the life of humankind.

As Vernadsky believed, many of the conditions neces-
sary for the transition to the noosphere had been fulfilled. 
The unity of civilization, living matter, biosphere and space has 
been achieved through engineering and technology. So far, 
this unity is negative. It has a destructive nature. It is the uni-
ty of war. A unity of entities clashing to the death in the dark-
ness of the Universe. But the light of mind lurks in that dark-
ness. Either it triumphs and a star blazes or darkness will 
engulf everything.

The positions of mind are still strong. In 1793, when the re- 
 volutionary calendar was introduced in France and a new 
era was ushered in, the meaning and possibilities of en-
gineering were just being discovered. Humanity did not 
have a hundredth of the technological power, which it has 
in the 21st century. Nevertheless, people dreamed. Peo-
ple are still dreaming today. They have everything in their 
hands to realize their dreams. How to do it? We have been 
discussing this throughout our research. Now it is time 
to summarize the results.
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1. Engineers have created our civilized world.

2. Engineering inventions, which have become technol-
ogy in the global sense, have engaged in a battle with na-
ture. As a result, civilization turns out to be a mighty lo-
cust, devouring everything in its path like mold, taking over 
and destroying every last square millimeter of its own  
home.

3. The evil brought by engineering comes from the fact 
that the engineering itself remains beyond good and evil. En-
gineering cannot be morally neutral without posing a mortal 
threat to its creator.

4. Engineering should absorb the space of morality 
in the same way that medicine and jurisprudence received 
ethical regularity in the Middle Ages.

5. Engineering, as a toolkit for solving problems while 
meeting the requirements of maximum efficiency in condi-
tions of limited means and while accepting life as the supreme 
goal should become the goal- setting structure of civilization 
to ensure its survival.

6. Engineering can and should become a supreme 
value, provided that at the same time life is recognized 
as a supreme goal.

7. Technocratic civilization, completely exhausted, will be 
reduced to a primitive state or transformed into an engi-
neering civilization.

8. Transformation mechanisms can be launched through 
the implementation of large-scale projects aimed at a glob-
al civilizational transformation. The logic of small engineer-
ing steps is a priori untenable because it cannot compete 
with market megaprojects launched by states and corpora-
tions in order to obtain immediate benefits for a narrow circle 
of power “elites”.

9. The world capitalist elites are not interested in the im-
plementation of global projects significant for noospheric 
development. For them, it will mean the loss of control over 
the situation and destabilization of the system in which 
they have surrounded themselves with a zone of maximum 
comfort.

10. Realization of large engineering projects aimed 
at global technological transformations and preservation 
of decent conditions of life development for people can be 
carried out by the efforts of people themselves. Technolog-
ical solutions of the 21st century allow to launch megaproj-
ects privately. This does not necessarily require the participa-
tion of the state, but every state is interested to get involved 
in such projects in order to preserve itself in a modified, 
improved shape.

11. Engineering cannot and should not manage society. 
It is a mediator between nature and human, and therefore, 
as a supreme value, it is called to become the harmonizing 
apex of the noosphere triangle. Engineering is called upon 
to serve humanity. It should be the god that responds to our 
requests. Engineers will become its priests.

12. Acknowledged, accepted as a supreme value and goal-  
setting structure, engineering embodied in technology 
is the primary intelligent means of preserving and enhanc-
ing humanity. By conquering the boundaries of the physical 
world, engineering reveals the boundlessness of the world 
and the possibilities that the infinite Universe holds.

Once the boundary of the world for human was drawn 
by a line on the horizon. Engineering genius created the ship. 
Columbus sailed to discover America with little more than 
a compass for navigation. His ships didn’t even have a helm, 
which was not yet common at the time. They steered with a le-  
ver. They suffered and died from scurvy, not knowing that 
it could be avoided by simply taking some sauerkraut and lem-
ons on board. Magellan had sailed for months in the Pacific 
Ocean, seeing around him nothing but sea and sky. He expect-
ed that he was about to reach the shore. This was evidenced 
by all the maps, which turned out to be made on the basis 
of calculations, where the length of the equator was short-
er by several thousand kilometers. Nevertheless, they were 
achieving their goals and, armed with engineering, were 
moving civilization forward. The people of the 21st century 
have much more at their disposal than the pioneers. Their 
discoveries can and should be much more far-reaching.

5.2. The World as an Engineering Project
For thousands of years, humans have been living 

on the surface of Earth, constantly making and improving 
their discoveries, only guessing what is happening above 
and below them. Not only the center of our planet, which has 
a temperature of about 6,000 °C and a pressure of 3.7 mln at-
mospheres, has not been examined, but even the World Ocean 
is explored by less than 5 % to date. This is because 98 %  

of the ocean floor lies at a depth of more than 6 km. We study 
the structure of Earth theoretically with the help of the phys- 
ics of oscillatory-wave processes by the propagation of distur- 
bances during earthquakes. 

Oceanologists conduct deep-sea research using vari-
ous instruments (hygrostat, bathyscaphe, bathysphere, etc.), 
but only at relatively shallow depths. Again, deeper layers 
can only be guessed at or judged by indirect indications. No-
body has ever been able to see with their own eyes what 
is happening right next to us by cosmic standards. Research-
ers are only contemplating plans to drill through the Earth’s 
crust and penetrate to the mantle through it to gather in-
formation about Earth or to dive beneath the thickness 
of the vast oceans.

Perhaps, it is a good thing that humankind is being 
in its unenlightened spiritual and moral state so far, oriented 
towards exploitation of the planet and profit, has no oppor-
tunity to penetrate these deep spheres as much as we have  
little opportunity to penetrate space. Offshore oil extraction 
threatens the ocean ecosystem. In the 20th century, the world’s  
waters have been shaken by dozens of major disasters 
such as oil rig explosions, tanker wrecks, ship collisions 
and oil spills (tens of millions of barrels) during regional 
conflicts. In 1991, during the Gulf War, an oil spill killed more 
than 30,000 birds. Oil wells had been burning for months, 
and black rains had been falling over an entire region, includ-
ing Turkey, the UAE and Kuwait; hundreds of oil lakes took  
decades to dry up. 

In 2010, the oil spill disaster in the Gulf of Mexico had 
killed tens of thousands of birds, marine mammals and fish, 
caused massive plant mortality and soil erosion. The conse-
quences of these monstrous abuses of the planet require 
many years of thorough work to clean up the waters and re-
store conditions close to those that had existed be fore. 
And this is despite the fact that the consequences of ac-
cidents are impossible to eradicate completely in the next 
dozens of years, even on the condition that no more of such 
disasters will occur during the entire recovery period.

As for the causes of catastrophes, they are all the same: 
failure to study Earth before drilling; rushing to develop an oil 
field as soon as possible; improper operation of equipment 
and failure to apply the necessary safety measures; trying 
to harm the enemy during a conflict; etc. All of the above 
is the result of the fact that engineering remains just a tool 
in the hands of capital and is forced to dance to its army 
drums leading to slaughter.

Humankind is not frightened by its own mistakes, although 
it sees and feels the terrible consequences of its deeds.  
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The official cause of the disaster in the Gulf of Mexico was 
a management error in the development of the oil field.  
No matter how many accidents there have been, the para-
digm of management in its desire to make money at any cost 
is not changing. And behind those few guilty people who  
will be probably punished for the ruthless destruction of life  
on Earth, there are already thousands of the same cynical 
 “managers” who are ready to test the world for strength, 
satisfying their greediness.

We know, although we have not seen the core of Earth 
itself, that it creates a magnetic field, without which the so-
lar wind will reach the surface of the planet and destroy all 
living things. We know that biogenic substances of the deep 
layers of the ocean, i.e., phosphates, nitrates, are fertilizers, 
which, when carried by the current to the upper layers, create 
the necessary conditions for life. And the productivity of phy-
toplankton itself is comparable to that of land plants. We are 
aware that the ozone shield protects us from solar radiation 
and that life under direct ultraviolet radiation would be im-
possible for us. Both gravity and the atmosphere, in which ce-
lestial bodies burn up, protect us by counteracting powerful 
external forces that could destroy all life on our home planet. 

The conditions for the emergence and existence of life 
seem to be thoroughly designed by someone in the Universe 
and on Earth. For example, the gas balance of the atmo-
sphere, among other parameters, has a constant ratio of ox-
ygen (21 %) and a small amount (less than 1 %) of the main 
greenhouse gases – water vapors and carbon dioxide. 
If the balance is shifted towards an increase in these gases, 
the greenhouse effect will increase, climate change will fol-
low, ocean level will rise, and global warming will accelerate. 
If the balance shifts towards an increase in oxygen con-
tent, oxidative processes on the planet will become much 
more intense, forest fires will become even more frequent, 
which will significantly change the circulation of all organic 
and inorganic substances. 

The world is arranged in an amazingly expedient way, 
and the interrelationships between substances and processes 
are innumerable. In fact, the deeper scientific knowledge ad-
vances, the easier it becomes to believe in God – so mag-
nificent is the Universe. Forces and energies are balanced 
and aligned with each other with exact precision. Some 
might argue that the current state of the world is the result 
of the long-term formation of the planet, which has been 
subjected to serious tests and cataclysms for billions of years. 
It is so, but this makes the originated life even more marvel-
ous and valuable because such conditions for its appearance 
on the planet could not have arisen at all. Moreover, the space 

explored by people is not suitable without special technologi-
cal equipment for the existence of human, albeit technogen-
ic, civilization. And certainly, the celestial bodies known to us 
are not suitable for the emergence of life as such. 

A human as a living being commensurate to the read-
er and as a single organism consisting of trillions of cells, 
thousands of organs and biomechanisms (only when we 
smile, up to 53 facial muscles work) is arranged much 
more complex than the entire observable Universe, all its in-
animate part with billions of trillions of stars. Even a tiny 
component of living cells – each DNA molecule contain-
ing the most complex spatially structured billions of atoms 
of dozens of chemical elements – is, from the engineering 
point of view, an incredibly more complex structure than, 
for example, the entire aggregate inanimate Earth’s industry 
created by billions of people over millennia.

If DNA is compared, for example, to an airplane, it is  
about a million times more complex than it. However, without 
bioengineering communications (nervous, cardiovascular, 
respiratory, digestive, excretory, reproductive, endocrine, im-
mune and integumentary systems with millions of complex  
 “sensors” – receptors) with information channels from sense 
organs (vision, hearing, sense of smell, touch, etc.) would DNA  
macromolecules be assembled into a cell, cells – into organs,  
and organs – into a human organism? Even if they had assem-
bled, would such an organism be able to exist as a random 
set of “parts” and “bricks”, as something whole and stable 
without the abovementioned transport and communication 
bioengineering systems, including 100,000 km of vessels  
and 200,000 km of nerve fibers in the human body?

Those who believe that life could have originated 
by chance and perhaps exists or has existed in some forms 
elsewhere must still be aware of how rare and negligible 
such a probability must be. This probability is unimaginably 
low. For the accident advent of life, it would take a trillion 
times longer period than the age of our Universe.

So, who (or what?), why (randomly or by intelligent de-
sign?), how (haphazardly or as planned?) and why (for the sake 
of dead matter or for the sake of intelligent life?) created our 
world and tuned it so finely? If the fundamental constants 
and initial conditions included in the laws of physics (mass 
of proton, neutron and electron, Planck’s constant and grav-
itational force, weak interaction and cosmological constant, 
change of energy density and three- dimensionality of space, 
etc.) differed from the existing values by at least one thou-
sandth, there would be neither atoms, nor molecules, nor 
stars, nor planets, nor highly organized matter, nor intelligent 
life in our Universe.

Scientific skepticism claims that if eternity is multiplied 
by dozens of billions of trillions of stars in the Universe, we will 
get life somewhere. But what is randomness, can be consid-
ered both necessity and regularity. Indeed, both the internal 
expediency of Live Nature, which Aristotle called “reason act-
ing on its own” [97], and the presence of consciousness in hu- 
man, with its distinction between moral forms and what Kant 
defined as the “categorical imperative” [98], lead us to the idea 
of a rational prime cause. Anyway, the world is organized ex-
pediently and reasonably – as far as it is possible for human 
to comprehend expediency to the extent of reasonableness. 
Earth’s human civilization, getting at its disposal more effi-
cient ways of resource extraction and energy management, 
is engaged in undermining natural world systems. The safety  
margin of planet Earth is truly great, but it is not infinite.

For thousands of years people have poorly studied 
the world in which they live, they still have little understand-
ing of the laws operating in it, but they persistently destroy 
everything around them and do not pay attention to the con-
sequences. And if the world had been designed by one 
of those “successful managers” who care about the safe-
ty margin of a product only as much as the product can be 
sold more efficiently and for the greatest number of times,  
people would not had existed long ago.

In part, this feeling of isolation from higher-order mean- 
ings and the idea of an earthly life, in which it is neces-
sary to grab as much as possible, form the consciousness 
of a successful ambitious person of the 21st century. Fortu-
nately, the safety margin of the created world gives us time 
to come to our senses and deal with this profoundly wrong 
approach. The process has already started, and this prob-
lem will not be solved by itself because those who are rock-
ing the boat will persist in their crazy business with the per-
sistence of morons until we all, together with the boat, sink.

5.3. God as an Engineer
We do not know the temporal beginnings and spatial 

boundaries of the world. Nor do we know what awaits us 
at the end of time, nor do we know if human history will ever 
be completed. The fate of life as such on our planet depends 
on us only partially and may one day continue without our 
participation. Thus, we influence only the possibility of our 
own survival at this point in the development of the world. 
Then what is our freedom of choice if not to be reasonable be- 
ings in a reasonable nature? And for nature, reasonableness 
consists in preserving life by any means and under any condi-
tions. Nature knows no agonizing contradictions or bifurcation. 
It is endowed with a relentless will to overcome and acts, 

including in every living organism, according to its own laws 
by itself, like an element. We can say that life is always busy 
reproducing itself – such is its nature and its meaning.

Only people realize the world of separate and alienat-
ed objects, feel their mortality in it and in one way or anoth-
er reflect on what happens to them. From this, there arise, 
even if not always conscious, attempts to define one’s own 
meaning and relate to the world and other people. To re-
plenish the content of life through activity and the creative 
act or to dissolve into principled thoughtlessness and plea-
sure, to rise in the material world or to diminish in the spir-
itual world, to mature in godlessness or to grieve in God’s 
abandonment. Thinking in this sense is the opposite of vital-
ity as a natural force because if we subtract thinking (rea-
son) from a human being, we are left with only a living being, 
i.e., an animal. That is why, in this conflict, the mass culture 
of the 21st century works to reduce consciousness to vitality  
and to reduce thinking to stupidity. Then “animal rational-
ity” will allow us to take and do what we want by the right 
of the strong, to seek only our own satisfaction and to de-
stroy each other openly. Many people live this way... Many will 
live this way no matter what. But if the majority become like 
the many, all will perish. 

Our survival should take place only on the condition 
that we do not lose our human image, and we may not wor-
ry about life in a state of savagery – it will make its own way, 
as it has occurred before, during billions of years of evolu-
tion on our planet. It is important to be preserved precisely 
with those high achievements in the fields of knowledge that 
we have acquired over all these centuries, it is important 
to preserve the ability to think and act reasonably.

Human rationality is thought of as a state in which think-
ing overcomes dissociation from the world and something 
individual as the overriding principle. This reasonableness 
includes the whole historical experience, spirituality and cre-
ativity. What is reasonable cannot be immor al, and in this 
sense no category in itself, in isolation from the universal, 
can claim to be absolute. Rationality as such is irrational 
if it is immoral and does not serve the purpose of preserving 
life and affirming its status as the highest value. The rationality 
of concentration camps that exterminate doomed prisoners  
efficiently and systematically, using their blood for transfu-
sions to their wounded soldiers, hair – for overcoats, ashes – 
for fertilizer, is senseless. Rational but senseless are Mal-
thus’s ideas of population regulation; also, one- sided and un-
reasonable are the explanations of the historical develop-
ment of society solely on the basis of production relations 
in Marx’s economic theory. Senseless and irrational, but trying  
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to appear so, are Schwab’s ideas of inclusive capitalism, 
universal digital control and the abolition of nation states.

The truly global challenge is to completely change 
the paradigm and establish new value orientations. Civilization 
can integrate into the reasonable Live Nature and not destroy 
it as a resource, but let it develop for the benefit of human-
kind. In time, it will help people to obliterate the consequences 
of their own unreasonable actions. We can get involved in this 
process only with the help of engineering. This will be the rea-
sonableness of human beings, which is synergistically inter-
connected with the natural reasonableness through tech-
nical achievements. In such a case, humans will be enabled 
due to their consciousness to rise above the unenlightened 
element of the wilderness where life engulfs life. If engineer-
ing as a tool and method is placed at the service of reason, 
and reason is guided solely by moral goal-setting and mor-
al orientations, then engineering also becomes a reasonable 
and, consequently, moral force at human’s disposal. 

Thinking as such makes us humans, but in order to be intel-
ligent, human needs spiritual and moral goals that will not allow  
our thinking to work to self-destruction or to use each other.  

Thinking, if only it is able to be preserved in the Universe  
as a phenomenon, should not be in contradiction with natural  
vitality. Thinking must be directed towards the creation and de-
fense of life, engineering creativity and solving the prob-
lems of humanity that will be posed to it. Such benevolent 
thinking denies the dark irrational side of the human soul 
and the phantasms it produces. For rational thinking there 
is an objective truth, universal salvation and the trans-
formation of the world. There is the prospect of develop-
ment and the hope for a better future in harmony with na-
ture. In a world guided by such principles, personal benefit 
will never supersede the common good or the life of an-
other, and achievements will be morally justified and put 
at the service of human. 

In the 21st century, people put their hope on thinking 
that will overcome the conflict with vitality, having in mind 
spiritual guidelines. People can only trust in rationality, which 
will be guided by moral rules, and ultimately in engineering, 
which should save from extinction or a return to primitive 
barbarism. Because the world was created by engineers. 
Only engineers can maintain and preserve this world.

P. S.
So why should we save the world and what is the sense of humanity’s life? It is our task to save the world 
not only because it is expedient, beautiful and built according to the anthropic principle, but also because  
the knowledge of ourselves, the essence of existence and the definition of the meaning of life is the conceivable 
limit that is set before human as a being not so much material as spiritual. 

It is necessary to save the world so that we and our descendants at least have an opportunity to ask ourselves 
these questions and answer them on the basis of our perceptions and knowledge about the World. 
The individual sense of each person’s life will never be learned if we all do not have a chance to survive 
and be saved from madness. Salvation in turn cannot be exclusively individual. On the contrary, 
it presupposes universal salvation and restoration of the world.

If we talk about the sense of life of all humankind, it is inconceivable without spiritual growth. 
The result of rational human activity should be the transformation of the biosphere into the noosphere, 
which, according to Vernadsky, occurs under the action of a special energy: “This new form of biogeochemical 
energy, which can be called the energy of human culture or cultural biogeochemical energy, is the form 
of biogeochemical energy that creates the noosphere at present” [94]. The culture we create is meant 
to transform the world. This is the sense of humanity. We fit out the world like gardeners shape their gardens. 
Cultivation of the garden, active work in it or contemplation of its beauty is a form of cognition of existence 
and ourselves, leading us to new horizons of senses. And if we are truly intelligent, we are chosen 
to be responsible for all life on our planet.
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PRAYERS OF THE WORLD ENGINEER

An engineer is a part of society, he is also a part of the Universe, incomparably larger than himself, 
than the whole of Humanity and Life itself. Life is but a tiny living part of the material Universe,  
perhaps a trillionth or even less, even if all the planets of the Universe were inhabited by living beings. 
Therefore, the acceptance of engineering as the highest value of civilization must involve some kind 
of self-definition of the engineer and engineering itself on the scale of the Absolute.  
Somehow the engineer, as creator, should relate to the Creator of all things, whatever we mean  
by that – the objective laws of the Universe or the subjective will of the Deity who have created 
and controls all things. Traditionally, one form of correlation between human and the Absolute is prayer.

The word “prayer” in the English version comes from a Proto-Indo-European root meaning “to pray”. 
In the Russian version, despite the difference in sound, the essence is the same. The concept goes 
back to Old Slavonic molíti , from Proto-Slavonic molditi and means “to ask for something” (from God, 
Gods, Goddesses). There is also a consonance with malyy (“small” in English), umalyat’ (“to diminish” 
in English), i.e., to evaluate something as less in relation to something more significant and important. 
Thus, in prayer, at different times, in various languages, countries and on different continents,  
people in many ways recognize their smallness in relation to the powers that rule the World  
and ask these powers to condescend to them, to grant their requests.

As defined by the Concise Dictionary of Religion and Philosophy, prayer is “an important part 
of the spiritual life of a believer, his relationship with God, either individually or in a community  
of other believers, often an outpouring of the soul, presented to God with an open heart, 
in reverence, trust, hope and love... Prayer is not a retreat from the world, not a floating in higher 
spheres but a desire to enter better into the affairs and problems of life under the sign of His will 
and His plan. Prayer is a means of reconciliation with God, a source of knowledge of God, knowledge 
of God’s ways in the world and the attainment of inner peace” [99]. From this we can conclude  
that prayer is also an inner motivation for creativity, since human never saw himself as an exclusively 
passive participant of the events, but even in the logic of heroic fatalism, the ancient Greeks saw 
themselves as free men, despite the pressure of fate and the predetermination of destiny.  
At least in the way of accepting fate – with despondency or gratitude, with cowardice or with dignity 
and courage. All this is very important in engineering, as long as it really changes the world around us.  
It is important that human’s design does not contradict the design of God or Nature, whether the engineer 
is an atheist or a believer. No one creates in a spiritual vacuum. Moreover, creativity is always a quest 
for unity with the Absolute, no matter how it is interpreted.

However, if an engineer is an atheist, does he need prayer? My answer is yes. It is not only necessary 
but essential in two ways. Firstly, from the point of view of meditative concentration on one’s vocation 
and place in the World. Secondly, from the point of view of understanding and recognizing oneself  
as a small particle of the Universe, participating through actions in events of universal scope and,  
although only a grain of sand, having its own price and weight, as defined by Blaise Pascal:  
“Man is but a reed, weakest in nature, but a reed which thinks. It needs not that the whole Uni-
verse should arm to crush him. A vapor, a drop of water is enough to kill him. But were the Universe 
to crush him, man would still be more noble than that which has slain him, because he knows 
that he dies, and that the Universe has the better of him. The Universe knows nothing of this” [100].
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What should an engineer believe in if he is not obliged to believe in God? To whom, then,  
should he pray in order to maintain his commitment to purpose and his awareness of his own place 
as a “reed which thinks”? And should Faith, as acceptance without proof, be an element  
of the engineer’s prayer? No, it shouldn’t. It may be enough for an engineer simply to admire  
the Power that was not afraid to build the World in which we live and create – Time, Space, Matter 
and then life and Human. It is enough for an engineer to marvel at the Creator of Time, Space, Matter 
and their derivative – Human. An earthly engineer who creates a nut, a wheel, a car or an airplane  
can limit himself to worshipping the Creator of the Prime Causes in whose horizon his own life 
and creativity take place. And such worship is essential. It is also necessary to allow oneself to act, 
to be and to resemble in action that much greater Engineer who created everything –  
our whole World.

The engineer can address his prayer to the God he believes in. If the engineer does not believe 
in God, he can address his prayer to himself. In this way he gets rid of the fear of creating 
something great – something that will not always be perceived by other people but will serve them. 

The engineer should allow himself to become superior than “just a human”, just as every artist and every 
true professional does. However, there is no vanity or pride in this, as long as the engineer’s role 
is properly understood. The doctor commands the patient, but in so doing he serves him. An artist, 
when painting a portrait, makes kings assume the pose he wants, but in so doing he serves the kings. 
It is the same with the engineer. He must allow himself to step back as “just a human” in order 
to serve Humanity.

The definition of prayer says about the connection with God. But it doesn’t say with which one.  
No particular God is specified. My God is the one who molded this triune World – Time, Space  
and Matter – with filigree engineering precision and perfect thoughtfulness. He invented the laws  
(including gravity) that govern this World, but not God Himself, who created our world. Even gods  
cannot control this unimaginably complex World, in which there are only about 100100 elementary  
particles, which every second can give rise to the most diverse variants of combinations with each 
other in even more 100100 quantities, including the materialization in a definite Human consisting 
of about 30 tln cells and 100 tln useful microorganisms inhabiting it. But each of these simple living 
beings is millions of times more complex than any factory, airplane or spaceship. Look around at this 
unimaginable complexity of Being and look at the sky, where there are trillions of galaxies alone.  
From these positions I am a believer, although I understand (this is my personal perception)  
that such a complex engineering Enterprise, as the World (engineering is not only materiality  
but also spirituality, morality and sociality arising from its material carriers), cannot have a single boss – 
director or manager. I am convinced that my belief will not offend anyone, just as I do not think  
that a believer in Allah offends those who believe in Christ or Buddha.

I have my own prayers, the main purpose of which is to constantly remind myself of my own smallness, 
even insignificance, in the vast Universe and at the same time to maintain the determination 
to be and create according to my destiny, perhaps given from above. God grants the most complex,  
difficult and impossible to achieve on earth only to those who are strong in spirit. Here are my prayers.

I
Let it be as I think, in keeping with Your will, O Lord.

II
With my thoughts, words, intentions, actions and deeds I create the Reality in which it is easy, comfortable and safe  
for me, my family and friends and everyone on planet Earth to live, work and study today, tomorrow, the day after tomorrow 
and the day after that. 

III
I thank You, Lord, for everything. 

I thank You, Lord, for having created Time, Space, Matter – Energy, Quantum Fields, Elementary Particles, Atoms, Molecules  
as well as the Laws of existence and development of this harmonious World, in particular Gravitation, – all that we, people, 
today call the laws of physics.

I thank You, Lord, that Gravity gathered Matter into Stars and ignited them, gathered Stars into Galaxies and Galaxies 
into the Universe as the ultimate manifestation of the Creator’s engineering.

I thank You, Lord, that Gravity gathered cosmic gases, stardust and rocks into the Solar System and ignited the Sun,  
created the planets and Earth, without which Life and living beings in all their biodiversity would not be possible.

I thank You, Lord, for creating Human, giving him Intelligence and guiding his development along the technological path.

I thank You, Lord, that the technological path of development has created human societies, nations, states, Humankind  
and Earth's Civilization.

I thank You, Lord, that thousands of generations of earthly engineers, in the image and likeness of Your Creation  
and within the framework of Your Laws, have created the modern engineering Civilization, passing from stone tools,  
the first fire and the wheel to the automobile, the computer and the spaceship.

I thank You, Lord, that our Earth’s engineering Civilization gave birth to me, Anatoli Unitsky, and gave me the mission 
to become the World Engineer, honoring the Laws created by You.

I thank You, Lord, for what I am. For being able to think, feel, love, create, make, invent. For being able to breathe, see,  
hear, touch, smell, taste. For being healthy and happy. For becoming the World Engineer.

I thank You, Lord, that I have my Home – the Biosphere of the Space Home named Planet Earth, in which I,  
together with my closest relatives – billions of species of living organisms – live harmoniously.

I thank You, Lord, that I have a beloved Family, Wife and Children, beloved Relatives, Friends and Close ones,  
beloved Colleagues, Supporters, Like-minded people and Investors, beloved Kin, Nation and Earth’s engineering Civilization.

I thank You, Lord, for being able to create Unitsky’s engineering schools: scientific, project, designing and manufacturing.

I thank You, Lord, for the fact I have a Tool for implementation of biospheric technologies that can save the Earth’s 
engineering Civilization – Unitsky Group of Companies.

I thank You, Lord, for granting me the Mission – to save the Earth’s engineering Civilization from degradation,  
extinction and death on planet Earth limited in size and resources through the substantiation and implementation  
of the Cosmic vector of civilization development in the Universe unlimited in Time, Space and Resources.
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IV
I give myself permission to love and be loved.

I give myself permission to be perfectly healthy.

I give myself permission to be perfectly happy.

I give myself permission to experience an absolute joy.

I give myself permission to be a long-lived person.

I give myself permission to be a sage.

I give myself permission to be victorious in all my fights, battles and wars.

I give myself permission to be the savior of the Earth’s Biosphere from the oppression of the Technosphere.

I give myself permission to be an outstanding founder.

I give myself permission to be the greatest creator.

I give myself permission to be a brilliant maker.

I give myself permission to be the most efficient engineer.

I give myself permission to be the most productive engineer.

I give myself permission to be the most abundant engineer.

I give myself permission to be the most successful engineer.

I give myself permission to be the most brilliant engineer.

I give myself permission to be a genius.

We, humans, are incapable of understanding and realizing the Universe created by God, neither now nor in the future,  
just as insignificant small parts are incapable of understanding the whole – the comprehensive World composed of them. 
Separate living cells are incapable of understanding and realizing the living organism of which they are a part,  
whereas the organism, if it has a mind, is capable of understanding the cells of which it is composed. I give myself 
permission to be the local messiah who came to save the Earth’s engineering Civilization from degradation, extinction  
and death on planet Earth limited in size and resources, better than which, more beautiful and dearer to us, earthlings, 
there is and will be nowhere and never in the vast Universe.

The World Engineer
Anatoli Unitsky,
Minsk, Maryina Gorka,
April – June 2023
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Introduction

When one speaks of human sacrifice, images of the bloody 
rituals of antiquity come to mind. It is believed that modern 
civilized and humane society has long ago condemned such 
savage practices. And that nothing of the kind can happen 
in the 21st century, unless as a gruesome crime. At the same 
time, the tendencies that are being discovered in the world 
and that lead, under certain events, to the most massive 
extermination of people in history in the course of nuclear  
war [1], can hardly receive a deeper elaboration than that 
through the matrix of sacrifice. No pragmatic approaches 
justify such a scenario. Only irrational faith can give hope 
for the establishment of a more perfect and just world order  
of the future as a result of total destruction.

The analysis carried out in this study demonstrates that 
human sacrifice has been and remains one of the main tools 
for maintaining the balance of the world system as well as 
an integral element of any significant civilizational shifts. 
It is such a shift that is taking place today – in the 20s 
of the 21st century. If we assume that it goes on in the same 
direction and in the same logic, in which all previous global 
transgressions have been made, the scale of sacrifice shall 
become monstrous. We can talk about disappearance (de-
population) of the majority of the Earth’s population. Consid-
eration of the ritual of human sacrifice as a system-forming  
and system-regulating tool of modern civilization allows us  
to make an attempt to search for alternative scenarios 
and models of its further development.

Origin of Sacrificial Ritual

According to the church, sacrifice is a sign of adoration 
of the deity, a sign of gratitude and submission. The origins 
of the ritual are found in primitive peoples. One of the most 
ancient forms of sacrifice is considered to be the so-called 
sacrifice of all first, i.e., sacrificing the first hunting prey, 
the first fruits and the first litter of herds as a sign of ad-
oration to the supreme being. Outside the church tradition, 
the theory of gift, connected with the animistic concept 
of the origin of religion, is widespread. Such views were al-
ready expressed by the enlighteners of the 18th century, who 
believed that primitive people sought to please and propi-
tiate the spirit or god, whom they represented by analogy  
with themselves and therefore offered him what the spir-
it or deity, as they thought, needed: food, sometimes clothes, 
weapons, jewelry or utensils [2].

There are other points of view on the origin of sacrifices. 
Some believe that originally sacrifice was not a gift or offer-
ing of anything to the god at all. Sacrifice was a form of com-
munication between the members of the clan and the deity 
of the clan. The slaughter and eating of the sacrificial animal 
was a joint clan meal; the deity or totem of the clan was in-
vited to participate in it. The god and his worshippers, as 
R. Smith wrote, usually ate and drank together, and by this 
sign their copartnership was declared and sealed. The most 
ancient sacrifice is the killing and eating of a totemic animal.  
From this the idea is developing that any sacrificial animal 
is sacred [2].

In atheistic literature, sacrifice is often interpreted  
through the theory of deception. It is argued here that 
 “the custom of sacrifice was introduced by deceitful priests  
who invented this way of profiting at the expense of simple- 
minded people for their own profit. They demanded from  
tribe members to bring food or various useful objects un-
der the pretext that it was necessary for spirits, ancestors 
and gods. This view was expressed by publicists and philoso-
phers of the 18th century, and in modern times it was present-
ed in a particularly simplified and crude form by the German 
popularizer of atheism H. Eildermann, who tends to vulgar 
materialism” [2].

Summarizing the described approaches, we can dis-
tinguish several meanings traditionally invested in the rite 
of sacrifice:

1) gratitude and submission to a higher power;

2) gift brought to the higher powers in order to receive 
certain benefits from them, i.e., a kind of exchange;

3) fixation and maintenance of the established so-
cial hierarchy as well as the relationship between society 
and the deities it worships;

4) deception by the priesthood or ruling class to achieve 
their own pragmatic goals.

At the same time, the abovementioned can be relevant  
to a given situation both separately and together. It can 
also be assumed that as society becomes more complex, 
moving from the tribal system to the class system, the reli-
gious aspects of sacrifice (the above points 1 and 2) become 
less and less significant in comparison with the regulative- 
pragmatic ones (points 3 and 4). “The further the process 
of internal decomposition of the primitive community went, 
the more the contradictions of interests of, on the one hand, 
wizards, sorcerers, fortune-tellers, shamans, later priests 
and, on the other hand, the masses of “common people” were  
revealed in it. This is where deceit and extortion began  

to appear, and the further, the more so. Although the at- 
tempts of some former authors, especially propagandists- 
atheists, to reduce all sacrifices to “priestly deception” suf-
fer from extreme simplification of the problem, the facts 
of such deception cannot be denied. After all, it is not with-
out reason that one of the prominent modern ethnogra-
phers, the American P. Radin, studying the early forms of re-
ligion, came to the conclusion that all these primitive beliefs, 
magical practices, sacrifices and so on are the work of “reli-
gious formulators” – shamans and priests, for whom religion 
is a tool used for economic exploitation. It was to a large 
extent so. Siberian shamans, treating people or livestock, 
demanded blood sacrifices to propitiate the spirits; they 
took part of the sacrificial meat for their own benefit. Some 
shamans lived by this, not having their own household” [2].

It is generally believed that “the custom of sacrifice –  
as an essential component of religious cult – developed 
from several different roots, connected with different as-
pects of the life conditions of primitive society: from the spec-
ificity of the primitive hunting economy (and later the agricul-
ture and cattle breeding that replaced it), from the structure 
of the primitive community itself, from intertribal clashes, 
from funerary customs” [2].

From the psychological point of view, the prerequi-
sites for the emergence of human sacrifices can be seen 
in the specifics of humans’ perception of their own mortality 
and the death of their neighbors. The beginning and the end, 
birth and transition to another world have always been 
beyond the direct influence of human. Murder (whether 
it is the killing of an animal or human beings) is a violation  
of the existing order of things. In realizing this, already 
on a primitive level, one should develop an idea of the crimi-
nality of such an action, which seems to encroach on the sub-
ject world, organized by some other forces, higher and more 
powerful in relation to a human. And if this sense of crime 
arises, then the fear of punishment also appears. Probably, 
the rite of sacrifice was initially supposed to help to avoid 
punishment. That is why the first hunting prey, the first litter 
and the first harvest were sent to the altar. This was a kind 
of a bribe to the policeman or a tax to the ruler at the level 
when natural incomprehensible and powerful elements were 
perceived as such.

In a similar vein is the reasoning of the French philoso-
pher G. Bataille [3], who analyzes sacrifice through the cate-
gories of subject-object relations as well as transcendence 
and immanence. The essence of these relations “is the remov- 
al of the object through its destruction from the relations  
of consumption. The object is endowed with exceptional 

qualities in relation to other things, which not only repro-
duces the original dualism but also represents it or even 
creates it at the level of relations with the sacred and so-
cial relations” [4]. In this sense, the coordinated terrorist 
suicide attacks of September 11, 2001 were an act of sac-
rifice in the precise sense of the phenomenon according 
to Bataille as bearing the counter-meaning of the total trend 
of Americanization and globalization. An important aspect 
of G. Bataille’s definition is that the sacrifice is taken away 
as a useful thing, i.e., included in relations of production 
and distribution, and hence of power [4].

In the process of sacrifice, according to Bataille, human 
is able to return to the state of immanence – identifica-
tion with nature and, consequently, with the sacrifice. By re-
moving the victim from the world of objects and endowing 
it with special qualities, the relation of subordination between 
the murderer and the murdered, which arises in the con-
text of consumption, is dissolved. The human being becomes 
equal to the sacrifice, like an animal, because “when one an-
imal eats another is always the fellow creature of the one 
that eats. It is in this sense that I speak of immanence. 
I do not mean a fellow creature perceived as such, but there 
is no transcendence between the eater and the eaten; 
there is a difference, of course, but this animal that eats 
the order cannot confront it in an affirmation of that dif-
ference” [3]. On the other hand, in addition to returning 
the person to the state of immanence and along with the at-
tempt to propitiate the real master of the sacrifice, the re-
lationship of the sacrificer with this master was apparently  
established.

If we consider sacrifice not only in its utilitarian sense 
as a waste, as G. Bataille did, but also in its religious dimen-
sion as a gift, then the giver occupies a higher position than 
the victim. In such a ritual, power is enacted and consolidat-
ed. And the highest power available to human, in the prim-
itive dimension, was to be consolidated as dominion over 
the life of another person. In this action in honor of the de-
ity, human comes as close to the deity as possible. Un-
able to give life and fully dispose of it, forcibly terminating 
it to please its true master in the rite of sacrifice, the mur-
derer, as it were, participates in the act performed by the de-
ity, comes as close as possible to the deity, to the point 
of self-identification with him. G. Bataille describes such 
an attitude in the “priest – sacrifice – deity” connection as fol- 
lows: “When the offered animal enters the circle in which 
the priest will immolate it, it passes from the world of things  
which are closed to man and are nothing to him, which he 
knows from the outside – to the world that is immanent to it,  
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intimate, known as the wife is known in sexual consumption 
(consummation charnelle). This assumes that it has ceased 
to be separated from its own intimacy, as it is in the sub- 
ordination of labor. The sacrificer’s prior separation from  
the world of things is necessary for the return to intima-
cy, of immanence between man and the world, between  
the subject and the object. 

The sacrificer needs the sacrifice in order to separate 
himself from the world of things and the victim could not be 
separated from it in turn if the sacrificer was not already 
separated in advance. The sacrificer declares: “Intimately,  
I belong to the sovereign world of the gods and myths, 
to the world of violent and uncalculated generosity, just 
as my wife belongs to my desires. I withdraw you, victim, 
from the world in which you were and could only be reduced 
to the condition of a thing, having a meaning that was for-
eign to your intimate nature. I call you back to the intima-
cy of the divine world, of the profound immanence of all 
that is” [3]. Thus, the sacrifice, being excluded from the cy-
cle of consumption, returns the victim to the state of harmo-
ny with the world as a certain order, and at the same time 
it consolidates the relationship of the victim with the enti-
ty that established this order by removing the contradiction 
between the subject and the object, acting as a mediator 
between the human and the divine and, consequently, be-
ing the basis for building and consolidating the hierarchical  
order within society.

In the book “Totem and Taboo” S. Freud hinted that  
not only sacrifice but culture in general originated from  
the guilt felt by primitive human for killing his own father. 
According to the Austrian psychoanalyst, religion and cul-
ture arose from the fear and trembling caused by the killing, 
cutting, roasting and devouring of the most precious thing 
a creature endowed with faith and reason can have – its own 
parent [5]. In his conclusion Freud relied not only on the as-
sociations of the neurotics he analyzed. From the works, 
in particular, of J. Frazer, it is known the tradition of sacri-
fice of the old king – the leader, who was unable to further  
ensure the welfare of the people (“Akela has missed”), was  
solemnly killed and replaced by a young one. The peoples 
of the Far North, until recently, left infirm old men in the taiga  
and tundra to be torn apart by beasts [6].

Apparently, the edifice of any hierarchically organized  
society, i.e., a society divided into estates, classes or strata,  
between which relations of domination and subordination 
are established, is constructed around the ritual of sacrifice.  
Some ethnographic studies suggest this. In particular, New  
Zealand anthropologists J. Watts and R. Gray from the University  

of Auckland studied the practice of human sacrifice among 
representatives of 93 Austronesian nationalities and cul-
tures living on a large territory from Madagascar to Easter 
Island. The scientists tried to establish a connection between 
the prevalence of bloody fratricidal rituals and the form 
of political organization in the community. They divided them 
into three groups:

 • societies of equality;

 • societies where power is elective;

 • societies where power is assigned to a particular group 
and then passed on through inheritance.

“Human sacrifices took place in 40 of the 93 cultures 
studied (43 % of the total), including five of 20 (25 %) egal-
itarian, 17 of 46 (37 %) societies with a “temporal” and 18 
of 27 (67 %) with an “innate” hierarchy” [7]. The difference 
was so significant that J. Watts and R. Gray had to assume 
that human sacrifice in primitive tribes was a tool to con-
solidate the dominance of some over others, and the intro-
duction of bloody practices correlates with the transition  
of society from a political model of equality to one or another  
type of hierarchical organization.

Freud’s conjecture and anthropologists’ data suggest 
that sacrifice, at least historically, is the basis for the forma-
tion of any complex social system. Relationships with high-
er powers and subordination within groups are built around 
bloodshed. Blood (or bloodless sacrifice) fixes the most sig- 
nificant decisions – the beginning of hunting or military 
campaign, coronation, wedding. The sacrifice marks all ma-
jor stages in the life of a person and a community – birth, 
initiation, the beginning of sowing or harvesting, death 
and funeral. In particular, the famous gladiatorial fights 
arose from a tradition associated with burial. “Before be-
coming an infamous circus spectacle, the “games” of glad-
iators were – first among the Etruscans and then among  
the Romans themselves – a type of funerary sacrifice” [2].

A superficial look at civilizations, or rather at the way 
they represent their own emergence, gives confirmation 
to the assumption of the fundamental role of sacrifice 
in the processes of cultural genesis.

“The first human sacrifice in the history of Hinduism 
was the first man Purusha. The Rigveda, one of the world’s 
oldest religious texts, composed in the 2nd millennium B.C., 
tells how the gods sadhyas (lower gods) and rishis (divine 
sages) sacrificed Purusha and created the world from him…

One of the Rigveda’s hymns describes in detail how 
the four varnas of the Indian caste society were created  
from the body parts of the first man: the Brahmans, of course,  

were born from the head of Purusha, the Rajanya, or Kshatriya  
warriors, from the hands, the Vaishya traders from the hips, 
and finally the Shudra servants from the feet. From the oth-
er parts of the body the sky, sun, earth, wind and other  
useful elements of existence were created. The airspace 
was created from the navel, and the gods Indra and Agni 
from the mouth. The spirit of Purusha, from which, strange 
as it may seem, such a material body as the moon was made, 
was not wasted. Lastly, from his ear, on the contrary, such 
abstract concepts as the sides of the world were created. 
Besides, other immaterial realities have also sprung from this  
sacrifice” [8].

The Chinese trace the lineage of everything back to their  
version of the first man named Pangu. Giant, he divided 
and fixed heaven and earth in their places and then lay 
down to rest to perish and give rise to all that surrounds us. 
The air from his chest became wind. The flesh became soil, 
the bones became stones, the hair on his body became plants, 
the hair on his head became stars, the sweat became rain, 
the eyes became the sun and the moon, the voice became 
thunder, and the tears became the waters of the Yellow River.

The amazing myth of Prometheus, who gave fire to peo-
ple and thus sacrificed himself, forms one of the founda-
tions of ancient Greek civilization. Further, Christian civiliza-
tion considers its beginning to be the God’s sacrifice of his 
consubstantial son, Christ. This atones for the sins of human-
kind and opens the possibility of salvation and eternal life. 
Finally, when Christianity slowly begins to lose its position 
in Europe, when a new version of the great social model –  
New European civilization, capitalism, consumer society –  
is formed, then F. Nietzsche speaks of the death of God 
as the foundation on which the new world is erected. “God 
is dead! God remains dead! And we have killed him! How 
can we console ourselves, the murderers of all murderers!  
The holiest and the mightiest thing the world has ever pos-
sessed has bled to death under our knives: who will wipe 
this blood from us? With what water could we clean our-
selves? What festivals of atonement, what holy games will 
we have to invent for ourselves? Is the magnitude of this 
deed not too great for us? Do we not ourselves have to be-
come gods merely to appear worthy of it? There was nev-
er a greater deed – and whoever is born after us will on ac-
count of this deed belong to a higher history than all history 
up to now!” [9].

In the world of economics and politics, the death of God, 
his sacrifice, was embodied in the secularization of church 
wealth. Everywhere, land and worldly power were taken  
away from clerics, up to the physical murder of priests, 

the destruction of churches or the rebuilding of churches  
into planetariums and vegetable stores, as was the case, 
for example, in the USSR. Objectively, the ritual murder 
of God was accompanied by a mass of human sacrifices  
at the hands of the Holy Inquisition as well as in religious, civil, 
colonial and later ideological wars. Throughout human histo-
ry, almost until the end of the first quarter of the 21st centu-
ry, sacrifices (including human ones) have always occupied 
an important place among social practices and events.

Ritual Murder in Antiquity
In popular culture, human sacrifice is, for example, 

the footage of a severed Indian head rolling down the steps 
in the valley of the Lambayeque pyramids and falling into  
a pile of other heads. Others think of the story of the Old 
Testament Abraham, who was ordered by God to kill his only  
beloved and long-awaited son. Admirers of ancient culture  
will imagine Sophocles’ description of the ritual murder 
of Priam’s daughter Polyxena in honor of Achilles, who had 
fallen in battle. All these repeatedly quoted artistic images  
have confirmation in historical science. Archaeological ex-
cavations testify: traditions of human sacrifices arise al-
most simultaneously with the emergence of Homo sapiens  
as a species. There are reasons to believe that cultic killing 
of their own kind was practiced even by Neanderthals.

“The remains of about 20 Neanderthals have been found 
in the Krapina Cave in Croatia, with bones charred and shat-
tered and skulls badly damaged. Some scientists are inclined 
to think that the inhabitants of the cave were not just treat-
ing the brain but committed a religious ritual and that two 
dozen Neanderthals were killed for ritual purposes. Such rit-
uals in new age savages are usually explained by the desire 
to join the life force of the enemy. And the crushing of bones 
could be related to an attempt to prevent resurrection.

A similar finding was made on the island of Java where 
in the sand and gravel deposits, the age of which is over 
100,000 years, were found 11 skulls with crushed facial parts 
but without skeletons. It is noteworthy that neither lower 
jaws nor teeth in the skulls were also found.

Scientists from the University of Michigan S. Garn 
and W. Block, having studied the properties of human meat, 
came to the conclusion that any cannibalism, as a rule, 
should be regarded as ritual, because humans are very 
much inferior to herbivorous animals in terms of nutrition. 
Neanderthals lived in times when there was no shortage 
of either mammoths, antelopes or fat and tasty rodents,  
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and people hardly had to suffer from hunger. Therefore, even 
if once some particularly hungry Neanderthal decided to eat 
his own kind, the mass finding of perforated skulls and charred  
human bones could be explained more by ritual reasons.

And in any case, ritual reasons explain the discovery 
made in the vicinity of Rome, in the grotto on the moun-
tain Monte Circeo. They found the skull of a Neanderthal 
with almost completely removed occipital bone. The owner 
of the skull had been killed by a blow to the temple. Bones 
of bison and deer were piled up in the corners of the grot-
to, and a circle of stones was laid out around the skull. 
V. Kabo writes: “There is a speculation that the animal bones 
are the remains of a funerary feast and that the com-
plex as a whole is the result of a ritual murder committed 
55,000 years ago” [8].

Mass graves of remains of people who died violently 
under mysterious circumstances have been found in various 
places on the planet. Not only primitive savages but also rep-
resentatives of developed civilizations of the Ancient World 
were not strangers to ritual murder. Egypt, China, India, 
Western Asia, Phoenicia, Ancient Greece and Rome, pagan 
Europe and America – everywhere in one form or anoth-
er traces of atrocities justified by some tradition and rele-
vant considerations are found. However, most likely, these 
seem to be atrocities only today. Back then, on the con-
trary, sacrifice was portrayed as a virtue. In many cultures 
people voluntarily went to death for one good or another.  
In Egypt, where the remains of hundreds of people who 
did not die of their own accord were found near the tombs 
of the pharaohs, “until the end of the Old Kingdom (ap-
proximately until the 23rd century B.C.) no harm threatened 
the deceased Egyptians and no one even needed the pa-
tronage of the gods behind the coffin – they are not depict-
ed on the walls of ancient tombs. The human who managed 
to get into the afterlife by any means and by any injustice, 
remained forever to lead there a trouble-free existence. 
Therefore, it cannot be excluded that the servants voluntari-
ly followed their masters, preferring the short-lived earthly 
life to eternity behind the coffin, even if it meant dying – be-
cause the second such opportunity might not have been giv-
en again” [8]. In India for a long time a wife had to follow 
her dead husband to the pyre. If this did not happen, such 
a woman became an outcast and her life was unenviable.

The rituals, impressive in their luxury and scope, were 
carried out, judging by the findings of scientists, in Sumer.  
 “The noble Sumerians, equipping themselves for the final 
journey, were not going to deny themselves any earthly plea-
sures. Their tombs, sometimes consisting of several rooms,  

are spacious rooms made of brick and stone, which was  
brought from dozens of kilometers away. Archaeologists 
find here luxury items: musical instruments, sets of board 
games like checkers, vases, animal figures sculpted from  
precious stones... Next to the men lie daggers of fine work, 
patterned spears... Noble ladies took with them a huge 
amount of jewelry and cosmetics... And naturally, the Sume-
rian rulers did not want to do in the afterlife without their 
servants and courtiers. But the archaeologists were amazed 
by the fact that these servants, apparently, dared to ac-
company their masters voluntarily. There are no signs of vi-
olent death on their bodies, and they are buried, as a rule, 
in the most relaxed poses.

The tombs of the kings of the First Dynasty of Ur (who 
ruled in the middle of the 3rd millennium B.C.) resemble not 
a tomb but feast halls, which the breath of death touched 
unexpectedly for all present. It seems that the musicians 
continued to play harps until the last moment, and the la-
dies – to entertain their queen with cheerful conversation. 
Moreover, these ladies were not slaves thrown into the grave 
for the afterlife service but dearly dressed women, decorat-
ed with gold and stones, apparently rich and noble. There 
is a version that the servants and courtiers of Sumerian 
rulers voluntarily descended into luxurious crypts, in order 
to continue their prosperous existence in the next world. They 
took a narcotic poison, which relieved them of the anguish 
of death, and fell asleep forever to the music of the same 
voluntary suicide-musicians, or they were stabbed in their  
sleep with an instant and painless blow of a stiletto” [8].

The above is only part of the diverse history of human 
sacrifice in antiquity. Official science, or rather mass ideology, 
inculcates the notion that such rituals are a thing of the past. 
That the religions of the world have moved from real blood-
shed to symbolic forms of such action. And that today prac-
tices like the one described above, if any, exist only as a hor-
rifying form of deviation. This is the version accepted by most. 
There is also an alternative view. Its meaning is that human 
sacrifice has been and remains a real and essential instru-
ment of legitimizing the power of the ruling estates as well as 
a gift and a way of receiving goodwill from the higher powers 
to which they are subordinated. Naturally, the forces them-
selves bear little resemblance to archaic gods, and the instru-
ments of murder are not the copper knives of priests. How-
ever, this does not change the essence. Sacrifice, as some  
researchers believe, has been and remains the fundamen-
tal beginning of any culture and civilization, including mod-
ern Western civilization, which claims to be a global system 
of values and guidelines.

After the loss of religious dimensionality, sacrifice 
should be seen in three other dimensions. At the level 
of the collective and individual unconscious – as an arche-
type ordering experience. At the level of individual and col-
lective consciousness – as a kind of substitute algorithm 
that allows redirecting violence from significant and valu-
able objects to less important ones. And at the operational 
level – as a regulatory mechanism that holds, consolidates  
and contributes to the preservation of the existing social order.

Sacrifice Is an Unbroken Tradition
The weakening significance of sacrifice as a ritual 

and filling in the relationship between human and the high-
er powers does not diminish the importance of sacrifice 
in the formation and maintenance of the social order foun-
dations. This includes the consolidation of the social hier-
archy established at this or that stage. It is through sacri-
fice as a form of appropriation and transfer of property that 
some people can rise above others at a fundamental level. 
It is also through sacrifice that the human species asserts 
itself as something superior to animals, plants and other 
forms of life.

“Ritual sacrifice is no less a part of contemporary society 
than it was ancient Greek society. One important difference 
is that while the ancient Greeks may or may not have actu-
ally engaged in human sacrifice, contemporary capitalist so-
ciety definitely does,” argues Hampton University researcher 
N. Partyka [10]. Sacrifice in the capitalist system of consum-
er society, as in previous formations, is a way of maintaining 
hierarchy. In this case, the basis of its construction is the di-
chotomy of rich and poor, within which there are many lev-
els and sublevels from poverty to superstates of the ruling 
 “elites” in the world.

“The Communist Manifesto” by K. Marx and F. Engels  
says: “The history of all hitherto existing societies is the his-
tory of class struggles. Freeman and slave, patrician and ple-
beian, lord and serf, guild-master and journeyman, in a word, 
oppressor and oppressed, stood in constant opposition 
to one another, carried on an uninterrupted, now hidden, 
now open fight, a fight that each time ending in a revolution-
ary reconstitution of society at large, or in the common ruin 
of the contending classes” [11]. 

Despite the fact that modern sociology has a plethora  
of approaches alternative to the Marxist’s one to the un-
derstanding of society and the transformations that drive 
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its historical changes, this thesis is difficult to dispute 
in and of itself. Today, as at the dawn of humanity, there 
is a multilevel hierarchy in which higher positions are occu-
pied at the expense of those below, who are literally or fig-
uratively sacrificed for the sake of profit, status or power.  
Sacrifice is conceptualized here in other categories, but its  
essence remains the same as it was long ago.

“Capitalist society chooses, almost from birth, those 
it will subject to the kinds of social and material pressures 
that drive people to crime in order to meet their needs, either 
for material resources or for social status. Then, after some 
of these people succumb to the pressures and incentives 
arrayed before them, capitalists utilize their power to or-
ganize public rituals of sacrifice, or as we call it, the crim-
inal justice system. Capitalist elites intentionally disinvest 
in public social services, e.g. education and healthcare, then 
when people find it impossible to live with dignity, they re-
sort to any means necessary to provide. Capitalist elites 
criminalize this behavior, then apprehend, try, and if con-
victed, punish those who refuse to accept the social sta-
tion assigned them. One grotesque example of the comedy 
of guilt in this connection is the widespread criminalization  
of homelessness” [10].

Just as it was customary in ancient rites, the victim 
must accept its fate. It must step to the altar itself. To do 
this, a much more elaborate and costly comedy is played 
out than the ancient Greeks’ one, as example (although they  
were quite inventive). The problem the Greeks had to face 
 “was that the idea of a cow, sheep, ram, or pig consenting 
to be sacrificed by a human in the name of a God is laugh-
able. Humans and animals possess no reliable means of com- 
municating, especially for such a complex notion as ritu-
al sacrifice. Moreover, even if a machine enabled humans 
and animals to communicate, it is by no means clear that 
we could sufficiently explain to them notions like God and rit-
ual sacrifice for them to make a suitably informed choice 
that could alleviate humans’ guilt. Thus, the Greeks made use 
of the comedy of innocence to resolve their feelings of guilt 
at killing an animal they have raised, and have a relation-
ship with, and stands in symbolically for humans. As we saw 
above, this process would occur at the beginning of the sac-
rificial ritual. The human participants would stand in a cir-
cle, water would be brought in a vessel, and there would 
be a ritual washing of hands. Water would then be offered 
to the animal, or perhaps sprinkled on its head, inducing 
the animal to make a gesture that the humans could in-
terpret as it giving its assent to be sacrificed. In another  
variation of this process a select few animals might be 

arrayed around the altar, upon which were places some 
food item cows would find hard to resist. The first animal 
to move in for a taste of the treats displayed before it could 
then be interpreted as assenting to be sacrificed. Since 
the animal could be said to go “voluntarily” to the sacri-
ficial altar any feelings of guilt the Greeks had would be  
assuaged” [10].

The consent of the victim is necessary to alleviate or re-
move the guilt of the one who commits the murder. More 
importantly, without it, the ritual cannot be conceptualized 
in terms of giving. In order to give something, that some-
thing must belong to the giver. The consent of the victim 
to go to slaughter is the giving of oneself to another, who 
is giving the life of alien as belonging to him. Other mecha- 
nisms for acquiring a right to someone else’s life are pur-
chase or capture. They were also common. For example,  
among the Khonds “for a long time there was a rite of vol-
untary sacrifice to increase the harvest. The community 
bought a person’s consent to die, and sometimes parents 
sold a child for this purpose, after which he could live 
for many years and even marry and have children. But when 
it became necessary to take care of the crops, the victim 
was consecrated, identified with a deity, and then drugged 
with opium and strangled. The body of the victim was cut 
into many pieces, which were buried in the ground all over 
the surrounding fields” [8]. This was also done with captives.  
For example, “the warlike Aztecs in Mexico brought to a great 
extent the practice of human sacrifices to their cruel gods –  
Huitzilopochtli and Tezcatlipoca. In order to have a con-
stant supply of human material for these sacrifices, they 
waged frequent wars with their neighbors for captive taking. 
These sacrifices were required especially for the “sun” god  
Tezcatlipoca. It was believed that the sun, without receiving 
enough of them, would cease to shine brightly. The Spanish  
conquistadors who were not softhearted people themselves 
were amazed at the sight of a tall pyramid of human skulls 
in Tenochtitlan – the remains of sacrificed...

In essence, the entire history of the Israelites’ wars 
of extermination for the possession of Palestine in the late 
2nd and early 1st millennia B.C. falls into this category of cru-
el military customs – extermination of enemies for the glo-
ry and at the request of their god. In the Bible these wars 
are described as a direct command of Yahweh, who, order-
ing his people to conquer city after city, insistently repeated 
the requirement not to leave alive a single person, regard-
less of sex or age (Joshua, VI, 20; X, 28–43; etc.). Such mass 
human sacrifices, made at the unconditional demand of God, 
the world history, it seems, has not yet known” [2].

Captives were killed both directly to please the higher 
powers and as part of burial rituals. On the territory of China  
in Anyang a burial of local rulers was found with a total area 
of about 380 m2. The remains of hundreds more people were 
found near the remains of the rulers. Apparently, servants. 
 “And outside the whole cemeteries were stretched: graves 
of decapitated prisoners of war with their hands tied be-
hind their backs. Thousands of their heads were buried  
in separate pits.

The fact that the victims were mostly prisoners of war  
is evidenced by the analysis of their remains: while the  
sconces themselves, found in ordinary graves with equip-
ment and weapons, were characterized by anthropological 
homogeneity, in the sacrificial burials people of various na-
tionalities can be found. Slave labor was not yet massively 
used at that time. Apparently, guarding and feeding many 
forced laborers was not always profitable, but it was al-
ways dangerous. There is evidence that captives could be 
used for some labor-intensive one-time work: construc-
tion of giant tombs, elimination of floods’ consequences, 
but then sooner or later they were killed in order to please 
the ritual, and perhaps for lack of need. Captives could also 
be involved in spring agricultural work, after which they 
participated in fertility rites and were sacrificed as part 

of the ritual of “sacred marriage”. The following inscription 
from the Shang era is known: “Wang commanded many 
Qians to perform fertility rites in the fields” [8].

However, in a modern humane society, neither people 
trafficking nor the taking of captives as property on the bat-
tlefield are common. Therefore, human sacrifice can only be 
placed at the disposal of the ritualist voluntarily, for which 
modern capitalist society has created amazingly ingenious  
tools and mechanisms. To begin with, it is necessary for peo-
ple to accept only a few statements as unconditionally 
true. The education system, influential international orga-
nizations like the UN as well as the mass media and mass 
culture work harmoniously on this. The truths are roughly  
as follows:

 • democracy is the best possible form of political orga- 
nization;

 • capitalism is the most perfect economic system;

 • ecology is the supreme value of the modern world;

 • human habits and actions have a decisive influence 
on the state of ecology;

 • to restore ecological balance in the world, it is neces-
sary to reformat the nature of production and consumption 
while preserving capitalism and democracy.
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What can unquestioning acceptance of these ideas 
lead to?

1. Power should remain alternating through elections, 
which, with an eye to capitalism, means that power is con-
trolled by capital, which finances any election campaigns  
and, as a consequence, is able to put the right people in key 
positions to achieve the desired results.

2. Capital should continue to accumulate in the hands 
of a small group of people who gain more and more real 
power, which is enshrined in appropriate agreements  
and legitimized through democratic procedures.

3. Big capital is given the opportunity to dictate its  
terms and impose unfavorable rules of the game for com-
petitors through the environmental agenda with various quo-
ta systems, restrictions and global eco-technological trends, 
which require additional production costs and thus prevent 
new players unable to withstand environmental burdens 
from entering the markets.

4. People should massively refuse to own anything as 
an unsustainable way of consumption. The objects of the ma-
terial world must be exploited as intensively as possible  
and incorporated into recycling systems. Food, clothing, 
transport, housing, entertainment – everything should have 
the character of industrial capitalist flow production, in which 
people will use an object only for a short time and only par-
tially, and then return it to the production-consumption chain. 
Food waste, worn-out clothes, worn-out cars – everything 
should be recycled, as if rented out. Consumption and produc-
tion should become inseparable elements of a single system 
in which the human being is an object among other objects.

5. Classical capitalism (as described by K. Marx) ex-
ploited human labor by appropriating the surplus value 
of the product manufactured. The new capitalism will ex-
ploit human as capital – exploitation reaches the absolute-
ness of its manifestation. The consumer becomes an active 
accomplice in production. The capitalist will sell the prod-
uct, thereby compensating for the costs of production, 
and through recycling systems significantly reduce the costs 
of raw materials. In classical capitalism, profit equals the mar- 
ket price of the product minus the cost of raw materials, 
equipment and worker labor. In the new capitalism, labor 
and raw material costs will be greatly reduced through au-
tomation and reprocessing. However, this does not lead 
to higher profits. On the contrary, due to environmental 
burdens, social burdens on business and, of course, over-
saturated markets, the profits of the new capitalists have 
a steady downward trend. At the Davos Economic Forum 

and in the writings of its head K. Schwab, this model is called 
inclusive capitalism. The systematization cited by the re-
searchers suggests a number of innovations. “First, profit 
should cease to be the goal and the main benchmark of busi-
ness success. Second, companies should go after consum-
ers by lowering prices and thus gradually eradicating pover-
ty and misery. Third, we should abandon the usual notion that 
corporations are owned by shareholders, who are the main 
(or even the only) beneficiaries of corporate activities” [12]. 
It is believed that in such a configuration business will be-
come more flexible. More importantly, such a business will not 
indirectly, but explicitly take over the functions of the state. 
The further it goes, the more so. Profit is exchanged for pow-
er. And this exchange does not look like a loss for capitalism, 
on the contrary, it seems to be a more direct road to what 
we want. People will become part of capitalism not only 
in body but also in soul, they will accept it wholeheartedly 
and subordinate themselves to the interests of the corpo-
ration, as it is assumed, for example, in the Japanese mod-
el of collective capitalism. The corporation will take care 
of people as a shepherd takes care of a sheep, and with their  
consent will sacrifice them when it becomes necessary.

Where the ancients situated their comedy at the be-
ginning of their sacrificial ritual, we moderns place our com-
edy at the end of our sacrificial ritual. Accepting the truths 
dictated by capitalism as such, people endorse the rules 
of the game, also accepting the role of the victim (if neces-
sary). At some point, finding themselves homeless and un-
employed, finding themselves in the dock or in a trench 
on the front line, they no longer have any right or will 
to protest. They lived, consciously or not, as part of that 
society, of that system, which decided to sacrifice them.  
So, it was their own choice. The hopeless media agenda 
and the dystopian image of the future created by Hollywood, 
the authoritative statements of science about the doom 
of everything in the world, including even the planets 
and stars, soften the bitterness of parting with life. Mur-
der continues to be justified and legitimized as a civilized 
phenomenon rooted in tradition and justified by absolute 
necessity.

Ritual Consciousness  
in the Context of the 21st Century

Human sacrifice is one of the historically established 
forms of violent elimination of people and social groups, 
a method of killing that is fixed and normalized from the point 

of view of a particular civilization. In total, there are five such 
forms of killing:

1) duel. Legitimized in the context of the dueling code,  
it is committed in interpersonal relations and serves to achieve 
personal goals such as honor, revenge, power, etc.;

2) war. It is committed in interstate relations for the  
sake of pragmatic goals – wealth, fame, power, in fact be-
ing the murder of some people by others in the interests 
of the state;

3) execution. It is conceptualized strictly in the legal 
field, serves as a punishment and a means of eliminating 
members of society who pose a danger to other people 
or to the social formation shaped in this or that period, in-
cluding the power hierarchy, economic relations, the sys- 
tem of norms, values, etc. It is committed in the rela-
tions of the state and the individual; in fact, it is a murder 
by the state of the individual;

4) terrorist act. As a rule, it has a political or ideologi-
cal coloring and is a means of expressing the will of a group 
of people. It arises between states, opposing political or ideo-
logical groups or between states and opposing groups of fight-
ers, in essence being the murder of some people by others, 
sometimes suicide (voluntary self-sacrifice), in the interests 
of one or another political or ideological doctrine;

5) ritual murder. It is intended to regulate the rela- 
tions of a person or society with this or that entity accepted  
as the supreme reality. It arises in the relationship be-
tween a person or society and the supreme entity, in es-
sence being the killing of human by human in the interests  
of the supreme entity to which this killing is dedicated.

The main difference between the described forms 
of “civilized” murder, as it appears, lies in the space within 
which it is committed, in the interests it pursues as well as 
in the specificity of the subjects and objects involved. In re- 
ality murder can combine the characteristics of differ- 
ent forms. For example, war can be conceptualized both 
as a duel and as a sacrifice. Such a big event affects all 
spheres of social life – from interpersonal relations to rela-
tions with divine forces. That is why ideologues try to pres-
ent almost any war as sacred. Only in this way can murder, 
as stated earlier, be fully justified in the end. If the murder 
is committed in the interests of a higher reality, the con-
science of the murderer is kind of clear. Sometimes every- 
thing is formalized and done as a sacrifice from the be-
ginning. Sometimes the rethinking happens ex post facto.  
Be that as it may, but in all cases wherever the leaders 
of society decide that someone must be killed, wherever  

civilized society deems it necessary to violently put a per- 
son to death, everything is framed and conceptualized  
as a sacrificial ritual.

Ritual can be defined as “a way of behavior, which 
is a repetition of all actions that once led to a positive  
result, and the consolidation of these actions (according 
to K. Lorenz). It is a projection of myth into action. Since 
it is unknown which action from the whole sequence caused 
the desired effect, the most effective will be the fullest pos-
sible repetition of all of them, which is the case in tradition-
al cultures, the life of the bearers of which is almost com-
pletely ritualized. The spread of rituals is as wide as that 
of myths. Moreover, ritual forms of behavior are present 
in most higher animals (rituals of courtship, aggression,  
territorial and dominant behavior)” [13].

Rituals are preserved in great variety in the culture 
of the 21st century. Everyone can choose examples to their 
taste. Rituals accompany people throughout their lives, mark-
ing bright and significant events such as meeting with flow-
ers at the maternity hospital; celebrating a birthday by blow-
ing out candles and making a wish, which must not be told 
to anyone in order for it to come true; a graduation party; 
a wedding; a funeral, which is organized by a ritual service 
bureau... These algorithms of actions have a great weight 
in the culture and continue to be taken by most people 
with utter seriousness.

Rituals exist in all spheres of human activity – in pro-
duction, art, science, trade, services, agriculture, politics 
and others. They perform an important function to standard-
ize the processes of interaction between people. In this case, 
rituals, on the one hand, clearly fix the established hierar-
chy and the corresponding distribution of roles, on the other 
hand, act as a means of legitimizing changes, the acquisition 
of new statuses and in general any transition to a qualita-
tively new state or a new stage of life, relative to both each 
individual and society as a whole.

Achieving the desired result with the help of ritual im-
plies the need to perform a certain set of symbolic actions. 
The full power of such an action in the process of its per-
formance is mediated by the symbols used and enhanced 
by the entourage – the plasticity of the action, odors, light 
and sound design. Intuitively, it is expected that the more 
powerful the symbols used, the greater the effect that 
can be achieved. That is why human sacrifice rituals were 
performed only on the most important occasions, requiring 
maximum energy, for example, before an important battle, 
the outcome of which depends on the survival of the people,  
or during the burial of the ruler, for whose well-being 
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in the next world the subjects are ready to do everything 
in their power.

In the 20th and 21st centuries, rituals of human sacri-
fice can be seen in many institutionalized practices such 
as penal and migration systems, armed conflicts as well as 
in the structures that constitute the financial and banking 
sphere, medicine and others. For some members of society 
to remain at the social summits, they continue to sacrifice 
other members of society both locally and globally, where 
the well-being of some countries is achieved at the expense 
of oppressing and exploiting others. Various forms of ritu-
alization of killing in society serve to justify sacrifices when 
other legal forms of killing (duel, war, execution or terrorist 
act) are inapplicable or insufficient. For example, in a situ-
ation where war cannot be justified in the public mind only 
in terms of economic expediency, it is justified as a sacri-
fice to be made in the name of democracy and freedom. 
In reality, however, it remains clear that in capitalist reality  
this is only a cover for achieving pragmatic interests.

Artificial Armageddon –  
Prospect of the Most Massive Human Sacrifice

In a capitalist society of mass production and con-
sumption, sacrifice can be seen as a form of consumption. 
In this perspective, it is “a consequence of the a priori ex-
isting differentiation in the consumption of different so-
cial strata. J. Baudrillard distinguishes two main functions  
of the social: the function of producing a certain surplus  
(demographic, economic or linguistic) and the function 
of eliminating it. The latter is connected with defense mech-
anisms – if the surplus were redistributed, it would, in his 
opinion, inevitably destroy social order and use value. Thus, 
sacrifice stands as the oldest way of eliminating surplus. 
M. McLuhan speaks in this regard of the culture of potlatch, 
an ancient practice of redistribution of wealth, in which 
huge product’s surpluses have to be destroyed or class 
differences would arise that would ruin the traditional so-
cial order (smashing buildings, leaving tons of rice exposed  
to rain, etc.)” [14].

To quote J. Baudrillard in full: “This reversion of wealth,  
of all wealth, which formerly was effected by sacrifice which 
left no room for any accumulation of remainders, is intoler-
able to our societies. It is by this very fact that they are “so- 
cieties” – in the sense that they always produce a surplus,  
remainders – whether it be demographic, economic or lin- 
guistic – and that these remainders must be cleared up 

(never sacrificed, that is too dangerous: but purely and simply  
got rid of).

The social exists on the double basis of the production 
of remainders and their eradication.

If all wealth were sacrificed, people would lose a sense 
of the real. If all wealth became disposable, people would 
lose a sense of the useful and the useless. The social ex-
ists to take care of the useless consumption of remainders 
so that individuals can be assigned to the useful manage-
ment of their lives” [15]. Thus, J. Baudrillard emphasized that 
in the capitalist world, sacrifice, while remaining as a practice, 
loses its sacred meaning, turning into a simple liquidation 
for the sake of preserving the established order – a potlatch.

“Potlatch is very widespread, especially where there 
is ease of food-gathering or food-production. For example,  
among the Northwest coast fishermen, or rice-planters 
of Borneo, huge surpluses are produced that have to be 
destroyed or class differences would arise that would de-
stroy the traditional social order. In Borneo the traveler may 
see tons of rice exposed to rains in rituals, and great art  
constructions, involving tremendous efforts, smashed” [16].

Along with the conceptualization of sacrifice as pot- 
latch, it is worth recalling again G. Bataille’s concept, accord-
ing to which sacrifice is different from potlatch, although 
similar to it as two forms of ritual “expenditure of wealth”. 
We can even say that Bataille’s concept of sacrifice breaks 
with the age-old tradition: sacrifice is made in the ab-
sence of any deity, it is entirely immanent, not addressed 
to any other subject, its essence is the liberation of things 
and, indirectly, of the person who refuses to use them: 
the sacrificial ritual seeks to destroy the thing – and only 
the thing – in the sacrifice [17]. In relation to a consumer 
society, sacrifice would be an anti-consumption, performed 
by the priests to maintain balance in the same way that 
positively and negatively charged particles, matter and an-
timatter balance each other. For this reason, the number 
of sacrifices increases in direct proportion to the amount 
of consumption, and the more monstrous the scale of one, 
the more horrifying the other.

“Sacrifice is the antithesis of production for the sake 
of the future, it is the extermination of wealth, which is  
of interest only for the moment. In this sense, to sacrifice 
means to give and to leave, but only the gift cannot become 
for the recipient an object of preservation; in giving some-
thing as a sacrificial offering, we hand it over to the world 
of transient annihilation. This is what it means “to sacrifice 
to the divinity”, whose sacred essence is like fire. Sacrificing 
is like throwing coal into a furnace” [17].

If we follow G. Bataille’s idea that sacrifice is the re-
moval of the object from the world of consumption and thus 
a means of returning human to the state of immanence 
with nature, it can be interpreted today in the following way. 
The “elites” find themselves in rigid antagonism with the nat-
ural world. This antagonism is currently expressed as a glob-
al ecological crisis. To remedy the situation, the ruling “global 
elites” must remove some people and objects from the world 
(through depopulation and deindustrialization) and sacrifice 
them in order to return to harmony with nature. Prince Philip,  
the husband of Queen Elizabeth II, one of the representa-
tives of the ruling “global elite” and ideologists of the re-
duction of the world population, frankly did about it. Talking 
about his rebirth, back in 1988 he said: “In the event that 
I am reincarnated, I would like to return as a deadly virus,  
to contribute something to solving overpopulation” [18]. 
Since the meaning of the real elite should be the opposite  
as the value approach is based on the original meaning 
of the word “elite” (i.e., “the best”), the concept of “global elite” 
in this study is taken in quotation marks and further it will 
mean the same as false, pseudo- or quasi-elite (they are 
all self-appointed because they did not pass final exams,  
they were not chosen or appointed by anyone).

The interpretations of sacrifice through the metaphor  
of spending (potlatch) and as the removal of an object 
complement each other. The first is getting rid of surplus 
for the sake of preserving the equilibrium of the social 
system. “Elites” do get rid of the surplus human biomass. 
On the other hand, by excluding some people from the pro-
cesses of consumption (capitalist production), they per-
form a symbolic action that should return them to a state  
of immanence with nature.

All forms of mass extermination in the 20th and 21st cen- 
turies acquire a new semantic dimension in the light of  
the ideas of J. Baudrillard and G. Bataille. There are many 
more parallels than differences between the Great Ter-
ror of the 1930s in the USSR, World War II, the genocide 
of the Jews, the coronavirus pandemic and Aztec human 
sacrifice. The declared purpose in all cases is to protect 
the interests of society from its enemies, racially inferior el-
ements, deadly disease and the disfavor of the gods. All this 
is a certain external threat hanging over people and de-
manding urgent action from the state (in fact, from the pow-
er “elites” that govern the state), which stands up in their 
defense. The struggle is waged through the search for foci  
(the perpetrators or those on whom blame can be laid) 
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and their physical elimination – murder or isolation, which 
in turn also leads to death. Together with actions aimed 
at eliminating the danger, in all these cases the victims 
are eliminated as demographic surplus and at the same 
time excluded from the world of production and consump-
tion, the world of things. The religious component and ap-
peal to a higher power are outwardly abolished but remain 
essentially intact.

In the chosen perspective, the consideration of the goal- 
setting of sacrifice is transformed together with the goal- 
setting of society as a whole. Such attitudes are set by re- 
ligion throughout most of history. First it is the worship  
of totem animals or plants, then of the elements, then 
of the deities embodied in these elements, and even later –  
of some universal principles embedded in the foundation 
of the world and revealed through the personified message 
of a prophet or an incarnate god. Such are the world reli-
gions – Buddhism, Christianity and Islam. In the Modern Era, 
personification and, consequently, the idea that the principle- 
based origin takes part in the destiny of human are grad-
ually rejected. The principles themselves acquire a purely  
objective and indifferent coloring of scientific laws or polit-
ical ideology. In the corresponding logic, at the correspond-
ing historical stages from primordiality to our days, sacrifice 
is conceptualized and carried out: once to sacred animals, 
then to the elements, to anthropomorphic gods – lords 
of the elements, to the embodied Absolute, to an imper-
sonal law formulated in some field or system of knowledge 
(ideology, sociology, political science, criminology, epide-
miology, etc.). At the same time, things are called by their 
proper names, no one even tries to conceal that sacrifice 
is sacrifice. 

One can object and say that war has nothing to do 
with sacrifice because it is different. However, first of all, 
the rhetoric itself refutes the distinction. They say, after all, 
 “to sacrifice oneself for the Motherland,” “to lay one’s life 
on the altar of the Fatherland.” Secondly, the war of modern 
times is not an event in which everyone can participate or not 
participate at will. There are, of course, professional military 
for whom it is a choice. They are the ones who command 
on the battlefield, like priests in temples. They also win bat-
tles, military campaigns are won by their bosses, and wars 
are won by the bosses’ bosses (presidents and kings). Further 
and higher are the interests and victories, which they pre-
fer not to advertise as well as the identities of the final ben-
eficiaries of armed international strife. The price is the lives 
of ordinary soldiers (and civilians, who sometimes die more 
than soldiers), who in most cases are not asked anything 

and who are prepared from birth to be lambs for slaugh-
ter and scapegoats. The phrase “duty to the Motherland” 
is coined to explain this. In essence, they resemble Hon-
das children, sold by their parents and living happily ever 
after until the harvest fails and they are used as intended. 
The state disposes of the lives of its subjects at its own dis-
cretion and can sacrifice them at will, whether for pragmatic 
interests or for the sake of higher justice and higher powers. 
Thirdly, World War II, like other conflicts of the 20th centu-
ry, in addition to hostilities, was associated with phenomena 
that in all basic parameters, form and spirit fit the concept 
of sacrifice. This refers to various forms of genocide, includ-
ing the Holocaust. If we consider all this from the chosen per-
spective, it turns out that the sacrifice that formed the basis 
of the civilization emerged in the 21st century was the larg-
est in the history of humankind. The number of people 
killed in the name of the new order is estimated in the tens,  
if not hundreds, of millions.

Here is what A. Hitler said in a speech on Septem-
ber 1, 1939, which marked the beginning of World War II:  
 “For six years now I have been working on the building up  
of the German defenses. Over 90 bln have in that time  
been spent on the building up of these defense forces. They 
are now the best equipped and are above all comparison 
with what they were in 1914. My trust in them is unshakable. 
When I called up these forces and when I now ask sacrifices 
of the German people and if necessary every sacrifice, then  
I have a right to do so, for I also am today absolutely ready, just  
as we were formerly, to make every possible sacrifice” [19].

Here is what J. Stalin said on May 9, 1945, after Hitler’s ar- 
my was defeated: “The great sacrifices we made in the name 
of freedom and independence of our Motherland, the incal-
culable privations and sufferings experienced by our peo-
ple in the course of the war, the intense work in the rear 
and at the front, placed on the altar of the Motherland, have 
not been in vain, and have been crowned by complete vic-
tory over the enemy” [20]. And here is what he said a little 
later on May 24 in a narrower circle in the Kremlin at a re-
ception in honor of the commanders of the troops: “A dif-
ferent people could have said to the Government: “You have 
failed to justify our expectations. Go away. We shall install 
another government which will conclude peace with Ger-
many and assure us a quiet life.” The Russian people, how-
ever, did not take this path because it trusted the correct-
ness of the policy of its Government, and it made sacrifices  
to ensure the rout of Germany [21].

The version of human-made COVID-19 pandemic is con-
troversial. No one can deny the facts. The majority of people 

who died during that period were old, poor and sick. This se- 
lectivity of the virus is recognized by absolutely everyone. 
At the same time, everything is explained by supposedly 
natural causes. For example, K. Schwab says: “In the US, 
COVID-19 has taken a disproportionate toll on African Amer-
icans, low-income people and vulnerable populations, such 
as the homeless. In the state of Michigan where less than 
15 % of the population is black, black residents represented 
around 40 % of deaths from COVID-19 complications. The fact 
that COVID-19 affected black communities so disproportion-
ately is a mere reflection of existing inequalities. In Ameri-
ca as in many other countries, African Americans are poorer, 
more likely to be unemployed or underemployed and victims 
of substandard housing and living conditions. As a result, they 
suffer more from pre-existing health conditions like obesity,  
heart disease or diabetes that make COVID-19 particularly  
deadly” [22].

K. Schwab recognizes that the beneficiaries of the pan- 
demic have been governments and corporations that have  
dumped the burden of pensions and benefits, while at  
the same time destroying small businesses and curtailing 
people’s freedoms. In particular, the trampling of privacy 
rights is cited. “Most people, fearful of the dangers posed 
by COVID-19, will ask: Isn’t it foolish not to leverage the pow-
er of technology to come to our rescue when we are vic-
tims of an outbreak and facing a life-or-death kind of sit-
uation? They will then be willing to give up a lot of privacy 
and will agree that in such circumstances public power can 
rightfully override individual rights. Then, when the crisis 
is over, some may realize that their country has suddenly 
been transformed into a place where they no longer wish 
to live. This thought process is nothing new. Over the last 
few years, both governments and firms have been using in-
creasingly sophisticated technologies to monitor and some-
times manipulate citizens and employees; if we are not vig-
ilant, warn the privacy advocates, the pandemic will mark 
an important watershed in the history of surveillance. The ar-
gument put forward by those who above all fear the grip 
of technology on personal freedom is plain and simple: 
in the name of public health, some elements of personal  
privacy will be abandoned for the benefit of containing 
an epidemic, just as the terrorist attacks of 9/11 triggered 
greater and permanent security in the name of protecting 
public safety. Then, without realizing it, we will fall victims 
of new surveillance powers that will never recede and that 
could be repurposed as a political means for more sinister 
ends” [22]. In sum, COVID-19, like any sacrifice, perpetuated 

and reinforced a social order in which the few wield wealth 
and power over all others.

Despite technological progress, declared democracy, 
humanism and others, modern society retains primitive pre-
rational and irrational attitudes at its core. The necessity 
of sacrifice is one of the key axioms. The concept of “sac-
rifice” continues to be sacralized. The default assumption 
is that in order to achieve anything in personal or social life, 
in relation to the state or the planet as a whole, something 
must be sacrificed.

If you ask “Why does society no longer practice human 
sacrifice?” the answer is that it is irrational. But is society 
really guided by rational principles? Far from it, as many re-
searchers agree. “For a long time, the unique quality of hu-
mans was considered to be reason. It is no coincidence that 
this ability was noted in the self-name of our species. How-
ever, the hubris of Homo sapiens turned out to be unjusti-
fied. Studies of the last century have shown that great apes 
are capable of sign and instrumental activity. The IQ differ-
ence is paradoxically explained by the fact that animals are 
too rational. They do not do anything for nothing, includ-
ing not multiplying entities. Instinct is enough for survival,  
so there is no need to use reason.

Man differs from the beast not by reason, but by faith. 
Therefore, the phenomenon of culture can be explained only 
through religion” [6].

If this is true, then irrationality is the defining feature 
of culture. There are many indirect confirmations, starting  
from the fact that people throughout their history have 
been fighting, killing and destroying what they have cre-
ated with great difficulty, and ending with the position  
and the negligible role that the carriers of scientific and en- 
gineering rationality play in society at different times, up to  
the end of the first quarter of the 21st century.

The humanity of modern society can be disputed 
as well as its rationality, just like other possible qualities that 
would make sacrifice (including the human one) impossi-
ble in the modern world. If there are no such indisputable 
qualities, then sacrifice is possible as a mass and system- 
forming practice.

Human sacrifice is a very successful matrix for structur-
ing and comprehending the processes that began at the end 
of the last quarter of the 20th century and in the first quar-
ter of the 21st century, which have become quite radical. 
We are talking about a profound restructuring of the world 
order – the reform of capitalism with all its consequences,  
including the need to reduce the world’s population. 
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The logic of sacrifice is the only one possible for such a tran-
sition, because it allows us to achieve the desired result 
and at the same time justify the extermination of humanity 
on a global scale. Moreover, extermination can be carried out 
as painlessly as possible, since the need for the victim to ac-
cept his or her fate is probably the most important distin-
guishing feature of sacrifice as a form of killing. It is enough 
to set people up for self-sacrifice, and they themselves will 
go to the slaughter, leaving no offspring. How does such 
a process take place, how is it structured, and to what  
result will it lead?

The Club of Rome report entitled “The Limits to Growth” [23], 
published in 1972, can be taken as a starting point, although  
the roots of the process of interest can be found even 
deeper in time, for example, in an essay of T. Malthus [24].  
Be that as it may, the “global elites” faced the problem of plan-
et’s overpopulation and exceeding the limits of world popu-
lation growth. The terrible specter of ecological catastrophe  
appeared on the horizon. In order to avoid it and propi- 
tiate nature, a human sacrifice was required, which was  
then planned and probably already started to be execut-
ed according to the quickest and simplest plot of three  
acts.

Act 1. Pandemic (“plague”). Creating tension in society 
while limiting the freedoms of the population through to-
tal digital control makes it possible to organize the environ-
ment for waging a local nonnuclear war in Europe. Thanks 
to the practices of lockdowns and the suppression of pro-
tests arising in this context, the population turns out to be 
passive enough meekly to accept the new restrictions and in-
conveniences associated with such a war. There are no mass 
protests either in the belligerent countries or in the states 
providing financial and military support to one of the par-
ties. People during the pandemic got used to the idea that 
the state decides their fate for them.

Act 2. Local nonnuclear war. European economy weak-
ens due to a significant increase in the cost of energy  
resources. New political and economic camps and coali-
tions are formed. More participants are gradually involving 
in the conflict. Tensions rise to an extreme point.

Act 3. Global nuclear war – achieving the required result.

Before that, decades of preparation for the ritual had  
been going on. Hollywood worked tirelessly, introducing  
into mass consciousness the idea of bleak and catastro- 
phic future, sowing hatred in society, popularizing violence,  
egoism, hedonism, etc. The mass media and education 
worked for the same purpose, destroying the principles 

of humanity and progress, instead of them implanting in our  
heads the need to strive for success no matter what and sow- 
ing moral relativism, in which there is neither good nor evil, 
but only profit or its absence.

The family as a fundamental institution has been de-
valued. In fact, people have been forced to perceive them-
selves as a kind of meaningless biomass (like mold), uncon-
trollably multiplying and destroying nature. Such humanity 
is ready to sacrifice itself in the interests of nature, glori-
fied by eco-activists and representatives of green parties.  
And although each person will protest against the fatal  
unfolding of events for civilization by the instinct of self- 
preservation, having no doubts about the other. In a YouGov 
survey of nearly 8,000 people from eight countries (Brazil, 
Egypt, France, Hungary, India, Japan, Nigeria and the United 
States), the most common statement was that the current  
world population is too large. In all countries except Japan,  
more than 50 % of respondents felt this way. In Japan, it was 
43 %. In addition, the majority is convinced that two children 
per family is also too many [25]. This opinion is not acciden-
tal but purposefully formed. As an illustration, here is a clip-
ping from The Times newspaper with the article “Kids are 
cute but they’re not really eco-friendly” [26]. The text talks 
about how much resources are consumed and how each new 
child consumes and pollutes the environment. All this leads 
to what is so necessary in sacrifice – the victim accepts his 
or her fate without complaint.

Technically, everything is also ready for the largest 
human sacrifice in history. Nuclear weapons were invent-
ed by engineers commissioned by the ruling “global elites” 
more than 70 years ago, then widely distributed and repli-
cated by them. The fingers of the newly-appointed priests 
are already over the red start buttons. If the society 
in the 21st century as well as thousands of years ago con-
tinues to act according to the rules of ritual, the chance 
of human-made Armageddon is very high. The representa-
tives of the “elites” themselves are talking about it, either 
calling to come to their senses or preparing the victims  
for a gruesome end.

“The prospects for peace keep diminishing. The chances  
of further escalation and bloodshed keep growing,” the UN 
Secretary General said on February 6, 2023. He reminded that 
the so-called Doomsday clock, which is a symbolic dial cre-
ated 76 years ago by nuclear scientists, including A. Einstein, 
today shows one and a half minutes to midnight, i.e., before 
the self-destruction of humanity. Never, not even during 
the Cold War, has the hand of this metaphorical clock been 
so close to the point of no return [1].

Kids are cute  
but they’re not really eco-friendly 

One less baby helps the planet more  
than giving up meat, car 

Having children is the most destructive thing a per-
son can to do to the environment, according to a new study. 

Researchers from Lund University in Sweden found 
having one fewer child per family can save “an average 
of 58.6 tonnes of CO2-equivalent emissions per year”.

Eating meat, driving a car and travelling by aeroplane 
made up the list of the most polluting things people can  
do to the planet.

But having children was top, according to the new study,  
published in the journal Environmental Research Letters.

“A US family who chooses to have one fewer child would 
provide the same level of emissions reductions as 684 teenag- 
ers who choose to adopt comprehensive recycling for the rest  
of their lives,” it said.

Lead author Seth Wynes told The Local: “We found 
there are four actions that could result in substantial de-
creases in an individual’s carbon footprint: eating a plant-
based diet, avoiding air travel, living car free and having 
smaller families.”

 “For example, living car-free saves about 2.4 tonnes 
of CO2 equivalent per year, while eating a plant-based diet 
saves 0.8 tonnes of CO2 equivalent a year.”

The paper, which studied analysed 39-peer reviewed 
journals studying the environmental policies of several  
major economies, found most governments focused on in-
cremental changes which have “much smaller potential  
to reduce emissions”. 

Although governments focused on increasing recycl- 
ing schemes and using energy efficient light bulbs, these 
methods were between four and eight times less effective  
than eating a plant-based diet.

Researchers found that avoiding one trans-Atlantic 
flight per year can save between 0.7 and 2.8 tonnes of CO2 

equivalent per year (depending on the distance travelled, 
amount of luggage on board and how many passengers 
on the flight) whereas recycling will typically only save 
0.21 tonnes of CO2 equivalent per year. This means recycling 
is 3–13 times less likely to save the planet than avoiding 
that extra flight. Carbon emissions must fall to two tonnes 
of CO2 per person by 2050 to avoid severe global warming 
say researcher.

Caroline Mortimer 

GOOD FOR THE EARTH

Activity CO2 saved/year (tonnes)

Not having babies 58.6

Avoiding trans-Atlantic flights 2.8

Living car-free 2.4

Washing clothes in cold water 0.3

Upgrading light bulbs 0.1

Eating a plant-based diet 0.8
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Why then abandon the practice and the correspond-
ing attitude, rooted not only in the consciousness of people 
but also in the unconscious layer of the psyche and in the op-
erational space, which has proved itself perfectly throughout  
the history of humankind? And are there any alternatives?

We can say that most local civilizations are civiliza-
tions of sacrifice, or sacrificial civilizations (from the Latin 
sacrificium – sacrifice). Sacrificiality is a fundamental attri-
bute of any of them. However, within civilization (first of all, 
the New European one) something is gradually emerging 
that acts as an alternative to ritual, understood as the main 
way of effective transformation of reality. Engineering acts 
as such a substitute. Like sacrifice and any other rit-
ual, engineering is rational in form. It has its own goal- 
setting structures and appropriate tools for achieving goals. 
It draws on a scientific picture of the world in the same 
way that ritual draws on religious concepts. It is quite dif-
ficult to see the differences, looking formally. However,  
they are fundamental.

Ritual involves performing a certain set of actions 
to achieve a certain result. Engineering does the same 
thing. The difference is in the specificity of the sequences. 
In ritual, the sequence is kind of broken. Between the action 

and the desired result, supernatural forces come into play, 
and the way they work remains incomprehensible to hu-
mans. Naturally, this approach is impossible for engineer-
ing. Any technology, all mechanisms and devices, any engi-
neering algorithm must fulfill a clear and distinct function. 
This is the only guarantee of engineering efficiency.

Using an analogy, we can say that engineering is like 
a standard syllogism like “if A, then B; if B, then C. There-
fore, B is C”. For example, “if it is raining, you must take 
an umbrella; if you take an umbrella, you won’t get wet; 
I have taken an umbrella, therefore, I won’t get wet”. A ritual  
is an abbreviated syllogism, or enthymeme. In an enthy- 
meme, one of the arguments is missing. In the example  
above, it could be the argument that an umbrella protects  
against rain. By removing it, we get a statement like “if A, 
then C” – “if it rains, you won’t get wet”. This is how the se-
quence in the ritual is presented. If you kill a ram, the hunt 
will be successful. The missing argument is that the god 
of the hunt is pleased with the sacrifices offered by peo-
ple in his honor. But it is clear that such arguments are be-
yond the boundaries of human experience, unlike the prac-
tically verifiable ability of the same umbrella to protect 
against precipitation. Hence, besides the formal difference  

Alternatives to Sacrifice:  
Ritual and Engineering

When it comes to evaluating a war, one way or an-
other the question arises: should the attacked party have 
fought back aggressively with weapons in their hands? Of-
ten the situation is analyzed using analogies of a domestic 
nature. For example, they compare it to an armed intrusion 
into a house and causing harm or threats to family members. 
Then it is said that it is absolutely natural to protect one’s 
home and loved ones. There is not and cannot be any alter-
native. But is this the case? Is it rational to resist an enemy 
who is known to be stronger than you and who does not in-
tend to destroy you, but only wants, for example, to rob you? 
In a different formulation, this is the question “Trick or treat?” 
If we describe the situation in this way, it turns out that most 
people would prefer to hand over their wallet. In this case, 
the chance of being killed remains, but the chance of sur-
vival increases significantly. We can conclude that such 
a choice is rational if survival is the ultimate goal. If the high-
est goal is something else – preservation of “honor” or “wal-
let” – then handing over the wallet is not rational. Therefore, 
the rationality of the choice depends on the goals that guide 
the decision.

Human sacrifice can be considered rational if the pur-
pose of society is to preserve and maintain the existing hi-
erarchy or to establish a new hierarchical system as part 
of a social revolution, upheaval, etc. Indeed, from the point 
of view of ruling groups or groups claiming power, such 
goals may be paramount. However, from the point of view 
of social development, this cannot be so. The goal should be 
to preserve the life of the population, to improve the quality 
of life and to establish justice in the distribution of produced 
and consumed goods. For example, the US Constitution 
states as a purpose “to form a more perfect Union, estab-
lish Justice, insure domestic Tranquility, provide for the com-
mon defence, promote the general Welfare, and secure 
the Blessings of Liberty to ourselves and our Posterity” [27]. 
The goal outlined in the Constitution of the Russian Fed-
eration is also very specific and does not directly involve 
the protection of the interests of any elite group. It is “to en-
sure the well-being and prosperity of Russia” [28]. These 
goals look reasonable and, at first glance, not tied to the in-
terests of any single group of people. Yet it is not so. It is just 
that the group of people is a little bigger – not the ruling 
class but a separate country, opposing its interests to the in-
terests of all other countries. In the end, the goal still turns 
out to be to protect the interests of the class ruling the state. 

It is just that the real goal is hidden behind outwardly humane 
and right formulations.

Rationality alone cannot be a panacea against irrational 
attitudes. Reason and rationality are only tools. As D. Hume 
said, “It is not contrary to reason to prefer the destruction 
of the whole world to the scratching of my finger. It is not con- 
trary to reason for me to chuse my total ruin, to prevent 
the least uneasiness of an Indian or person wholly unknown 
to me. It is as little contrary to reason to prefer even my 
own acknowledgeed lesser good to my greater, and have 
a more ardent affection for the former than the latter” [29]. 
The same author rightly asserted: “We speak not strictly  
and philosophically when we talk of the combat of passion 
and of reason. Reason is, and ought only to be the slave 
of the passions, and can never pretend to any other office 
than to serve and obey them” [29].

Agreeing with the English thinker, we would have to con-
clude that society in general has never been and cannot be 
rational in its foundations. One way or another, in the begin-
ning there will be a passion for power, which leads to aggres-
sion and destruction – what F. Nietzsche called the Dionysian  
beginning of culture – “primordial chaos and terror, baccha-
nalian awe, the thrill of intoxication and ecstasy” [30]. Even 
if this is true and passion is the real basis of everything 
done by human and people, the activity itself can still be 
rational in nature. In this perspective, sacrifice can also be 
understood as a rational action in the spirit of B. Pascal’s  
philosophical wager*1: if sacrifice does not work, then aban-
doning it adds or subtracts nothing to the status quo; 
if sacrifice does work, then abandoning it is a loss of gain. 

* Pascal’s Wager is a practical argument for belief in God for-
mulated by B. Pascal, a French religious philosopher, mathematician 
and physicist. In “The Thoughts of Blaise Pascal” (1657–1658), he proposed 
the following argument to demonstrate the rationality of Christian faith:

• if God does not exist, then the atheist has little to lose by be-
lieving in him and correspondingly little to gain by not believing in him;

• if God exists, then the atheist gains eternal life by believing 
in him and loses infinite good by not believing.

“Let us weigh the gain and the loss in choosing heads that God 
is. Let us weigh the two cases: if you gain, you gain all; if you lose, you 
lose nothing. Wager then unhesitatingly that he is.

Now what evil will happen to you in taking this side? You will be 
trustworthy, honourable, humble, grateful, generous, friendly, sincere, 
and true. In truth you will no longer have those poisoned pleasures,  
glory and luxury, but you will have other pleasures. I tell you that you  
will gain in this life, at each step you make in this path you will see 
so much certainty of gain, so much nothingness in what you stake, that 
you will know at last that you have wagered on a certainty, an infinity, 
for which you have risked nothing” [31].
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between ritual and engineering, there is a substantive dif-
ference, consisting in the practical ability to verify the effec- 
tiveness of all actions in their sequence.

Therefore, engineering at a sufficiently high level of sci-
entific development turns out to be a more reliable, tangi-
ble and predictable tool for active transformation of reality 
than a ritual relying on supernatural and otherworldly forces. 
Guaranteed efficiency of all algorithms in the chain of actions 
gives the highest probability of achieving the goal. At the same 
time, the impossibility to check the effectiveness of the most 
important algorithms of the ritual does not allow to be sure 
of its effectiveness. As a result, the shaman’s tambourine 
and incense smoking cause rain with a conditional probabil-
ity of 50/50 – “will be raining / will not be raining”, which has 
nothing to do with scientific and engineering probability, like 
any other guessing on the coffee grounds. Nevertheless, 
people continue to believe in rituals and use them.

Another difference between ritual and engineering 
is that the purpose of the ritual and the purpose of the subject 
(the priest) who performs it coincide. The priest must get  
a result. At least his authority and well-being depend on it.  
Thus, ritual personalizes the goal. Engineering, on the other 
hand, has a practical and impersonal goal, as it is achieved 
not through the expressiveness of the shaman’s dance 
and the depth of the trance into which he entered but  
through devices and mechanisms which, although created 
by human, are already isolated from their creator at the mo-
ment of the work. Engineering works according to the laws 
of physics of the real but not virtual world, for which the law 
is not written: this world, invented by people and not creat-
ed by God and cognizable by human, will work under laws 
the shaman wants. This is another side of the democratic 
nature of engineering compared to the elitism of ritual. Nev-
ertheless, in modern society, which claims to be democratic, 
ritual retains its appeal and is valued even more than engi-
neering solutions, which have become part of everyday life 
and perform auxiliary functions.

The ritual’s appeal against engineering has many ex-
planations. Ritual is an apparently simpler way deeply root-
ed in tradition and thus sanctified and validated by it. Ritual 
may promise the attainment of ultimate goals, such as im-
mortality, world domination, infinite wealth, etc. Finally, rit-
ual is more suitable than engineering to fulfill the function 
of consolidating and preserving the domination of certain  
social classes over others.

Unlike ritual, engineering has as its consequence 
and function not the preservation and strengthening  
of the domination of some social classes over others but,  

on the contrary, the reduction of inequality in society.  
This is for two main reasons – public comprehensibili-
ty and public accessibility. Firstly, as has been shown, en-
gineering requires clarity and verifiability of all actions 
in the accepted and utilized, clear and unambiguous se-
quences of those actions to achieve the goals. This signi-
fies the transparency and public accessibility of engineering 
as opposed to the closed, esoteric nature of ritual. Secondly,  
being a clear and publicly accessible way of transforming 
reality, engineering and its fruits can be used by everyone  
without status restrictions.

Ritual was invented by the priests who ruled primitive 
society. They and their descendants, up to the modern “elites”, 
have maintained it for thousands of years of human history.  
They do not know and do not want another, more effective  
tool for working with reality. For these and other reasons,  
ritual has been and will be for some time to come the dom-
inant way of effectively transforming reality. And if this re-
ality faces crises, the most powerful rituals aimed at over-
coming crises will be used. Among such rituals is human  
sacrifice.

Civilization of the Future:  
Sacrificial or Engineering?

Much of what has recently become known about  
European and American “elites” indirectly confirms the prev-
alence of certain occult beliefs and practices in their cir-
cles. Starting with the accusations of pedophilia against  
M. Jackson and ending with the global network of human 
trafficking created by J. Epstein, including the supply of child 
sex slaves for billionaires, presidents and members of roy-
al families. It is likely that the people who run the world ad-
here to some moral principles unique to their circle. There 
are probably Satanists who sacrifice babies. None of this 
is provable. But there is no need to prove it.

The preceding consideration shows that ritual and hu-
man sacrifice as one of its most powerful forms have been 
and remain an instrument for establishing and preserv-
ing the domination of some people over others, enshrined 
in the social order. Even the most democratic countries pub-
licly resort to ritual in the form of elections, referendums, 
courts, rallies, etc. If some forms of rituals are used, there 
is no reason to believe that others will not be used as well. 
And if at the end of the first quarter of the 21st century hu-
manity began to experience another global metamorphosis, 
then, as before, we should expect that this transformation 

will be accompanied by global sacrifices. These have proba-
bly already begun in the form of pandemics and a major war 
in Europe. Probably, as the most ardent haters of everything 
that comes from T. Malthus, the Club of Rome and the Davos  
Forum expected, these processes will result in the death 
(sacrifice) of a large part of humanity.

In fact, the modern (capitalist) world order has no oth- 
er way of self-preservation then to commit the most mas-
sive human sacrifice in history. The presence of more than 
8 bln people on the planet jeopardizes the dominance  
of the “elites”, as they are unable, while maintaining their  
power and wealth, to provide a high level of existence  
for such a huge human mass. If they do not, this critical  
mass may sweep them away. Furthermore, capitalism 
in the age of automation does not need so many laboring 
hands, and especially not so many mouths. Finally, maintain-
ing the capitalist mode of production and distribution at this 
density of inhabitants may very soon make our planet un-
usable for anyone at all – neither for “elites” nor for oth-
er human masses. The sacrifice of, let us say, 7 bln people 
would solve everything. Such plans and such a possibil-
ity, as can be seen from all the preceding consideration, 
are legitimate from the point of view of historical expe-
rience and traditional practices, beginning with potlatch 
and ending with World Wars I and II. Is a different outcome 
possible?

Since the Earth’s human civilization has only one way 
of activity transformation of reality, which can be somehow 
compared to ritual, there can be only one alternative to ritual –  
engineering and establishment of engineering civilization.

An engineering civilization will not make sacrifices 
to achieve a goal because the very purpose of engineer-
ing is practical and impersonal. Only such a goal can be-
come universal and unite people in a new way, opening new 
opportunities for them.

The highest individual goal is individual happiness. 
The highest common goal is common happiness. Such a goal 
can only be impersonal, and therefore, it is achievable only 
on the path of engineering without any priests, in this case, 
power “elites”, claiming special laurels and percentages  
of profit.

The political programs of the engineering civilization 
will become absolutely transparent, since no argument 
in them will be overlooked and each argument can be test-
ed practically in terms of its effectiveness. There will be 
no more talk about abstract freedom, dominance, justice 
and the like. Instead, there will be talk of new agricultural  
technologies, new energy, new transport, new urbanism 

and, finally, a fundamentally new non-rocket way of near 
space industrialization.

The economy of an engineered civilization will not re-
semble magic, with its jumble of complex interest rates,  
futures and the intricacies of the credit and banking system 
and stock markets. The economy will be based on engineering  
production – completely transparent and predictable.

The culture of engineering civilization, created by thou-
sands of previous generations of nameless engineers (even 
if they had not graduated from universities established 
by the “elites”), starting from the inventor of the fire, will be 
oriented again to simple and understandable civilizational val-
ues: happy family, interesting job, creative work, Live Nature  
in its highest manifestation – the biosphere of the planet,  
which nurtured and raised our Earth’s human civilization. 
These values in sacrificial civilization have been replaced 
by abstractions like wealth and success, because the very 
essence of civilizational sacrifice is not production but ex-
change. Sacrifice is an exchange, and it requires values that 
can be exchanged.

Everything is prepared for the formation of engineering 
civilization in the first quarter of the 21st century. Engineer-
ing is no longer inferior to ritual in any of the things in which 
it has been inferior for most of the time of humankind’s ex-
istence as a planetary engineering society. Engineering helps  
to fight drought and increase crop yields many times over, 
allows us to travel at the speed of sound and transmit infor-
mation at the speed of light, can cure diseases and prolong 
life, allows us to hear the voices of the long dead and peer 
into the past of distant galaxies. The only thing that engi-
neering does not do as well as ritual is not serving the en-
slavement and power of some over others: an airplane cre-
ated by an engineer is not a slave to the pilot, and the pilot 
is not a slave to the airplane. But the pilot can become 
someone else’s slave, including by means of an airplane that 
is someone else’s property. However, engineering does not 
need that. It does not aim to take away and limit. It claims 
to be much more than that. It is ready to give everyone 
as much as they need.

Engineering civilization will reassemble our human 
world in a new way. It will create biospheric forms of set-
tlement, safe and environmentally friendly transport sys-
tems, bioecoenergy, eco-industry, organic agriculture, capa-
ble of feeding, clothing and footwear for 10 bln people, while 
ensuring global safety rather than regional and country- 
specific ones – infrastructure, transport, energy, food, de-
mographic, environmental, sociopolitical and a dozen other  
civilizational safeties.
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Conclusion 
The listed and other global problems, including limited  

Earth’s resources, global warming and rising ocean levels, 
are not really determinants for the future of humankind. 
A much greater civilizational danger is not engineering 
achievements but the most terrible social “technology” gen-
erated by “elites”: human sacrifice, based on pagan rituals,  
supernatural and otherworldly forces. All this was gener-
ated by civilization for the simple reason that our human 
civilization is exactly engineering (“technogenic”, “techno-
cratic”, “industrial”), but unfortunately it is governed not by  
the engineers who created it but by pseudo-elites, newly ap-
peared priests, for the sake of their own profit and preser-
vation of their power. Only engineers are capable of solving 
the global problems of our time, not “elites” – this cancerous 
tumor in the civilizational organism. Even one cancer cell 
among trillions of healthy ones in the human body feels itself 
as an elite and for its own benefit starts to control healthy  
cells and organs until by metastasizing kills the whole organ- 
ism and dies. Now our engineering civilization is penetrated 
by metastases from “global elites” controlling it, but it is still 
alive and can and should be cured. Methods of cancer treat-
ment are known, they have been also created by engineers.

Dolphins do not have engineering and the resulting sci-
ence, engineering, technology, arts, education, health care, 
urban environment, societies, politics and much more, be-
cause this civilization is not engineering but purely animal, 
albeit highly organized. However, they have no governing  
elites and no problems caused by them.

Engineering will allow people to relocate all production 
harmful to the Earth’s Live Nature into space, solving human- 
made environmental problems once and for all, separating 
two antagonists in space: the biosphere and the techno-
sphere. People will be able to discover new planets and trav-
el to other galaxies. On Earth, our cradle of civilization, there 
will be no limitations on population, no shortage of products 
and territories, no reasons for wars and no more sacrifices 
will be needed – neither human nor natural.
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Introduction
Creation of mathematical model of the General Plane-

tary Vehicle (GPV) [1–3] is a fundamental stage in perform-
ing real engineering calculations in this field. Taking into ac-
count the complexity of the design, long length (40,076 km), 
huge mass (up to 40 mln tons), high velocity of the flywheels  
(up to 12 km/s) and various modes of operation of the air- 
craft as well as the impossibility of conducting a number 
of full-scale tests, mathematical modeling speeds up the work, 
saves resources and provides variability of solutions to such  
application tasks. In particular, it makes it possible to describe 
the operating modes and processes occurring with the GPV 
during takeoff, direct operation in equatorial orbit and land-
ing as well as to forecast abnormal situations that may 
arise during operation and plan possible ways to avoid 
them.

References [1, 3] contain an analytical method for ob- 
taining the kinematic characteristics of the GPV motion,  
and the issues related to energy consumption during its or- 
bital launch and operation are considered. The present 
study describes the process of creating a software pack-
age designed for mathematical modeling of the GPV be-
havior through the use of universal beam-type calculation 
elements. 

The development is based on the finite element method 
as one of the most common numerical methods used for en-
gineering problems involving systems with complex geome-
try or irregular structure. This is due to the fact that this way 
has no significant limitations in the geometry of the bodies 
under study and methods of load application, which means 
that it can be considered as a rather universal mechanism 
that allows solving problems from different fields, however, 
it requires certain computing power.

It should be noted that the finite element method, 
like any other numerical one, is an approximate method, 
so the problems of accuracy, stability and convergence  
are relevant for it. The method has been repeatedly test-
ed on various types of practical problems, and at present 
many commercial products are based on it. However, de-
spite the considerable amount of accumulated knowledge, 
the existing developments do not provide an opportunity 
to perform modeling of the considered structure taking 
into account the given loads and boundary conditions. There- 
fore, there is a need for a separate product that would al- 
low to create the necessary models and calculation pat- 
terns, optimize the computing time and power costs as well 
as to solve the problems of scaling and continuity.

Main Approaches 
to Modeling of Software Complex

Modeling of mechanical processes related to the GPV op-
eration involves a significant number of areas, among which 
we can highlight the problems of solid mechanics, hydraulic 
gas dynamics and electromagnetism. 

The main stages of this work are focused on the cre-
ation of a finite element for solving the problems of solid me-
chanics, which contributes to the achievement of a number  
of objectives:

 • to select stiffness-mass and stiffness-damping charac-
teristics of the GPV structural elements;

 • to determine the natural frequencies of the GPV vibrations;

 • to carry out a harmonic analysis and analysis related 
to random vibration;

 • to analyze the stress-strain state.

It should be noted that real engineering systems are con- 
sidered as linear only in a limited range of problems. Despite 
the admissibility of linear calculations, the large size and scale 
of the GPV structure, which exceeds the size of Earth, intro-
duce a number of nonlinearities into the modeling process. 
Other influencing factors include:

 • nonuniform thrust of linear electric motors along 
the length of the GPV;

 • nonuniform efficiency factor of linear electric motors 
along the length of the GPV and its change in time (acceler-
ation and braking of belt flywheels, including that depending 
on their velocity in the range of 0–12 km/s);

 • nonuniformity of mass along the length of the GPV (pri- 
marily due to uneven positioning of passengers and cargo);

 • initial geometric deviations from the ideal circle (rep-
etition of the geoid shape on oceanic sections and large  
terrain relief on land and when crossing mountains);

 • nonuniformity of the planet’s gravity field (Figure 1);

 • nonlinearities of magnet forces in the magnetic suspen-
sion of linear rotors (flywheels);

 • other.

The developed software package is based on the Euler- 
Bernoulli beam element [4], the display of which is shown 
in Figure 2. 

This element describes linear behavior, however, taking  
into account the abovementioned nonlinearities, deforma-
tion effects of higher order of smallness and geometric  
stiffness are added to the mathematical model. 
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Figure 2 – Beam finite element:  
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Depending on the applied approaches to the descrip-
tion of equations and their solution, the created element 
is universal and allows modeling problems of both statics 
and dynamics.

equilibrium equation, which takes into account the effects 
of deformation of higher order of smallness:

([Ke] + [Kg] + [S1] + [S2] + [S3]){u} = {f second station} − {f first station},

where [Ke] – linear stiffness matrix; 
[Kg] – geometric stiffness matrix; 
[S1], [S2], [S3] – matrices allowing to take into account 

the effects of deformation of higher order of smallness 
in the element.

In turn, the matrices are obtained in the following  
form: 

When solving statics problems, the equation describing 
the behavior of the element corresponds to the incremental 
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where E – modulus of elasticity;
A – cross-sectional area;
L – element length; 
I – moment of inertia;
Fxan , Fyan , Fxbn , Fybn , Fxal , Fyal , Fxbl , Fybl , Mzal , Mzbl , Mzan , Mzbn – 

components of forces and moments included in the composition 
of matrices (2)–(6) (described in (7), (8));

indices a and b – load application at node a or b (Fig-
ure 2); х , y,  z – coordinate axes; n and l – nonlinear and linear 
components of forces.

(7)

(12)

(8)

where ua, ub – movement of nodes along the X axis; 
va , vb – movement of nodes along the Y axis;
θa , θb – angles of nodes rotation (Figure 2).
In order to solve equation (1), the Newton-Raphson 

method in full formulation [5], which is an iterative numerical 

method for finding the root of a given function, also known as 
the tangent method, has been added to the software pack-
age. The calculation is performed by constructing succes-
sive approximations and is based on the principles of simple 
iteration.

This method has quadratic convergence and can be repre- 
sented for the solver of the program complex in the following  
form: 

where Δun – displacement increment at iteration;
Fext – applied load;
F n

int – calculated internal force;
Kn – system stiffness;
F n

res – difference of two forces (force criterion).
The dynamic behavior of the element is describ- 

ed by the basic equation of dynamics given in matrix  
form:

[M]{u ̈ } + [C]{u ̇ } + Fint{u} = Fext ,

where [М] – mass matrix of beam element;
[С ] – damping matrix. 
To solve the dynamics problems, the Newmark method 

was applied, which can be represented as follows:
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To develop the product, the high-level Python program-
ming language is used together with a number of special 
libraries. The indicator of program execution are data ar-
rays as well as their graphical visualization. The Numpy li-
brary was used to create matrices and work with them, 
the MatPlotLib library – to visualize the results. Ready-made 
libraries for implementing the finite element method were  
not used in the development of the current product, since 
there is no sufficient data on their accuracy or detailed descrip-
tion of the method implemented in them relatively to Python. 

The designed program product consists of several  
modules, each of which performs a number of functions:

 • module for creating geometry and describing material 
properties – for editing the input geometry;

 • grid preprocessor module – for representing the geo-
metric model as a mathematical one;

 • module for applying loads and boundary conditions –  
for setting the conditions of the calculation;

 • module for solving – the solver that performs necessary 
mathematical calculations;

 • module for interpretation and visualization of results – 
for graphical interpretation of the solver results. 

Verification of Obtained Results
The correctness of the developed element was veri-

fied based on calculations of three basic mechanics prob-
lems, followed by comparison of the results with alterna-
tive solutions. 

1. Calculation of a long cantilever beam (L = 2.5 m) 
of square cross section (50 × 50 mm) loaded at the end 
with a concentrated force (F = 5,000 N) (Figure 3). The material  
is steel, modulus of elasticity E = 200,000 MPa, Poisson’s  
ratio ν = 0.3. The results of modeling are presented in Figure 4.

It should be noted that the problem of a cantilever 
beam is chosen for finite element verification because 
the height to length ratio of the beam is 1/50 and has nonlin-
ear behavior (large deformations). Figure 4 shows the defor-
mation of the beam under a specified force. The maximum 
deflection at the end of the beam was 247.53 mm.

2. Calculation of a structure in the form of two rods 
rigidly constrained at the ends. At the midpoint, the rods  
are connected with a lift of 9.8 mm. Geometric dimensions 
are shown in Figure 5. The material of the rods is aluminum, 
modulus of elasticity E = 70,922 MPa, Poisson’s ratio ν = 0.2, load 
F = 310 N. The results of modeling are presented in Figure 6.

Such a problem is important because in the process 
of deformation there is a nonlinear change in the stiff-
ness of the structure and a change in the forces in the bars 
(thrust). Figure 6 shows the deformation of beams under 
the action of a specified force. The maximum deflection 
in the middle of the span was 19.02 mm.

3. To check the correctness of the dynamic component 
of the solution, the problem of vibrations of a cantilever beam 
(dynamic positioning) of square cross section (50 × 50 mm)  
loaded at the end with a concentrated constant force (F =  
 = 5,000 N) (Figure 7) was used. The material is steel, mod-
ulus of elasticity E = 200,000 MPa, structural damping co-
efficient ξ = 0.01. Figures 8 and 9 show the results of mod-
eling as well as the dynamic behavior of the cantilever 
beam loaded with a constant force. Figure 9 is a graphi-
cal representation of vibrations at the free end of the beam. 
As can be seen, the maximum deflection is 376.05 mm. Af-
ter damping, its value coincides with that obtained in static  
problem 1.

The Table shows the results of modeling with the help 
of the developed software product, ANSYS analysis system 
and analytical method.

Figure 3 – Calculation diagram of problem 1.  
Cantilever beam (static positioning)  

Figure 4 – Vertical deflection of a cantilever beam  
(static positioning)

F = 5,000 N

Z = 247.53 mm

X
Y
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9.8
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Figure 5 – Calculation diagram of problem 2,  

geometrical dimensions of the sample.  
Classical problem with a thrust (static positioning) 

Figure 6 – Vertical deflection of a structure made of two rods  
(static positioning)

Z = 19.02 mm

X
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L = 2.5 m
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Figure 7 – Calculation diagram of problem 3.  
Cantilever beam (dynamic positioning)  

F = 5,000 N

L = 2.5 m

50 mm
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Z  = 247.53 mm

X
Y F = 5,000 N

Figure 8 – Vertical deflection of a cantilever beam 
in end position after damping 

(dynamic positioning)

Figure 9 – Dynamic response of a cantilever beam 
loaded with a constant force
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Indicator
Problem 
number

Software product  
under 

development
ANSYS

Analytical 
solution

Vertical 
displacement, 
mm

1 247.53 247.84 247.67

2 19.02 19.36 19.27

Dynamic 
deflection, 
maximum  
value, mm

3 376.05 376.75 376.32

Dynamic 
deflection,  
value after 
damping, mm

3 247.53 247.84 247.67

Table – Results of modeling

The results obtained using this software package have 
a sufficient degree of accuracy compared to other avail- 
able methods of calculations. It is noteworthy that the per- 
formed calculation is only a variant of the product ap-
plication for solving the GPV problems, and with the help 
of the final version it is possible to carry out the calculations 
for a variety of problems of solid mechanics . The practical re- 
sult is the use of the package for modeling of the GPV be-
havior under various operating modes, forecasting risks  
and assessing probable ways to avoid them.

Maximum deflection: Z = 376.05 mm

Deflection  
after damping: Z = 247.53 mm
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Approbation of Obtained Results

The Unitsky String Transport (uST) is an integral part 
of the designed GPV; respectively, models of string rail track 
structures can be accepted as prototypes for solving prob-
lems related to the GPV elements. This statement allowed 
to test the software package on a real object: dynamic model-
ing of the passage and selection of the movement trajectory  
were performed when designing one of the string transport 
lines. 

The cross-sectional appearance of the track structure 
is shown in Figure 10. Its geometric and physical characteris-
tics: weight of the lower belt – 84 kg/lin m; weight of the upper 
belt – 15.5 kg/lin m; length – 720 m; installation tension, lower 
belt – 5,730 kN; installation tension, upper belt – 1,860 kN;  
total tension – 7,240 kN; suspension pitch – 3 m. 

Figure 11 – Simplified model  
of a vehicle (uPod)

Figure 14 – Calculation diagram for determining 
kinematic characteristics (dynamic formulation of the problem):  

V – takeoff speeds of the GPV components; R – Earth radius;  
G – Earth’s gravitational force; Q – atmospheric drag force;  

F – GPV elasticity force; ω – Earth’s angular velocity
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Figure 12 – Dynamic response in the passenger module  
(uPod weight 8,000 kg, travel speed 100 km/h;  

vertical component)
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Figure 13 – Obtained optimal trajectory of transport motion
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Conclusion
The developed beam finite element based on the Euler- 

Bernoulli element, when supplemented with a function-
al of the geometric stiffness matrix and deformation ma-
trices of higher order of smallness, makes it possible to take 
into account geometric nonlinearity (large deformations), 
which makes it possible to model nonlinearities affecting 
the GPV behavior. 
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Figure 15 – Obtained kinematic characteristics: 
а – vertical displacement of the GPV segment;  

b – vertical velocity of the GPV segment;  
c – vertical acceleration of the GPV segment
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The results of the test problems were compared 
both with those obtained by the analytical (exact) meth-
od and with those calculated by the commercial finite- 
element product ANSYS. The calculation problems demon-
strate that the created finite element provides good accuracy 
and stability of the solution. 

The software package has been tested while de-
signing string transport, which confirms the correctness 

Figure 11 shows a simplified transport model. Its me-
chanical characteristics: total stiffness of the first stage 
of spring suspension – 220 N/mm; total stiffness of the second 
stage of spring suspension – 520 N/mm; damping of the first 
stage of spring suspension – 9 N ·s/mm; travel speed – 60–
100 km/h; first natural frequency of the suspension – 1.05 Hz; 
weight – 8–24 tons.

Previous string transport projects allowed to accumu-
late considerable experience as well as a sufficient amount 
of experimental data. Taking into account that the GPV ele-
ments can be based on existing solutions for string rail track 
structure models, the approbation of the created product 
on the basis of available information was carried out.

The basic scope of problems in the considered case  
is related to the selection of the uPod motion trajectory, 
at which vertical accelerations comfortable for the trav-
el of people occur in the passenger module. The results  
of modeling are presented in Figures 12 and 13.

As a practical application of the software package 
for problems related to modeling of the GPV behavior, kine-
matic calculations of displacement, velocity and acceleration 
of the segmental section of this aircraft have been carried out 
(Figure 14). The characteristics obtained using the finite ele-
ment method (Figure 15) fully correspond to those calculated  
earlier by A. Unitsky using the analytical method [1, 2].
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of the experimental results. This development was used 
to verify kinematic characteristics within the framework 
of the GPV problems.

In the future, this software package will be used to op-
timize the requirements applied to the GPV elements for ef-
ficient and safe operation of this giant geocosmic aircraft: 
permissible unevenness of thrust of linear electric motors; 
permissible unevenness of the GPV loading along its length 
with passengers and cargo; permissible unevenness of ef- 
ficiency factor of linear electric motors along its length 
and in time; permissible horizontal and vertical deviations 
of the GPV body (and the linear flywheels moving inside 
at cosmic velocities) from the shape of an ideal circle, etc.
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It is proposed an implementation of the magnetic system of the stabilizing unit (MSSU)  
for the linear rotors of the General Planetary Vehicle (GPV) based on permanent neodymium magnets, 
which ensures retention and stabilization of the rotors in the vacuum channels of the stator  
in all operating modes of the GPV. The force loading of the elements of the stabilizing unit from the action 
of longitudinal and transverse electromagnetic forces is determined. A computer model of the MSSU 
is presented and simulation modeling of the system’s functioning in various dynamic modes 
is carried out in order to assess its performance and the possibility of application in the GPV design.
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Introduction
Due to the global scale of the General Planetary Vehi-

cle (GPV), which is an enclosed ring structure with a length 
of more than 40,000 km, the main requirements for its design 
are high performance and efficiency. Performance should 
ensure the delivery to near-Earth orbit of up to 10 mln tons 
of cargo and up to 10 mln passengers per flight [1], which 
is equivalent to a load capacity of about 250 kg/lin m. Effi-
ciency will primarily be determined by low energy consump-
tion in all modes of the GPV operation and the high efficien-
cy factor of all components and mechanisms of this giant  
geocosmic aircraft.

One of the most significant features of the GPV design 
is the use of magnetic suspension for the rotors. It should 
ensure a safe gap between movable and fixed components, 
both in static and dynamic conditions, when the speed 
of the rotors reaches 12 km/s [2]. At present, it is proposed 
to employ the principles of levitation using electromagnet-
ic forces to address this complex engineering challenge. We 
know various types of such systems, based on electromag-
netic and electrodynamic levitation as well as levitation over 
a superconductor [3]. However, all these systems have sig-
nificant drawbacks, including the requirement for a constant 
power supply, the duplication of control system components 
and their high energy consumption.

At the same time, there is a well-developed magnetic 
suspension system for the GPV linear rotors. This system con-
sists only of permanent magnets and is completely autono-
mous, requiring neither a large amount of energy nor a con-
trol system to operate. Its main disadvantage is the need 
for cooling. However, the contradiction of the Earnshaw’s the-
orem [4], which states that it is impossible to create a system 
of permanent magnets that provide levitation without affect-
ing the body with other forces than magnetic, is excluded due 
to the design characteristics of the GPV [3]. Its feature is that 
both the rotors and the stator consist of individual segments 
that are tightly interconnected, which is required to assem-
ble the GPV structure and increase its circumferential length 
(stretching) by 6.5 % as it climbs to a height of approximate-
ly 400 km from the launch surface [5]. Being in an enclosed 
structure, adjacent segments exert the same external in-
fluence on each other, making magnetic levitation possible. 
The proposed system should automatically stabilize the posi-
tion of the movable rotors in the vacuum channels of the sta-
tor in all modes of the GPV operation in the event of forces 
of any nature seeking to deflect the body of the aircraft 
from its normal position in any direction.

The aim of the research is to use simulation modeling 
to determine the possibility of implementing the magnet-
ic system of the stabilizing unit (MSSU) for the linear rotors 
of the GPV, consisting only of permanent magnets, and cre-
ate a computer-generated dynamic model of the MSSU  
that would allow us to assess the effectiveness of the system 
and its ability to resist external destabilizing forces.

Design of the Power Unit  
Based on Permanent Neodymium Magnets

The climbing of the GPV as an enclosed ring structure 
into near-Earth orbit is possible due to the centrifugal force 
generated by the rotation of the main linear rotor (rotor 1) 
(Figure 1). At the point when the GPV separates from the take-
off and landing overpass and the highest gravity acts on all 
components, maximum electromagnetic repulsive forces 
arise in the upper power units of the MSSU of the linear ro-
tor 1 and the stator, preventing physical contact between 
the movable and fixed parts of the GPV.

To calculate the peak values of the interaction forces  
between the linear rotor and the linear stator, the follow-
ing component masses will be used, which are provided 
in [6], as an input: for the rotor 1 the value is 450 kg/lin m,  
for the auxiliary rotor (rotor 2) – 200 kg/lin m, for the GPV  
body and the stator together with the payload – 500 kg/lin m. 

5

6

42

3

1

Figure 1 – Key linear components in the GPV design:  
1 – linear rotor 1; 2 – linear rotor 2;

3 – linear stator;  4 – GPV body; 
5 – magnetic system of the rotor 1;
6 – magnetic system of the rotor 2

Because of the complexity of the GPV longitudinal axis  
trajectory in the equatorial plane, which differs from the circle  
due to the terrain on land and the geoid shape of the planet 
in oceanic sections, the separation of the GPV from the over-
pass will be uneven and accompanied by transient dynamic 
processes, which will add an inertial component to the forces 
of interaction between the rotor and the stator. At this stage, 
it is quite laborious to predict their value, this is an indepen-
dent engineering task. Therefore, it will be taken into account 
the inertial loads by using the dynamic coefficient Cd equal 
to 2. The maximum value of the equivalent load from the ac-
tion of electromagnetic forces in the contact of the rotor 1 
and the stator will be equal to:

                                                                                             (1)

where m2 – linear mass of the rotor 2, kg/lin m;
m3 – linear mass of the body, stator and payload, kg/lin m;
g – acceleration of gravity at the equator, 9.78 m/s2;
Cd – dynamic coefficient.
The MSSU of linear rotors must ensure that there is  

a safe gap in the YZ plane in all operating modes of the GPV 
and when various destabilizing external and internal forces  
are applied to its body. At the same time, it should not inter-
fere with the movement of the rotors along the X-axis (Figure 1).  
Taking this into account, there is a requirement for a rela-
tive uniformity of the magnetic field along the axis of motion 
of the rotors in vacuum channels, which should not signifi-
cantly alter its power characteristics even with an increase 
in the GPV circumferential length to 6.5 %.

All the abovementioned requirements and design fea-
tures of the GPV have led to the search for a technical solution  
to practically implement the linear rotors MSSU. As a pri- 
mary component of the system, it is proposed to use a uni-
versal power unit that is a magnetic assembly of discrete 
neodymium magnets of the N52H brand with a cubic shape 
measuring 25 × 25 × 25 mm (Figure 2). The design of this unit 
has been developed based on numerous technical and tech-
nological requirements and optimization results in specialized 
software that allows calculating the magnitude of the force 
interaction of permanent magnets.

The operation of the MSSU power unit rests upon the re-
pulsion of two mutually directed magnetic groups – the stator 
(fixed part) and the rotor (movable part relative to the stator). 
Each group is an array of discrete cubic magnets with a size 
of 25 × 25 × 25 mm: a 4 × 4 array with a Gap_ST = 1 mm for the sta- 
tor, and a 3 × 3 array with a Gap_R = 8 mm for the rotor. 
The values of the Gap_ST and Gap_R were determined based 
on the results of optimization according to the criterion 

qMmax = (m2 + m3)gCd = (200 + 500) × 9.78 × 2 = 13,692 N/lin m,

of minimal influence on the normal component of the mag-
netic force FMN (along the Z-axis) with a relative displacement 
of the groups along the X- and Y-axes (Figure 2).
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X
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Figure 2 – Construction of a magnetic assembly power unit made 
of discrete neodymium magnets: a – top view; b – isometric view;  

c – side view at the nominal position of the magnetic groups; 
d – side view at the tangential displacement of the magnetic groups; 

1 – stator magnetic group; 2 – rotor magnetic group 
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The main advantages of the proposed design of the MSSU  
power unit are:

 • slight change in the normal repulsive force with a tan-
gential displacement of the magnetic groups of the stator 
and the rotor relative to each other based on the electromagnet- 
ic forces calculation results performed in specialized software;

 • variability in the power characteristics of magnets does 
not affect the uniformity of the magnetic field at the contact 
of the stator and rotor components, which ensures the safe 
operation of the MSSU, even in the event of a single discrete 
magnet losing its magnetization [7];

 • ease of manufacture and relatively weak interaction 
forces of small magnets determine the convenience of tech-
nological assembly as well as the possibility of automa-
tion and parallel production of power units, which would 
significantly save time required for the implementation 
of a non-rocket space exploration project;

 • small linear dimensions of the magnetic group cause 
a slight increase in the gap between adjacent segments 
when the GPV structure is stretched in climbing mode, 
which also affects the uniformity of the magnetic field 
and the constancy of electromagnetic forces between 
the rotors and the stator;

 • versatility – convenience of layout and interchangeability 
in the overall structure of the GPV.

Among the disadvantages of the presented design, 
the following can be noted:

 • the cooling system as the main safety system is man-
datory, since the operability of permanent neodymium mag-
nets of the N52H brand is maintained up to 120 °C, after which  
demagnetization occurs;

 • the large-scaled GPV structure will require a signifi-
cant number of permanent neodymium magnets (more than  
100 bln pcs). Their production will utilize expensive rare earth 
elements, namely about 4 mln tons of neodymium, which rep-
resents approximately 4 % of its world’s reserves. In addition, 
appropriate industrial capacities will be needed. At present, 
95 % of the global market for the production and distribution 
of neodymium belongs to China [8].

Determination  
of the Normal and Tangential Magnetic Forces 
of the Power Unit Elements Interaction

The dynamics of the MSSU power unit operation will  
directly depend on the inertial and electromagnetic forces 

that arise during the interaction between magnetic groups 
at any given moment in time. The inertial forces depend 
on the mass-inertial characteristics of the GPV elements 
and the acceleration tensors affecting these elements. Elec- 
tromagnetic forces have a different origin and are caused by  
the intensity of the magnetic field produced in space by a sys- 
tem of magnets with a specific orientation and coercivity [9].

Initially, the motion of the magnetic groups of a power 
unit’s rotor and stator relative to each other is characterized 
by three translational degrees of freedom and three rotational 
ones. However, due to the GPV design features and the use 
of several mutually compensating power units to imple-
ment each rotor’s MSSU, the rotational degrees of freedom 
of each of them can be ignored, since the relative rotations 
of the magnetic groups are negligible.

Let us look at the translational degrees of freedom 
relative to the three axes (Figure 2). The X-axis is the axis 
of the rotors motion, in the direction of which the linear elec-
tric motor accelerates/decelerates the segments of the rotor 
enclosed in an annular structure; the total force from perma-
nent magnets FM ≈ 0 due to the interaction between neigh-
boring segments. The Y-axis corresponds to the tangen-
tial displacement of one magnetic group relative to another 
and is determined by the total tangential force FMT. The Z-axis  
corresponds to the displacement of one magnetic group 
relative to another along the normal to the conditional con-
tact plane and is determined by the total normal force FMN, 
which defines the elasticity of the power unit. The complex-
ity of the analytical calculation of the magnetic forces FMT 
and FMN is associated with the heterogeneity of the mag-
netic induction distribution fields, which strongly depends 
on the displacement distance of the magnetic groups Dist_T 
and Dist_N along the Y- and Z-axes respectively.

The calculation was performed with specialized software 
that allows to find the magnitude of magnetic forces accord-
ing to the given materials and 3D models of magnetic assembly. 
The calculation results are presented in Tables 1, 2 and will be 
used further to simulate the dynamics of the GPV MSSU un-
der the influence of destabilizing transverse and vertical 
forces.

As can be seen from Table 1, the greater the tangential 
displacement of the magnetic groups relative to the zero 
position, the larger the shear force exerted on them. There-
fore, when assembling power units, certain initial displace-
ment is incorporated into the design of the GPV in order 
to mutually compensate for transverse forces and minimize 
their destabilizing effects in the event of lateral deviations 
of the rotors.

Table 1 – Dependence of the magnitude of the shearing force of the magnetic groups of one FMT power unit  
on the tangential and normal displacements. The force is applied to an area equivalent to 0.01 m2

FMT, N
Displacement normal to the contact plane Dist_N, mm
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1 9 9 9 10 11 12 13 14 14 16 16 17 18 20 22 22 23 23 26 23 27

2 18 19 20 20 22 24 26 27 28 31 33 35 37 40 42 43 45 47 48 47 47

3 26 28 30 31 33 35 38 40 43 46 49 53 55 59 64 66 70 72 74 74 70

4 35 37 38 42 44 47 51 55 56 61 64 69 74 79 84 89 95 100 102 103 96

5 42 45 49 51 54 58 62 66 70 76 82 87 93 99 106 113 120 127 133 138 132

6 51 54 57 61 64 69 74 80 85 90 96 103 111 118 127 137 145 155 165 173 176

7 59 62 66 70 75 80 85 91 97 104 111 119 129 137 147 157 168 182 196 212 235

8 67 71 75 80 85 90 96 101 110 117 125 135 144 155 167 180 194 209 228 250 281

9 74 78 83 89 94 100 106 114 122 129 140 149 160 173 185 201 217 235 256 282 315

10 81 87 92 96 104 110 117 125 134 143 153 164 176 190 204 221 239 259 283 308 342

11 88 93 99 105 112 118 126 134 144 154 165 175 190 204 221 238 258 280 305 330 360

12 94 101 107 112 119 126 136 144 154 163 175 189 202 218 235 254 276 299 324 353 380

13 102 107 113 120 127 134 144 153 163 174 185 199 213 230 248 268 288 313 338 367 399

14 107 113 119 126 135 142 151 161 171 182 195 209 224 241 259 279 302 323 349 379 416

The data in Table 2 confirm that there is a rather  
small change in the normal repulsive force with a tangen- 
tial displacement of the magnetic groups in the stator  
and the rotor relative to each other, which ensures 

the constancy of the elastic properties of the power unit  
even with lateral deviations of the rotors. This is one 
of the main optimization criteria for selecting the layout 
of magnetic groups.
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FMN, N
Displacement along the contact plane Dist_T, mm
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20.5 379 378 377 376 374 372 371 366 364 359 354 349 345 339 333

19.5 397 396 395 394 392 391 387 383 379 374 370 365 360 354 347

18.5 416 415 415 413 411 409 405 402 398 392 387 383 376 370 363

17.5 438 437 436 434 432 429 425 421 417 412 405 400 393 387 380

16.5 459 459 457 456 452 451 446 442 437 433 427 419 413 406 397

15.5 482 481 480 479 477 473 469 464 458 451 445 438 432 423 415

14.5 507 506 505 502 501 497 493 487 481 474 468 460 452 444 434

13.5 532 532 532 530 526 523 517 513 506 499 491 483 473 465 454

12.5 562 561 560 557 553 550 544 538 531 525 516 506 496 487 475

11.5 592 591 590 587 584 580 574 566 560 552 542 532 521 509 498

10.5 624 623 623 618 615 611 603 598 588 580 570 559 547 534 520

9.5 658 657 657 653 648 644 637 629 620 611 599 587 575 561 547

8.5 695 694 692 689 684 679 672 664 655 643 632 617 604 588 573

7.5 732 731 729 726 722 716 709 699 689 678 664 649 634 617 600

6.5 772 771 769 767 763 757 748 738 727 715 699 684 665 647 628

5.5 813 813 812 808 805 797 789 779 767 752 737 718 699 678 657

4.5 855 856 853 851 845 841 832 821 809 793 773 753 733 709 685

3.5 895 894 894 892 889 885 876 863 849 829 808 788 764 737 714

2.5 930 929 933 928 928 922 920 909 889 867 843 819 791 764 738

1.5 958 960 960 960 963 964 959 946 922 895 868 843 815 785 754

0.5 974 968 967 965 977 985 990 978 943 909 875 852 817 789 750

Table 2 – Dependence of the magnitude of the normal repulsive force of the magnetic groups of one FMN power unit  
on the tangential and normal displacements. The force is applied to an area equivalent to 0.01 m2

Figure 3 provides a general view of the distribution 
fields of magnetic induction in the GPV cross-sectional plane 
at different positions of the rotors relative to the longitudinal 
axis of the stator’s vacuum channels.

Figure 3 – General view of the distribution fields  
of magnetic induction in the GPV cross-sectional plane:  

a – axes of the rotors coincide with the axes of the stator channels; 
b − rotors are shifted vertically to the maximum position;  

c – rotors are shifted transversely and vertically  
to the maximum position

Layout of Power Units  
in the Design of Linear Rotors  
and Linear Stators

Taking into account the previously stated requirements 
for the GPV load capacity and the possibility of increasing 
its circumferential length by 6.5 % during ascent to the Earth’s 
orbit, as well as calculating the power characteristics of the ba- 
sic MSSU component, it is possible to determine the required 
number of power units for vertical and transverse stabili-
zation of the linear rotors and to perform the initial layout 
of the GPV components.

To stabilize the rotor 1 with a mass of 450 kg/lin m 
in the vertical direction and rotation relative to the channel  
axis, eight power units are used; for the transverse direc-
tion the number of units is two. For the rotor 2 with a mass 
of 200 kg/lin m the numbers are four and two units respectively 
(Figure 4).

According to the equation (1), the maximum interaction 
force occurs between the rotor 1 and the stator in the mode 
in which the GPV is climbing into the near-Earth orbit. Tak-
ing into account the dynamic vibrations of the structural el-
ements, this force is equal to 13.7 kN/lin m. Based on the size 
of the permanent magnets used and the design of the MSSU 
power unit, the thickness of one stator segment will be 
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Figure 4 – Cross section of the GPV  
with the MSSU of linear rotors (option), mm
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approximately 110 mm, which is equivalent to about nine seg-
ments per the GPV linear meter, or 72 power units (36 pairs) 
working to accommodate vertical load during climbing. 
The mutual functioning of a pair of power units (upper 
and lower), namely the difference in the normal gaps be-
tween them in a pair, determines the elastic characteristic 
of the rotor magnetic suspension. With a relatively even dis-
tribution, the maximum load on a single pair of power units 
would be as follows:

                                                                                             (2)

where NC is the number of power unit pairs per the GPV linear 
meter, pcs/lin m.

According to Table 2, if the initial normal gap Dist_N be-
tween the magnetic groups is 12.5 mm, and the tangential 
shift Dist_T, considering possible lateral vibrations of the ro-
tors, does not exceed 8 mm, then, when the rotor is displaced 
by centrifugal force by 1 mm from the zero position, a pair  
of power units will create a lifting force of 1.9 kN/lin m, when  
by 2 mm – of 3.6 kN/lin m, when by 4 mm – of 7.9 kN/lin m, when 
by 8 mm – of 16 kN/lin m, when by 10 mm – of 20.2 kN/lin m, 
which is enough for the GPV takeoff and its subsequent 
climbing into the near-Earth orbit. At the same time, there 
remains a safety gap of at least 4 mm between the rotor 
and stator wall in nonstationary dynamic modes and about 
8 mm in uniformly accelerated motion of the GPV.

To minimize the moment of twisting of the GPV body 
relative to its axis in ascent/descent modes, the layout 
should be carried out so that the common center of mass 
is as close to the center of the cross section as possible, 
both when loaded and unloaded. 

The GPV linear rotors and stator consist of separate 
segments (Figure 5), which will be standardized. Their pre- 
assembly and acceptance inspection are also regulated,  
allowing for parallel production of the GPV components 
and minimizing construction time and costs. 

All segments have a relatively small thickness (up to  
110 mm) and weight (no more than 50 kg), which does not 
require the application of heavy lifting equipment when as-
sembling the GPV with the use of the construction kit method 
(Figure 6).

Special guide cylinders-dampers, elastic elements 
and other components are used as connecting elements, 
which will provide the structure with the ability to extend  
up to 6.5 % (if necessary, up to 8 % for lifting to a height  
of up to 500 km) and dampen vibrations during transient  
acceleration/deceleration of the linear rotors.

 =  =  =Q   max
,

36
13,692 380 NM

q   maxM

NC

8

41

6

7
2

5

3

Figure 5 – Assembly of the GPV components: 1 – segment of the rotor 1; 
2 – segment of the rotor 2; 3 – segment of the stator;  

4 – MSSU of the rotor 1; 5 – MSSU of the rotor 2;  
6 – guide components of the rotor 1;  
7 – guide components of the rotor 2;  
8 – guide components of the stator

Figure 6 – Longitudinal section of the GPV:  
1 – segment of the rotor 1; 2 – segment of the rotor 2;  

3 – segment of the stator; 4 – guide components of the rotor 1; 
5 – guide components of the rotor 2;  

6 – guide components of the stator; 7 – GPV body
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Computer Model and Simulation Modeling 
of the Dynamics of Magnetic System  
of the GPV Stabilizing Unit

At the initial stage of the GPV design, a computer model 
is proposed for conducting simulation modeling of the dynam-
ics of the MSSU of linear rotors and evaluating its operability  
and resistance to external destabilizing influences.

Each power unit as a basic component of the system 
is represented by only two nodes of the finite element model: 
the first is the magnetic group of the stator, the second 
is the magnetic group of the rotor. When calculating the dy-
namic response of the structure, at each step of integra-
tion the normal and tangential components of the mag-
netic forces will be applied to the nodes, the magnitude 
of which will be determined by interpolation from known nu-
merical arrays (Tables 1, 2) and the displacement distances 
of the nodes Dist_T и Dist_N relative to each other at each 
moment of the estimated time (Figure 7). In this way, mag-
netic forces will be taken into account in the entire set  
of power units of the MSSU of linear rotors.

Each segment of the GPV stator and rotors is defined 
by a single element with known mass-inertia characteris-
tics. The strength of the gravitational interaction of these el-
ements with the planet will depend on the height of the GPV 
position above ground level and is determined in the model 
by the acceleration of gravity: from 9.78 m/s2 on the Earth’s 
surface at the equator to 8.65 m/s2 at an altitude of 415 km 
above the surface. 

The centrifugal (lifting) force, which acts on the rotors’  
segments and is dependent on their movement speed, mass  
and radius of orbit, is applied as a concentrated force 
at the center of mass of each segment of the rotors.

The connection of the corresponding nodes of the power 
units with the centers of mass of the stator and the rotors 
at this stage of the simulation is accepted as absolutely rigid.  
The longitudinal connection of adjacent segments is modeled 
by an elastic-damping two-node element.

A sinusoidal load (harmonic effect) is used as a desta-
bilizing effect in the form of deflection of the body and/or  
the linear rotors by different amplitudes in the frequency 
range of 0.1–10 Hz (wind load, maximum ground movements 
during earthquakes, effects during fluctuations of oceanic 
waves, possible rotor imbalances).

Figure 8 shows a fragment from the program code 
with the initial data for simulation modeling.

Figure 7 – Consideration of magnetic forces 
in the calculation model  

of each power unit of the MSSU
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Figure 8 – Input of initial data in the form of a macro fragment 
for building a computer model of the GPV MSSU 

INITIAL DATA :

!Initial radius of the GPV, m
!Mass of Earth, kg 
!Gravitational constant, m3/(kg × s2)
!Initial height above sea level, m

R0=6371000
M=5.97e24
G=6.67e−11
H=0

!Tangential gap 
of the vertical group of the rotor_1, mm
!Normal gap 
of the vertical group of the rotor_1, mm
!Tangential gap 
of the transverse group of the rotor_1, mm
!Normal gap 
of the transverse group of the rotor_1, mm

gapXs1=−3

gapYs1=8.5

gapX1=6

gapY1=12.5

m1=450
lxx1=10
dX1=0
dY1=−0.00185

!Linear mass of the rotor_1, kg/lin m
!Moment of inertia of the rotor_1, kg × m2

!Initial coordination of the rotor_1, m
!Initial coordination of the rotor_1, m

m2=200
lxx2=10
dX2=0
dY2=−0.00173

!Linear mass of the rotor_2, kg/lin m
!Moment of inertia of the rotor_2, kg × m2

!Initial coordination of the rotor_2, m
!Initial coordination of the rotor_2, m

m3=500

lxx3=100

!Linear mass 
of the stator with a load, kg/lin m
!Moment of inertia 
of the stator with a load, kg × m2

gapXs2=−2

gapYs2=8.5

gapX2=6

gapY2=12.5

!Tangential gap 
of the vertical group of the rotor_2, mm
!Normal gap 
of the vertical group of the rotor_2, mm
!Tangential gap 
of the transverse group of the rotor_2, mm
!Normal gap 
of the transverse group of the rotor_2, mm
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Figure 9 shows a general view of the calculation mod-
el derived from the results of the transformation of the vol-
umetric geometric GPV model. The solver type is dynamic, 
and the software used is ANSYS APDL Transient. The initial 
time integration step is 0.001 s (1 ms).

The main advantages of the proposed computational  
methodology and dynamic model are the need for relatively  
low computing power as well as a balance between labor  
costs and the results obtained on the dynamic response 
of the structure to destabilizing effects. 

Figure 9 – General view of the calculated dynamic GPV model:  
1 – rotor 1; 2 – rotor 2; 3 – stator with housing and payload;  

11–46 – magnetic groups of power units

Figure 10 – Operation of the MSSU with destabilizing deviation of the rotors: 
a – changes in the transverse and vertical coordinates  
of the centers of mass of the rotors when stabilized 

by magnetic forces after deviation from the balanced position;  
b – trajectory of the center of mass of the rotor 1  

when stabilized by magnetic forces after deviation (point 0) 
from the balanced position (point 10); 

c – trajectory of the center of mass of the rotor 2  
when stabilized by magnetic forces after deviation (point 0) 

from the balanced position (point 9)

Сoncurrently, the conducted research will make it pos-
sible to find a workable version of the MSSU of linear rotors 
and prepare data for the transition to a more complex simu-
lation of the detailed GPV model at the stage of the practical  
implementation of the project.

Figure 10 illustrates the MSSU operating with a 7 mm ver-
tical and 4 mm horizontal deviation of the rotors from the lon-
gitudinal axis of the stator channel. At the same time, the ro-
tors do not rotate and the initial gap between the magnetic 
groups is 12.5 mm vertically and 8.5 mm horizontally.

As can be seen from the diagrams, after stabilization, 
the rotors take their equilibrium position with a coordinate 
of –1.85 mm for rotor 1 and –1.73 mm for rotor 2.

Figures 11, 12 show diagrams of vertical and transverse 
accelerations of the rotors and the stator with a destabiliz-
ing harmonic deviation of the stator with a frequency of 1 Hz 
and various amplitudes (simulated earthquake, wind load) 
during the preparation phase for the GPV launch.

Figure 11 – Vertical accelerations  
of the centers of mass of the rotors and the stator  

during the action of a harmonic vertical disturbance 
with an amplitude of 250 mm and a frequency of 1 Hz

Figure 12 – Transverse accelerations  
of the centers of mass of the rotors and the stator  

during the action of a harmonic transverse disturbance  
with an amplitude of 25 mm and a frequency of 1 Hz
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The results of simulation modeling of the dynamic re-
sponse of the rotors and the stator under different variants 
of destabilizing effects indicate the possibility of implement-
ing a permanent magnet-based MSSU and good perfor-
mance of the proposed design option capable of ensuring 
safe operation of the GPV with a vertical inertial load of up 
to 12 m/s2 (in the direction of gravity) and a transverse load  
of up to 1.2 m/s2. Figures 13 and 14 show the change in the gap 

Conclusion

In this article the key technical requirements and ap-
proaches for the design of a linear rotors stabilization sys-
tem in vacuum channels of the linear stators are presented.  
We propose the implementation of such a system using per-
manent magnets, which will ensure minimal energy con-
sumption and a high level of safety for the GPV as the main  
element of the project of non-rocket near space exploration.

A calculation technique and a computer model have 
been developed, thanks to which it is possible to eval-
uate the dynamics and stability of the MSSU of linear ro-
tors to external destabilizing loads, in particular, a harmon-
ic force disturbance affecting the body and/or the rotors  
of the GPV.

The use of advanced digital calculation methods and spe- 
cialized software enables, at the design phase of the mag-
netic rotor stabilization system, to assess its operability, ef-
ficiency and safety at all stages of operation. The next stage 
of research and modeling involves an experimental verifica-
tion of the characteristics of the proposed power unit design, 
followed by a validation of the calculation and testing results, 
as well as improvement of the calculation methods and com-
puter models used to find optimal solutions for the imple-
mentation of a magnetic stabilization system for the linear  
rotors in the GPV structure.
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between the magnetic groups of the MSSU power units  
under such perturbations.

The diagram 14b shows the following: the rotor 1, due to its 
greater mass compared to the rotor 2, is subject to much 
greater transverse deviations, which limits the maximum in-
ertial loads in this direction for the GPV. As a recommen-
dation, it is proposed to work out a design with additional  
power units in the transverse direction for the rotor 1.
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The efficiency factor of the rotor propulsion unit of the General Planetary Vehicle (GPV) 
should asymptotically approach 100 %. To fulfill this condition, the authors of the work  
have chosen a magnetic system as the most energy-efficient one consisting of two subsystems:  
forceful rotor holding in the desired position (on permanent magnets) and stabilization  
(based on electromagnets). The permanent magnet subsystem takes on the entire load,  
and only in transient modes a part of the load falls on the electromagnets.
Previous experimental models have significant disadvantages: inoperability at low speeds,  
high resistance to axial movement of the rotor, the presence of unacceptable natural vibrations  
and heating of the rotor. As a consequence, the efficiency factor of the propulsion unit as a whole 
is insufficient. The article presents a design solution that is devoid of the mentioned disadvantages, 
ensuring levitation of the magnetic rotor and at the same time not interfering with its free axial movement. 
To organize uniform movement without losses from edge effects, it is proposed to use magnets  
of special shapes and sizes.

Keywords:  
General Planetary Vehicle (GPV), magnetic levitation, permanent magnets, vaulted magnets. 
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Introduction
The history of the transport industry development clear-

ly shows its importance in the social, economic and military 
formation of society and our technogenic civilization [1]. 
It is the transport that can play a key role in the spatial 
separation of the technosphere and biosphere, relocating 
hazardous and harmful industries to near space. This idea 
was put forward by K. Tsiolkovsky, and the solution of its im-
plementation was found by inventor and engineer A. Unitsky 
[2], who developed the design of the General Planetary Ve-
hicle (GPV) – a geocosmic aircraft with a length of more 
than 40,000 km. This self-supporting system, which func-
tions only due to internal forces, is capable of transferring 
up to 10 mln tons of payload to near-Earth space and back 
during one ascent. 

Modern rockets have a high level of energy consump-
tion (total energy efficiency factor is less than 1 %) and a low 
payload capacity (up to 100 tons) [2]. These two key fac-
tors make the cost of geocosmic transportation using 
launch vehicles extremely high and, consequently, restrain 
the industrialization of space.

The core source of energy consumption in the GPV 
is the “engine – suspension” system, a set of structural ele-
ments that suspends, maintains and accelerates linear fly-
wheels to cosmic velocities. This is one of the main parts 
of the GPV; increasing its efficiency factor is a key task, 
the solution of which will lead to a reduction in the curb 
weight of the vehicle, improve the reliability of the system 
as a whole and minimize energy consumption.

It is necessary to start with minimization of energy 
consumption for noncontact maintenance of linear rotors 
in a suspended state relatively to the walls of vacuum chan-
nels. This requires the development of a magnetic levitation 
system and stabilization of the rotors that will allow to reach 
a speed of 12 km/s without axial resistance, which is need-
ed for lifting the GPV with a weight of about 40 mln tons 
into near space – into a circular equatorial orbit [3].

Statement of Problem
Magnetic levitation is a method of suspending an object 

(body) by means of a magnetic field. It is used to compen-
sate for gravity, gravitational acceleration, centrifugal or any 
other forces.

The magnetic field in suspensions is created by perma-
nent magnets, the main advantages of which are considered 
to be energy independence and stable characteristics over 

a long period of operation. The suspended body must be 
partially or completely made of ferromagnetic materials 
and capable of carrying permanent magnets. The object 
is suspended due to forces of repulsion and/or attraction.

The magnetic suspension is an eco-friendly system 
that reduces noise, vibration and wear caused by friction 
and does not pollute the environment. As for levitation, one 
of the most popular methods is the electromagnetic sus-
pension. However, this system has problems with power con-
sumption and heating, as a direct current must be supplied 
to maintain the desired air gap. 

Permanent magnets (PMs) are applied along with elec-
tromagnets (EMs) to reduce power consumption. The total 
weight levitates due to PMs, while EMs is used to eliminate 
external interference and weight fluctuations. Power is main-
ly consumed during the transient period, and the tem-
perature rise of the coil can be minimized. Another advan-
tage of such hybrid systems is the reduction of additional 
electronic components due to low power EMs.

The use of PMs for levitation, lateral stabilization and lin-
ear displacement removes the necessity of constant mon-
itoring and simplifies control systems, reduces the risk 
of failures during operation, increases the efficiency and re-
liability of the system. Such suspension becomes energy- 
independent and does not need additional power sup-
ply from the external network. Since magnetic fields are 
dissipated yet at short distances, the need for passive 
and/or active magnetic shields is excluded. At the same 
time, the possibility of using large gaps between the mov-
ing elements lows the requirements for manufacturing ac-
curacy and surface quality of the track structure and ro-
tor. As a result, there is a significant reduction of capital 
and operating costs (according to preliminary calculations 
of the authors, by 3−4 times in comparison with traditional 
technologies), service maintenance of PMs systems is prac-
tically excluded due to their high reliability and long service 
life of magnets.

According to Earnshaw’s theorem (1842), a stable equi- 
librium is impossible in a system of bodies interacting 
through fields whose potential varies inversely proportional 
to the distance from the source and which are not capable 
of isotropic eviction of interaction fields from the occupied 
space. This imposes a number of limitations and requires 
new conceptual solutions of the suspension design, con-
sidering all available forces in the system and consistent 
elimination and/or compensation of their interaction im-
pact. The fields, the potential of which decreases inversely 
proportional to the squares of distances from the sources, 

Figure 1 − Shape of fields  
of a single and sequentially arranged magnets

S

N
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in our case include gravitational, magnetic and electrostat-
ic ones [4]. To obtain a stable equilibrium in such fields, a sys-
tem with the missing potential energy at the equilibrium 
point is required. 

In the currently existing PMs-based levitation systems, 
equilibrium is not possible in the direction of one of the free-
dom degrees. Therefore, it is necessary to provide both 
levitation and lateral stabilization.

Consequently, the PMs-based suspension system to be 
created should have a maximum working force in the ra-
dial direction (centrifugal force direction) and a minimum 
tangential force from lateral end displacement relatively 
to each other in the “excluded” equilibrium direction.

Development  
of the PMs Application Concept

The PMs-based levitation system being developed is de-
signed to maintain and move in a suspended noncontact po-
sition of the GPV circular rotor with a weight of 250 kg/lin m 
at a speed of up to 12 km/s. 

The purpose of creating a model installation is to exper-
imentally confirm the possibility of obtaining dynamic levita-
tion and rotor stabilization with the absence of edge effects. 
The objective tasks to achieve the goal are as follows:

 • to develop a concept of PMs application, assuming 
the use of vaulted magnets in combination with the ob-
tained scheme of direction of fields and forces as well as 
the absence of magnetic wells and attraction forces between 
the vacuum track structure and the rotor;

 • to create an experimental installation, using vaulted 
PMs in combination with the developed scheme of direction 
of fields and forces;

 • to achieve linear displacement of the rotor, at which 
there are no magnetic wells and attraction force between 
the track structure and the rotor, to carry out measurements 
of vertical and lateral forces.

Use of Specially Shaped Magnets
The magnetic field of PMs depends on the shape of the  

magnet and appears as concentric circles (Figure 1). When 
the magnets are arranged sequentially, the fields are redis-
tributed but also have a spherical-elliptical shape. The mag-
netic poles are oriented in space in such a way that the mag-
netic induction in the working gap meets the technical 
requirements.

Taking into account that the magnetic field is a contact 
sliding surface and forms the trajectory of the rotor motion 
(with wells and ridges), the wavy surface of dense magnetic 
fields lengthens the traveled path, includes gravitational 
and inertial force as well as provokes galloping and vibrat-
ing of the system. It should be noted that even with a single- 
pole arrangement of magnets, the interaction (attraction) 
of opposite poles occurs when the edge of the moving 
and stationary magnet coincide. The edge effect appears, 
which in synergy with the magnetic well, reducing the gap 
and thus increasing the attraction, creates additional re-
sistance and imbalance of the system. In order to exclude 
the edge effect revealed in preliminary calculations, the use 
of special vaulted shape magnets was proposed (Figure 2).

Figure 2 − Vaulted magnet
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The advantage of this type of magnets is to separate 
the edge from the opposite pole by a distance sufficient 
to remove the forces of attraction.

The interaction forces of the levitating suspension 
system based on vaulted PMs were calculated.

Statement of the problem: to calculate the force inter-
action and draw up a map of the distribution of magnetic 
induction lines in the PMs system.

As a basic model of the suspension, a layout with fixed 
magnets (stator) and moving magnets (rotor) of the same 
shape and size with the following characteristics was 
adopted:

 • material Nd2Fe14B;

 • material brand N40;

 • magnetic induction of 1.26 T;

 • coercive force of 955 kA/m.

There occurs a uniform displacement of the rotor rela-
tively to the stator with a speed of 0.1 m/s; airless environ-
ment, 0 Pa pressure, 22 °C temperature are noted.

The rotor magnets are mathematically grouped into  
a single rigid structure – the rotor; the stator magnets are 
also united into a single structure – the stator (this elim-
inates mutual movement within the structure). Further, 
the force with which the stator acts on the rotor was calcu-
lated. The dependence graph of this force on the movement 
of the rotor relatively to the stator was drawn. The calcula-
tion model is shown in Figure 3. The upper pair of magnets 
moves relatively to the lower ones in the direction indicat-
ed by the arrow. Modeling and calculation of force interac-
tions of magnetic structures were performed using ANSYS  
2022 R1 software. 

Figure 3 − Calculation model:  
1 – rotor magnets;  
2 – stator magnets
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Figure 4 − Magnetic flux distribution  
in the initial position, mT

Figure 5 − Magnetic flux distribution  
at longitudinal displacement of rotor magnets  

relatively to stator magnets by 160 mm, mT
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Figure 6 – Dependence graph of force interaction  
between the resulting vector sums of the stator  

and rotor magnet fields on their mutual displacement
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Figure 7 − Calculation model  
with rotor magnets length of 500 mm  

(first calculation case)

Figure 8 − Magnetic flux distribution  
in the initial position  

at rotor magnets length of 500 mm, mT

Figure 9 − Dependence graph of force interaction  
between stator and rotor on their mutual displacement  

at rotor magnets length of 500 mm
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Boundary conditions of calculation: N40 magnet mate-
rial, Earth's gravity, “rotor – stator” gap, magnets geometry, 
nature of relocation of the rotor relatively to the stator.

The results of calculations are presented in the form 
of magnetic fields and magnetic flux distribution diagrams 
(Figures 4, 5) and dependence graph (Figure 6).

The computational model contains identical magnets 
with a length of 300 mm, a width of 70 mm, a thickness 
of 20 mm and having a radius rounding of 38 mm (Figure 2).

First, the vector sum of all magnetic forces belong-
ing to the rotor was found. Then, the vector sum of all mag-
netic forces belonging to the stator was determined (Fig-
ure 3). As a result, two forces are established: one acts 
on the rotor from the stator side, the other acts on the sta-
tor from the rotor side. Further, the rotor moves with a pitch 
of 5 mm relatively to the stator. The interaction of the found 
forces was calculated at each pitch. 

Based on the obtained data, the dependence graph 
of the repulsive force between the rotor and stator on the  
amount of displacement of the rotor relatively to the stator 
has been drawn (Figure 6). The magnets of the rotor and sta-
tor are facing each other with the same poles. The graph 
shows wavelike oscillations with a pitch of 300 mm, which 
corresponds to the length of the rotor/stator magnets. 
At the same time, the dip zones coincide with the location 
of the rotor magnets centers over the stator magnets joints. 
To remove this effect, it is proposed to use elongated perma-
nent rotor magnets, which will allow the PMs magnetic field 
of the rotor to constantly rest on several ridges of the PMs 
magnetic fields of the stator and pass over the magnetic 
wells without falling through.

Further, the force interaction was calculated and a map 
of the magnetic induction lines distribution in the PMs sys-
tem was drawn; vaulted magnets of different length were 
used. The layout was adopted as before: with fixed mag-
nets (stator) and movable magnets (rotor) of the same 
shape but different sizes. The characteristics and conditions 
of the calculation have not changed.

There occurs a uniform displacement of the rotor rel-
atively to the stator with a speed of 0.1 m/s; airless environ-
ment, 0 Pa pressure, 22 °C temperature are noted. The upper 
row of magnets moves relatively to the lower one.

On the base of the calculation the graph of the force 
interaction dependence of two arrays of magnets at differ-
ent linear dimensions of the array components was plot-
ted. The dimensions of the rotor magnets are 500 × 70 mm, 
575 × 70 mm and 650 × 70 mm; the stator magnets are 
275 × 70 mm. 

The computational models are shown in Figures 7, 10, 13. 
The calculation results are presented in the form of magnetic 
flux distribution diagrams (Figures 8, 11, 14) and dependence 
graphs (Figures 9, 12, 15). The dependence of the specific 
force of mutual repulsion on the displacement of the rotor 
relatively to the stator is shown in Table 1. 

The dependence graphs of the specific force of inter-
action between the stator and rotor on their mutual dis-
placement at different lengths of rotor magnets are shown 
in Figures 16–18.
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Figure 14 − Magnetic flux distribution in the initial position  
at rotor magnets length of 650 mm, mT

Figure 15 − Dependence graph of force interaction  
between stator and rotor on their mutual displacement  

at rotor magnets length of 650 mm
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Figure 10 − Calculation model with rotor magnets length of 575 mm  
(second calculation case)

Figure 11 − Magnetic flux distribution in the initial position  
at rotor magnets length of 575 mm, mT

Figure 12 − Dependence graph of force interaction  
between stator and rotor on their mutual displacement  

at rotor magnets length of 575 mm
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Figure 13 − Calculation model with rotor magnets length of 650 mm  
(third calculation case)
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Length of rotor magnets, mm

500 575 650

Specific force, N/m2 ∆, N/m2 ∆, % Specific force, N/m2 ∆, N/m2 ∆, % Specific force, N/m2 ∆, N/m2 ∆, %

1 2 3 4 5 6 7 8 9 10

50 47,552 – – 47,757 – – 45,419 – –

150 48,897 1,345 2.8 45,182 −2,575 −5.4 45,866 447 1

Table 1 − Dependence of the specific force of mutual repulsion on the displacement of the rotor relatively to the stator
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Figure 16 – Dependence graph of the specific interaction force 
between stator and rotor on their mutual displacement  

at rotor magnets length of 500 mm
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Figure 17 − Dependence graph of the specific interaction force 
between stator and rotor on their mutual displacement  

at rotor magnets length of 575 mm
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1 2 3 4 5 6 7 8 9 10

200 49,602 2,050 4.3 45,278 −2,479 −5.2 45,521 102 0.2

250 47,263 −289 −0.6 44,537 −3,220 −6.7 45,821 402 0.9

300 46,846 −706 −1.5 45,728 −2,029 −4.2 46,383 964 2.1

350 47,438 −114 −0.2 48,572 815 1.7 46,718 1,299 2.9

400 49,211 1,659 3.5 47,405 −352 −0.7 45,893 474 1

450 49,017 1,465 3.1 46,417 −1,340 −2.8 45,680 261 0.6

500 48,429 877 1.8 45,539 −2,218 −4.6 46,228 809 1.8

550 47,887 335 0.7 44,440 −3,317 −6.9 45,869 450 1

600 47,021 −531 −1.1 46,271 −1,486 −3.1 45,964 545 1.2

650 46,892 −660 −1.4 48,122 365 0.8 45,281 −138 −0.3

700 49,205 1,653 3.5 48,201 444 0.9 46,420 1,001 2.2

750 49,516 1,964 4.1 45,164 −2,593 −5.4 45,569 150 0.3

800 48,369 817 1.7 45,621 −2,136 −4.5 45,962 543 1.2

850 47,295 −257 −0.5 45,714 −2,043 −4.3 45,530 111 0.2

900 47,038 −514 −1.1 47,073 −684 −1.4 45,992 573 1.3

950 48,273 721 1.5 48,170 413 0.9 46,020 601 1.3

1,000 47,038 −514 −1.1 47,073 −684 −1.4 45,992 573 1.3

1,050 49,314 1,762 3.7 45,502 −2,255 −4.7 45,046 −373 −0.8

1,100 47,988 436 0.9 45,011 −2,746 −5.7 44,886 −533 −1.2

1,150 47,135 −417 −0.9 46,275 −1,482 −3.1 43,478 −1,941 −4.3

1,200 47,922 370 0.8 47,449 −308 −0.6 41,299 −4,120 −9.1

1,250 49,672 2,120 4.5 48,105 348 0.7 40,233 −5,186 −11.4

1,300 49,558 2,006 4.2 46,512 −1,245 −2.6 38,786 −6,633 −14.6
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Figure 19 − Computational model

Figure 20 − 3D diagram of the force vectors  
arising at the interaction of flat neodymium magnets, mT
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Figure 21 − 3D diagram of the magnetic fields  
arising at the interaction of flat neodymium magnets, mT
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Figure 22 − Dependence graph of the force interaction  
between the resulting vector sums of the stator  

and rotor magnet fields from their mutual displacement
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Figure 18 − Dependence graph of the specific interaction force 
between stator and rotor on their mutual displacement  

at rotor magnets length of 650 mm
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Displacement, mm Specific force, N/m2

50 150,429

150 151,859

200 150,140

250 151,501

300 154,518

350 153,901

400 151,829

450 148,340

500 154,467

550 154,106

600 152,844

650 152,239

700 151,792

750 153,266

800 151,652

850 151,230

900 149,796

950 151,577

1,000 149,796

1,050 151,315

1,100 152,150

1,150 154,052

1,200 151,451

1,250 152,286

1,300 152,994

Table 2 – Dependence of the specific interaction force  
between rotor and stator magnets on their mutual displacement

Figure 23 − Dependence graph of the specific interaction force 
between stator and rotor on their mutual displacement  

at dimensions of rotor magnets of 525 × 70 × 20 mm,  
stator of 50 × 70 × 20 mm (rotor magnets total area of 0.021 m2)
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For the third calculation case, the results after a dis-
placement of 1,000 mm were not taken into account, be-
cause the rotor went beyond the boundary of the stator 
magnets (Figure 18). 

A layout with fixed magnets (stator) of 50 × 70 × 20 mm 
size and movable magnets (rotor) of 525 × 70 × 20 mm 
size is adopted as an alternative PMs suspension model 
(Figure 19). Characteristics of the stator and rotor magnets: 

 • material Nd2Fe14B;

 • material brand N40;

 • magnetic induction of 1.26 T;

 • coercive force of 955 kA/m.

There occurs a uniform displacement of the rotor rela-
tively to the stator with a speed of 0.1 m/s; airless environ-
ment, 0 Pa pressure, 22 °C temperature are noted.

The force with which the stator acts on the rotor has 
been calculated. Its dependence graph on the displacement 
of the rotor relatively to the stator was drawn. Modeling 
and calculation of force interactions of magnetic structures 
were performed using ANSYS 2022 R1 software. 

Boundary conditions of calculation: N40 magnet ma-
terial, Earth gravity, rotor – stator gap, magnets geometry, 
nature of displacement of the rotor relatively to the stator.

The calculation results are presented in the form of 3D 
diagrams of force vectors and magnetic fields (Figures 20, 
21), dependence graphs (Figures 22, 23) and in Table 2.
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Figure 24 − 2D diagram of force vectors  
when plane neodymium magnets are used, mT
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Analysis of Alternative Options 
Figure 20, showing the vectors of forces arising from  

the plane magnets interaction, traces the parasitic forces 
of magnets attraction along the ends of the stator and rotor, 
which will lead to destabilization of the system in the trans-
verse direction and attraction of the ends. Since this in-
teraction is constant throughout the rotor motion (except 
for minor oscillations due to the presence of gaps in the sta-
tor), this phenomenon is only accounted for in the magnitude 
of the levitation force in the graphs. 

The 2D diagram (Figure 24) identified a similar edge ef-
fect at the locations where the ends of the rotor and sta-
tor magnets coincide. Since these forces are discrete, they 
cause levitation force variations (downwards) and lead 
to galloping of the rotor. The frequency of oscillations de-
pends on the geometrical dimensions of PMs of the stator 
and rotor.

Based on the conducted calculations and analysis 
of data from two directions of research of levitating PMs, 
it was decided to create a system where the stator and ro-
tor consist of cubic magnets spatially oriented according 
to the Halbach array scheme [5]. The size of the magnets 
is 10 × 10 × 10 mm. Spacing between the arrays is 10 mm. 
The geometric size of the magnet does not matter and does 
not affect the final result.

The results of modeling and calculations (Figures 25, 
26, Table 3) show the complete impossibility of using two- 
dimensional Halbach arrays to solve the problem at hand.
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Displacement, mm Force, N

–50 18.6

–45 32.3

–40 37.7

–35 21.2

–30 –20.83

–25 –68.95

–20 –88.72

–15 –62.36

–10 11.95

–5 90.59

0 123.76

5 89.09

10 11.06

15 –61.04

20 –90.69

25 –68.57

30 –21.46

35 21.53

40 36.81

45 32.42

50 20.17

55 11.83

60 6.22

65 7.86

70 6.77

Table 3 − Dependence of the interaction force  
of two two-dimensional Halbach arrays on their mutual displacement

Figure 27 – Vaulted magnet of the rotor
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Figure 25 − 3D diagram of force vectors  
when arrays are arranged opposite to each other  

and with a displacement, mT
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Figure 28 – Dependence graph of longitudinal force of resistance  
to rotor motion on its displacement  
at rectangular shape of magnets
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Figure 26 – Dependence graph of force on the displacement  
of one two-dimensional Halbach array relatively to another
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Figure 30 – Dependence graph of lifting force  
on rotor displacement  

at rectangular shape of magnets
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Figure 29 – Dependence graph of longitudinal force of resistance  
to rotor motion on its displacement  

at vaulted shape of magnets
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Figure 31 – Dependence graph of lifting force  
on rotor displacement  

at vaulted shape of magnets
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Thus, the magnet configuration shown in Figure 19  
appears to be the most promising. The model was further 
improved in order to minimize the edge effects that in-
crease the resistance to motion. The magnets have obtained 
roundings (Figure 27).

Figures 28 and 29 show the dependences of the resis-
tance forces to rotor motion on its displacement at rectangular 
and vaulted shapes of magnets.

As can be seen from the graphs (Figures 28, 29), the re-
sistance force to movement practically does not depend 
on the shape of magnets, however, the lifting force in case 
of using vaulted magnets is 14 % higher (Figures 30, 31).

Conclusion

The obtained values of specific forces of magnets in-
teraction at a given arrangement and different lengths 
of rotor magnets showed a decrease in the scatter between 
the maximum and minimum values of the force when in-
creasing the length of rotor magnets from 500 mm (6 %) 
to 650 mm (3.2 %). The rotor arrangement with magnets 
length of 575 mm showed the worst result on the scatter – 
8.6 %. Herewith it should be noted that the average val-
ue of oscillations decreases from 2.1 % at 500 mm to 1.1 % 
at 650 mm; the rotor with magnets of 575 mm length also 
had the worst index – 3.3 %.

After verifying the simulation results with a full- scale 
model, it is envisaged to create a design that implements 
the magnetic suspension properly and meets all the re-
quirements.

At the further stage of research, it is supposed to work 
out the design excluding the exit of magnets force lines out-
side the rotor and, accordingly, removing their interaction 
with stator magnets. Thus, it is planned to bring the effi-
ciency factor of the magnetic suspension system of the GPV 
linear rotors even closer to 100 %. 
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The authors describe the prototype of a linear electric motor with magnetic levitation  
on permanent magnets developed for the General Planetary Vehicle (GPV).  
There are configurations of the stator magnets which allowed to achieve an optimal shape 
of the magnetic pad and sufficient repulsive force. A rotor stabilization algorithm  
based on proportional-integral-derivative controllers is given. The article also contains  
the results of tests performed with the help of the test bench.
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Figure 3 – Experimental test bench  
developed by Unitsky String Technologies Inc. (Minsk, 2023)

Introduction

A linear electric motor is the key structural element 
of the General Planetary Vehicle (GPV); its development is con-
sidered a priority of the global uSpace geocosmic program, 
proposed by engineer A. Unitsky [1–3]. High rotor speeds im-
pose serious requirements to the motor parameters. To ob-
tain them, it is necessary to solve a number of engineering 
problems, the main of which is to achieve minimum pow-
er consumption in steady-state mode and to ensure effi-
ciency factor close to 100 % during linear rotor acceleration 
and recovery of its kinetic energy. 

These issues are being addressed in two different 
ways: the development of a rotor magnetic levitation sys-
tem inside the stator body and designing of a linear motor 
that accelerates the rotor to a speed of 12–15 km/s required 
to launch the GPV from the Earth’s surface [4].

In order to levitate the rotor at the indicated speed, 
it is assumed that the system based on the Meissner ef-
fect (quantum levitation on superconductors) will have 
the lowest power consumption [5]. The design is com-
posed so that the permanent magnets are continuous-
ly positioned on the rotor and their polarity is oriented 
in the same direction, and the superconductors are located 
on the stator together with the cooling system and thermal 
insulation. The magnetic field, constant in its value along 
the main axis of the motor, ensures a free sliding of the ro-
tor along the stator, while fixing it in the transverse direc-
tion due to the emergence of the magnetic field strength 
gradient.

This design is passive from the viewpoint of control 
systems; its application requires an additional active system 
that performs the following functions: initial rotor hanging- 
out, position correction, damping of dynamic oscillations 
and possible emergency support [6]. An electromagnetic 
stabilization on direct current electromagnets is proposed 
as such a system. This option is well compatible with the lev-
itation system on superconductors, since it also requires 
allocation of permanent magnets of the same orientation 
on the rotor.

The initial task is to design a test bench with electro-
magnetic stabilization and an accelerating system, which 
will allow to verify the general concept of the electric motor, 
its mathematical model and control system as well as to eval-
uate the negative phenomena for further more detailed 
designing of the motor. 

This article describes the results of the development 
of this test bench.

Description of the Hardware Part  
of the Test Bench

The test bench is a levitating ring rotor having an external 
metal rim and a stator platform (Figures 1–3). 

Figure 1 – Functional diagram of the test bench ring model

Figure 2 – Diagram of the test bench (top view)
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Since it is impossible to obtain a stable equilibrium 
by means of permanent magnets alone, a hybrid levitation 
pattern is used: permanent magnets hold the rotor vertical-
ly, accepting all its weight, and electromagnets fix the rotor 
in a horizontal position, balancing it at the point of unsta-
ble equilibrium and preventing it from stalling. Thus, due to  
the absence of the need to hold its own weight with electro-
magnets constantly, the power consumption of the levitation 
system is minimized. 

Figure 4 – Structural diagram of the test bench
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The position of the rotor relatively to the equilibrium 
point is determined by four optical stator sensors that trans-
mit data to the control system, which is in charge of the di-
rect conversion of the received signal. Then a control signal 
is sent to four electromagnets that stabilize the horizontal 
movement of the rotor.

The rotor is driven by a motor based on the princi-
ple of a brushless electric motor on permanent magnets 
with a vector control. For this purpose, permanent mag-
nets of alternating polarity are located on the rotor, and two 
groups of accelerating electric motor coils are mounted 
on the stator. The use of this type of motor simplifies the ro-
tor design to the maximum extent and provides the possibili-
ty of regenerative braking for energy return. The rotor phase 
angle required for motor operation is measured by two Hall 
sensors. 

Figure 4 shows the structural diagram of the test bench.
The system is based on the STM32 microcontroller 

of the Nucleo H743ZI2 debug board carrying out all mathe-
matical calculations and is responsible for the control log-
ic. This board was chosen because of its high performance 
and the large number of analog-to-digital converter (ADC) 
channels with a resolution of up to 16 bits, which is re-
quired by the sensor system due to the need for maximum 
accuracy and speed of measurement. 
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Parameter Value

Test bench dimensions (diameter × height), mm 640 × 75

Rotor dimensions
(outer diameter × inner diameter × height), mm

552 × 472 × 22

Rotor weight, g 1,250

Number of stator magnets, pcs 450

Number of rotor magnets (levitation), pcs 150

Number of rotor magnets (acceleration), pcs 92

Vertical clearance between rotor and stator 
magnets in levitation state, mm

13

Clearance between rotor  
and stabilization coils, mm 

2–3 

Number of stabilization coils, pcs 4

Voltage of stabilization coils, V 9

Inductance of stabilization coils, mH 

50–80  
(depending 

on the distance 
to the rotor)

Resistance of stabilization coil, Ω 5.3

Number of turns of stabilization coil 800

Wire thickness of stabilization coil, mm 0.6

Switching time of stabilization  
electromagnet driver, μs

5

Number of acceleration coils, pcs 12

Voltage of acceleration coils, V 9; 12; 15 

Inductance of acceleration coil, mH 4.1

Resistance of acceleration coil, Ω 4.1 

Number of turns of acceleration coil 600

Wire thickness of acceleration coil, mm 0.4

Debug board 
STM32  

Nucleo H743ZI2

Performance, MHz 480

Number of optical sensors, pcs 4

Maximum frequency  
of sensors (LED) operation, kHz 

100

Switching time of optical sensors driver, ns 25 

Number of Hall sensors, pcs 2 

Magnetic sensitivity, G ±1,000 

Response time, μs 3

Table 1 – Basic parameters of the test bench elements

Figure 5 – Distribution of magnetic induction field of the magnet, mT

Horizontal displacement, mm

Figure 6 – Variants of stator magnet configurations (right). Vector maps of repulsive forces (left)

The debug board communicates with the stabilization 
and acceleration modules by means of the ADC, with the help 
of which the input continuous signal is fed to the controller 
as a discrete signal. To effectively control external devices, 
a pulse width modulation (PWM) is used – a method of en-
coding a specified analog signal by changing the duration 
of impulses of constant frequency.

Electromagnetic Stabilization Module

Since the output voltage on the Nucleo debug board 
is 3.3 V, the high-power load is controlled by a MOSFET 
driver connected to a higher voltage source. For the op-
tical sensors to function, control impulses of 3.3 V ampli-
tude are supplied to the driver, resulting in the appearance 
of 5 V amplitude operating impulses on a group of LEDs. They, 
in turn, emit light, part of which, reflected from an exter-
nal object, returns to the receiver, i.e., photodiode. Depend-
ing on the amount of reflected light, the photodiode trans-
mits an analog signal to the ADC of the controller, where 
it is further processed.

The stabilization electromagnets are also controlled 
via a MOSFET driver with a galvanic separation. The elec-
trical isolation ensures that the signal circuit is indepen-
dent of the power circuit, which increases noise immunity 
and connection safety. After all transformations, PWM sig-
nals of preset durations are supplied to the electromagnet 
driver to create a variable force of attraction. 

Acceleration Module

The acceleration electromagnets are controlled by  
a bridge driver (H-bridge). This element of the system al-
lows to change the direction of the load current while send-
ing a combination of enabling signals to the driver transis-
tors from the digital outputs of the debug board. This leads 
to a reversal of the electromagnet polarity to either at-
tract or repel, making the stator a source of an alternat-
ing magnetic field that interacts with the rotor as a source 
of a direct current field.

The analog Hall sensors are intended to determine 
the rotor angular position and its rotational speed. The sig-
nals are read out via the ADC. Three power supplies serve 
for the operation of the system units. The personal com-
puter (PC) is used to debug the control system, change 
the operating modes of the test bench, input and output 
the parameters.

The key parameters of the test bench elements are 
summarized in Table 1.

Configurations of Permanent Repulsive Magnets  
for Rotor Hanging-Out

To achieve a large repulsive force, neodymium mag-
nets with a significant value of magnetic induction are used. 
For convenience of mounting on the test bench, magnets 
with a diameter of 10 mm and a height of 3 mm are chosen. 
A preliminary assessment of the magnetic field distribution 
is shown in Figure 5. 

0 mm

2 mm

4 mm

6 mm

8 mm

500.66
600.78
700.9
801.03
901.15

400.54

200.3
300.42

0.052695
100.17

50
40

40

30

30

30

15

20

10

10

5

10

20

20

10

Ai
r g

ap
, m

m

−20
1

3
2

4
5

−15 −10 −5 0 2015105

Variant 4

−20
1

3
2

4
5

−15 −10 −5 0 2015105

Variant 3

Variant 2

−20
1

3
2

4
5

−15 −10 −5 0 2015105

Variant 1

−20
1

3
2

4
5

−15 −10 −5 0 2015105

Figure 6 shows the stator magnet configurations 
with the corresponding repulsive force distributions.

Initially, one row of permanent magnets was used 
on the stator and rotor. This configuration (Figure 6, vari-
ant 1) had a weak lifting force and a narrow area of equilibri-
um, which led to a slight stalling of the rotor and its sticking 
to the stator due to the edge effect of the magnets. 

The addition of two extra rows of magnets on the stator 
(Figure 6, variant 2) widened the levitation area, but a trans-
verse magnetic wave appeared, which did not solve the prob-
lem of rotor sticking between the magnets.

The next variant of the magnet configuration (Figure 6, 
variant 3) allowed to achieve a more uniform platform: there 
are no pronounced transverse magnetic waves, the problem 
of rapid rotor stalling at small displacements disappeared.

The configuration (Figure 6, variant 4) consisting of rect-
angular magnets of 30 × 14 × 4 mm was also calculated. This 
variant shows a more acceptable result of vertical repulsive 
force and magnetic field width. However, due to the difficulty 
of ordering sector magnets, this configuration was not used 
in the considered test bench. 
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Figure 7 – Flowchart of the stabilization control system
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Description of the Control System  
Operation Algorithm

The key factor in designing of the magnetic levitation sys-
tem is the optimal control of electromagnetic forces. The sys-
tem used is divided into two parts: stabilizing and accelerat-
ing. The first is responsible for maintaining a stable position 
of the rotor, controlling and correcting the electromagnetic 
forces so as to compensate for any perturbations. The second 
is necessary to create a running magnetic field, which sets 
in motion the already levitating rotor of the motor. Each part 
of the system will be discussed in more detail below.

Stabilizing Part 
Figure 7 shows the control system responsible for hor-

izontal stabilization of the rotor using electromagnetic coils.
The mode control unit is an external device that deter-

mines the further behavior of the system: main mode or cali-
bration mode. The first mode directly turns on the stabilization 
coils and leads the system to the levitation state. The sec-
ond mode allows the operation of the calibration unit, where 
the optical sensors are aligned and their position is adjust-
ed to compensate for measurement errors before the main 
mode is started.

The optical sensor unit arranges the selection of ac-
cess channels to the sensor devices. The sensor control unit 
implements the logic of their operation (Figure 8). 

Figure 8 – Optical sensor control unit

Figure 9 – Rotor coordinate calculation unit

Figure 10 – Controllers of the levitation control system unit

Table 2 – Coefficients of PID controllers
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Impulses with a period of 1 ms (1 kHz) and a width 
of 50 % are supplied to the infrared LED. The photodetector 
takes measurements with a period of 0.1 ms (10 kHz) and av-
erages them on five values. The difference between the pho-
todiode measurements when the LED is on and off is then 
calculated and corrected by table coefficients to determine 
the air gap (in millimeters) between the sensors and the ro-
tor. This system provides measurement accuracy of about 
±0.05 mm.

The rotor coordinate calculation unit (Figure 9) uses 
the air gap values from the optical sensor unit to estab-
lish the position of the rotor center in the stator coordinate 
system.

The levitation control system unit implements a ro-
tor position control algorithm based on a two-stage PID 
controller (Figure 10). 

The first controller receives information about the de- 
viation of the rotor position from the equilibrium point 
and outputs the desired speed at which it should return. 
The second one evaluates the difference between the ac-
tual and target speeds and transmits a PWM control sig-
nal to the unit of electromagnets. The maximum stiffness 
and optimum speed of system response are achieved 
with the coefficients of PID controllers given in Table 2. 
Thus, the “rotor – stator” system described by the equations 
of the second-order motion is controlled by two inserted 
first-order controllers.
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Accelerating Part
The control system responsible for rotor acceleration 

(Figure 11) operates without data exchange with the stabilizing 
part for carrying out their independent debugging.

The acceleration algorithm is based on the vector con-
trol, which allows to control the torque directly as well as 
the applied power and the rotor speed by adjusting the am-
plitude, the phase and frequency of electromagnet voltages. 

The mechanical angle measurement unit determines 
the rotor position and shapes the direction of the stator cur-
rent vector (Figure 12). The values of voltage amplitudes pro-
portional to the rotor phase angle are taken from two an-
alog Hall sensors having a phase offset of 270° (1.5 steps 
of acceleration magnet placement). 

In addition, compensation for inaccurate sensor posi-
tioning is introduced. This step makes it possible to set a 90°  

Figure 11 – Flowchart of the acceleration control system

Figure 12 – Mechanical angle measurement unit
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Figure 16 – Rotor stabilization  
after displacement from the equilibrium point

offset of the stator current phase from the rotor phase, 
at which the maximum torque value is achieved. 

The rotor speed measurement unit determines the an-
gular and linear speed by the change of the rotor phase angle 
value in time, taking into account the number of accelerating 
magnets: 92 magnets, or 46 pole pairs.

The control unit (Figure 13) is responsible for the algorithm 
of rotor speed maintenance.

Thus, in case of deviation from the target speed value, 
the PI controller (KP = –0.4; KI = –0.00001) generates a control 
signal proportional to the error. 

Based on the direction of the total stator current vec-
tor and the setting amplitude of the electromagnet voltage, 
a three-phase sinusoidal signal is sent. Each of its phases 
goes to the acceleration coil unit, where it is converted 
into a PWM signal.

Figure 13 – Control unit

Figure 14 – Maintaining the object of control  
at the point of unstable equilibrium

Figure 15 – Rotor oscillations around the equilibrium point

Test Results
Selection of all controller coefficients has been per-

formed manually. The main criterion is to determine the val-
ues at which the rotor stays steadily in the equilibrium point. 
For this purpose, the control system should have high rigid-
ity, i.e., fast adjustment to an external impact, and absence 
of self-oscillations. 

The object of control is characterized by a large nonlin-
earity. The behavior of the rotor in the current configuration 
is comparable to the behavior of a ball on a hill (Figure 14). 
When balancing at the point of unstable equilibrium, the per-
turbing effect changes its direction to the opposite one, which 
leads to self- oscillations. In this case, the amplitude of os-
cillations is determined by the sharpness of the peak (how 
much the perturbing force changes depending on the devi-
ation from the equilibrium point) and the speed of response 
from the control system. Such oscillations were obtained 
as a result of the experiment on the test bench (Figure 15).
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To solve this problem, the object of control is shifted 
aside from the equilibrium point by a minimum value. Thus, 
the perturbing effect does not drastically change its direc-
tion, therefore, it is easier for the control system to maintain 
equilibrium (Figure 16).
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The response of the stabilization control system was 
evaluated by applying an external single impulse impact 
on the rotor. The equilibrium recovery time was 0.45 s, which 
indicates a rather low stabilization speed at the current 
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parameters of PID controllers (Figures 17, 18). An attempt to in-
crease the speed of reaction by changing the coefficients 
leads to the formation of self-oscillations in the system.

Achievement of a sufficient level of stabilization allowed 
us to proceed to debugging of the accelerating part. Table 3 
shows information about the rotor acceleration at different 
voltages applied to the acceleration electromagnets.

Figure 19 shows the results of rotor acceleration to evalu-
ate the effect of voltage on the acceleration speed. As the sup-
ply voltage increases, the time to reach the required rotor 
speed decreases.

Figure 17 – System response to an external single impulse effect

Figure 19 – Rotor acceleration time  
at different voltages of the accelerating coils

Figure 20 – Result of rotor acceleration and deceleration
Figure 18 – Errors of stabilization controllers  

on external single impulse effect

Table 3 – Data on rotor acceleration to 145 rpm (4.1 m/s)

Voltage, V
Acceleration time  

0–145 rpm, s
Inrush current, A Acceleration current, A

Speed maintaining  
current, A

9 90 0.45 0.2 0.13
12 27 0.65 0.3 0.11
15 20 0.82 0.35 0.09

In
pu

t s
ig

na
ls 

of
 c

on
tro

lle
rs

 
(e

rr
or

 va
lu

e)

Time, s

974.2
−3

−2

−1

0

1

2

3

974.3 974.4 974.5 974.6 974.7 974.8 974.9 975

Error of velocity value, mm/s
Error of coordinate position, mm

Sp
ee

d,
 rp

m

Time, s

0

50

100

150

0 10 20 30 40 50 60 70 80 90

9 V 12 V 15 V

Sp
ee

d,
 rp

m

Time, s

0

50

100

150

0 20 40 60 80 100 120 140 160 180 200 220

Ro
to

r p
os

iti
on

, m
m

Time, s

974.2

−2

−3

−1

0

1

2

3

974.3 974.4 974.5 974.6 974.7 974.8 974.9 975

Figure 21 – Measured transverse vibrations of the rotor  
at different rotation speeds

There is the result of electric motor acceleration and then  
deceleration of the rotor after disconnection of accelerating 
coils and the absence of active braking at Figure 20. The sup-
ply voltage of the accelerating coils is 12 V. Stabilizing coils 
continue to operate, which prevents the rotor from touching 
the cores.

The time to rotor stopping from a speed of 145 rpm 
is 133 s. Such a high rate of rotor deceleration requires fur-
ther investigation to evaluate the effect of various factors 
(structural damping, magnetic friction, air resistance, etc.). 

Appropriate vibration level measurements were made 
to determine the stability of the levitation control system 
during rotor rotation. Root mean square values of horizontal 
deviations of the rotor from the target value were analyzed 
(Figure 21). Besides, the problem of vertical oscillations of the rotor 

was diagnosed in the developed test bench. The permanent 
magnets supporting the rotor are actually a nonlinear spring 
with ultrasmall damping, so it is sufficient to have a small 
nonuniformity of the supporting magnetic field to obtain 
increasing vertical oscillations of the rotor when it rotates 
at resonant speeds. The oscillation period is 0.28 s. This ef-
fect confirms the necessity of using an active stabilization 
system alongside with a passive one.

Conclusion
In order to modernize the existing experimental test 

bench, it is necessary to collect data on the dependence 
of the effect of all parameters on the behavior of the sys-
tem. The following tasks have been identified as key areas 
for further work: 

 • implementation of feedback on current to improve 
the quality of acceleration and stabilization algorithms;

 • implementation of the recuperation system;

 • evaluation of the actual efficiency factor and the pos-
sibility of its raising, determination of the sources of ener-
gy losses and minimization of their impact on the system 
operation;

 • improvement of sensor system characteristics to in-
crease its speed and accuracy;

 • optimizing the configuration of permanent magnets sup-
porting the rotor, improving the uniformity of the magnetic 
field;

 • evaluation and consideration of time delays in the con-
trol system and increasing the speed of transition processes 
of the hardware part of the system;
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 • creation of the mathematical model of the magnetic lev-
itation system, evaluation of the criteria of control system 
stability;

 • transition from the PID controller to the controller based 
on predictive models.

All the data collected from the experimental test bench 
will be used to draw a mathematical model of the electric 
motor, which is necessary to generate the requirements 
for the hardware and control system of the GPV.

A thorough study of all GPV aspects is an important 
stage in the development of geocosmic transport. Work 
on extending the functionality of the prototype of a linear elec-
tric motor with magnetic levitation will make it possible to ver-
ify the safety and efficiency of the project, which will prepare 
the GPV system for practical full-scale implementation.
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Introduction
The takeoff and landing complex (TLC) of the General 

Planetary Vehicle (GPV) passing along the planet’s equator 
must meet a number of complicated technical requirements 
which allow to ensure safe operation of a giant geocosmic 
spacecraft with a length of 40,076 km and a mass of about 
40 mln tons [1, 2], namely the GPV. These requirements will be 
especially strict on oceanic sections stretching for 31,171 km, 
or 77.8 % of the total equator length, equal to 40,076 km. 
For example, if the ocean depth is more than 100 m, the sup-
ports should be floating, since their installation on the bottom  
will significantly increase the cost of the TLC.

Special attention will be paid to the evenness of the com- 
plex runway due to the cosmic velocities of the moving belt 
flywheels placed in vacuum channels (it is talking about 
12 km/s during takeoff and landing of the GPV, which is slight-
ly higher than the second cosmic velocity for Earth, equal 
to 11.2 km/s).

General Requirements  
to the GPV Takeoff and Landing Complex 

The GPV is designed for geocosmic conditions inher-
ent to the planet’s equatorial plane: the gravitational accel-
eration is 9.87 m/s2; the average starting radius of the GPV 
(the vertical radius of the runway equal to the equatorial ra-
dius of Earth) is 6,378.1 km; the average annual temperature 
of water and air is 28 °С.

Changes in the radius of the GPV flywheel belts tra-
jectory lead to an inversely proportional change in centrif-
ugal accelerations and loads on the magnetic (and/or elec-
tromagnetic) cushion of linear electric motors. Therefore, 
when designing a floating load-bearing overpass of the TLC, 
permissible changes in the radii of its curvature in the verti-
cal and horizontal planes within ±10 % of the radius of Earth, 
or ±638 km, are accepted. Then, for example, with a linear 
mass of the GPV of 1,000 kg/m, reducing the radius of the fly-
wheel trajectory to 5,740 km will lead to an increase in cen-
trifugal force by about 100 kgf/m, or 100 tf/km. An increase 
in the radius of the flywheel trajectory will respectively  
cause a similar decrease in the centrifugal force on these 
GPV sections.

The ocean part of the GPV overpass should not inter-
fere with navigation, including the movement of large ships, 
the highest of which has a surface height of 72.5 m, the widest 
has a width of 74 m, and the heaviest has a draft of 24.6 m [3]. 
Thus, in order to ensure the safe passage of any vessels,  

the floating GPV overpass must meet the following require-
ments (considering that the conditions for vessel passage 
can deteriorate due to wind and waves):

 • the clearance between adjacent supports should be  
not less than 150 m;

 • the clearance between the water surface and the bottom  
of the span structure should be not less than 80 m;

 • the underwater elements of the overpass between 
the supports must be placed at a depth of at least 30 m.

Vessels move along certain routes, therefore, these re-
quirements must be met only within the framework of mar-
itime logistics corridors. There are nine main sea trade 
routes on the planet – the main arteries of world trade, some 
of which cross the equator. The passage of fishing vessels 
and sailboats should be guaranteed on the remaining off-
shore sections of the GPV overpass, therefore, the bridge un-
derclearance may have more modest dimensions here, such 
as width of at least 100 m, height of at least 30 m and depth 
of placement of underwater linear elements of at least 20 m.

In addition to the GPV takeoff and landing, the equa-
torial TLC should provide transport, energy and informa-
tion communications along the Equatorial Linear City (ELC), 
the main part of which will pass through the ocean [4]. 
Transport communications along the ELC will be provid-
ed by transport and infrastructure complexes of Unitsky 
String Transport (uST), namely by a high-speed double-track 
route allowing movement with a speed of up to 600 km/h  
and a regional (urban) one – with a speed of up to 200 km/h.

This will make it possible to fulfill the planned volume  
of geocosmic cargo and passenger flows along the “Earth –  
Orbit – Earth" route: hundreds of millions of tons of cargo 
and hundreds of millions of passengers per year [5]. Car-
go and passengers to be sent into space will be delivered 
from various places of the planet via the uNet internation-
al transport and infrastructure network to certain cargo 
and passenger modules distributed along the GPV body in in-
crements of about 100 m. Herewith, it is necessary to build 
optimal geocosmic logistics not only in the forward direction 
  “Earth – Orbit” but also in the opposite direction “Orbit – Earth”, 
when finished goods produced in space will be delivered 
to Earth for the needs of all humankind – 10 bln people living 
on all continents of the planet by that time.

GPV Floating Overpass
The floating load-bearing GPV overpass has a span  

length Lпр (between the centers of the supports) of 100–200 m  

with a height hф of the string (prestressed) truss 3 equal 
to 10 m (Figures 1–3).

The bridge underclearance dimension h3 of the main 
part of the overpass is 30 m, which will ensure the passage 
of most ships. For all types of vessels (including the tallest, 

widest and those with the largest draft) in the 200–300 km 
wide sea shipping corridors Lск, the height of the surface 
part of the supports 4 has been increased to 90 m, the depth 
of the horizontal rod 4.7 – up to 30 m, the width of the spans 
Lпр has been doubled to 200–400 m.

Figure 1 – Cross section of the upper structure of the GPV takeoff and landing overpass:
1 – GPV body: 1.1 – upper belt flywheel, 1.2 – lower flywheel, 1.3 – cargo and passenger capsule, 1.4 – chassis wheels;  

2 – runway; 3 – load-bearing string truss: 3.1 – upper belt, 3.2 – lower belt; 4 – floating support;  
5 – urban uST (speed up to 200 km/h): 5.1 – urban uPod, 5.2 – cargo uPod, 5.3 – sidewalk;  

6 – high-speed uST (speed up to 600 km/h): 6.1 – passenger high-speed uPod,  
6.2 – cargo uPod, 6.3 – sidewalk, 6.4 – support tie bar
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Within the maritime shipping corridors, the load-bearing  
truss 3 is made along a sinusoidal curve with concave and con- 
vex vertical curves, the radii of which Rвогн and Rвып differ 
from the radius of Earth RЗем by no more than 10 % (Figure 4).  
Therefore, the dynamics of the GPV landing and takeoff 
on these sections of the oceanic overpass will be more 
comfortable than on land when crossing mountains, where 
the height (amplitude) of the vertical sinusoidal curves 
of the TLC is much higher and their radii of curvature may be 
much different from the equatorial radius of the planet.

The floating overpass (Figure 3) is anchored to the bot-
tom using a 4.5 and 4.6 rods system having a rigid spatial con-
figuration, which ensure the required stability of the runway 
during the GPV operation. To ensure their vertical position 
stability, the supports are equipped with counterweights 4.3 

which are streamlined (dish-shaped) to minimize destabiliz-
ing forces created by deep currents. The necessary buoyan-
cy of the overpass is provided by floats 4.2, located at a depth 
of about 5 m (below the minimum level of the sea wave 7.2). 
They have excessive buoyancy and are held at the desired 
depth by prestressed (stretched) rods 4.5 and 4.6 attached 
to anchors 4.4. The floats are streamlined (dish-shaped) 
to minimize the destabilizing forces created by surface 
ocean currents.

The GPV overpass (Figure 3) is equipped with emergen-
cy floats 4.1 (placed above the water surface 7.1), on which 
it will descend in case of loss of buoyancy provided by stan-
dard floats 4.2. Emergency floats are designed as resi-
dential modules and small workshops for maintenance  
personnel.

Figure 2 – Diagram of the GPV takeoff and landing overpass on oceanic section (option 1):  
a – cross section; b – side view; 1 – GPV body; 2 – runway; 3 – load-bearing string truss;  

4 – supports: 4.1 – emergency (surface) float, 4.2 – load-bearing (underwater) float,  
4.3 – counterweight (sinker), 4.4 – anchor (sinker), 4.5, 4.6, 4.7 – stabilizing rods (ropes);  

5 – urban uST (speed up to 200 km/h); 6 – high-speed uST (speed up to 600 km/h);  
7 – sea water: 7.1 – sea/ocean surface, 7.2 – wave; 8 – seabed; 9 – ship

Figure 3 – Diagram of the GPV takeoff and landing overpass on oceanic section (option 2):  
a – cross section; b – side view

a) a)b) b)
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GPV Characteristics

The GPV has a body 1 and belt flywheels 1.1 and 1.2 (Fig-
ures 1, 3) located in vacuum channels and equipped with mag-
netic suspension systems and linear electric motors. Sus-
pended passenger and cargo modules 1.3 are made in pairs, 
located at an interval of 100–500 m, and their weight is 10– 
100 tons (the total weight of all modules placed along  
the entire length of the GPV is up to 10 mln tons).

To take off and land the GPV at a certain horizontal  
speed, modules 1.3 are equipped with chassis wheels 1.4,  
which, if necessary, will provide the possibility of landing 
on runway 2 at speeds up to 250 km/h (heavy aircraft land 
at about the same speed). In order to maneuver along 
the height and across the TLC, the GPV is equipped with hor-
izontal and vertical wings (not shown in the Figures). If nec-
essary, this will allow for both landing in airplane mode, 
when only the wings hold the entire weight of the aircraft, 
and for a regular landing even in an emergency energy 

dynamic situation, i.e., with a complete loss of speed by belt 
flywheels 1.1 and 1.2, although this cannot be even theo-
retically (it is impossible to quickly, within the time of one 
flight, reduce the speed of the flywheels weighing more  
than 10 mln tons from 12 km/s to zero).

The vertically positioned wings will allow the GPV to car-
ry out a maneuver, namely horizontal movement sideways 
from the equator at a distance of up to 1,000 km, when land-
ing on Earth. Such a displacement can be plane-parallel 
or curved along a sinusoidal curve. This will make it possible 
to place the TLC not strictly along the equator but, for ex-
ample, parallel to it at a distance of up to 1,000 km. In ad-
dition, if, for example, equatorial currents carry the part 
of the TLC even several kilometers away from the design 
line, this will not affect the normal functioning of the GPV. 
A geocosmic aircraft, maneuvering with horizontal and ver-
tical wings, will be able to land on a sinusoidally curved 
runway 2 (Figures 1–3) if its radii of curvature differ from  
the radius of Earth by no more than 10 %, as noted above.

The wings can be installed both on the GPV body 
and on cargo and passenger modules 1.3; they can have 
additional functionality and be performed as solar panels 
and, if necessary, used during landing for additional (aero-
dynamic) damping of the circumferential (around the plan-
et) speed of the GPV body. At the same time, powerful wings 
of a large area will not be required. To create a horizon-
tal force, for example, of 1 ton per 1 km of the GPV length, 
or 10 kgf/m (this will allow the GPV to deviate from the equa-
tor by 64 km), the total area of the wings should be about 
10 m2/km, or 100 cm2/m.

Upper Structure of the GPV Overpass
The load-bearing truss 3 of the overpass (Figure 1) is  

of a string type and is prestressed in the longitudinal direc-
tion. All linear elements of the truss – upper 3.1 and lower  
3.2 belts – are stretched longitudinally in such a way that they 
do not experience compressive forces in the entire stan-
dard load range (weight and wind loads, temperature forces,  
etc.) and are always stretched. The truss is made contin-
uous – it has no temperature seams and joints along its  
entire length.

To ensure geocosmic logistics and provide the deliv-
ery of passengers and cargo to any GPV passenger or car-
go module 1.3 when it is on the runway, the overpass has 
two mounted double-rail cargo and passenger uST com-
plexes (Figure 1). Urban-type uST complexes (travel speed 
up to 200 km/h) are located on the upper tier of the load- 
bearing truss 3 of the overpass (string rail track structure 5);  
intercity-type uST complexes (travel speed up to 600 km/h) 
are located on the lower tier (string rail track structure 6).

uST track structures are designed for a mobile load 
weighing up to 50 tons, which will allow transporting geo-
cosmic modules 1.3 with passengers and cargo pre-placed 
in them to the GPV location. Passenger stations (stopping 
points) and cargo terminals (cargo platforms) of the ur-
ban uST are concentrated every kilometer on average, while 
for the high-speed uST the figure is each 50–100 km.

To maintain uST complexes there are sidewalks 5.3 
and 6.3 which can also be used for movement of compact 
machines along a separate narrow-gauge rail track.

Forces Affected on the GPV Floating Overpass
The average depth of the Pacific, Indian and Atlantic 

Oceans along the equator is about 4 km, while the maximum 

depth is just over 6 km [6]. The floating GPV overpass 
on oceanic sections (Figures 1–4) will be affected by verti-
cal and horizontal static and dynamic forces, whose action 
will be discussed in more detail below.

Vertical forces
For the surface part of the overpass:

1) the own weight of the surface part of the overpass, 
including runway 2, urban 5 and high-speed 6 uST track struc-
tures, emergency (spare) pontoons 4.1 and the surface part 
of the supports 4: total about 4,000 tf/km (4 tf/m);

2) the GPV weight: 

 • during commissioning (with motionless belt flywheels): 
1,000 tf/km (1 tf/m);

 • during loading and unloading operations before lifting  
the GPV into orbit and after descent to Earth: –250 tf/km 
(payload weight; the minus sign means that the excess 
centrifugal force of the GPV belt flywheels will be directed  
upwards when the payload is removed); 

 • the weight of the uST rolling stock (urban 5.1 and 5.2 
and high-speed 6.1 and 6.2): about 500 tf/km (0.5 tf/m).

For the underwater part of the overpass (taking into ac-
count the buoyancy forces):

1) the net weight of the underwater part of the over-
pass, including the weight of the underwater part of the sup-
ports 4, load-bearing floats 4.2, rods 4.7, stays 4.5 and 4.6, etc.:  
total about 3,000 tf/km (3 tf/m); 

2) the weight of sinkers 4.3 at the bottom of floating 
supports 4: about 3,000 tf/km (3 tf/m);

3) forces in rods 4.5 and 4.6 of anchors 4.4 installed 
on the ocean floor (the average thrust length of rods 
is 4,000 m and is equal to the average depth of the ocean): 
2,000 tf/km (2 tf/m);

4) the buoyance force acting on all underwater elements  
of the overpass and directed upwards, primarily on the load- 
bearing floats 4.2 (the average value is 1.025 tf/ m3): 12,500 tf/km  
(12.5 tf/m).

Horizontal forces
Transverse forces:

1) in the surface part of the overpass – transverse equa-
torial wind;

2) in the underwater part of the overpass – transverse 
equatorial currents.

Figure 4 – Diagram of the construction of a shipping corridor with a width of Lск:  
in the center – for large vessels; at the edges – for smaller vessels
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Longitudinal forces:
1) in the surface part of the overpass:

 • internal forces – the pretensioning forces of the longi-
tudinal elements of the surface part of the overpass (belts 
3.1 and 3.2) of the load-bearing string trusses 3, string rails 
of the uST transport and infrastructure complexes 5 and 6 
and the braking (acceleration) forces of the uST rolling stock: 
about 5,000 tf;

 • external forces – longitudinal equatorial wind;
2) in the underwater part of the overpass: 

 • internal forces – the pretensioning forces of the lon-
gitudinal elements of the underwater part of the overpass 
(prestressed rods 4.7 connecting the bottom of the floating 
supports with each other to stabilize their linear position):  
about 1,000 tf;

 • external forces – the undercurrent along the overpass.
The greatest danger to the overpass is represented 

by external transverse forces that will seek to shift it side-
ways from the equator line, bend this structure horizontally  
and overturn it.

The equator is usually calm. This is a special region 
where wind is very rare. Trade winds move from the equator, 
but there is practically no wind at the equator itself.

A powerful transfer of waters from the western parts 
of the oceans to the eastern ones has been detected 
in the equatorial zone. Such a phenomenon, like the sur-
face equatorial return current, is considered compensatory 
and occurs in the subsurface layer exactly below the equator 
(Cromwell Current in the Pacific Ocean, Lomonosov Current 
in the Atlantic as well as subsurface and partially surface 
currents to the left and right of these currents). For exam-
ple, the Cromwell Current has a thickness of about 200 m 
and a width of 300 km, moves at a speed of up to 1.5 m/s 
and runs at a depth of 100–400 m, rising to a level of 50 m. 
The maximum velocities of surface currents at the equator 
are approximately 0.25 m/s.

Thus, the circulation of waters in the upper layers at low 
latitudes includes:

 • trade (equatorial) currents;
 • system of surface and subsurface equatorial return 

currents;
 • powerful stock warm currents at the western edges 

of the ocean and compensatory cold currents from higher 
latitudes at the eastern edges (with warm return currents);

 • immersion of waters near the tropics and in some ar-
eas of the equatorial band, especially at the western edges 
of the ocean;

Overpass element
Quantity per 1 km  

of the floating overpass length
Cost of one mounted unit 

of measurement*, USD
Total cost of 1 km  

of the overpass, USD

Load-beating string truss 1,100 tons 4,000 4,400,000

Floating supports, total
Including:
 • load-bearing columns
 • main (underwater) load-bearing pontoons
 • emergency (surface) pontoons
 • support counterweights

500 tons
12,000 m3

12,000 m3

2,000 tons

3,000
200
200
300 

6,900,000

1,500,000
2,400,000
2,400,000
600,000

Anchoring system, total
Including:
 • sinkers (bottom)
 • vertical rods (average rod length is 4,000 m)
 • horizontal rods (strings connecting the bottom 

of the floating supports to each other)

2,000 tons
800 tons

 
200 tons

300
2,500

 
2,500

3,100,000

600,000
2,000,000

 
500,000

GPV runway 15,000 m2 300 4,500,000

Other – – 2,100,000

Total 21,000,000

Table 1 – Average consumption of materials and estimated cost  
of the floating GPV takeoff and landing overpass on oceanic sections  
(average span length – 180 m, average height of the surface part – 50 m, average ocean depth – 4,000 m)

uNet element
Quantity per 1 km  

of the floating overpass length
Cost of one mounted unit 

of measurement*, USD
Total cost of 1 km 

of the overpass, USD

Track structure of the double-track rapid  
(up to 200 km/h) cargo and passenger uST complex

1 km 2,500,000 2,500,000

Track structure of the double-track high-speed  
(up to 600 km/h) cargo and passenger uST complex

1 km 3,000,000 3,000,000

Logistics units and their elements  
(passenger stops, stations, cargo terminals,  
pedestrian pathways, sidewalks, etc.)

1 km 2,000,000 2,000,000

Automatic control, power supply  
and communication systems

– – 2,500,000

Rolling stock  
(passenger, cargo, both passenger  
and cargo rapid and high-speed uPods)

– – 3,000,000

Other – – 1,500,000

Total 14,500,000 

Table 2 – Estimated cost of the uNet transport and infrastructure network  
combined on oceanic sections with the GPV floating takeoff and landing overpass

* Based on the global average prices for similar infrastructure solutions at the beginning of 2023.

 • the rise of waters in two zones of divergence near the  
equator, in vast areas near the eastern edges of the oceans 
and in places in the west.

To reduce external transverse forces, the load-bearing  
floats 4.2 and sinkers 4.3 are streamlined, disk-shaped, 
and have a coefficient of resistance (aero- or hydrodynamic)  
Сх = 0.05 (for comparison: for a cylinder, i.e., for a pipe, rod 
or rope, Сх ≈ 1, or 20 times more).

The specific wind forces (in terms of 1 m2 of the mid-
section, i.e., the cross section of the structural element) af-
fecting the surface elements of the TLC structure at a wind 
speed of 30 m/s (108 km/h) will be as following:

1) for highly aerodynamic elements with Сх = 0.05: 
2,9 kgf/m2;

2) for non-aerodynamic elements with Сх = 1 (cylinder 
shape): 58 kgf/m2.

Forces affecting the underwater structural elements 
of the runway overpass:

1) for highly streamlined elements with Сх = 0.05: 

 • 0,16 kgf/m2 for a flow rate of 0.25 m/s;

 • 5,7 kgf/m2 for a flow rate of 1.5 m/s;

2) for the elements with Сх = 1 (cylinder shape):

 • 3.2 kgf/m2 for a flow rate of 0.25 m/s;

 • 110 kgf/m2 for a flow rate of 1.5 m/s.

Calculation of the GPV Takeoff  
and Landing Complex Cost

To calculate the cost of the TLC, the following initial 
cost characteristics were taken (in weighted average world  
prices at the beginning of 2023):

 • rolled steel (high-strength steel wire, reinforcing ropes, 
tape, strip, channel, I-beam, etc.): 2,500 USD/t;

 • rolled steel building structures (floating supports, load- 
bearing structures, etc.): 6,000 USD/t;

 • complex structural elements, assemblies, aggregates: 
12,000 USD/t;

 • installation of structures: 2,500 USD/t.

Tables 1–3 show the consumption and average cost 
of materials as well as the cost of construction for the above-
mentioned parameters of the oceanic part of the TLC, including  
transport, residential and industrial infrastructure. 

The specific cost of the floating GPV takeoff and land-
ing overpass on oceanic sections (Table 1) is 21 mln USD/km.
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The specific cost of the uNet transport and infrastruc-
ture network, combined on oceanic sections with the floating 
GPV takeoff and landing overpass (Table 2), is 14.5 mln USD/km.

The specific cost of residential and industrial infrastruc-
ture combined on oceanic sections with the uNet transport 
and infrastructure network and the floating GPV takeoff 
and landing overpass (Table 3), is 5 mln USD/km.

The total specific cost of oceanic sections of the GPV 
TLC is 40.5 mln USD/km.

Conclusion
At the international scientific and technical conferences  

 “Non-Rocket Near Space Industrialization: Problems, Ideas, 
Projects”, held in 1988 and in 2019–2022, various designs 
and technologies for the construction of the GPV takeoff 
and landing overpass were considered [2, 4, 7, 8]. However, 
these proposals were not complex in approaches as well as 
were material-intensive and had a high cost. The construc-
tive and technological solutions presented in this study will 
reduce the cost of the GPV TLC combined with the uST string 
rail roads and infrastructure elements of the ELC by at least 
2 tln USD. After optimization, this most difficult overpass- 
type complex turned out to be, for example, twice as cheap 
as a much simpler project – the ground Palm Jumeirah Mono-
rail [9], the cost of which amounted to 73 mln USD/km in 2008 
prices (over 100 mln USD/km in 2023 prices).

The proposed solutions can be used not only for ocean-
ic sections of the GPV overpass but also on land as well as 
when creating overpass-type transport and infrastructure 
corridors in linear cities (uCities), including the ELC.
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Infrastructure element
Quantity per 1 km  

of the floating overpass length
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of the overpass, USD
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Introduction
The equatorial takeoff and landing overpass of the Gen-

eral Planetary Vehicle (GPV) is a global logistics and infra-
structure facility that contains passenger stations, cargo 
terminals, logistics centers as well as rapid, high-speed 
and hypervelocity complexes of Unitsky String Transport (uST) 
for multimodal cargo and passenger transportation. The over- 
pass covers Earth in the equatorial plane and has a length 
of 40,076 km, of which 31,171 km are in water sections 
and 8,905 km are in land sections [1]. The enormous scale 
of the GPV takeoff and landing overpass places extremely se-
rious demands on the organization, technology and mechani-
zation of its construction, which must rationally combine high 
productivity, unconditional quality of work and minimization 
of material costs for the effective operation of this complex 
engineering facility at all stages of its life cycle.

There will be a total of 29,684 supports with an average 
pitch of 300 m for land sections in the GPV overpass. Based 
on the need to ensure a longitudinal profile of the overpass 
with the maximum possible radii of vertical and transition-
al curves to minimize parasitic centrifugal forces that affect 
the GPV and to replicate the large relief of the earth’s surface 
in order to reduce the volume of excavation work, the aver-
age height of the supports can reach 300 m [2] and in some 
cases significantly exceed this value, for example, when 
crossing the Andes.

World practice shows the feasibility of such structures: 
the tallest building was built in 2010 in the UAE – the Burj 
Khalifa Tower (828 m). A suspension bridge connecting 
the provinces of Guizhou and Yunnan (China) was erected 
in 2016 across the river Beipanjiang; its length is 1,341.4 m, 
the height of the roadway above the water level is 564 m.

Design of the GPV Equatorial Overpass
In order to choose the correct GPV overpass design,  

it is necessary to consider all functions it performs and devel-
op the required structural elements in accordance with them, 
including the interaction with the GPV directly, especially 
during its takeoff and landing. According to research [1], 
the GPV consists of an outer shell, on which equipment 
and payload are attached, and internal linear (belt) rotors 
placed in vacuum channels and accelerated by an electro-
magnetic field to a speed of 12 km/s. When the rotor spins 
around the planet, a centrifugal force arises, which is lift- 
ing and exceeds the force of gravity making it possible 
to move the GPV into orbit. Thus, the load from the GPV varies 

from 1,000 to 0 kg per linear meter of the overpass during 
takeoff and from 0 to 1,000 kg during landing. This should be 
considered when developing and calculating the overpass 
for strength and durability.

The selection of span structure type determines the bear- 
ing capacity of the overpass as well as the manufactur-
ability of its  construction and cost. Beam span structures are 
the most widespread, while cable and suspension bridges  
can provide the optimal span. The main distinctive fea-
ture of the beam system: only vertical loads are trans-
ferred from the span structures to the supports, and there  
are no horizontal ones. Beam structures can be split , con-
sisting of a number of beams, each of which covers one 
span. This system is statically determinate and can be used 
on any type of foundation but requires a large number of ex-
pansion joints and the mandatory presence of two support-
ing parts on each supporting tower. In a continuous sys-
tem, one beam of the span structure overlaps several spans 
or all at once; the span structure is calculated as a multi- 
support statically indeterminate beam using the force method, 
the displacement method or other methods for calculating 
statically indeterminate systems involved in structural me-
chanics. The continuous system is characterized by the ab-
sence of expansion joints but is sensitive to base defor-
mations and thermal forces due to the maximum range 
of temperature fluctuations over the entire service life.

Suspension (cable) bridges, compared to bridges made 
using a beam design, imply an increased height of the supports 
(pylons), their location on both sides of the span structure  
as well as a system of ropes (cables) supporting it. However, 
pylons towering above the span structure can hamper the GPV 
to take off and land, requiring it to be maneuvered with extreme- 
ly high precision so that there is no contact between the GPV 
body, the pylons and the rope system. At the same time, 
the main stresses in a suspension bridge are tensile stresses 
in the ropes (cables) and compressive stresses in the sup-
ports. The stresses in the span itself are low. Almost all forces  
in the supports are directed vertically downwards and are sta- 
bilized by the ropes. In the above bridge designs, the span struc- 
tures can be made both in the form of solid beams of various  
sections and in the form of lattice structures, i.e., trusses.

Analysis and Selection of Building Materials
In modern construction, steel and concrete are most 

widely used as the main structural materials. The advantages  
of using steel include a significantly better performance under 
tensile loads. In addition, steel structures are characterized  

by low material consumption. However, this alloy is much 
more expensive, is susceptible to corrosion and has low fire 
resistance. The increase of the corrosion properties of steel 
is possible through protective coatings and alloying, which 
further increases its cost. Concrete works well under com-
pression, has a high degree of fire resistance and is low in cost. 
At the same time, concrete structures have considerable 
dead weight. Based on the listed main advantages and dis-
advantages, steel and concrete divided the forces between 
themselves in building structures: concrete took on the com-
pressive forces, and steel took on the tensile forces, which 
is widely implemented in reinforced concrete structures,  
especially prestressed ones [3].

The development of this direction, which makes it possi- 
ble to combine the advantages of these materials and elimi-
nate their disadvantages even more fully, is possible in steel- 
reinforced concrete structures. They use the principle of in-
tegrated work of metal elements with reinforced concrete, 
which distributes internal forces between the corresponding 
parts of the sections, improving their design characteristics. 
Thanks to this, the total metal consumption is reduced as well 
as the section sizes and construction height of the floors, 
and the bearing capacity and rigidity of the structure are in- 
creased. In addition, steel-reinforced concrete structures  
are fire resistant, since concrete has a high specific heat ca-
pacity. Accordingly, the steel element is protected from over-
heating and its bearing capacity is not decreased. An increase 
in the bearing capacity of these structures can be consid-
ered using the example of reinforced concrete and steel- 
reinforced concrete columns with a diameter of 60 cm. 
The bearing capacity of a four-meter reinforced concrete 
column is about 6,000 kN, while a steel-reinforced con-
crete column has a bearing capacity of up to 32,000 kN,  
i.e., 5.33 times more [4]. If steel and steel-reinforced con-
crete decks are compared, the steel savings with the same 
load perception in the case of a steel-reinforced concrete 
structure will be about 15 % [5]. Such structures have become 
widespread in the construction of bridges. In particular,  
corrugated walls are used in more than 50 bridges in Japan. 

Based on the above, the volume of required concrete  
is calculated and it is equal to 16 m3. This is the amount 
needed to erect 1 lin m of span structure of the GPV over-
pass with cross-sectional dimensions that ensure indepen-
dent movement inside the overpass of four types of vehic- 
les. And the vehicles in their turn have the ability to transport 
cargo in 20-foot (Dry Cube) and 40-foot (High Cube) contain-
ers. In this case, the mass of 1 lin m of overpass will be about 
40 tons. Consequently, for the construction of its land sections 

with a length of 8,905 km, 142.5 mln m3 of concrete will be need-
ed. Considering that 1 m3 of M500 concrete contains 313 kg  
of cement, 44.6 mln tons of cement are needed for their con- 
struction. Due to this load as well as the load from the GPV, 
the diameter of the supports is determined, which for a steel- 
reinforced concrete design can be equal to 3 m, while 
for the construction of one average 300-meter support 
will require 2,119.5 m3 of concrete, and for 29,684 supports 
for the GPV overpass with a span of 300 m – 63 mln m3 of con- 
crete, or 19.7 mln tons of cement. Thus, the total volume 
of concrete intended to create the monolithic GPV overpass 
is 205.5 mln m3, which is equivalent to 64.3 mln tons of cement.

According to the World Cement Association [6], the global 
cement industry currently employs 1.2 mln people, and the an-
nual production capacity of industry enterprises is 6.5 bln tons.  
The highest cement consumption – 4 bln tons – was recorded 
in 2014 and since then has remained approximately at the same 
level. This means that global industry makes it possible to en- 
sure the production of the required amount of cement 
for the construction of such a large-scale structure as the GPV 
overpass, which is only 1 % of its total capacity. Consequently, 
there will be no harm to consumers of these products in other 
areas of the global construction industry.

Analysis of Technological Processes 
for Constructing Supports

The technological processes of erecting the supports 
of the GPV overpass are generally traditional and include the in-
stallation of foundations, the basis of which is the plunging 
of various types of piles (driven, bored), and the construction  
of the supports’ body by means of concreting in formwork.

Nowadays, in the world practice of creating bridge struc-
tures that can withstand heavy loads, bored piles are wide-
ly used. They are constructed by drilling wells in the ground 
and then filling them with reinforced concrete. The main advan- 
tages of such piles: the ability to use on all types of soil (espe-
cially rocky and seismically unstable), the absence of dynamic 
impact on the soil and foundations of nearby structures 
and high bearing capacity.

Based on the nature of the work in the ground, bored 
piles are divided into standing piles and hanging piles, each 
of which, depending on the hydrogeological conditions of con-
struction, can be used in the erection of supports for the GPV 
overpass. Standing piles include piles resting on practical-
ly incompressible soils (rock, coarse rocks with sand fill-
er, etc.). Such piles transfer the load to the ground through 
the heel (soil resistance along the side surface of the shaft 
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is not considered in calculations of their bearing capacity).  
Hanging piles, buried in compressible soils, perceive the load 
through the side surface and the heel.

When installing bored piles, various technologies  
are used [7]: continuous auger drilling, drilling with the walls 
of wells protected from collapse by filling them with a spe-
cial clay solution, drilling wells under the protection of in-
ventory casing pipes or drilled steel pipes, followed by their  
reinforcement and filling with concrete.

To determine the continuity of bored piles, it is nec-
essary to use ultrasonic, acoustic and other nondestruc-
tive testing methods, which make it possible to detect de-
fects in the form of breaks and inhomogeneities measuring  
up to 10 % of the diameter. Also, it allows to identify the actual  
position of the base of the piles.

In parallel constant monitoring of the following pa-
rameters is required: the mobility of the concrete mixture, 
the intensity of placement, the levels of the concrete mix-
ture in the concrete pipe and well, the levels of the lower 
ends of the concrete pipe and casing pipes in order to main-
tain their minimum penetration into the concrete, as well  
as the strength of the concrete laid in the well.

As an alternative to the types of piles discussed above, 
it is possible to use vibro-submersible precast reinforced 
concrete shells, which are filled with monolithic concrete 
or reinforced concrete [7].

In addition, foundations on drop wells made of mono-
lithic or prefabricated reinforced concrete or concrete  
as well as steel are used if solid soil lies at a relatively shal-
low depth. However, shallow foundations are too expensive, 
and pile foundations are impractical due to the insufficient 
depth of pile driving [7]. Drop wells are also applied under 
heavy loads, in difficult conditions of sea straits and in all 
cases at a depth of up to 70 m.

Before proceeding with the construction of the support 
body, the work on installing the foundation and concreting 
its grillage must be completed and accepted [7]. In this case, 
the reinforcement of the piles, released from their heads, 
is embedded in the grillage slab, and the grillage reinforce-
ment – in the support body, the construction of which can be  
most effectively implemented using sliding formwork charac- 
terized in constant movement upwards at a given pace  
as far as high-rise structures are concreted. Currently, slid-
ing formworks of various types have been created, which 
are a spatial formwork shape installed along the perime-
ter of the structure being built and lifted by hydraulic cylin-
ders (jacks) [8] as far as it is being concreted through con-
tinuous supply and laying of the concrete mixture by gravity 
or pressure (top-rising or bottom-rising flow) methods [9] 

as well as using the falling concrete method [10]. This tech-
nological process includes installation of reinforcement, 
constant monitoring of the verticality of the object being 
built, the position of the formwork, the quality of concrete, 
installation of embedded parts and operational management.

The listed works are carried out at a pace corresponding  
to the specified speed of raising the formwork, which is de-
termined by the conditions of concrete hardening at a given 
outside temperature and mixture composition and also serves 
as a criterion for organizing the entire technological process. 
When lifting the formwork at a speed less than optimal, the so-
lidity of the structure decreases, the adhesion forces of con- 
crete to the formwork increase, which complicates the process 
itself. The concrete failures and other defects occur that impair 
the quality. For this reason, stopping the formwork is undesir-
able in order to avoid the concrete from setting on the panels.  
Experience in operating sliding formworks shows that the lift-
ing speed should be 15–30 cm/h in increments of 2.5–3 cm 
with each lift. If all requirements are met, the productivity  
of the construction of the facility is on average 3–6 m/day.

At the same time, the disadvantages of the sliding 
formwork technology are possible concrete failures (when  
the formwork is lifted, it carries with it some of the weak 
material); through or non-through horizontal cracks, hori-
zontal sagging of concrete; cavities and leaks on the surface,  
which are formed as a result of noncompliance with tech-
nological parameters that determine the kinetics of con-
crete strength gain; scuffing, chipping, roughness of con-
crete walls as a result of lack of control over the cleanliness  
of the formwork surface and geometric deviations of the sys-
tem. In the eventof a forced break in concreting, measures 
should be taken to prevent the adhesion of the laid concrete 
to the formwork: the formwork is slowly raised until a visible 
gap is formed between it and the concrete, or it is periodically 
raised and lowered within the limits of the stroke of the hydrau- 
lic cylinder rod (step in place). When concreting is resumed, 
it is necessary to clean the formwork, remove the cement film 
from the concrete surface and moisten the surface. After con-
creting is completed, the sliding formwork at a high altitude 
of the structure is removed from above by a cargo helicopter [7].

Overcoming the noted disadvantages is possible through 
the use of complex additives [9], which make it possible to ob-
tain hightech concrete mixtures. They can be of various grades 
of increased mobility with a cone sediment of up to 28 cm with- 
out increasing cement consumption (Figure 1). This means 
that it is advisable to use cast concrete not only for thin-walled  
structures but also for massive blocks.

From the presented graphs it is clear that when testing  
the additives separately, they had a plasticizing effect  

on the concrete mixture with a cone sediment of 4 cm, but the ef- 
fect was of varying degrees: the efficiency of both additives 
was higher with increasing cement consumption.With a ce-
ment consumption of 340 kg/m3 and 0.8 % additive of C-3 
grade, the cone sediment increased from 4 to 22 cm. Wood 
chemical additive (WCA), introduced to the same initial mix-
ture in an amount of 0.1 %, provided the cone sediment to 8.5 cm.

When using WCA together with the C-3 additive, the mo-
bility of the concrete mixture decreased. Herewith, the meth-
od of assessing mobility by cone sediment turned out to be 
less sensitive to the influence of the WCA: the cone sediment 
changed slightly – by 0.5–1.5 cm, which is equal to 5–6 %.

A more sensitive method is to measure the cone spread. 
With the introduction of 0.1 % WCA, the diameter of the cone 
spread decreases by an average of 18–22 %. Regardless 
of the content, the combination of additives of C-3 and WCA 
grades in relation to the plasticization of the concrete mix-
ture turned out to be negative. At the same time, WCA con-
tributed to significant air entrainment as well as a decrease 
in water separation and solution separation of the con-
crete mixture. Thus, cast mixtures are practically close 
to self-compacting, which means that some of the composi- 
tions can be used in this capacity as more resource-saving 
and economical.

Analysis of Technological Processes 
for Construction of Span Structures

Two options can be chosen from the existing variety 
of modern structures of reinforced concrete bridge spans 
and their corresponding technological construction processes 
with regard to the GPV equatorial overpass and the conditions 
of its construction: 

 • prefabricated prestressed structure from standard 
box-section elements;

 • monolithic continuous prestressed structure [7].

The elements of a prefabricated structure overpass 
must be manufactured in advance at factories for reinforced 
concrete products, mobile production facilities or on-site 
testing ground, which will ensure the necessary mass pro-
duction, the stability of geometric dimensions, the physical 
and mechanical properties of materials and the quality char-
acteristics of finished products. The blocks that have passed 
quality control are transported to overpass construction 
sites being evenly distributed along the equator, which re-
quires the construction of long technological roads, a large 
number of heavy vehicles and the organization of their move-
ment. Next, using various means of mechanization (installa-
tion cantilever cranes, cantilever-sluice type crane units, etc.), 
the elements of the overpass are installed in the design po-
sition, first in the overhead sections and then in the span 
sections with the installation of assembly adhesive joints 
and tension of the working reinforcement bundles [7].

Figure 1 – Effect of the content of superplasticizer С-3  
in combination with the air-entraining WCA on the change in:  

a, b – cone sediment (CS); c, d – diameter of the cone spread (D) [9];  
1, 2, 3 – concrete mixture with cement consumption of 280, 340, 400 kg/m3  
respectively; 1A, 2A, 3A – concrete mixture with cement consumption 

of 280, 340, 400 kg/m3 and the addition of 0.4 % C-3 + WCA;  
1B, 2B, 3B – concrete mixture with cement consumption  

of 280, 340, 400 kg/m3 and the addition of 0.8 % C-3 + WCA
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The advantage of prefabricated span structures lies  
in the possibility of simultaneous installation on various 
sections of the overpass evenly distributed along the equator, 
which helps to reduce the construction time of the entire 
structure. However, the disadvantage of this design is the pres- 
ence of a large number of assembly joints between elements 
(blocks) that reduce the overall reliability of the overpass.

Monolithic span structures are erected directly on the site  
using formwork. During their construction, heavy-duty cranes 
and special vehicles for transporting heavy and large-sized el-
ements are not required, while the number of expansion joints 
is minimal, which is important for increasing the durability 
of the structure. The monolithic method also makes it pos-
sible to simultaneously build on various sections of the over- 
pass evenly distributed along the equator. This approach 
helps to reduce the construction time of the entire struc-
ture but implies a constant continuous supply of distributed 
objects with materials: crushed stone, sand, cement, etc.

From the point of view of operational reliability, the ad-
vantage of monolithic structures over prefabricated ones, 
apart from the absence of joints, is also that the non-stressed 
reinforcement of the previous section is not interrupted 
but is joined to the reinforcement of the subsequent section.

In continuous beam and frame span structures, the ten- 
sion of the upper beams is carried out as concreting pro-
ceeds; the lower beams are tensioned after the span struc-
ture is closed and converted from a cantilever system  
to a continuous beam system.

The suspended concreting method, which is most suit-
able for the construction of the GPV equatorial overpass, 
consists in the consecutive sectional concreting of its span 
structure in the direction from the supports to the mid-
dle of the spans. Sections of the 3–5 m long span structure  
are concreted in formwork that can be permanent, perform-
ing the functions of both protection from the external en-
vironment and thermal insulation (this contributes to bet-
ter hardening of concrete in the equatorial climate zone), 
as well as sliding, which is part of special units installed 
and moved along a previously concreted part of the span 
structure. With a shorter concreting length, the number 
of sections and the duration increase. The sections of consid-
erable length are undesirable due to the weight of the over-
pass cantilevers and mobile units. The maximum size of a re-
inforced concrete cantilever concreted using the suspended 
method is limited by the strength of the section at its root 
and the stability of the span structure against overturning.  
At the same time, the use of permanent formwork, in contrast 
to sliding one, is less productive due to the high complexity 
of preliminary installation.

Depending on the design of the span structure, the size 
of the spans and their ratio, various options for suspended con-
creting are possible, the main ones being balanced and semi- 
balanced, carried out simultaneously by two units. With their  
help, the cantilevers of the span structure are extended in both 
directions from the support, ensuring joint stability [7].

Based on the monolithic nature of the spans of the GPV 
overpass, special devices are required for their construction.

Units for suspended concreting of the traditional type 
can have different designs (cantilever, frame, solid wall, 
through, etc.) and move along the concreted part along 
rail tracks on carts [7]. Transverse beams are suspended 
from the cantilever part of the unit, on which the working 
flooring is laid. The length of the suspended platform must 
be sufficient to accommodate the section being concret-
ed and the reinforcement protruding from it. The stability  
of the unit position can be achieved by installing a coun-
terweight (when moving) and anchoring it to the structure 
of a concrete span. The position of the scaffolding during 
concreting to ensure the design lines is adjusted by jacks. 
The disadvantages of a cantilever unit of a traditional de-
sign are the cyclical nature of concreting operations as well  
as a large number of technological processes and structural 
elements that complicate assembly operations and increase 
metal consumption.

Development of the Design of a Device 
for Continuous Concreting of the GPV Overpass

It is possible to overcome mentioned disadvantages 
by using a continuous concrete paver (Figures 2, 3), which 
is a sliding formwork moved along the concreted part 
of the overpass with the help of hydraulic drives.

In order to implement the proposed technological pro-
cess, the design of the GPV overpass supports should contain 
heads for anchoring prestressed ropes reinforcing the span 
structure. The outline of the inner surface of the span struc- 
ture is provided by an internal fixed formwork (shell), which 
is strengthened with spacers that are dismantled after the con- 
crete has gained strength. Next, the interconnected upper 
and lower parts of the concrete paver are assembled, which 
performs continuous concreting while moving from one 
support to another. At the same time, another similar con-
crete paver can move towards it from the opposite support, 
and symmetrically relative to the first support in the other 
direction, two concrete pavers moving towards each other  
can also be concreting. Thus, the technology of balanced 
or semi-balanced concreting is implemented [7].

2

4
1

3

4

Figure 2 – Installation of a concrete paver to perform 
the technological process of concreting the span of the GPV overpass:  

1 – support; 2 – support head;  
3 – prestressing reinforcement (reinforcing ropes);  

4 – upper and lower components of the concrete paver

Figure 3 – Technological process of concreting the span 
of the GPV overpass with the help of a concrete paver: 

1 – support head; 2 – span structure; 3 – concrete paver body; 
4 – concrete pipe; 5 – prestressed ropes;  

6 – spacers of the internal formwork; 7 – support;  
8 – internal fixed formwork (shell)
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Once the concreting of the span is completed, the con-
crete pavers are dismantled by means of lifting equipment 
and moved to the next span. The division of the GPV overpass 
into sections to be constructed simultaneously by this method 
optimizes the number of machines and equipment being used 
and also, thanks to network planning, ensures the required  
productivity, high quality and acceptable cost of work.

The concrete paver contains hinged sliding formwork 
and thrust plates, which are used by hydraulic cylinders 
to push against the hardened concrete (Figure 4). This al-
lows to shift the movable part of the concrete paver, which 
is a sliding formwork, pushing it away from the thrust plates 
held by friction forces by an amount equal to the stroke 
of the hydraulic cylinder rod.

The movement stroke is 0.3–0.5 m. Taking into account 
the time required for concrete hardening, the daily move-
ment of the concrete paver can be 3–5 m. Thus, the concret-
ing of one span of 300 m long and two half-spans of 150 m 
will be completed in 30–50 days with counter movement 
of two concrete pavers (at the same time, two more con-
crete pavers move in directions opposite from the supports 
of the considered span).

The division of the land part of the GPV overpass with 
a length of 8,905 km into sections with the length of 3 km, con- 
taining nine spans and two half-spans, allows using four con- 
crete pavers to carry out concreting in 160–260 days (including  
the time spent on installation and dismantling of concrete  
pavers – one day per installation, one day for dismantling).

The proposed technological scheme for the use of con- 
crete pavers with the division of the land part of the GPV over- 
pass into 2,969 three-kilometer sections shows that the con- 
struction of the entire structure will require 1,187 concrete 
pavers, the design life of which is 7.5 km. 

Figure 4 – Design diagram of the mechanism for moving 
the upper and lower parts of the concrete paver:  

a – concreting position; b – position of movement of the sliding 
formwork (moving part); 1 – sliding formwork (moving part);  

2 – thrust plate; 3 – lever mechanism; 4 – guide;  
5 – hydraulic cylinder
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This means that concreting the spans is possible in 1,600–  
2,600 days (4.5–7.5 years). If 29,684 supports with the aver-
age height of 300 m and the diameter of 3 m are erected, 
which will take about 1,000 days (2.7 years) and 2,968 sets 
of sliding formwork with a design life of 3 km, the total con-
struction time of the land overpass will be 2,600–3,600 days 
(7.2–10.2 years).

The span length of the overpass, equal to 300 m, is tak-
en in this study conditionally. Since the material consump-
tion and, accordingly, the cost of a reinforced concrete span 
structure is a quadratically dependent on the span length, 
while the supports are linearly dependent, it is necessary 
to optimize this value with respect to the height of the sup-
ports: the lower the supports are, the shorter the optimal 
span will be (at zero supports height, the overpass degener-
ates into a reinforced concrete roadbed lying on an elastic 
base – into a traditional road with reinforced concrete pave-
ment). Such optimization in the process of designing the GPV 
takeoff and landing overpass, taking into account the actual 
terrain, will reduce the material consumption and cost 
of the facility by at least two times.

Conclusion
At the current stage of civilization development, human-

kind possesses the necessary competencies, technologies, 
materials and technical means to build a complex, extended 
facility that can withstand high loads and pass through various 
hydrogeological zones, which is the GPV equatorial overpass.  
At the same time, the use of modern digital calculation methods, 
geological and geodetic surveys as well as BIM technologies 
of design, organization and planning of construction provides 
an opportunity to manage material, time and human resourc-
es in order to optimize and maximize construction efficiency 
according to the criteria of ensuring high operational reliability 
and minimizing the construction time and the cost of work.
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There is a technology proposed for diagnostics of the General Planetary Vehicle (GPV)  
equatorial overpass which allows to perform research in the space and transport spheres  
on the basis of classical machine learning and neural networks training using IMU unit and camera.  
This set of sensors is the cheapest, most affordable and most reliable in operation variant.  
The author analyzes the efficiency of different algorithms, such as the support vector machine (SVM)  
and logistic regression (LR), which show that classical machine learning is optimal for processing 
large data volumes. The article offers application of neural networks training and transfer learning. 
The opportunities and limitations of classical machine learning and neural networks training 
in the context of space and transport research are highlighted. The author’s work may be useful 
for the specialists who maintain the GPV equatorial takeoff and landing overpass. 

Keywords:  
convolutional neural network, General Planetary Vehicle (GPV), GPV overpass, GTSRB dataset,  
machine learning, transfer learning, VGG16.

M. Gusev 

Unitsky String Technologies Inc., 
Minsk, Belarus



230229
APPLICATION OF CLASSICAL MACHINE LEARNING AND NEURAL NETWORKS TRAINING  
IN THE DIAGNOSTICS AND OPERATION OF THE GENERAL PLANETARY VEHICLE EQUATORIAL OVERPASS 
M. Gusev

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

Introduction
The uSpace geocosmic program has the right to be  

called the most ambitious project of the 21st century. The equa- 
torial takeoff and landing overpass of the General Planetary  
Vehicle (GPV) has a length of 40,076 km [1–3]. It includes 
the GPV takeoff and landing runway as well as a rapid  
(up to 200 km/h), high-speed (up to 600 km/h) and hyper-
velocity (up to 1,500 km/h) transport and infrastructure 
complexes of the Unitsky String Transport (uST), providing 
the terrestrial logistics of geocosmic cargo and passen-
ger transportation. The maintenance and analysis of such  
a large-scale infrastructure can be very costly.

Let us consider possible methods for analyzing long 
structures. For example, as of 2018, there were 43,670 km 
of public roads in Slovenia, which is only 8.9 % more than 
the GPV land infrastructure. However, even in such a tradi-
tional sector, there are challenges with timely maintenance 
and, most importantly, real-time monitoring of road condi-
tions. The simplest solution is to use classic tools in the field 
of machine learning such as the support vector machine 
(SVM) and logistic regression (LR). The study dataset is taken  
from open sources [4].

Another potential application of SVM and LR is to as-
sist in vehicle positioning when GPS signal is absent or weak. 
The existing technical solutions include the installation 
of signal tags on the overpass support towers in the format  
of traffic signs containing information on locations. 

In order to diagnose the condition of the GPV equatorial  
overpass, the author proposes the following methods:

 • classical machine learning, which uses data from an in- 
ertial unit – reading the velocity, acceleration, height and po- 
sition of the rolling stock and elements of the overpass  
in space;

 • training of a recognition model using neural networks 
by means of cameras – the location of vehicles is determined 
through visual tags.

These methods can form the basis of an auxiliary or key 
function of an automatic control system. 

The purpose of this article is to analyze the accuracy 
of the tools based on the available dataset; compare two 
types of algorithms and evaluate the feasibility of the tools. 

Controlled Machine Learning (SVM and LR)
To ensure the safe movement of hypervelocity trans-

port on the GPV equatorial overpass as well as to diagnose 

the condition of the track structure it is proposed to use 
classical sensors such as a camera and an inertial unit 
but to do it in a completely new way. As it is known, machine 
learning requires a lot of data from a really operating sys-
tem: for sign detection and recognition at least 30,000 im-
ages are required. For this reason, data from open sources, 
which are the closest to the data that can be obtained during 
the operation of the equatorial overpass, are taken as a ba-
sis for the study. Training of the model using information 
from the inertial unit is presented below.

The open dataset is taken from available foreign sources  
[5]. The task is to show the controlled analysis of vehicle data-
set and compare any two classification algorithms to achieve 
the best results. The research process studied the dataset, 
recognized functions, processed and formatted the data 
to eliminate inconsistency, identified two possible models 
(logistic regression and machine learning support) selected 
among several algorithms. The following metrics were com-
pared: accuracy, balanced accuracy and F 1-score. The re-
sults of the metrics were analyzed relatively to the models 
and the selected functions. The final version of the proj-
ect is compiled in separate code blocks, which are merged 
into the GitHub repository [6].

SVM is the algorithm of controlled machine learning, 
which is required for classification or regression. SVM acts 
by separating the input data into classes using hyperplanes 
with maximum margin [4]. Although SVM is designed for bi-
nary classifications, it can be applied in polynomial classifi-
cation by breaking polynomial categories into a set of binary  
classification problems [7]. 

LR is another classification method which is an ex-
tension of linear regression. It is used to predict the prob-
ability that input data belongs to a class. Like SVM, logis-
tic regression is designed as a binary classifier, however,  
it can be extended for use in polynomial classification. 
The polynomial logistic regression engages maximum like-
lihood estimation to predict class membership. The reg-
ularization method helps to reduce the generalization er-
ror of the learning algorithm but not the training error [8]. 
Regularization is detrimental to a complex model, hence 
it can be used to reduce overtraining and improve the model  
performance [9].

In order to evaluate and compare SVM and LR clas-
sification results, probabilistic metrics need to be applied. 
The metrics studied in this work are accuracy, balanced  
accuracy and F 1-score. 

Accuracy is the ratio between correct predictions 
and the total number of predictions. It is a widely used metric 

in classification and prediction applications; it is calculated 
by the following formula:

The target features of the open dataset are road sur-
face, traffic and driving style, which are assigned with nu-
merical categories using the standard OrdinalEncoder func-
tion from the scikit-learn package [11]. Each of the three 
features is independent, strongly biased towards one ele-
ment, as shown in the pie charts (Figure 1). A bias of this 
nature occurs when one element dominates in the results  
(e.g., the EvenPaceStyle category accounts for 89 % of all  
driving style data). This imbalance of attributes will be  
considered in the final processing.

(1)

Accuracy = 
Correct classifications

General classifications
=

=
TP + TN

TP + FP + TN + FN
,

where TP – true positive predictions; 
TN – true negative predictions;
FP – false positive predictions;
FN – false negative predictions.
Accuracy is not a perfect measurement; it produces 

misleadingly high results when minor classes are misclassi-
fied. Using this method is justified when there are an equal 
number of samples from each class.

Balanced accuracy is a metric that is good at detect-
ing class imbalance in the data. It represents the average 
value of recall of the model and the correct negative metric; 
it is calculated by the following formula:

(2)Balanced accuracy
1

2 TP + FP TN + FN

TP TN
.( (

2TP + FP + FN

2TP
.F 1-score = (3)

The F 1-score is the average harmonic value of the ac-
curacy and the recall of the model. The maximum value is 1, 
which is the ideal recall and accuracy, and the minimum 
value is 0, which represents the worst accuracy and recall. 
The F 1-score is an appropriate metric to track when trying 
to minimize both false positive and false negative values. 
It is widely used in applications supporting machine learning:

The data obtained from sensors can be vague and un-
balanced, which means it needs to be processed before ap-
plication to ensure the input is valid and meaningful. In study, 
the unprocessed data was analyzed; numbers with commas  
were converted to numbers with floating point. Similarly, 
not-a-number (NaN) values were replaced by the most fre-
quent value in the column using the SimpleImputer mod-
ule from the scikit-learn package [10]. The unification of col- 
umns was achieved by selecting and transforming a stan-
dard scalar to scale the variances, which simplifies the data 
for analysis.

Figure 1 – Analysis of class partitioning of the Kaggle dataset: 
a – road surface class; b – traffic class; c – driving style class

13 %

26 %
61 %

а)

Smooth condition
Uneven condition
Full of holes condition

75 %

13 %

12 %

b)

Low congestion condition
Normal congestion condition
High congestion condition

11 %

89 %

c)

Even pace style
Aggressive style



232231
APPLICATION OF CLASSICAL MACHINE LEARNING AND NEURAL NETWORKS TRAINING  
IN THE DIAGNOSTICS AND OPERATION OF THE GENERAL PLANETARY VEHICLE EQUATORIAL OVERPASS 
M. Gusev

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

SVM accuracy
SVM balanced 

accuracy 
SVM F 1-score LR accuracy

LR balanced  
accuracy 

LR F 1-score

Road surface 0.782652 0.737606 0.728651 0.778446 0.715456 0.719583

Traffic 0.775441 0.468239 0.45545 0.782051 0.487309 0.499387

Driving style 0.881611 0.5 0.46854 0.880409 0.512502 0.496514

As it can be seen from the above, the imbalance of dif-
ferent tags in the target variables affected the classifiers’ 
accuracy and balanced accuracy: more unbalanced tar-
get variables showed higher accuracy and also lower bal-
anced accuracy. This fact indicates that the classifiers did 
not perform well enough in classifying less frequent tags. 
The F 1-score more clearly reflects the low accuracy when 
using unbalanced data. The approaches of support vectors 
and logistic regression are similar; the minimum gap in in-
dexes is considered acceptable. The small gap in the met-
rics is a consequence of different approaches to the loss 
function or the fact that SVM considers only points near 
the local boundary and LR considers global boundaries. 
In a situation with more balanced data, SVM and LR may 
show larger gaps in the metrics of the two methods. Model  
improvement is highly dependent on the quality and size  
of the data.

Thus, the results of LR and SVM models presented  
in the Table and Figure 2 show the feasibility of using the func- 
tions within the framework of diagnosing the track struc-
ture of an equatorial overpass. Further studies of more 
complex models and optimization of hyperparameters may 
lead to a model suitable for compensating imbalances 
in the training data. 

Transfer Training (VGG16)

The next stage of the work is to investigate the possi-
bility of recognizing signs as data from a camera. The inno-
vativeness of the approach consists in applying the above 
method to hypervelocity transport by retraining the model 
of convolutional neural network VGG16. 

The convolutional neural network (CNN, or ConvNet) 
is a class of neural networks specialized in processing data 
having a grid topology structure (e.g., photographs, images).  
A digital image is a binary representation of visual data, 
i.e., a series of pixels arranged in a grid pattern. Each cell 
contains visual data (brightness, color). Just as neurons  
in the brain respond to a stimulus only in a limited area 
of the visual field, called the receptive field in a biological 
vision system, each neuron in a CNN also processes data 
only in its receptive field. The layers are configured to find 
simpler shapes (lines, curves, etc.) first and then more  
complex images (faces, objects, etc.).

VGG16 is a model of a convolutional neural network (Fig-
ure 3) proposed by the Oxford University [12]; it achieves an ac-
curacy of 92.7 % – top-5 when tested on ImageNet in the task 
of recognizing objects in an image. This dataset consists 
of more than 14 mln images distributed into 1,000 classes.

Transfer learning allows to use the experience accumu-
lated in solving one problem for solving another similar prob-
lem. The neural network is first trained on a large amount 
of data, then on a target set, which requires two components: 
the availability of a suitable pre-trained model and the reas-
signment of the model by extracting characteristic features 
as well as by fine-tuning.

A pre-trained model is a model that has been devel-
oped and trained by someone else to solve a problem like 
ours. In practice, someone with large computational re-
sources creates a large neural network for a specific prob-
lem, trains it on big data, such as ImageNet or Wikipedia 
Corpus, which are opened for use. For example, VGG19 has  
143,667,240 parameters and is used for image classification.

In Deep Learning architectures, the initial layers explore 
general information and the last layer study more specific 
characteristics. Many models are trained on all sorts of situ-
ations. For example, ImageNet contains 1 mln images spread 
across 1,000 classes, therefore there is no need to change 
the general picture that the current model sees. Instead, 
it will be useful to augment it with new specific properties, 
having only the last layers retrained to reprofile it for your 
own needs. By affecting more layers of retraining, the risk 
of overtraining increases.

The selection of characteristic features uses the images 
obtained from the previous model to add features from new 
samples, which are then processed by a new classifier. This 
method requires adding a classifier, which will be trained 
from scratch, on top of the previously trained model to solve 
the target function. CNN architectures usually consist of two 
parts: convolutional and fully connected. While selecting char-
acteristic features, the convolutional part remains unchanged, 
while fine-tuning captures the last few convolutional layers.

Both methods of reassigning the model can improve 
its accuracy, but provided there is a sufficient amount of data. 
Otherwise, the network will not sense changes from the new 
data set and will not be able to perform profiling.

The extraction of characteristic features is used when  
the problem solved in the previous network is similar 
to the target problem. However, if there are significant dif-
ferences, additional training, which is computationally more 
expensive, is more appropriate.

The information received from the sensors can be vague 
and unbalanced. The system will see some road signs at ev-
ery site and some signs – much less frequently. The GTSRB  
dataset of the Kaggle system simulated this imbalance. 

The total number of all images of the training part 
of the dataset is 39,209 pieces divided into 43 classes; Figure 2 – Training results: a – accuracy; b – balanced accuracy; c – F 1-score

Table – Training results
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Figure 3 – Architecture of VGG16 convolutional neural network model
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the majority belongs to 17 classes and contains 28,710 images,  
or 73.3 %. This means that the remaining 26 classes con-
tain only 10,499 images, or 26.7 %. A single class can occupy  
between 5.7 to 0.5 % of the training dataset (Figure 4).

According to the standard VGG16 architecture, the default  
input data was reduced from 224 × 224 to 40 × 40.

The processing power of the training hardware is limited,  
therefore rescaling, trimming and centering of all images  
was performed using the Image Data Generator function. 
This approach allows to reduce the requirement for compu-
tational power of the transport and make the model more 
affordable.

Thus, feature extraction was chosen instead of fine- 
tuning because the VGG16 model is trained for solving a simi-
lar task and the use of fine-tuning required more time, com-
putational power and preprocessing. The model code can be 
viewed on GitHub [13].

Figure 5 demonstrates the variability of the dataset 
used in retraining VGG16 model for sign recognition. The im-
age library was randomly divided into training (90 %) and test-
ing (10 %) data, which served as a control for the accuracy 
of the solution chosen by the system.

During training, the model showed the following metrics  
(Figure 6):

 • after training for 10 epochs – testing accuracy of 76.6 %  
and training accuracy of 90.8 %. These results were the starting 

Conclusion
This article analyzes the capabilities and limitations 

of two machine learning approaches – classical one and that 
of neural networks – in the context of transport and future 
space exploration. The use of classical machine learning 
methods such as SVM and LR as well as the method of re-
training convolutional neural networks based on camera data 
is proposed. The above approaches have shown sufficient  
effectiveness for implementation. 

The classical machine learning relies on support vec-
tor machine and logistic regression and evaluates their  
effectiveness in dealing with big data. 

Training of neural networks is possible through var-
ious neural network architectures such as convolutional 
and recurrent. Their applicability to the GPV was explored 
and the problems associated with the lack of data in train-
ing neural networks for space applications were researched.

In the future, the possibility of combining classical ma-
chine learning and neural network training will be considered. 

For example, classical algorithms can be used for preliminary 
data processing and feature extraction, then neural networks 
can be applied for the final prediction or classification.

It is important to continue to collect and analyze cos-
mic data or data from the GPV because the more informa-
tion is available for training, the more accurate and reliable 
machine learning models can be created.

Such approaches in diagnostics of track structures, 
construction and operation of the GPV equatorial overpass 
will contribute to improving the safety of the transport sys-
tem and at the same time to reducing the cost, as the price 
of sensors is low and the effect of their use is significant. 

This paper makes a considerable contribution to the re-
search on the application of machine learning in the field 
of autonomous transportation, including the cosmic do-
main; it is useful for professionals to help them make in-
formed decisions when choosing a data analytics approach  
for the development of a safe transportation.
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Figure 4 – Analysis of GTSRB dataset
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point for further analysis. The next steps are to improve  
accuracy and reduce training losses;

 • after training for 30 epochs – testing accuracy of 78.5 % 
and training accuracy of 94.4 % (i.e., +1.9 % to testing accuracy  
and +3.6 % to training accuracy); 

 • after training for 50 epochs – testing accuracy of 78.6 % 
and training accuracy of 98 % (i.e., only +0.1 % to testing  
accuracy and +3.6 % to training accuracy).

The obtained results indicate that the most appropri-
ate number of epochs is 30 (matching). A model with 50 ep-
ochs increased training accuracy but only by 0.1 % in terms 
of testing accuracy. These are direct indications of overfitting  
the model.

In order to improve accuracy, it is necessary to reduce 
training loss and avoid overtraining – the model needs more 
training data or a more balanced dataset.

This accuracy of the system does not allow to use 
the model as a basic security and sign recognition sys-
tem but it shows a huge potential for its application when 
a large dataset for training the system becomes available, 
as the highest training percentage is 98 % (with 39,000 im-
ages). If the number of samples is significantly increased, 
the accuracy can reach 99 % or more. This will make it  
possible to use the model as part of an automatic control 
system for the hypervelocity transport of the equatorial 
overpass. 
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Introduction 
One of the first human’s decisions to demonstrate his 

rationality was to transfer the hearth outside his home –  
the cave. At that time, fire was not only a source of heat 
but also the prototype of a production site. People used fire 
to realize their first technological solutions: processing an-
imal skins, cooking food, making primitive tools for labor 
and hunting. Of course, smoke, cinders and soot accumu-
lated inside the dwelling. Sometimes a human died of lung 
cancer before reaching the age of 20 [1]. From the moment 
when the fireplace was arranged near the cave – outdoors,  
people were able to breathe clean air in their homes. 

Today, the idea of moving production to near space 
seems as obvious as our ancestors moved fire outside their 
homes many thousands of years ago. Now our common 
home is the Earth’s biosphere, inhabited by millions of spe-
cies of living beings, one of which, and by no means the most 
important for the biosphere, is human.

According to experts, the following industries are most  
likely to be transferred to near space: mining, power engi-
neering, metallurgy, chemical production as well as the man-
ufacture of new nonmetallic materials, pharmaceutics 
and bioengineering [2]. 

Despite the continuous progress in automation, indus-
trial production is inconceivable without human. In this arti-
cle, a study is carried out to determine the number of people 
needed to set up a space industry, their places of residence 
and their movements to lead an active lifestyle.

Aggregated Calculation  
of Potential Requirement  
in Human Resources  
for Operation of the Space Industry

According to the World Bank [3], the number of peo-
ple employed in industry has remained fairly stable over 
the past 30 years (Figure 1) and is in the range of 20.4–23.4 % 
of the total number of those employed in the world econ-
omy. For the purposes of further calculations, we assume 
the share of the population employed in industry to be 23 %.

The share of those employed in the world economy out 
of the total working age population has been quite stable 
for 15 years and amounts to 67 % [4]. In turn, the number 
of working age people is at the level of 65 % out of the total 
number of the planet residents; this indicator also does not  
change for 15 years [5]. Thus, having multiplied the above 

values, we obtain the share of those employed in industry out 
of the entire world population: 

0.23 × 0.67 × 0.65 = 0.1.

Based on these aggregated calculations, it can be 
concluded that the global industry employs about 10 % 
of the world population. Moreover, this index has remained 
stable over the past decades, despite the general digitalization  
and automation of production processes.

Urban Planning Prerequisites  
for the Allocation of Inhabited Supports  
of the GPV Takeoff and Landing Complex

Single-industry towns (Figure 3) are communities whose 
economic survival depends heavily on a single industry. Al-
though these settlements often thrive in successful times, they  
face serious problems (Table 2) when their leading industry  
declines.

Figure 1 – Share of population employed in industry  
out of the total number of people employed in the world economy [3]
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According to the UN data, the world population in 2050 
will amount to 9,687 mln people (Table 1) [6], i.e., about 970 mln  
people will be employed in the global industry.

Let us imagine that 5 % of the world’s industrial produc-
tion will be located in near-Earth space by 2050. In this case, 
the potential need in personnel for the full-fledged functioning  
of the space industry will be about 50 mln people.

Historically, people have settled around large enter-
prises, creating such communities as single-industry towns 
(monotowns). Consequently, workers will tend to inhabit  
an area that is close to the production site – near space 
(Figure 2). However, there is a serious problem: the human 
body is adapted to live on Earth only. Over millions of years 
of evolution, we have suited to the Earth’s standard gravi-
tational force, the planet’s magnetic and electric fields, 
the atmosphere enriched with the phytoncides of flower-
ing plants, slightly mineralized spring water and food grown 
on the Earth’s living and fertile soil [1]. 

Table 1 – Forecast of the world population, mln people

Region
Year

2022 2030 2050

Sub-Saharan Africa 1,152 1,401 2,094

Northern Africa and Western Asia 549 617 771

Central and Southern Asia 2,075 2,248 2,575

Eastern and South-Eastern Asia 2,342 2,372 2,317

Latin America and the Caribbean 658 695 749

Australia / New Zealand 31 34 38

Oceania 14 15 20

Europe and Northern America 1,120 1,129 1,125

Least developed countries 1,112 1,328 1,914

Landlocked developing countries 557 664 947

Small island developing states 74 79 87

World 7,942 8,512 9,687

Figure 2 – GPV and the Industrial Space Necklace “Orbit” – 
a fundamentally new stage in the development  

of human civilization

Area  
of the problem Problem description

Economy

Absence of alternative industries  
or sources of income, which makes  
monotowns vulnerable to country-specific  
and global economic fluctuations  
and crises.
Downturn in the city-forming industry  
can have serious consequences 
for the entire city, causing high unemployment  
and lower incomes

Social  
and cultural  
sphere

Decline in the city-forming industry leads 
to outflow and reduction of population,  
brain drain.
Reduction in population and limited resources 
cause inefficiencies in local utilities,  
education and health systems as well as  
a slowdown in infrastructure development.
Decline of primary industry  
can undermine a community’s sense  
of identity and purpose affecting  
the well-being of residents

Table 2 – General problems of single-industry towns [7]

Figure 3 – View of a traditional single-industry town

The solution to this problem will be the use of the Gen-
eral Planetary Vehicle (GPV) equatorial overpass supports 
for living and working, turning them into an analogue of ter-
restrial single-industry towns which are well known today. 
Inhabited supports offer prospects for economic growth, 
technological innovation and the creation of comfortable 
living spaces. Nevertheless, it is important to examine 
the challenges that monotowns have faced throughout their 
history of existence before implementing such an approach.
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For example, Detroit (Figure 4), one of the symbols 
of American industrial strength and innovation, has experi-
enced significant regression in recent decades. Many factors 
have contributed to this:

 • loss of the manufacturing industry. The auto industry, 
which was the backbone of the city’s economy, collapsed. 
The crisis of the major automakers, factory closures and out-
sourcing led to massive job losses for workers and decreased 
tax revenues;

 • urban decay and abandoned properties. There has been 
an increase in the number of abandoned buildings and prop-
erties throughout the city. This has led to declining property  
values, limited investment and a reduction in population;

 • high crime rate. The city has long been characterized 
by a troubled crime environment, which has had far-reaching 
consequences. The perception of a dangerous environment 
deters businesses from investing and residents from staying. 
As a consequence, the city’s population is declining;

 • racial and socio-economic inequalities. Such discrim-
ination has affected education, employment opportunities 
and the overall quality of life that has hindered the city’s  
ability to recover and attract new investment;

 • inefficient financial management. The Detroit’s crisis 
was aggravated for decades of unsustainable management 
solutions, corruption and political instability. In 2013, the city 
declared bankruptcy;

 • inefficient administration. The absence of a cohesive 
administrative team and a clear vision for revitalization im-
peded the recovery of Detroit. The problems of city man-
agement prolonged its degradation and made it difficult  
to implement timely solutions. 

Economic problems, social and demographic dispar-
ities and governmental difficulties have also played a role 
in Detroit’s decline. Although some efforts have been made 
to revitalize this single-industry town, addressing these chal-
lenges is crucial to its long-term recovery. By understand-
ing and overcoming them, dynamic and prosperous cities  
can be designed [8].

For the full-fledged functioning of the space industry, 
the settlement of personnel in inhabited supports solves 
a number of crisis points characteristic of monotowns. Firstly,  
the transportation and infrastructure efficiency of the GPV, 
the Equatorial Linear City (ELС) and the Industrial Space  
Necklace “Orbit” will ensure the rapid distribution of resources  
(raw materials, energy, food and human resources) be-
tween the production facilities located in orbit and on Earth. 
Secondly, the management of such settlements, based 
on the principles of autonomous self-governance, will con-
tribute to their sustainable functioning and development, 
free from the political and economic events on the planet.  
Thirdly, an equal level of comfort and uniformity of living 
conditions in the buildings-supports (monotowns) located  
along the equator will make it possible to exclude mass  
migration between them.

When implementing the GPV geocosmic complex, the first  
step is to calculate the required number of such inhabited 
and/or industrial supports and to determine their locations.

Since the shape of Earth is not exactly spherical but  
a geoid, the International Astronomical Union (IAU) and the In-
ternational Union of Geodesy and Geophysics (IUGG) have 
adopted a conventional definition of the equator as a circle 
with the radius equal to the standardized radius of Earth (Fig-
ure 5). According to the WGS 84 geophysical standard, the ra-
dius is 6,378,137 m, while according to the IAU 2009 standard, 
this radius is 6,378,136.6 m. Both values give an equatorial 
length of 40,076 km [9].

Based on [10], the length of the distance on land (in-
cluding islands) is 8,944 km (including 3,596 km of jungle); 
the length on the oceans is 31,438 km, which in total equals 
to 40,382 km. It should be noted that the land distance is giv-
en taking into account the relief. If counted by the Earth’s 
radius, the length of land in projection on the equatorial  
circle is equal to 8,637 km.

Thus, sites with a length of only 8,637 km should be 
considered suitable for the construction of inhabited sup-
ports on land. As the GPV overpass supports will be posi-
tioned with a spacing of up to 400 m, the number on land 
will be approximately 21,600. We assume this number of land  
supports for further calculations. 

Conquering New Heights –  
3,000 m Equatorial Inhabited Support

The world of architecture has always been obsessed 
with reaching new heights, expanding the boundaries of engi-
neering and design. The structure of a 3,000-meter skyscrap-
er located at the equator and combining innovations and en-
vironmental friendliness can be considered. At this height, 
the inhabited support goes beyond the scope of a simple 
building; it will become a vertical city (Figure 7).

Its structure assumes residential premises, commer-
cial areas, recreational and entertainment zones, social fa-
cilities as well as greenery, which optimizes the use of space 
and contributes to the creation of a comfortable community  
atmosphere.

Figure 4 – View of Detroit, USA

Let us imagine a support of maximum height in the area 
where the GPV takeoff and landing complex (TLC) crosses 
the subequatorial Andes reaching 5,000–6,000 m above sea 
level. Taking into account the terrain, the height of inhabited  
supports in this area can reach up to 3,000 m (Figure 6).

Figure 5 – Diagram of the globe
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Figure 6 – View of the GPV overpass with inhabited supports of the maximum height in the foothills (option, visualization)

Figure 7 – Inhabited support (option, visualization)
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Transportation of people and goods inside the support 
frame will be carried out by a network of high-speed ele-
vators created by Unitsky String Technology (uST). Priority  
is given to ease of movement and proximity to attractions.

The main purpose of the GPV TLC inhabited support,  
like any support of a transport overpass, is to absorb loads  
from the overlying structures and transmit them to the foun-
dation. However, supports of the GPV overpass have an addi-
tional, no less important function – to provide space for human  
habitation.

The placement of supports along the equator implies 
the exploration of territories with different natural and cli-
matic conditions and inequal level of socio-economic devel-
opment. As a result, some supports can be erected in remote 
and underdeveloped areas, which would require infrastruc-
ture development in the conventional view. In our case, all in-
habited supports are connected by the GPV TLC belt and uNet 
string rail transport and infrastructure network, which al-
lows not to carry out special infrastructural preparation 
on the ground surface. It is possible to consider the con-
cept of operating the inhabited support “top-down”, excluding  
the need for motor roads, railways, power plants, residen- 
tial and industrial premises and engineering infrastruc- 
ture, thus minimizing the environmental impact at the site  
of construction of the GPV TLC support. 

Two levels of transport communication are planned 
for each support:

 • free movement of people and cargo outside the sup-
port, using three modes of transport (Figure 8): for long 
distances – a high-speed one (speed up to 600 km/h); 
for short distances – an urban one (speed up to 200 km/h); 
for journeys outside Earth – a planetary one (in 2 h to orbit 
at a speed of up to 28,000 km/h (7.9 km/s));

 • vertical movement within the support by stairs and uST 
high-speed vertical elevators.

In order to ensure a flat GPV runway surface, there 
arises a need to erect supports in terrain with a compli-
cated relief. Consequently, they will have different heights 
and functionality. Despite these variations, the principles 
for the operation of inhabited supports remain similar,  
resembling the development of traditional settlements: 

 • a clear functional division of the support into residential, 
engineering, social, recreation, industrial and technical zones;

 • the shortest possible transport links between functional  
zones;

 • self-organization within each inhabited support as 
the basis for the control system of the entire GPV complex.

Dimensional and Planning Solutions 
of the Inhabited Support

The total volume of the inhabited support with a height 
of 1–3 km is a truncated cone with a base diameter of 120–
360 m and a top diameter of 30–150 m (Figure 9). 

The inhabited support includes the GPV station, which 
also functions as a hub for high-speed and urban trans-
port in the uNet network (Figure 10). The station combines 
various functions such as passenger boarding and disem-
barkation, cargo handling, transfer and communication 
between transport systems. It is located at the top level 
of the support structure and is designed as an indepen-
dent unit with vertical and horizontal links. For each direc-
tion of transport, safe platforms are provided as well as fa-
cilities for loading, unloading, sanitation, waiting and other  
services.

The middle part of the support consists of alternate 
blocks of storeys and ventilated spaces (Figure 11). The sto-
reys vary in size depending on their height. The blocks 
are limited to a maximum of five storeys. The upper level 
of each block is reserved for landscaping, including lawns, 
vegetable gardens and fruit trees (Figure 12). The floor areas  
contain residential, public, social and technical premises.  
Ventilated spaces are located between the blocks to en-
sure free aeration and reduce the sailage of the entire  
support. 

The base of the tower (Figure 13) consists of individu-
al high-rise buildings erected next to load-bearing columns 
and joined together to form a block.

Figure 8 – Distribution of transport complexes (TC)  
on a truss-type GPV string rail overpass

High-speed TС (up to 600 km/h)
Urban TC (up to 200 km/h)
GPV runway

Figure 9 – Vertical zoning  
of the inhabited support (option)

Figure 10 – Diagram of the GPV station  
at the top of the inhabited support (option)
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Figure 12 – Diagram of landscaping the roof of tiers  
in the middle part of the inhabited support (option)
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Figure 11 – Diagram of a typical floor  
in the middle part of the inhabited support (option)

Figure 13 – Diagram of a typical floor  
in the base of the inhabited support (option)
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Technical Parameters of the Inhabited Support
To calculate the technical parameters of the inhabited 

support, the indicators of the total area and the occupancy 
capacity of the support are considered.

The total area of the support is calculated as the sum 
of the areas of all floors and amounts to about 7.3 mln m2 

for the widest and highest support. For comparison, the data 
on the housing stock of Minsk in 2017 were used. Thus, ac-
cording to the information from the Main Statistical Office 
of Minsk [11], the total area of the housing stock of the Bela- 
rusian capital is 44.9 mln m2 (population coverage is 22.7 m2 
per capita). 

However, it should be taken into account that the inhab-
ited support will have not only residential zones but also tech-
nical, auxiliary, public and production ones. The share of res-
idential premises is supposed to be 3/5 of the total area. So, 
the housing stock will amount to about 4.4 mln m2. 

Based on the level of housing provision of 40 m2 

for each resident, the population of the inhabited support 
of this size will amount to about 110,000 people. At the same 
time, it is planned to accommodate not only people in-
volved in the operation of the space industry but also their 
family members, personnel providing life support services  
for the support and the GPV TLC. For the purposes of this  
study, a coefficient of 0.4 is accepted to calculate the number  
of the support population. 

Thus, approximately 40,000 people out of the total num-
ber of residents of such a single-industry town will be em-
ployed in the space industry. Considering the capacity of each 
support, it is possible to determine the required quantity 
of such buildings. According to the calculation made earlier, 
the space industry will need 50 mln employees. So, the es-
timated number of inhabited supports is about 1,000 pieces.  
Since their average height is an order of magnitude lower 
(about 300 m), approximately 10,000 inhabited supports will be  
needed. However, the total number of supports required 
to underpin the GPV equatorial overpass is 21,600 pieces. Thus, 
almost half of all land supports could be made habitable 
to provide the space industry with workers.

Taking into account the 8,637 km of length of the GPV 
equatorial overpass land sections [10], the average distance 
between the inhabited supports will be about 1 km, which uST  
urban transport will cover in just a minute. Additional sup- 
ports for the GPV runway can be designed in a simplified 
shape – in the form of a main load-bearing core. Subsequently,  
as the needs grow, it is planned to build floors around it  
and turn the support into an inhabited one, thus increasing 
the number of population living in the ELC monotown-supports.

Design Solutions of the Inhabited Support 
The implementation of the GPV TLC inhabited support  

is a complex engineering challenge. Considering the height  
of the structure (up to 3,000 m), it will be the tallest one  
in the world. Each such structure is unique, and the labor  
intensity of its development increases in proportion to its  
height. For example, more than 400 research teams par-
ticipated in designing the Commerzbank building (300 m,  
Germany) [12].

Any high-rise structure is exposed to wind impact, which 
can easily deflect several meters in different directions, 
like a swaying tree, without compromising structural integri-
ty (Figure 14). However, such deformations pose a number 
of problems. One of them is related to the people’s com-
fort in the upper part of the structure. Excessive move-
ments of the GPV TLC support are also dangerous for landing 
a space vehicle on the platform. Since the GPV has a linear 
shape (a thin ring about 40,000 km long), a significant shift 
of the support along with the runway will make the landing  
difficult.

between these indicators is another challenge in the design  
development of ultrahigh structures.

In pursuit of architectural sophistication, many sky-
scrapers are made in the form of a spiral (Turning Torso,  
Sweden, Malmö), hyperboloid (Tabung Haji, Malaysia, Kuala  
Lumpur), arch (Dusit Dubai, UAE, Dubai), square (Taipei 101, 
Taiwan, Taipei), diagonal (Capital Gate, UAE, Abu Dhabi), strip 
(Kingdom, China, Shanghai) (Figure 15).

These architectural solutions are not the most ac-
ceptable in terms of wind resistance, as these buildings 
do not have the best aerodynamic qualities, due to which 
it is necessary to develop cross sections of load-bearing  
structures. Skyscrapers of the linear city with a height 
of 300 m are designed in the form of cylinders – a more 
optimal shape from the point of view of aerodynamics  
(Figure 16). 

Figure 14 – Diagram of deformation  
of a high-rise structure due to wind load
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Based on physiological requirements and comfort  
of people staying at height, the horizontal acceleration  
at the upper floors is limited to 0.08 m/s2 [13]. This pa-
rameter is achieved by an optimal selection of flexibility  
and stiffness of the structure. Determination of the balance Figure 16 – Skyscrapers of the linear city (visualization) [14]Figure 15 – Architectural diversity of skyscraper shapes
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The inhabited support of the GPV equatorial overpass  
is planned to be made in the form of a truncated cone. 
The aerodynamic loads and vertical weight distribution 
of the building structures require that this configuration 
is maintained over the entire height. With such a shape 
of the structure, the wind impact is reduced to the low-
est possible values (Figure 17). Thus, from the aerodynam-
ic point of view, a truncated cone is the most optimal shape 
for the GPV TLC support up to a height of 3,000 m. The ab-
sence of projections allows the air to flow around the vol-
ume without creating the swirls that appear at the corners 
of rectangular buildings. This support has many through 
openings along its height, which make it easier for wind 
streams to flow around the volume of the structure; hence, 
the pressure area of the wind load is reduced. 

In addition, horizontal shifts of buildings are usually lim-
ited to the value h/500–h/600 (h – height) [13]. For exam-
ple, for a 500 m high building, the maximum allowable shift 
would be 1 m (Table 3).

The peculiarity of the highest inhabited support is that, 
despite its height (3,000 m), the horizontal shifts will not ex-
ceed 4.6 m (1/652), which can guarantee the living comfort 
of people on the upper floors (Figure 18). This is achieved 
due to the rational shape. A great advantage is also the fact 
that each high-rise support is reinforced in the upper part 
with prestressed (stretched) uST string rail track structures, 
which are part of the equatorial transport and infrastructure 
network uNet with longitudinal and transverse string commu-
nications. As a result, the structure in one of the directions 
works not as a cantilever bar but as a post stiffened along 
the GPV runway and rigidly connected to the base.

The higher is the building, the stronger is the impact 
of the wind load, which in addition to large displacements 
causes significant forces in the load-bearing structures. 
The construction of buildings in the form of an undevel-
oped thin rod (e.g., 432 Park Avenue, USA, New York (Fig-
ure 19)) is also not an optimal solution in terms of structure 
performance.

Building Height, m Horizontal shift, m Relative shift Reference

Merdeka 118, Malaysia, Kuala Lumpur 678 1.2 1/456 [15]

Ostankino TV Tower, Russia, Moscow 540 6 1/90 [16]

Burj Khalifa, UAE, Dubai 829 1.5 1/550 [17]

432 Park Avenue, USA, New York 426 1.5 1/284 [17]

Empire State Building, USA, New York 381 0.7 1/540 [17]

GPV TLC support 3,000 4.6 1/652 –

Figure 18 – Modeling of blow-off of the GPV TLC inhabited support in the wind tunnel: horizontal deflections

–2.655
Max:
Min:

2.237
–2.655

–2.2
–1.76
–1.32
–0.88
–0.44
0
0.44
0.88
1.32
1.76
2.237

Pressure, kPa

0
Max:
Min:

102.61
0

9.3
18.6
27.9
37.2
46.5
55.8
65.1
74.4
83.7
93
102.61

Speed, m/s 4,580 mm

Figure 19 – Building 432 Park Avenue, USA, New York

Figure 20 – Diagram for determining the equivalent pair of forces

Compression of columns 
on the leeward side

Tension of columns  
on the windward side

Equivalent pair of forces
M1 = Fa 

F = F1 = F2
F1

F2

aFigure 17 – Modeling results of blow-off of a prism, parallelepiped, cone, pyramid and hyperboloid in a wind tunnel

Wind tunnel size: Dx = 1,296.207 m; DY = 1,080.173 m; DZ = 432.457 m
Free flow speed: 17.16 m/s

–0.356
Max:
Min:

0.208
–0.356

–0.255
–0.204
–0.153
–0.102
–0.051
0
0.051
0.102
0.153
0.204
0.208

Pressure, kPa

Table 3 – Maximum horizontal shifts of the upper floors in the world’s tallest buildings

The wind causes the building to sway, with the structures 
experiencing stretching in the wind action plane and com-
pression on the opposite side. It is known that the bending 
moment at the base of a pinned rod is decomposed into a pair 
of forces, and the larger the shoulder, the smaller the value 
of the pair of forces will be, therefore, the smaller the cross 
sections of the load-bearing structures will be (Figure 20). 

The configuration of the GPV TLC inhabited support is de-
signed according to these simple principles: the lower part 
of the support is more developed in plan and tapers off  
towards the upper part. 
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Figure 22 – Ostankino Tower:  
a – diagram of movements;  

b – prestressing of the stem with ropes [16]

a) b)

Figure 23 – Operation of cord tensioning on the example of coils [19]

F F F
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Figure 21 – Load-bearing structures of the GPV TLC ultrahigh inhabited support 
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Table 4 presents the data on bending (overturning) mo-
ments at the base of some skyscrapers and the GPV TLC  
inhabited support. While the need to absorb wind loads 
requires increased stiffness, seismic effects, on the con-
trary, dictate an increase in the flexibility of the structure, 
so that the vibrations are damped by the structure without 
destroying it. The optimum height to width ratio is between 

Figure 24 – Epure of moments of the stiffening core  
with outriggers from the wind impact

Core bending  
with outrigger fastening

Core bending  
without outrigger fastening

1 : 8 and 1 : 10. Larger values lead to unacceptable vibrations 
at the top of the building, and the use of damping elements 
is mandatory. The width of a 3,000 m high GPV TLC support 
in one of the versions is 360 m at the bottom and 150 m 
at the top. The modern design of a reliable ultrahigh GPV TLC 
support includes: external space trusses (towers), a stiffening  
core, horizontal rigid disks (outriggers) (Figure 21). 

Shanghai World 
Financial Center

Lotte  
World Tower

CTF  
Finance Centre

Merdeka 118 Burj Khalifa
GPV overpass 

support

Location
China,  

Shanghai
South Korea, 

Seoul
China,  

Guangzhou
Malaysia,  

Kuala Lumpur
UAE, Dubai Equator

Height, m 492 55 530 535 828 3,000

Basic wind velocity, m/s 45 43 43 35 45 23

Overturning moment from wind  
at the foundation base, MN·m

25,000 21,000 37,000 34,000 22,000 54,000

Table 4 – Overturning moment at the foundation base of the GPV TLC support and other skyscrapers [15, 18]

Building
Description

The design provides for the pretensioning of high-
strength steel ropes from the inside of the reinforced con-
crete stiffening core, which has significantly increased 
the stiffness of the support and enhanced the frequency 
of its own vibrations. In one version, 800 ropes with a di-
ameter of 50 mm are placed inside the core; the total ten-
sion is 64,000 tons. This principle was used, in particular, 
in the construction of the Ostankino Tower in Moscow (Fig-
ure 22): due to prestressing of the stem, the horizontal  
deflection of the building was reduced from 12 m to 6 m. 

To understand the effect of core prestressing, let us 
take an example with wooden coils, which are strung like 
beads on a strong cord (Figure 23). The cord is secured 
at the top with a knot to prevent it from slipping through 
the coil. When the cord is stretched, the coils are lined up  
vertically. The bottom coil can then be tilted any way, but  
all the coils will keep the tower shape unchanged. The ex- 
planation of this effect is as follows: the rotation of one  
coil relative to its neighbor causes the cord to lengthen.  
Such deformation requires work to be done. The work in-
creases the potential energy of the cord. However, as it  
is known, any mechanical system tends to the state that  
corresponds to the minimum of its potential energy.

The additional stiffness of the ultrahigh support also 
protects it from earthquakes. Since the building moves in ac-
cordance with the horizontal vibrations of the Earth’s crust, 
the frame is neither twisted nor stretched.

Every 100 m along the height of the support, a 12 m 
high outrigger floor (for three floors of the building) is con-
structed. It consists of metal structures acting as a horizon-
tal rigid disk (horizontal trusses). Such elements are a kind 
of stiffening ring for the skyscraper that keep the shape  
of the building in the horizontal plane (Figure 24).

Outrigger floors help to distribute the load between 
the core and columns of the outer spatial truss. In case 
of an instantaneous destructive effect (e.g., an aircraft 
impact), the consequences should be minimized. In prac-
tice, this means that even if part of the perimeter columns 
in the GPV overpass supports are destroyed, the outriggers 
will distribute the load to the remaining stability elements. 
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Outrigger systems can be horizontal, diagonal, two- 
storey or without banding trusses or vertical links. The design 
for each high-rise building is unique and can vary according 
to its height within the same facility (Figure 25).
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Figure 25 – Internal structure of the horizontal composite outrigger 
at the public and business complex Lakhta Center, Russia, St. Petersburg.  

The height of the truss is two storeys (8.4 m) [20]

Core Column

Diagonal trusses

Structurally, horizontal rigid disks fulfill several func-
tions at once: increase in bending stiffness of the build-
ing and resistance to wind loads as well as resistance  
to progressive collapse.

The use of logical design principles and global experi-
ence in construction of high-rise structures allows to cre-
ate a GPV TLC inhabited support complying with all reliability 
and serviceability requirements. 

Conclusion
The implementation of the global uSpace geocosmic 

program not only requires the construction of the GPV 
and its equatorial overpass but also implies the settlement 
of people in close proximity to the places of labor application, 
namely the space industry.

The authors have presented an innovative solution –  
inhabited supports of the GPV overpass. They are made  
in the form of a truncated cone, which is optimal for struc- 
tures of such height (up to 3,000 m). The provision of life  
activity near the workplace will reduce the time spent 
by employees on “work – home” journeys and will provide  
an opportunity to work in near space and to live on Earth.
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А. Unitsky, А. Shcherbich, I. Dzyakau

of flow blockage for moving at the required speed, was formed  
by A. Kantrowitz [9]. 

The critical value of flow blockage at the uPod speed 
up to 1 Mach is determined by the isoentropic limit according 
to the formula [10]:

where А – pipeline cross-sectional area, m2;
 Аpc – passage cross-sectional area, Аpc = А – АuPod , m2;
М0 – Mach number;
 γ – gas adiabatic index.
Mach number is determined by the formula:

                                                                                         

where v – uPod speed, m/s;
vs – speed of sound in gas, m/s.
The speed of sound is one of the important parame-

ters of a gas and it depends on its composition, temperature 
and pressure. It is this speed that determines the rate of pres-
sure transmission in the gas and, therefore, contributes  
to the diffusion of aerodynamic forces in the tunnel.

The speed of sound is determined by the formula:

where R – universal gas constant, which is 8.314 J/(mol·К);
T – temperature, K;
M – molar mass, kg/mol.
The Kantrowitz limit is described by the formula (at travel- 

ing velocity higher than 1 Mach):

When designing hypervelocity transport systems, it is  
important to exclude the phenomenon of flow blockage,  

Introduction
The concept of hypervelocity transport systems is based 

on criteria that ensure an increase in the speed of transpor-
tation and compliance with efficiency and safety indicators. 
A transport complex with minimal costs for design, construc-
tion and operation will be considered efficient. Due to travel 
at speeds comparable to or higher than air speeds, the work-
ing medium of a tunnel can have a major impact on reducing 
construction and operating costs.

With the development of technologies and the growth 
of the world economy, there arises the need of human- 
kind to raise the intensity and speed of passenger and cargo 
transportation. Today, the transport infrastructure is at the lim- 
it of its design capabilities [1], and situations that paralyze 
strategic transport flows are already occurring [2]. Each in-
cident disrupts logistics chains, resulting in passengers be-
ing late to connecting flights, and cargo not being delivered 
on time. Disruption of delivery dates leads to serious financial 
losses, often significantly exceeding the immediate costs 
of delivery itself.

According to [3], it is impossible to increase the per-
formance of operating transport systems infinitely. Many 
of them are already operating at the peak of their capabilities. 
Mobility in general could be improved by increasing the speed 
of passengers and cargo movement. This is often not feasible 
for a whole range of reasons, including safety, design solu-
tions of infrastructure and rolling stock. That is why glob-
al business is searching not only for new logistics routes 
but also for fundamentally new ways of moving to ensure 
fast, smooth and safe transportation.

One of the most probable solutions to the described 
problems will be the construction of hypervelocity transport 
systems [4]. To date, they are a promising method of transpor-
tation, guaranteeing high speed and cost-effective traffic [5]. 
The achievement of financial feasibility of such systems 
requires the use of a special solutions’ set that allows 
to optimize the parameters and conditions of movement 
and construction and ensure the uninterrupted operation 
maintenance. However, there are objects that should neces-
sarily include hypervelocity transport lines in their composi-
tion. One of them is the General Planetary Vehicle (GPV) equa-
torial overpass. Located along the equator, which is 40,076 km 
long, a hypervelocity route will make it possible to build 
the Equatorial Linear City, connect countries and continents 
and establish a reliable and fast cargo and passenger flow 
necessary for the uninterrupted GPV operation for the purpose  
of near space industrial exploration.

The movement of rolling stock at transonic velocities 
involves the consumption of a huge amount of energy. Re-
searchers [6] agree that in order to be economically feasi-
ble, transport should move in rarefied air, since the energy 
required to overcome aerodynamic drag decreases in pro-
portion to the increase in the rarefaction of the medium  
inside the forevacuum tunnel.

For all the apparent rationality of moving in a tunnel,  
there is also a significant disadvantage of this technol-
ogy. As the speed of the rolling stock rises, the velocity 
of the gas medium increases in the area between the fu-
selage and the inner wall of the tunnel due to the creat-
ed narrowing of the tunnel passage cross section. When 
the speed of the medium flow reaches Mach velocity in this 
section, there appear forces preventing the further growth 
of the flow velocity, i.e., the piston effect is observed [7].  
This leads to a significant rise in pressure in the forward part 
of the fuselage and, consequently, to an increase in the ener-
gy expenditure required to achieve and maintain the desired 
high speed. 

From the point of view of the financial component 
of the project designing and transport infrastructure con-
struction, the forevacuum tunnel should be as small in diam-
eter as possible, i.e., the gap between the fuselage and the in-
ner wall of the tunnel should be minimal. However, in this case, 
the energy consumption to overcome aerodynamic drag even 
in a rarefied medium will significantly increase and reach 
the values, at which the feasibility of building a forevacuum 
infrastructure is canceled out.

To resolve this contradiction, ideas related to the forced re- 
moval of the compacted medium, including that with the help  
of special turbines, are considered [8]. It should be noted that 
such approach is not optimal, since it implies additional high 
energy consumption. Besides, the complexity of vehicles in-
creases, their layout volume decreases and the noise level 
in the passenger compartment rises.

The purpose of this study is to substantiate a fundamen-
tally new approach that solves the existing contradictions 
of hypervelocity concepts and also makes it possible to re-
duce energy expenditures and achieve an optimal ratio be-
tween the diameters of the hypervelocity uPod and the fore- 
vacuum tunnel of the GPV equatorial overpass by replac-
ing air with a more efficient gas medium. For this purpose, 
it is necessary to identify the main features of alternative 
gas media in comparison with air, perform aerodynamic 
calculations and determine the best ratios of diameters 
(cross-sectional areas) of the hypervelocity uPod fuselage 

and the forevacuum tunnel. The obtained data are supposed 
to be used for a comprehensive comparative analysis of the hy- 
pervelocity tunnel advantages as an environmentally friendly  
alternative to long-haul aviation.

Theoretical Part.  
Speed of Sound, Flow Blockage Velocity  
and Drag Force in Gas Mediа

To optimize the cross-sectional ratio of the forevacuum 
tunnel and the midsection of the hypervelocity uPod, it is nec-
essary to take into account the impact of the gas medium 
parameters on the main characteristics of the rolling stock 
passing through the tunnel.

During acceleration to transonic speeds, the velocity 
of the air flowing in the cross section between the vehicle 
and the tunnel can reach the speed of sound long before 
the vehicle reaches cruising speed. The gas flow passing 
through the hydraulic or aerodynamic drag associated 
with a reduced flow cross section into a lower pressure 
area increases its velocity. If there are subsonic conditions 
in the forward part of the flow in the direction of travel (be-
fore its constriction), the flow velocity increases at the point 
of constriction (according to the law of conservation of mass). 
At the same time, the Venturi effect causes the static 
pressure and hence the density, to drop at the point of con- 
striction. At a certain value of the gas medium velocity,  
there arise conditions, under which a further decrease 
in pressure after the constriction does not lead to an in-
crease in the mass flow rate (at constant pressure before 
the constriction).

For homogeneous gases, the physical point, at which 
flow blockage under adiabatic conditions is observed, is reach- 
ed when the linear velocity of the flow reaches the speed 
of sound or, in other words, when the Mach number value 
becomes equal to one. The resulting phenomenon, which de-
pends on the speed of sound in a moving medium, is called 
flow blockage. At its onset, the mass flow rate can increase 
only if the pressure in the front part of the flow increases. 
Consequently, for traveling at transonic speeds, it is important 
to take into account the geometric dimensions of the vehicle 
and the tunnel.

The aerodynamic characteristics of rolling stock are de- 
termined by its speed and can vary significantly depending 
on the ratio of the vehicle and tunnel dimensions. The indica-
tor of the ratio of the tunnel cross-sectional area to the area 
of the passage cross section, leading to the phenomenon 
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because when it occurs, energy consumption to overcome  
aerodynamic drag increases significantly. The frontal drag 
force is determined by the formula:

(5)

where Cx – frontal drag coefficient established by full-scale 
or virtual tests;

ρ – medium density, kg/m3;
v – speed of rolling stock, m/s; 
AV – frontal projection of the cross-sectional area  

(midsection) of the vehicle, m2.
Formula (5) demonstrates that the density of the medium 

has a great influence on overcoming the frontal drag forces. 
Due to the design of the forevacuum tunnel, which allows 
reducing the pressure in it by several orders of magnitude, 
the frontal drag force can be significantly reduced.

It is important to determine the laws, to which the gas 
medium obeys, when calculating the transport movement 
in the medium with reduced pressure. For this purpose, 
the value of the criterion called Knudsen number (Kn) [11], 
which characterizes the degree of rarefaction of the gas 
flow, is estimated.

Depending on this criterion, the method of calculating 
the motion of the medium at reduced pressure is chosen.  
If Kn << 1 (theoretically, Kn –––> 0), the basic assumption of hy-
droaeromechanics about the continuity of the medium is val-
id, which means that the Euler or Navier-Stokes equations 
with appropriate boundary conditions can be used in the cal-
culation of the flow [12]. Practically, these methods are valid 
even at Kn ≤ 10–3. If Kn >> 1 (theoretically, Kn –––> ∞), the aero-
dynamic characteristics of bodies streamlined by rarefied 
gas (or flow in vacuum pipelines) should be calculated with-
out considering collisions of molecules among themselves 
but only their impacts on a solid surface (free molecular 
flow) [13]. 

The Kn number is determined by the formula:

(6)

where λ – average free path length of molecules in gas, m;
L – distinctive flow size (pipeline diameter), m.
The average free path length of molecules in gas 

is equal to:

(7)

where σ – molecule diameter, equal for air to 4 × 10–10 m;
n – concentration of molecules.
The concentration of molecules is determined by the  

formula:

where p – pressure, Pa;
k – Boltzmann constant, equal to 1.38 × 10–23 J/K;
T – temperature, K.
Substituting formula (8) into (7), the following formula 

is obtained:

The values of Kn number and mean free path length 
of air molecules depending on the pressure of the gas me-
dium at the characteristic size of the forevacuum tunnel  
(diameter 3 m) are presented in Table 1.
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Parameter Air Methane Oxygen

Density, kg/m3 1.27 0.7168 1.429

Adiabatic index γ 1.4 1.32 1.4

Molar mass, kg/mol 0.029 0.016 0.032

Speed of sound in gas, m/s 
(for t = 20 °C)

342.9 448.3 326.5

Mach number for motion 
at 1,000 km/h

0.81 0.62 0.85

Table 2 – Characteristics of the gases under study  
at atmospheric pressure [14]

Research Methods

Analytical Part
To determine the best ratio between the cross section 

of the forevacuum tunnel and the midsection of the hyper-
velocity uPod, the following parameters must be calculat-
ed based on the characteristics of the gas medium to be  
used:

 • the speed of sound in a gas medium at given values 
of temperature, pressure and gas composition;

 • the rate of flow blockage at given parameters of the gas 
medium;

 • the optimal tunnel diameter considering the obtained  
calculation results.

The air, oxygen and methane are considered for com-
parative analysis of flow blockage and relative geometric di-
mensions of the forevacuum tunnel. Air is chosen as the base 
gas because it is initially contained in the tunnel. 

Alternatives are oxygen and methane; they can be used  
to run the propulsion system aboard the hypervelocity uPod: 
oxygen as an oxidizer, methane as a fuel. The advantage 
of methane is that it is of natural origin, low cost and can 
be fed into the forevacuum tunnel directly from a gas pipe-
line. Gases with low molar mass, in particular hydrogen 
and helium, are also considered. Hydrogen is inapplicable 
due to its high cost and high explosion hazard grade: even 
a small amount of air flowing into a tunnel can create an ex-
plosive mixture that can completely destroy the transport in-
frastructure. Helium is an inert gas, but due to its high pen-
etrating capacity, lack of prevalence, difficulty of extraction, 
and therefore, high price, it is inappropriate as a working 
medium. 

The characteristics of the gases required to perform 
the comparative calculations are given in Table 2.

Pressure, Pa
Free path length  
of molecules, m

Kn

101,325 5.6 × 10–8 1.9 × 10–8

10,000 5.7 × 10–7 1.9 × 10–7

1,000 5.7 × 10–6 1.9 × 10–6

100 5.7 × 10–5 1.9 × 10–5

10 5.7 × 10–4 1.9 × 10–4

1 5.7 × 10–3 1.9 × 10–3

0.1 5.7 × 10–2 1.9 × 10–2

Table 1 – Values of Kn number 
and mean free path length of molecules 

Since the main parameter sought is the inner diameter 
of the forevacuum tunnel, which ensures the absence of flow 
blockage, the diameter of the vehicle fuselage with a rounded 
shape as the initial data has been chosen.

Based on preliminary layouts of the hypervelocity uPod 
designed by Unitsky String Technologies Inc. (Minsk, Belarus), 
variants with fuselage diameters of 2 and 2.6 m are identified 
as promising. 

The uPod with a fuselage diameter of 2 m is sufficient 
for seating two passengers in one row and arranging a cen-
tral aisle between seats along the entire cabin. In addition, 
this diameter can also be considered for seating three pas-
sengers in one row but without a through center aisle. Cer-
tainly, the option with two-seat arrangement is preferable, 
because in this case the cabin design is considerably simpli-
fied and the safety of passengers’ access to the vehicle is en-
hanced, there appears a possibility for quick boarding (dis-
embarkation), movement without discomfort inside the cabin 
as well as for provision of a restroom. On the other hand, in-
creasing the layout diameter to 2.6 m will allow to accom-
modate four passengers in one row and provide a through  
passage in the central part of the cabin.

Both variants have been taken for calculations to obtain 
the energy efficiency of the hypervelocity transport complex. 
Undoubtedly, it is necessary to carry out further optimization 
of layouts, since the midsection area is in direct quadratic 
dependence on the uPod fuselage diameter. 

Having determined the computational fuselage diam-
eters, the formula (1) to calculate the speed value limits 
of the uPod in the forevacuum tunnel, at which it is possible 
to move without flow blockage, has been used. 

The data for vehicles with diameters of 2 and 2.6 m 
are displayed in Tables 3 and 4 respectively. The calculations 
were performed for inner diameters of the forevacuum  
tunnel from 3 to 12 m with 1 m increment.

The purpose of erecting hypervelocity lines of the GPV 
equatorial overpass is to provide transportation of car-
go and passengers at minimum time and energy expen-
ditures, therefore, the speed range of 900–1,000 km/h  
(as well as the cruising speed of modern passenger air-
craft) is of interest. Using formula (1), let us determine 
the calculated minimum inner diameters of tunnels, allowing  
to achieve speeds of 900–1,000 km/h without flow block-
age for the uPods with fuselage diameters of 2 m (Table 5)  
and 2.6 m (Table 6).

In the forevacuum tunnel under project designing 
at the given gaps between its inner wall and the uPod 
fuselage, the law of medium continuity preservation will be 

 = CxF A ,
ρv 2

2
AV

Table 1 shows that at pressures up to 0.1 Pa, Kn << 1  
(Kn –––> 0). Since it is difficult to reach lower pressure 
in a forevacuum tunnel, it can be concluded that it is fair 
to use the Euler or Navier-Stokes equations in the flow  
calculation. 

The method described above is applicable for calcu-
lations with a reduced pressure in the tunnel – up to 0.1 Pa.  
The same approach to determination of the calculation  
methodology is applied for any alternative gas medium. 

(8)

(9)
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Tunnel 
diameter, 

m

Tunnel  
cross-sectional 

area (A), m2

Passage cross-sectional 
area (Аpc), m2 A/Аpc

Mach number  
at flow blockage

Speed  
at flow blockage, km/h

Air Metnane Oxygen Air Metnane Oxygen

3 7.07 3.93 1.8 0.35 0.35 0.35 425.9 560 405.4

4 12.57 9.42 1.33 0.5 0.51 0.5 620.9 815 591.1

5 19.63 16.49 1.19 0.6 0.6 0.6 738.2 969.9 702.8

6 28.27 25.13 1.13 0.66 0.67 0.66 817.2 1,073.2 778

7 38.48 35.34 1.09 0.71 0.71 0.71 873.4 1,146.8 831.4

8 50.27 47.12 1.07 0.74 0.74 0.74 913.5 1,202.1 869.6

9 63.62 60.48 1.05 0.77 0.77 0.77 950.6 1,246.7 904.9

10 78.54 75.4 1.04 0.79 0.79 0.79 977.7 1,281.4 930.8

11 95.03 91.89 1.03 0.81 0.81 0.81 999.9 1,310.4 951.9

12 113.1 109.96 1.03 0.83 0.83 0.83 1,018.5 1,334.6 969.5

Tunnel 
diameter, 

m

Tunnel  
cross-sectional 

area (A), m2

Passage cross-sectional 
area (Аpc), m2 A/Аpc

Mach number  
at flow blockage

Speed  
at flow blockage, km/h

Air Metnane Oxygen Air Metnane Oxygen

3 7.07 1.76 4.02 0.15 0.15 0.15 180.1 238.6 171.4

4 12.57 7.26 1.73 0.36 0.36 0.36 445.7 585.8 424.2

5 19.63 14.33 1.37 0.48 0.49 0.48 598.1 786.8 569.4

6 28.27 22.97 1.23 0.57 0.57 0.57 699.3 919 665.7

7 38.48 33.18 1.16 0.63 0.63 0.63 771.9 1,014.1 734.8

8 50.27 44.96 1.12 0.67 0.67 0.67 826.8 1,088.7 787.1

9 63.62 58.31 1.09 0.7 0.71 0.7 869.8 1,141.2 828.1

10 78.54 73.23 1.07 0.73 0.73 0.73 904.6 1,185.7 861.1

11 95.03 89.72 1.06 0.76 0.76 0.76 933.2 1,223.1 888.3

12 113.1 107.79 1.05 0.78 0.78 0.78 957.2 1,254.5 911.2

Table 3 – Maximum design speeds of the uPod without flow blockage for a fuselage diameter of 2 m*

* The color indicates the options that allow the uPod to reach a speed of 1,000 km/h without flow blockage.

Table 4 – Maximum design speeds of the uPod without flow blockage for a fuselage diameter of 2.6 m*

uPod speed, 
km/h

Mach number
Minimum  

tunnel diameter, m

Air Methane Oxygen Air Methane Oxygen

900 0.73 0.56 0.77 7.58 4.48 8.84

950 0.77 0.59 0.81 8.99 4.84 10.9

1,000 0.81 0.62 0.85 11 5.25 14.14

uPod speed,  
km/h

Mach number
Minimum  

tunnel diameter, m

Air Methane Oxygen Air Methane Oxygen

900 0.73 0.56 0.77 9.86 5.83 11.49

950 0.77 0.59 0.81 11.68 6.29 14.16

1,000 0.81 0.62 0.85 14.3 6.83 18.38

Table 5 – Inner diameters of tunnels providing achievement  
of travel speeds of hypervelocity uPod 
with a fuselage diameter of 2 m without flow blockage 

Table 6 – Inner diameters of tunnels providing achievement  
of travel speeds of hypervelocity uPod  
with a fuselage diameter of 2.6 m without flow blockage

Construction of a forevacuum tunnel complex with tun-
nel diameters in each direction equal to 10 m or more is too 
costly and economically inexpedient. Guided by the prin-
ciple of reasonable sufficiency, we will consider a tunnel 
with an inner diameter of 5 m for a 2 m diameter fuselage 
and a tunnel with an inner diameter of 6 m for a 2.6 m diam-
eter fuselage as basic and at the same time optimal options 
for further aerodynamic calculations.

The dynamics of the aerodynamic drag coefficient 
in the speed range from 0 to 1 Mach should also be taken 
into account when selecting the gas medium [15]. The calcu-
lation of a fuselage model of the hypervelocity uPod, which 
is promising from the aerodynamic point of view in open 
airspace, showed a sharp deterioration of the aerodynam-
ic characteristics of the vehicle when it reaches a speed  
of 0.9 of Mach number (Figure 1).

From the viewpoint of optimizing energy efficiency, 
the speed of movement in the tunnel should be limited to 0.9 
of Mach number. For example, in air medium this limit occurs 
at a speed of 1,099 km/h, in oxygen – 1,058 km/h, in methane – 
1,452 km/h. Even if the phenomenon of gas medium flow block-
age is excluded, neither oxygen nor air is able to provide energy  
efficiency of movement at a speed of 1,100 km/h and more.

Verification of Calculated Parameters  
Using Computer Modeling
In order to verify the calculated parameters of the ratio 

of cross-sectional areas of the hypervelocity uPod and the fore- 
vacuum tunnel, virtual tests were conducted using the ANSYS 
software package. Initial data: the cruising speed of the uPod 
is 900 km/h; for a fuselage diameter of 2 m, the inner diam-
eter of the forevacuum tunnel is 5 m; for a fuselage diameter 
of 2.6 m, the inner diameter of the forevacuum tunnel is 6 m; 
the length of the uPod is 30 m; the rarefied medium is methane 
with a pressure of 10,000 Pa (75 mm Hg).

Substantiation of the Choice of Calculation Methodology.
To solve the problem, the k-ω SST (Shear-Stress Transport)  
turbulence model is chosen as a more appropriate one [16].

As a viscous medium, the model of an ideal compress-
ible gas (10) with the dependence of viscosity on temperature 
according to the Sutherland’s formula (11) was considered: 

P = ρRT,

where Р – pressure in volume, Pa; 
ρ – medium density, km/m3; 
R – gas constant, J/(mol ·К); 
Т – temperature, K. 

where µ – medium viscosity, Pa·s; 

Figure 1 – Diagram of dependence of aerodynamic drag coefficient Сх  
on Mach number for the hypervelocity uPod  

when moving in atmospheric air
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observed in the pressure range of 1–101,325 Pa (atmo-
spheric pressure). Consequently, the calculated values 
of flow blockage speeds from Tables 3–6 are valid practically 
for the entire assumed range of medium rarefaction inside  
the tunnel.

As it can be seen from Tables 5 and 6, the smallest 
tunnel diameter, providing the movement of hypervelocity 
uPod without flow blockage, is possible when using methane  
as a filling medium. The most unsuitable of the researched  
gases is oxygen.

(10)
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µ0 – viscosity reference value, Pa·s; 
Т – medium temperature, K; 
T0 – temperature reference value, K; 
Sµ – Sutherland’s constant.
The density-based solver was used as a solver because 

it is applied to the problem with compressible medium, high 
flow speeds and low pressure.

Description of the Calculation Model and Boundary 
Conditions. Based on the initial data, a calculation model 
was generated (Figure 2).

In modeling the movement processes, a conditionally- 
reversible calculation method was used, in which the uPod 
is stationary and the medium is moving.

The following boundary conditions were established:

 • the medium inlet is specified by total and static pressure, 
which in turn determines the inlet flow velocity of 900 km/h;

 • the medium outlet with a pressure of 10,000 Pa (75 mm Hg);

 • moving wall of the pipe at a speed of 900 km/h.

The initial conditions are 10,000 Pa (75 mm Hg) pressure 
and 20 °C temperature. To exclude the influence of rough-
ness of internal surfaces of pipe walls on the calculation,  
frictionless sliding is set.

The finite element model is shown in Figure 3. The num-
ber of grid elements is 12,510,335 for a 6 m diameter tunnel 
and 12,136,532 for a 5 m diameter tunnel.

As it can be seen from Figure 3, the computational grid 
is formed with a smooth thinning when approaching the fu-
selage of the uPod as well as at the walls of the forevacuum  
tunnel. This distribution of computational nodes allows 
to achieve the value of calculations convergence not less 
than 10–4 for 800–2,000 iterations.

Results of Mathematical Modeling
Results of Mathematical Modeling 
for Methane Gas Medium  
The results of computer modeling of the hypervelocity 

uPod motion in a forevacuum tunnel in a methane medium 
are shown in Figures 4–6. 

The images of pressure and density distribution of the me- 
dium (Figures 5, 6) correspond to the conditions specified for  
the calculation and do not contradict the results of research 
in the field of thermogasdynamics.

As it follows from Figure 4, the maximum speed of the me- 
dium is reached between the inner wall of the forevacu- 
um tunnel and the fuselage of the hypervelocity uPod. 
It is 0.751 of Mach number of the methane gas medium 
for the uPod with a fuselage diameter of 2 m moving in a tun-
nel with an inner diameter of 5 m and 0.816 of Mach num-
ber for the uPod with a fuselage diameter of 2.6 m moving 
in a tunnel with an inner diameter of 6 m. 

Since the flow speed of the gas medium in the cross 
section did not exceed 1 Mach, it can be concluded that 
the flow blockage did not occur, respectively, the subse-
quent progressive compaction of the medium in the area 
of the front fairing of the hypervelocity uPod will not occur.

Mach number

Figure 4 – Distribution of Mach number of methane gas medium 
in a forevacuum tunnel:  

a – for uPod fuselage diameter of 2 m  
and tunnel inner diameter of 5 m;  

b – for uPod fuselage diameter of 2.6 m  
and tunnel inner diameter of 6 m
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Figure 5 – Distribution of pressure  
in the volume of methane gas medium:  
a – for uPod fuselage diameter of 2 m  

and tunnel inner diameter of 5 m;  
b – for uPod fuselage diameter of 2.6 m  

and tunnel inner diameter of 6 m
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Figure 6 – Distribution of methane gas medium density 
in a forevacuum tunnel:  

a – for uPod fuselage diameter of 2 m  
and tunnel inner diameter of 5 m;  

b – for uPod fuselage diameter of 2.6 m  
and tunnel inner diameter of 6 m
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Based on the value of the frontal drag force obtained 
in the calculation, the total aerodynamic drag coefficient 
of the uPod was calculated as well as its components on fron- 
tal pressure and friction along the entire fuselage surface. 
As a result, the power required to overcome the total aerody-
namic drag in a rarefied methane medium was determined  
(Table 7). 

Figure 2 – Calculation model

Figure 3 – Finite element model
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2 5 1,663 0.257 0.096 0.161 416

2.6 6 2,848 0.26 0.127 0.133 712 

Table 7 – Aerodynamic characteristics of the uPod  
when traveling in a forevacuum tunnel at 900 km/h speed 
in a methane medium at a pressure of 75 mm Hg
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Mach number

2.03 × 10−3

2.72 × 10−3

Mach number

а)

b)

1.43 × 10−1

1.54 × 10−1

4.24 × 10−1

4.56 × 10−1

7.05 × 10−1

7.59 × 10−1

9.86 × 10−1

1.06

1.27

1.36

2.83 × 10−1
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5.64 × 10−1

6.08 × 10−1

8.45 × 10−1

9.1 × 10−1

1.13

1.21

1.41

1.51

Figure 7 – Distribution of Mach number of air gas medium 
in a forevacuum tunnel:  

a – for uPod fuselage diameter of 2 m 
and tunnel inner diameter of 5 m;  

b – for uPod fuselage diameter of 2.6 m  
and tunnel inner diameter of 6 m

Similarly, mathematical modeling was conducted for air 
and oxygen in order to assess the energy efficiency of the gas 
used. The principle of constant ratio of the uPod midsection 
area to the internal cross-sectional area of the forevacuum 
tunnel was retained.

Results of Mathematical Modeling 
for Air Gas Medium
The results of the mathematical modeling for the air 

medium are displayed in Figures 7–9. 
As it follows from Figure 7, the maximum speed of the  

medium is reached between the inner wall of the forevacu-
um tunnel and the fuselage of the hypervelocity uPod. It is  
1.41 of Mach number of the air gas medium for the uPod 
with a fuselage diameter of 2 m moving in a tunnel with an in-
ner diameter of 5 m and 1.51 of Mach number for the uPod 
with a fuselage diameter of 2.6 m moving in a tunnel with an in- 
ner diameter of 6 m. Since the flow velocity of the gas medi-
um in the cross section exceeded 1 Mach, it can be conclud-
ed that gas flow blockage occurs; accordingly, there appears 
a progressive compaction of the air medium in the area 
of the front fairing of the hypervelocity uPod.

5.39 × 10−2

Density, kg/m3

а)

6.36 × 10−2 8.29 × 10−2 1.02 × 10−1 1.22 × 10−1 1.41 × 10−1

7.32 × 10−2 9.26 × 10−2 1.12 × 10−1 1.31 × 10−1 1.51 × 10−1

5.01 × 10−2

Density, kg/m3

b)

6.03 × 10−2 8.07 × 10−2 1.01 × 10−1 1.22 × 10−1 1.42 × 10−1

7.05 × 10−2 9.09 × 10−2 1.11 × 10−1 1.32 × 10−1 1.52 × 10−1

Figure 9 – Distribution of air gas medium density  
in a forevacuum tunnel: 

a – for uPod fuselage diameter of 2 m  
and tunnel inner diameter of 5 m;  

b – for uPod fuselage diameter of 2.6 m  
and tunnel inner diameter of 6 m

4.46 × 103

Static pressure, Pa

а)

5.41 × 103 7.31 × 103 9.21 × 103 1.11 × 104 1.3 × 104

6.36 × 103 8.26 × 103 1.02 × 104 1.21 × 104 1.4 × 104

3.86 × 103

Static pressure, Pa

b)

4.89 × 103 6.94 × 103 9 × 103 1.11 × 104 1.31 × 104

5.92 × 103 7.97 × 103 1 × 104 1.21 × 104 1.41 × 104

Figure 8 – Distribution of pressure in the volume of air gas medium:  
a – for uPod fuselage diameter of 2 m  

and tunnel inner diameter of 5 m;  
b – for uPod fuselage diameter of 2.6 m  

and tunnel inner diameter of 6 m
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2 5 12,733 1.09 0.95 0.14 3,183

2.6 6 23,805 1.2 1.09 0.11 5,951

Table 8 – Aerodynamic characteristics of the uPod  
when traveling in a forevacuum tunnel at 900 km/h speed  
in an air medium at a pressure of 75 mm Hg

Based on the value of the frontal drag force obtained  
as a result of the calculation, the total aerodynamic drag coef- 
ficient of the uPod and the power required to overcome aero-
dynamic drag in a rarefied air medium are determined (Table 8).

The calculation for air medium showed that replacement 
of methane with air (at the same pressure of 75 mm Hg) 
increases the power required to overcome aerodynamic 
drag by about eight times. The main reason for its increase: 
the air medium has a gas velocity in the cross section be-
tween the uPod fuselage and the inner wall of the fore- 
vacuum tunnel reached 1 Mach, which led to a progressive  
increase in pressure in the front fairing area. 

An additional factor leading to an increase in drag 
forces is the molar mass of the gas. Air has a higher molar 
mass than methane, hence the medium of motion is denser. 
It should be pointed out that when moving in the air medium 
in a tunnel of larger diameter, the value of Сх has increased. 
This increase is due to the strengthening of the ground ef-
fect, since the ratio of the cross-sectional area (midsection) 
of the hypervelocity uPod to the passage area of the tunnel 
internal cross section has changed by 3 %.

Results of Mathematical Modeling 
for Oxygen Gas Medium
The simulation results of the hypervelocity uPod move-

ment in oxygen medium are similar to the simulation results 
for air medium as well as the distribution images of speed, 
pressure and density of the gas medium.

The maximum speed of the medium is reached between 
the inner wall of the forevacuum tunnel and the fuselage 

of the hypervelocity uPod. It is 1.55 of Mach number of the ox-
ygen gas medium for the uPod with a fuselage diameter 
of 2 m moving in a tunnel with an inner diameter of 5 m 
and 1.64 of Mach number for the uPod with a fuselage diame-
ter of 2.6 m moving in a tunnel with an inner diameter of 6 m. 
Since the flow velocity of the gas medium in the cross sec-
tion exceeded 1 Mach, it can be concluded that there appears 
a gas flow blockage; accordingly, there occurs a progressive 
compaction of the oxygen medium in the area of the front 
fairing of the hypervelocity uPod.

The total aerodynamic drag coefficient of the uPod 
and the power required to overcome aerodynamic drag 
in the oxygen medium were determined based on the value 
of the frontal drag force obtained as a result of the calculation 
(Table 9).

uP
od

 fu
se

la
ge

 d
ia

m
et

er
, m

Tu
nn

el
 in

ne
r  

di
am

et
er

, m

Fr
on

ta
l d

ra
g 

fo
rc

e 
F, 

N

Aerodynamic drag 
coefficient Сх

Po
w

er
 re

qu
ire

d 
to

 o
ve

rc
om

e 
ae

ro
dy

na
m

ic
 d

ra
g,

 k
W

to
ta

l

fr
om

 p
re

ss
ur

e

fr
om

 fr
ic

tio
n

2 5 17,016 1.32 1.18 0.14 4,254

2.6 6 30,127 1.38 1.27 0.11 7,531

Table 9 – Aerodynamic characteristics of the uPod  
when traveling in a forevacuum tunnel at 900 km/h speed  
in an oxygen medium at a pressure of 75 mm Hg

The calculation for oxygen medium showed that re-
placement of methane with oxygen (at the same pressure 
of 75 mm Hg) increases the power required to overcome aero-
dynamic drag by about 10 times. The main reason for the in- 
crease: in oxygen, the gas speed in the cross section be-
tween the uPod fuselage and the inner wall of the fore- 
vacuum tunnel reached 1 Mach, resulting in a progressive 
increase of pressure in the front fairing area. An addition-
al factor leading to an increase in drag forces is the molar 
mass of the gas. 

Oxygen has a higher molar mass than methane, hence, 
the medium of motion is denser. It should be pointed out that 
when moving in the oxygen medium in a tunnel of larger di-
ameter, the value of Cx has increased. This increase is due 
to the strengthening of the ground effect, since the ratio 
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of the cross-sectional area (midsection) of the hypervelocity  
uPod to the passage area of the tunnel internal cross section  
has changed by 3 %.

Assessment of the Energy Efficiency 
of Aerodynamics in a Methane Tunnel  
Compared to Long-Haul Aviation

The hypervelocity uPod is unique in terms of speed, 
comfort and safety when traveling in a forevacuum tunnel 
with a methane medium. Only an airplane is a similar mode 
of transport in terms of the set of the abovementioned com-
ponents. For this reason, the uPod can be compared to mod-
ern business jets with fuselage diameters from 1.6 to 2.8 m 
and fuselage lengths from 25 to 38 m.

Vehicle parameters (Table 10) using the example of one 
of the most common aircraft series in aviation – Boeing 737 –  
have been analyzed. There are many versions, so the most 
popular model for mass passenger flights Boeing 737-800 
and a luxury version for business flights Boeing BBJ MAX 9 
have been considered. 

Since in this study only the power required to over-
come aerodynamic drag was determined, the power required 
to rolling resistance of a steel wheel on the rail and the pow-
er consumed for operation of the uPod’s internal systems 
were added for comparative analysis of parameters of power 
units in the uPods.

Table 10 clearly demonstrates the energy efficiency 
of the uPod passenger transportation. Despite the fact that  

both modes of transport move in a rarefied medium (the uPod –  
in a methane forevacuum tunnel, the airplane – at an alti-
tude above 10 km), the airplane has an incomparably larger 
cross-sectional area (including wings), imperfect aerodynam-
ics due to the presence of wings with turboprops installed 
on them and the tail part of the fuselage. In addition, a signif-
icant amount of energy is used to keep the aircraft in the air, 
while the uPod requires no energy at all to maintain a sta-
ble position, as it is supported by steel wheels on the track 
structure. Together with energy efficiency, the cost of trans-
port should also be taken into account: if the uPod is mass 
produced, it will not exceed 8 mln USD, which is over 13 times 
cheaper than Boeing 737-800.

Conclusion
The use of methane as the working medium of the fore- 

vacuum tunnel will allow the uPod to move at a speed 
of 900 km/h and more, whereas energy consumption will be 
significantly lower than in air or oxygen medium at the same 
diameter of the forevacuum tunnel. 

Replacement of methane gas medium with air medi-
um in a 6 m diameter tunnel will result in 8.4 times increase 
of power required to overcome aerodynamics, and in case 
of replacement with oxygen the required power will increase  
by 10.6 times. Calculations have established that for the uPod 
to move at a speed of 900 km/h without flow blockage in a meth-
ane medium, the tunnel diameter can be 2.1 times smaller than 
in an air medium or 2.9 times smaller than in an oxygen medium.  

Parameter uPod uMach-2* uPod uMach-2.6* Boeing 737-800 Boeing BBJ MAX 9

Cabin length, m 20 20 29.9 32.7

Cabin width, m 1.8 2.3 3.54 3.18

Passenger capacity, persons 46 80 189 50

Cruising speed, km/h 900 900 842 842

Power unit capacity 
at cruising speed, kW 650 1,000 22,900 22,900

Power consumed per one passenger, 
kW· h/passenger

14.3 12.5 121.5 458.4

Estimated cost, mln USD 6 8 106.1 128.9

Table 10 – Comparative characteristics of the uPods and popular aircraft models used in long-haul aviation

* The uMach-2 model corresponds to the uPod with a fuselage diameter of 2 m, the uMach-2.6 model corresponds to a uPod with a fuselage 
diameter of 2.6 m.

Thus, the use of methane will allow to reduce the overall di-
mensions and weight per linear meter of the entire trans-
port infrastructure of the GPV equatorial overpass. Lightening 
of the linear section will lead to a reduction in the mate-
rial intensity of its other components: supporting towers, 
foundations, anchoring structures and stations. Significant  
savings will be achieved when passing through challeng-
ing natural areas, such as mountains, ravines and water  
obstacles.

A comparative assessment of energy efficiency of passen-
ger transportation by the uPod and long-haul aviation showed 
that transportation of one passenger by the uPod at a speed 
of 900 km/h requires 9.7 times less power (12.5 kW·h/pas- 
senger vs. 121.5 kW·h/passenger) than for an economy-class 
airplane.

In addition to the obvious aerodynamic advantages, 
the presence of methane in the forevacuum tube will provide 
the fuel reserve necessary for the operation of a gas turbine 
power unit or a compact gas turbine engine that generates 
electricity for all main and auxiliary systems. Consequently,  
the uPod must carry oxidizer (oxygen) rather than fuel, 
as the fuel will be the gas medium of the forevacuum tunnel. 
As it is consumed, methane will be fed in the needed amount 
from one end of the tunnel, and combustion products (Н2О 
and СО2) will be discharged from its other end. At the same 
travel speeds as in aviation, a methane tunnel is environmen-
tally cleaner and safer, because the more environmentally 
friendly fuel (methane) will be burned in an isolated and en-
closed tunnel volume. Toxic aviation kerosene, and in much 
larger relative quantities, is burned in an airplane turbine 
in the most vulnerable lower layers of the stratosphere, cre-
ating an inversion trail and destroying the planet's protective  
ozone layer.

In addition, transport safety will be significantly im-
proved, as the movement of the uPod in the tunnel is not af-
fected by negative external natural, climatic and other im-
pacts (rain, snow, hail, icing, fog, dust storm, wind, clouds, 
birds, lightning strike, etc.) as well as technical factors 
caused by design features of the vehicle or human errors 
(engine stalled, fuel ran out, landing gear failed, landing past 
the runway occurred, insufficient runway length, tire burst, 
collision with a snowplow or other machinery, etc.).

Further research is planned to focus on finding the pre-
ferred pressure of the gas medium, determining the opti-
mal parameters of the forevacuum tunnel and ways to use 
methane as an energy source for the power unit mounted 
on the chassis of the hypervelocity uPod.
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The high level of human activity in space has resulted in the contamination  
of the near-Earth environment, that is dangerous in the case of new spacecraft launch.  
The annual increase of their size and quantity in orbit only exacerbates the existing problem.  
Today, the spacecraft construction includes special shields to protect them against space debris. 
This article presents results of the numerical modeling of the General Planetary Vehicle (GPV) protection  
against impact of meteoroid and technogenic particles. The modeling has been carried out 
in ANSYS/LS-DYNA program with the use of combined approach, including Lagrange method 
and smoothed particle hydrodynamics (SPH). To obtain a more valid assessment,  
the model of open cell structure of the main energy-absorbing element made of foam aluminum 
is performed with detailed study of the geometry considering the size of cells and pores  
as well as fiber thickness. On the basis of the performed modeling, the option of the shield  
protecting the GPV body against particles up to 5 mm is provided. 
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Introduction
For successful and long-term operation of the Gener-

al Planetary Vehicle (GPV) [1], it is necessary to pay attention 
as early as at the designing stage to the protection of the body 
from the high-speed impact effect of meteoroids and anthro-
pogenic debris, the amount of which is constantly growing 
in Earth’s orbits.

The options of GPV body protection in case of collision 
with various space debris fragments are considered in [2]. 
Thus, to prevent damage from meteoroids of 5 mm in size, 
composite protection is proposed, which includes:

 • a barrier, that is two rows of steel mesh with a cell gap 
of 1 mm;

 • the main energy-absorbing element, that is foam alumi-
num with a structure of 40 pores per inch (40 ppi) enclosed 
between aluminum plates (1 mm thick front one and 2 mm 
thick rear one).

At the same time, it is shown that about 48 mm of foam 
aluminum is needed to stop a meteoroid having a diame-
ter of 5 mm and moving at a speed of 8 km/s. All elements 
of the protection structure are represented by volumetric 
finite elements (FEs), and the Lagrange method is chosen 
for modeling. This formulation is simplified and can be used 
at the initial stages of modeling, when it is required to con-
duct an evaluative comparative analysis of different body 
protection design options within a limited time frame. 

The modeling of foam aluminum by the continuum 
method does not take into account the processes of prop-
agation, re-reflection and superposition of shock waves 
in the lintels of the material, which introduces a signifi-
cant error in the calculation results. In addition, the contin-
uum model does not include pores, therefore, small frag-
ments cannot reach the rear wall unhindered, thus reducing 
the load on it. In order to obtain the most realistic behavior 
of foam materials in a high-speed collision, it is necessary 
to use a model that adequately enough reflects the foam 
microstructure.

Consequently, in this article it is proposed the appli-
cation of a model that has an increased level of detailing 
the open cell structure of foam aluminum.

Making a Foam Aluminum Model
An example of Duocell foam aluminum sample from ERG 

Aerospace, which has open pores [3], is shown in Figure 1. 
The spatial structure of foam aluminum is characterized 

a) b)

Figure 1 – Duocell foam aluminum with 40 ppi porosity:  
а – sample; b – microscope view

by a minimum fiber surface [4] and can be described by Kelvin 
or Weaire-Phelan cells. The Kelvin cells represent a tetra- 
kaidekahedron consisting of eight facets of regular hexag-
onal shape and six square facets (Figure 2a). The Weaire- 
Phelan foam differs from the Kelvin structure in that it uti-
lizes two types of cells having equal volume: a pyrithohedron 
and a tetrakaidekahedron (Figure 2b).

a) b)

Figure 2 – Foam structure: а – Kelvin foam cells;  
b – Weaire-Phelan foam cells

The surface area of the Weaire-Phelan structure is 0.3 % 
smaller than that of the Kelvin structure, but the Kelvin 
cell is easier to construct and scale. Therefore, the geo-
metric model of foam based on Kelvin cells was used 
for the research.

The foam structure is characterized by three main pa-
rameters: cell size dc, pore diameter dp and average fiber 
(lintel) size tl (Figure 3). The formation of the geometrical 
model of the foam is performed by subtracting a sphere 
from a tetrakaidekahedron. The diameter of the sphere ds 

is set in such a way as to provide the necessary pore and cell 
sizes.

The size and shape of the foam aluminum cell lintel de-
termine the strength of the composite material: under static 
compression, the load is transmitted through the fiber, 

and under high-speed dynamic loading, shock waves spread 
through the fibers. The real lintel is inhomogeneous in thick-
ness, its cross section is an open shell (Figure 4). In model-
ing, the lintel is constructed as a volumetric body. According 
to [5], this approach does not introduce a significant error 
in the accuracy of the results. 

The parameter that has the greatest effect on the me-
chanical strength of foam aluminum in modeling high-speed 
interaction with an obstacle is the porosity P, which reflects 
the amount of material in the composite [5]:

where P – porosity;  
ρ – foam material density; 
ρs – density of the foam material (aluminum).  
The geometrical characteristics of the foam aluminum 

structure having different number of pores per unit length 
and relative density of 6–8 % are summarized in Table 1 [6].

Porosity,  
ppi

Cell size,  
mm

Pore diameter, 
mm

Fiber thickness, 
mm

10 3.95 2.33 0.382

20 3.28 1.78 0.329

40 2.63 1.59 0.251

Table 1 – Geometrical characteristics of foam aluminum structure

HEX volumetric eight-node elements are used to con-
struct the mesh. The size of the foam structure fibers is ad-
justed by scaling the internal edges of the FE model rela-
tively to the center of the cell. Next, an array of the required 
size is constructed from the FE model of a single foam 
cell. The final view of the foam aluminum model with 40 ppi 
porosity is shown in Figure 5. 

Verification of the Foam Aluminum Model

In computer modeling of complex physical processes, 
a mandatory stage is the verification of the developed 
computational model, for which it is proposed to use data 
from field experiments [6] that were conducted by a group 
of NASA scientists at the White Sands test site, which is part 
of the Johnson Space Center. The tests were carried out 

Figure 4 – Cross section of the foam aluminum lintel

Figure 3 – Geometrical model of foam
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Figure 5 – Finite element model of foam aluminum  
with 40 ppi porosity
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on a two-stage light-gas accelerator (Figure 6) with a caliber 
of 0.5 inch, allowing to accelerate projectiles up to a velocity 
of 8.5 km/s.

Figure 6 – General view of the light-gas accelerator

Figure 7 – Diagram and model of the HITF-08263 experiment 
on penetration of the protective panel  

Figure 9 – Results of the HITF-08263 field experiment  
on penetration of the protective panel:  

а – front wall; b – rear wall; c – foam aluminum

Figure 10 – Results of the computational experiment  
on penetration of the protective panel:  

а – front wall; b – rear wall; c – foam aluminum

Technogenic space debris are fragments of failed space- 
craft, the main material of which is aluminum alloys. At the  
same time, about 90 % of meteorites reaching the Earth’s 
surface are of stone meteorite group type – chondrites [7]. 
According to [8], the density of chondrites is about 3 g/cm3, 
which approximately corresponds to the density of aluminum 
alloys. Consequently, a sphere made of 2017-T4 aluminum alloy 
(density 2.78 g/cm3) was used as a puncher for field tests. 

From the catalog of field tests of the Hypervelocity Im-
pact Technology Center (USA), experiment number HITF-08263 
was selected, which is the closest in terms of the interac-
tion speed of the puncher (6.52 km/s) to the puncher speed 
of the computational experiment (8 km/s). The front and rear 
panels of the protective structure were made of 6061-T6 
aluminum alloy sheets having thicknesses of 0.254 mm 
and 0.508 mm respectively. The gap between the panels 
was filled with foam aluminum with a porosity of 40 ppi, 
the relative density of which is about 7 %. 

The diagram of the field experiment and the corre-
sponding computational model developed in ANSYS/LS-DYNA  
package is shown in Figure 7.

The main material parameters of the Johnson-Cook 
model and the Mie-Grüneisen equation of state [9] used 
in the computational model are summarized in Table 2. 

In the process of numerical experiments, the location 
of the foam material model relatively to the direction of motion  
of the puncher was noted to be of significant importance. 

Parameter, unit of measurement
2017-T4 

aluminum 
alloy

6061-T6 
aluminum 

alloy

Johnson-Cook model

Density, kg/m3 2,780 2,703

Poisson’s ratio 0.33 0.33

Modulus of elasticity, MPa 73,100 70,000

Yield strength, MPa 369 324

Strain hardening modulus, MPa 684 114

Strain hardening index 0.73 0.42

Coefficient for strain rate 0.0083 0.002

Damage  
accumulation parameter 1

9 9

Damage  
accumulation parameters 2–5

0 0

Mie-Grüneisen equation of state

Curve slope coefficient C 5,328 5,240

Curve slope coefficient S1 1.338 1.4

Coefficient γ 2 1.97

Table 2 – Material parameters of the Johnson-Cook model  
and the Mie-Grüneisen equation of state

When constructing the array of cells, the structure 
of the foam material is formed in an ordered manner along 
the axes of copying elements, which should be taken into ac-
count in modeling. Thus, when the puncher moves along 
the normal to the hexagonal facet of the tetrakaidekahe-
dron (Figure 8a), areas (tunnels) appear in the model, within 
which fragments of the puncher and destroyed foam alumi-
num can freely reach the rear wall of the protective struc-
ture, and fragments moving at a small angle to the normal 
of the facet, reflecting from the fibers of the cells, return 
to the tunnel. A similar situation, but to a lesser extent, is ob-
served when the square facet of the tetrakaidecahedron 
is positioned normal to the direction of motion (Figure 8b). 
As can be seen from Figure 1, the arrangement of the fibers 
of the real foam material cells is arbitrary, so the model 
should be turned by the angle at which there will be no gaps 
in the structure (Figure 8c).

a)

а)

b)

b)

c)

c)

Verification of the model is carried out by compar-
ing the results of the field experiment and numerical mod-
eling. In the field experiment, the front panel is penetrat-
ed and the foam aluminum destruction is about 80 % of  
the material thickness (Figure 9). The rear wall has bulges 
and a puncture of less than 1 mm.

Figure 10 shows the results of the modeling: the front 
panel is penetrated, and the size of the hole is 5–6 times more 
than the size of the puncher; the rear wall of the protective 
structure remained practically undamaged, only individual 
dents and bulges are observed.

As can be seen from Figures 9 and 10, the results of nu-
merical modeling and field experiment correspond, which in-
dicates the adequacy of the developed model and the possi-
bility of its application for further research of the GPV body 
protactive shield. 

Description of the GPV Body Protection Model 
Against Meteoroids of 5 mm Size

In order to reduce the mass of protective shields, a metal 
mesh is often used as an outer layer. An example is the pro-
tection of the functional cargo unit at the International Space 
Station [10].

In [11], various options of mesh anti-meteoroid shields 
were studied. Based on the calculations and field experi-
ments, the researchers noted a significant improvement 
in the protective properties of mesh shields characterized 
by a cascade arrangement of corrugated meshes com-
pared to conventional meshes of the same mass. According 
to the conclusions presented in [11], the protection design 
described in [2] has been modified. Two rows of corrugat-
ed mesh (45° angle) with different cell size are proposed 
as a barrier for the anti-meteoroid protection under develop-
ment. The first layer of protection is a coarse mesh (1.8 mm 
pitch, 1 mm gap, 0.8 mm wire diameter); the second layer 
of barrier protection is a fine mesh (0.9 mm pitch, 0.4 mm 
gap, 0.5 mm wire diameter). The height of the corrugation 
is 5 mm. 

10 mm

12 mm

Al 6061-T6 Al 6061-T6

25.4 mm 0.254 mm0.508 mm

Foam aluminum 
40 ppi

0.254 mm0.508 mm
AlAl

Foam 
aluminum 

40 ppi
6.52 km/s

2 mm

Figure 8 – Location of the foam aluminum model cells  
in relation to the direction of puncher motion: 

а – located lengthwise; b – turned by 90°;  
c – turned by an angle that excludes gaps in the structure

a) b) c)

25.4 mm

2 mm
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The calculations were performed through the ANSYS/
LS-DYNA software package. Due to the presence of large de-
formations and damages in the model, a meshless calcula-
tion method was chosen, the main task of which is to solve 
integral equations or partial differential equations with-
out the use of reference to the nodes of the FE mesh. 
The most popular methods for calculating a high-speed im-
pact with destruction are smoothed particle hydrodynamics 
(SPH) [12] and smoothed particle Galerkin (SPG) methods [13]. 
The latter method was developed later. It is successfully ap-
plied for modeling the destruction of plastic and low-plastic 
materials and also allows to cope with the problems of ten-
sile instability that are inherent in the SPH method [14]. How-
ever, as the experience of solving anti-meteoroid protection 
problems [15, 16] has shown, the SPG method is less accu-
rate than FE modeling by the Lagrange method together 
with the SPH method.

Thus, the authors of this research have chosen the La-
grange and SPH methods to model the protection of the GPV 
body from meteoroids. The Johnson-Cook model with the Mie-
Grüneisen equation of state are taken to describe the behav-
ior of materials. The average size of the FE mesh of the foam 
aluminum model is 0.12 mm. The SPH method, especially 
for fine element partitioning, requires significant computa-
tional cost, therefore, two planes of symmetry (XY and YZ) 
are used in the model to increase the calculation efficien-
cy. The general view of the computational model of the pro-
tective shield (with symmetry display enabled) is shown 
in Figure 11.

Figure 13 – Destruction of the front panel  
of the protective structure

Figure 14 – Destruction of the mesh barrier  
of the protective structure

Figure 15 shows a graph of the change in velocity 
of the aluminum sphere during the passage of the anti-
meteoroid protection, where an irregular decrease in velocity 
can be observed. 

A reducing from 8 to 7 km/s is recorded when the punch-
er passes the first mesh barrier (Figure 15, I). The velocity 
drop continues when passing the second mesh barrier (Fig-
ure 15, II). The puncher then hits the outer sheet of aluminum 
(Figure 15, III). Next, there is a gradual decrease in the veloc-
ity of the puncher as it traverses the foam aluminum layer 
(Figure 15, IV). The entire process of the meteoroid passing 
through the protective shield until it comes to a complete 
stop takes 22 µs.

Figure 16 – Damage to the rear panel of the protective structure

50.3 mm
28.9 mm

Figure 12 – Results of modeling the GPV body protective structure  
against a 5 mm meteoroid

Figure 11 – Computational model 
of the GPV body protective structure
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Figure 15 – Graph of the puncher velocity  
as it passes through the protective structure
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The main mass of fragments formed in the process 
of destroying the protective structure is stopped by foam 
aluminum (Figure 12). However, some fragments of the de-
stroyed parts of the protection reach the rear wall, which 
is deformed but not destroyed because the velocity and mass 
of the particles are insufficient (Figure 16).

The thickness of the front plate made of 6061-T6 alumi-
num alloy is 1 mm, the thickness of the rear wall is 2 mm. A lay-
er of foam aluminum with porosity of 40 ppi and thickness 
of 45 mm is assumed as the main energy-absorbing material.

Results of Numerical Modeling  
of the GPV Body Protection

The results of modeling the penetration of the GPV 
body anti-meteoroid protection by a sphere with a diame-
ter of 5 mm and an initial velocity of 8 km/s are shown in Fig-
ures 12–15. For clarity, the foam aluminum elements destroy-
ed during the calculation process are returned into the model 
and marked in brown (Figure 12).

When hit by a spherical puncher, the width of the foam 
panel fracture zone in its wide part is approximately four 
times larger than the size of the puncher (Figure 12). The foam 
material is destroyed by more than 90 % along the direc-
tion of meteoroid motion. The size of the hole in the front 
wall model is 28.9 mm and 50.3 mm in different projections 
(Figure 13). This index may be smaller when the panel model 
is partitioned in detail into FEs.

Figure 14 shows the moment of penetration of two rows 
of corrugated mesh by an aluminum sphere. The second 
row has greater damage than the first one. This is explained 
by the fact that in the process of passing through the first row 
of the mesh, the aluminum sphere deforms and increases 
in diameter.

Conclusion

This article presents the results of numerical model-
ing of the GPV body protection against meteoroids of 5 mm 
in size. Foam aluminum with a porosity of 40 ppi was taken 
as the main energy-absorbing material. Its model was made 
with an increased level of structure detailing on the ba-
sis of Kelvin cells. Modeling was carried out with the joint 
application of the SPH method and the finite element La-
grange method. The results of the experiment, performed 
in the ANSYS/LS-DYNA program, showed that by using two 
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rows of corrugated metal mesh with different cell size 
as an external barrier, the total thickness of the anti-meteoroid 
protection can be reduced by 5 mm compared to the model 
proposed in [2]. 

In addition to the improved protective properties, cor-
rugated meshes are quite technologically advanced in terms 
of manufacturing and installation. Moreover, this construc-
tion is characterized by optimal rigidity, which is neces-
sary for retaining the shape and the ability to be attached 
to the GPV body. Filling the space of corrugations with foam 
and the presence of limiting surfaces allow to minimize the re-
lease into the environment of fragments and debris formed 
during an impact, which can minimize the contamination 
of near-Earth space.

As a promising direction for further work to improve 
the protection of the GPV body from meteoroid impact, 
the authors consider the use of multilayer spaced barriers 
made of para-aramid braided fibers.
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in near-Earth orbit. In particular, there is a study of the possibilities of using secondary substances 
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to the delivery of building materials from Earth to orbit. 
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Introduction
The construction and operation of large objects in space, 

for example, the Industrial Space Necklace “Orbit” (ISN “Orbit”) [1], 
will require the use of a huge amount of building materi-
als in the future. Since it is currently not possible to assume 
that they will be mined on asteroids or other cosmic objects, 
such materials are mainly planned to be delivered from Earth. 
This will require significant resources and entail an addition-
al burden on the environment due to the need to create part 
of the production facilities on our planet.

Obtaining the final materials in space for construction 
from the “semifinished products” available on Earth (natural 
gas and water are considered as such) will reduce the harm-
ful effects on nature as well as the cost of erecting objects 
by using space production conditions (vacuum and solar ener-
gy). Moreover, work on creation space shipyards in near-Earth  
orbit [2] is already underway.

Features of Building Materials Delivery  
into Space from Earth

The main idea of the study is to substantiate the cre-
ation of conditions not only for the delivery of raw materi-
als necessary for the construction of space objects but also 
for its application in the performance of delivery work. To 
achieve this goal, materials obtained with the release of en-
ergy that can be spent on their ascent into space are suited 
best. First of all, attention should be paid to such substanc-
es as carbon, which is widely used on Earth as the main ele-
ment in building materials (nanotubes, steels, polymer-type 
materials) [3], and hydrogen serving as an energy source (hy-
drogen power engineering). The diagram of obtaining building 
materials in space is shown in Figure 1.

An assessment of the Earth and space capabilities shows 
that today our planet hosts large reserves of various metal ox-
ides, methane (CH4) and water (Н2О), which can be used as raw 
materials to produce, for example, steels, glass and carbon- 
based synthetic materials. In space, in turn, there are large 
reserves of solar energy and unique vacuum conditions that 
fits to create building materials directly on space objects.

Steels, consisting mainly of iron and carbon as well as  
a small number of alloying elements, are widely used 
in the construction. To deliver iron (Fe) into space, it is pro-
posed to apply its oxides (Fe2O3) and to carry out the following 
chemical reactions in orbit or on Earth (requires additional  
economic study): 

On their basis, it is possible to additionally obtain such 
a building material as alumina.

In order to determine the possibility of implementing 
the processes presented in Figure 1, the options for using 
the abovementioned raw materials in terms of chemical 
reactions were considered, and the number one issue dis-
covered is the usage and storing hydrogen as a substance 
that is most involved in energy exchange during the deliv-
ery of building materials. To do this, it is necessary to evalu-
ate the existing technologies for obtaining and transporting 
hydrogen on Earth in relation to its applying in orbit to meet 
the demand for materials and energy during the construction 
and operation of space objects.

Common Hydrogen-Containing Materials  
on Earth

The most common natural hydrogen-containing ma-
terials on Earth include water (Н2О) and natural gas (СН4), 
where energy is stored in the form of chemical bonds with Н2. 
There is practically no free (molecular) hydrogen on our plan-
et. A small amount of this gas is present in the upper layers 
of the atmosphere, where it is formed mainly by the decay 
of water vapor molecules due to them absorbing solar radia-
tion. A large amount of hydrogen is found on Earth in a chem-
ically bound form. Its main compound is the water of oceans, 
seas, lakes, glaciers, rivers, etc. In addition, elemental  
hydrogen is present in the form of ions in various acids  

Light energy
C6H12O6 + 6O2.6CO2 + 6H2O (3)

2H2 + O2 = 2H2O + Q. (4)
Temperature

2Fe + 3H2O,Fe2O3 + 3H2 (1)

Temperature
2Fe + Al2O3.Fe2O3 + 2Al (2)

as well as in the form of atoms in organic compounds 
with covalent bonds (natural gas, oil, petroleum products, 
alcohols, esters, proteins, carbohydrates, fats, etc.).

Free hydrogen is used as an intermediate product:

 • in the production of ammonia, nitric acid, nitrogen 
and complex fertilizers, explosives;

 • in the processes of hydrocracking of petroleum prod-
ucts and hydrogenation (for example, unsaturated fats 
in the production of margarine);

 • in various low-tonnage science-intensive industries, 
such as the electronic, electrical, glass, pharmaceutical 
and food ones;

 • in biotechnologies;

 • in the smelting of metals and alloys of high purity;

 • in the synthesis of chemically highly active substances, etc.

However, molecular hydrogen is rarely used as an en- 
ergy carrier for energy production (for example, as fuel 
in internal combustion engines (ICE) and hydrogen burners, 
in electrochemical fuel cells). The main reason for the lim-
ited application of primary hydrogen is that it is practically 
non-existing in the pure free state, therefore Н2 is obtained 
with the expenditure of energy or raw materials (or both).

In nature, molecular hydrogen is primarily as a part 
of natural gas (depending on the type of gas, the content 
of this substance varies from fractions of a percent to sev-
eral percent) and, as a rule, is burned together with other 
gas components. At the same time, gas processing plants 
are being built and operated in many countries (for exam-
ple, the Amur Gas Processing Plant in Russia), where natu-
ral gas is divided into components, including the production  
of molecular hydrogen.

Thus, free Н2 is widely used as a technological raw ma-
terial in industry, but there are serious difficulties with its re-
ceipt, transportation and storage, which is the main factor 
limited application.

Currently the prospects for obtaining and using Н2  
as a secondary energy carrier have been determined (for ex-
ample, in hydrogen batteries with excess electrical energy 
as well as fuel in various ICEs that do not require massive 
and expensive fuel cells unlike electric batteries). However, 
it is not possible to switch to hydrogen energy completely 
due to the natural ways of energy storage on Earth, namely 
photosynthesis in green plants, where carbon and oxygen 
are involved:

In addition, there are no serious grounds for the pre-
vailing use of hydrogen as a final source of energy consider-
ing the prospects for the development of nuclear, solar, wind, 
hydraulic and thermal energy with access to electric ener-
gy at the end of the energy chain, which is considered more 
convenient and preferable on Earth [4]. This is primarily due 
to a significant decrease in the overall efficiency factor of en-
ergy chains with hydrogen compared to chains with other  
primary energy carriers.

The core process of obtaining energy (Q ) when using Н2 

as an energy carrier is described by a well-known generalized 
chemical reaction [5]:

The main advantage of this process is its eco-friendli-
ness, since the starting substances and reaction products 
are environmentally friendly if pure oxygen is used as an ox-
idizer (in reaction with air, a certain amount of very tox-
ic nitrogen oxides (NO2, NO) and other harmful substances 
are formed because of the presence of other gases, dust 
and organic compounds). In addition, hydrogen has a high 
calorific value per unit mass. Its specific heat of combustion 
is equal to 141 MJ/kg (in comparison, this indicator for meth-
ane is 50.2 MJ/kg, and it’s even less for other fuels). For this 
reason, there are broad prospects for applying hydrogen  
as a secondary energy carrier accumulating a large amount 
of energy with a relatively insignificant mass involved.

For Н2 production it is especially rational to use su-
perfluous energy that left after any process and cannot be 
simply and cheaply saved, which is proposed to be taken 
into account during the ascent of hydrogen-containing ma-
terials into near-Earth orbit. It is well known that the gener-
ated electric energy is mainly consumed immediately after 
its production at power plants, and the operation of a huge 
fleet of electric batteries storing excess energy (for exam-
ple, generated at night at a nuclear power plant and not 
in demand by consumers) is economically costly and tech-
nologically complex. In space conditions, where volumes 
have less influence on the choice of the method of energy 
transportation and storage, hydrogen turns out to be a more 
promising substance compared to other gases (for example,  
methane).

Free Н2 is obtained in different ways, where oxygen 
and hydrogen play an important role [6]. 

1. Electrochemical decomposition of water with the help 
of electrical energy, which is possible with the use of catalysts. 
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Figure 1 – Diagram of obtaining building materials in space
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With this method, an electrochemical reaction takes place, 
written by a generalized equation:

There are many variants of technical execution of such 
a technological process. In most cases we see the use 
of electrolyzers, i.e., pools with electrolytes (aqueous solu-
tions of acids or alkalis), where the anode and cathode are 
being immersed under electric voltage. There are circuits 
with semidry electrolytes as well. 

2. Thermal chemical reactions at high temperatures, of-
ten in the presence of special catalysts. Theoretically, the ther-
mal decomposition of water is possible by the following  
reaction:

This process requires special catalysts and high tem-
peratures, and its energy efficiency is quite low, therefore, 
in practice, such technology is rarely used on Earth.

3. Steam treatment of coal, implemented in special 
gas generators, where water vapor is passed over a white-
hot layer of coke (coal heated without oxygen access). 
In this case, due to the high temperature, hydrogen atoms 
in water are replaced by carbon atoms under the following  
reaction:

A mixture of carbon monoxide and hydrogen is separated 
and sometimes used as fuel without separation. It is not ratio-
nal due to the release of carbon dioxide (CO2) into the atmo-
sphere, which can be excluded in space and used to produce 
carbon by implementing an endothermic reaction:

4. Steam conversion of methane [7]. This process takes 
place at a high temperature (about 1,000 °C). In this case, methane  
interacts with water vapor, carbon dioxide or a mixture of water 
vapor and carbon dioxide in the presence of a nickel-based 

catalyst with additives of magnesium oxides, aluminum 
and other metals: 

The main reforming reaction proceeds according 
to the diagram shown in Figure 2.

is supplied through the walls of pipes heated from the outside 
by burning another part of the natural gas; 

4) conversion of the released CO into СО2 in the tubular 
apparatus shown in Figure 2; 

5) purification of product hydrogen in the block of short- 
cycle adsorption.

In terms of energy costs, steam treatment of coal 
and steam conversion of methane are the lowest cost 
technologies (much more efficient than the electrolysis 
of water and hydroelectrolytes). However, these processes 
leave a carbon footprint in the form of carbon dioxide, 
which it is advisable to capture and convert into a building  
material (8) [3].

There is a major drawback in this technology – it is needs 
oxygen in chemical reactions. Herewith, there are already 
existing industrial methods when a reaction occurs un-
der the influence of high temperatures and using an alloy  
of bismuth and nickel:

The yield of free molecular Н2 in such a scheme is al-
most half that of the steam conversion of methane. In this 
case, there is no greenhouse gas footprint in the form of gas-
eous CO2, and solid carbon can be relatively easily separat-
ed from hydrogen and applied in other industries, for ex-
ample, in the production of carbon fiber, graphene, carbon 
tubes, etc. Moreover, these materials are successfully used 
in the construction of various structures, including those 
built in space.

At the same time, these technologies require the en-
ergy needed to lift carbon into space, and here it is advan-
tageous to consider the usual reaction of methane com-
bustion with the formation of water and carbon dioxide 
(in space conditions it is better to divide it into carbon 
and oxygen):

Thus, when free hydrogen is obtained, in addition to costs  
of energy which can be taken in space, substances are form- 
ed that participate in the synthesis of carbon-containing ma-
terials (carbon fiber, graphene, steel, etc.) for their subsequent  
use in space conditions. 

Electric current
2H2 + O2.2H2O (5)

Temperature, 
catalyst

2H2 + O2.2H2O (6)
Temperature, 

catalyst
C + 2H2.CH4 (11)

Temperature, 
catalyst

3H2 + CO.CH4 + H2O (9)

(7)C + H2O = CO + H2.
The resulting mixture of hydrogen and carbon monoxide 

must then be additionally treated with water vapor, which 
makes it possible to turn toxic carbon monoxide into relatively 
harmless carbon dioxide and increase the yield of hydrogen:

Stages and equipment of steam conversion:

1) hydrogenation of raw materials on a cobalt-molybdenum  
catalyst in a tubular apparatus and absorption of hydrogen 
sulfide;

2) preliminary reforming;

3) convection reforming in the pipes of the specially de-
signed furnace filled with a nickel catalyst, which is deposited 
on an aluminum substrate. The heat required for the process 

(10)CO + H2O = CO2 + H2.

(12)CH4 + 2O2 = CO2 + 2H2O + Q.

Figure 2 – Diagram of methane pyrolysis  
with a carbon catalyst
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Existing Hydrogen Transportation  
and Storage Technologies

The above chemical reactions occur with the formation  
of substances such as hydrogen, oxygen and carbon, which 
have their own characteristics of transportation and stor-
age. It should be look hydrogen due to the special problems 
in this regard.

To date, molecular Н2 is accumulated, stored and trans-
ported in gaseous or liquid form. The density of liquid hydro-
gen (LH) is 70 kg/m3; the freezing point is 14.01 K (–259.14 °C); 
the boiling point is 20.28 K (–252.87 °C).

It is obvious that the density of LH is much higher than 
of the molecular one in the gaseous state (at a pressure 
of 1 atm and a temperature of 0 °C, it is 0.09 kg/m3). There-
fore, LH is much preferable to the gaseous one of compact 
storage and use.

LH is a colorless, odorless liquid that becomes an explo-
sive substance when mixed with air (its ignition coefficient 
is 4–75 %). LH needs cryogenic storage technology, including 
special heat-insulated containers and pipelines requiring 
special handling, which is typical for all cryogenic technolo-
gies. In this regard LH is close to liquid oxygen but assumes 
great caution because of the fire hazard. Even when contain-
ers with thermal insulation are applied, the substance is dif-
ficult to contain at a low temperature necessary for its pres-
ervation in a liquid state (it usually evaporates at a rate of up 
to 1 % per day [7]). Under atmospheric pressure LH has a nar-
row temperature stability indicator – only 7 °C, which creates 
certain difficulties during its storage.

Despite all the disadvantages, LH is a common com-
ponent of fuel used for the reactive acceleration of launch 
vehicles and spacecrafts. Due to the relatively low density 
and high specific heat of combustion, the mass of this sub-
stance in the rocket is relatively small, therefore, the mass 
of the payload transported into space is higher than in rockets 
running on other types of fuel.

In most liquid rocket engines, hydrogen is used for re-
generative cooling of the nozzle and other parts of the en-
gine before it is mixed with an oxidizer and burned to obtain 
thrust. LH can serve as a coolant (it is used as a refriger-
ant not only in rocket technology [8]). It is another advan-
tage of it. Modern engines with H2/O2 components consume 
a hydrogen-enriched fuel mixture, which leads to a certain 
amount of unburned Н2 in the exhaust. In addition to increas-
ing the specific impulse of the engine by reducing the mo-
lecular weight of the jet stream, the application of LH also 
reduces the erosion of the nozzle and combustion chamber.
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However, in other areas, the need to create cryogen-
ic storage conditions and the low density of LH are the fac- 
tors that constrain its use. Only by 2009 it was possi-
ble to make an entirely hydrogen launch vehicle (Delta IV).  
To date, LH is used either on the upper stages of rockets 
or on boosters, which perform a significant part of the work 
on launching the payload into space while being in a vac-
uum. It indicates that application the substance in space 
is more advantageous compared to the Earth’s atmosphere. 
As one of the measures to increase the density of this type 
of fuel, there are proposals to use sludge-like hydrogen,  
i.e., a semi-frozen form of liquid fuels.

An increase in density, and hence in compactness, can 
also be achieved by compressing and cooling molecular hy-
drogen gas. In addition, it does not require any cryogenic 
equipment and technology. Therefore, most of the Earth’s 
ICEs and gas turbines operate on compressed hydrogen gas 
and its mixture with other combustible gases.

On Earth, salt caves are the most common method  
of storing hydrogen gas, as it is almost never polluted 
with impurities there and is never lost. There is research 
to develop a technology for storing H2 using metal hydrides [9].  
The second natural reservoir for hydrogen is depleted lay-
ers of natural gas or oil deposits and aquifers. They are big-
ger than salt caves, but the hydrogen in them gets dirty  
because it reacts with rocks, microorganisms and liquids. 

Compressed hydrogen (at a pressure of 700 bar, i.e., ap- 
proximately 690 atm) has only 15 % of the energy density 
(the amount of energy per unit volume) of gasoline, which 
means that storing an equivalent amount of fuel (for exam-
ple, at a hydrogen gas station) requires seven times more 
area. For this reason, for transportation and storage hydro-
gen is mixed with ammonia (NH3), which has a higher density. 
Such a mixture requires less space, which allows transporting  
a significant amount of the substance without increasing 
the storage volume. However, additional costs are needed 
for conversion and reconversion. In turn, ammonia can be 
produced using the following reaction:

Thus, significant energy costs go to the liquefaction  
of hydrogen and the production of various mixtures. In the com- 
pression and cooling cycles, about 25–35 % of its mass 
is lost. The same operation on natural gas requires only 10 % 
of the mass. To partially solve this problem, hydrogen is mix- 
ed with other substances for transportation in liquid form. 

Temperature, 
catalyst

2NH3.N2 + 3H2 (13)

The main contenders for the role of “fellow travelers” of H2, 
as mentioned above, are ammonia and liquid organic hydro-
gen carriers (for example, methylcyclohexane (C7H14)). In or-
der to mix hydrogen with ammonia it will be need 7–18 % 
of the energy from the supply volume. The same amount 
of Н2 is lost when it is released from this mixture. Howev-
er, ammonia is liquefied at a temperature of –33 °C and con-
tains 1.7 times more hydrogen per cubic meter, so it is cheap-
er to transport an ammonia-hydrogen mixture than pure Н2.  
This method of transportation is already widely used in prac-
tice [10]. Similarly, hydrogen can be incorporated into a liquid 
organic carrier. In this case, 35–40 % of Н2 is spent on conver-
sion and reconversion. Some liquid organic hydrogen carriers 
may be incombustible, which makes transportation safer [11].

Due to the widespread use of pipeline transportation 
of natural gas, these highways are also promising for the move- 
ment of hydrogen [12]. However, not all of them are suitable 
for pumping it: pipes made of low-strength steel lose their 
usability because of the contact with Н2 (this process is call- 
ed hydrogen embrittlement). When mixed with ammonia  
or natural gas, embrittlement is significantly reduced.

In some countries, Н2 is delivered by sea. So far, the pro- 
duction of tankers for the transportation of hydrogen is not  
introduced en masse. The first such vessel, named Suiso  
Frontier, was built by Kawasaki Heavy Industries and launch- 
ed in December 2019 in Kobe (Japan) [13]. In March 2020, 
a reservoir with a volume of 1,250 m3, capable of trans-
porting the substance in a liquefied state, was installed  
on the tanker.

Thus, the presented information indicates that it is ra- 
tional to use free hydrogen immediately in the places 
of its production due to high transportation costs and stor-
age difficulties on Earth. In space, these processes are easi-
er to implement due to the presence of vacuum and ultralow 
temperatures (the designs of storage tanks for Н2 are sim-
plified). It is complementing the conclusion that hydrogen as 
an energy source should be mainly used in space conditions. 
To improve the safety of transportation Н2 should be include 
in various mixtures with liquids that will be able to provide 
free hydrogen and various kinds of building materials after 
their processing.

Prospects for the Space Use of Hydrogen
Based on the presented data, a scheme for the transfer 

of basic substances to space for construction is proposed. 
The compiled diagram (Figure 3) shows the turnover of ele-
ments during the delivery of materials from Earth to orbit. 

This figure does not reflect energy balances but demon-
strates only the general mechanisms of the substances’ 
turnover. Hydrogen, which is capable of accumulating a sig-
nificant amount of energy per unit mass, should be primarily  
singled out among them. 

When we talk about the construction of space objects, 
in addition to the use of raw materials located on Earth, at-
tention should be paid to what is already available outside of it.

As is known, space has large reserves of hydrogen 
and hydrogen-containing substances (in the Solar System, 
for example, on Jupiter with its moons and Venus) [14]. It has 
been established that huge volumes of hydrogen, methane, 
ammonia and water are concentrated in the bowels of Jupiter 
and its atmosphere. There is a mass of water, sulfuric acid 
and ammonia in the Venus atmosphere. Space is full of mov-
ing comets and emissions of solar matter containing a lot 
of hydrogen. In these cases, all these objects should serve 
for extraction of substances. 

Based on the above, the use of hydrogen is seen primarily 
as follows.

1. On the Moon you can build cities covered with her-
metic domes. They will keep the atmosphere suitable for life. 
Substances under the dome will circulate in the regenera-
tion mode. The primary energy for these cities will be solar 
panels grouped into special stations, which are described 
in [15]. The main energy will be electrical, while its excess 
will be used to produce Н2. Hydrogen will be a fuel for ICEs 
of vehicles traveling on the Moon away from charging power 
stations and conducting construction, extraction of fossil 
raw materials, etc.

This substance will be also used in other technologies 
described above. In the cold lunar atmosphere, it will be less 

C, Fe–C,
C–N–H–O

(polymeric 
 materials)

Figure 3 – Diagram of basic materials turnover
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labor-intensive to energetically liquefy Н2. Hydrogen-containing 
and other raw materials can be transported from Earth, Jupiter,  
Venus, etc.

2. The use of LH involves the creation of special places 
on near-Earth orbital stations (for example, the ISN “Orbit”) 
for its production, accumulation, storage and refueling of in-
terplanetary spacecraft for manned and unmanned explora-
tion of deeper space, primarily the Solar System depths. Even 
water can be carried as an effective load when transported 
from Earth to such a station (you do not need to waste en-
ergy to get Н2). There is an option of LH transportation us-
ing hydrogen-oxygen engines, where both fuel and cargo  
are the same, thus reducing the cost of transportation. 

At the near-Earth station, numerous solar panels con-
vert solar energy in the process of water electrochemical 
decomposition to produce hydrogen. The space cold will 
help to liquefy Н2 cheaply. Later volumetric tanks located 
in the shadow of solar panels (so that they are not heat-
ed) will be filled with this Н2. Interplanetary ships will ap-
proach the station, refuel with LH (the mass of the refueled 
ship is at least 95 % hydrogen; its engine, living and office 
premises, equipment, systems and life support materials, 
crew is no more than 5 %). The ship’s engine is both nuclear 
and plasmic. A nuclear reactor emits a lot of energy, which 
is used to heat Н2 to many tens of thousands of degrees. Hy-
drogen is ionized to the plasma state; its ions are accelerat-
ed by the powerful electromagnetic fields of the engine su-
perconductors, which are especially effective in cold space. 
The outflow rate of hydrogen ions from the nozzle of a plas-
ma engine is an order of magnitude higher than the out-
flow rate of combustion products of conventional rocket 
jet engines. Therefore, the compact plasma engine creates 
tremendous thrust, making the interplanetary ship accel-
erating quickly and flying to the target at a speed of thou-
sands of kilometers per second. In the result, the flight time  
is drastically reduced.

It should be noted that in the operation of space trans-
port, we desire to avoid the use of jet propulsion, which 
leads to the loss of substances, including ionized hydrogen, 
as much as possible. The laws of conservation of momen-
tum and energy allow us to look for ways to control vehi-
cles in places of acceleration, deceleration and maneuver-
ing. The application of the principle that the acceleration 
of one body leads to the deceleration of another contributes 
to the development of the concept of cost-free interaction 
of bodies in space. This principle, in particular, is implemented 
in the General Planetary Vehicle [16], which provides for lifting 
cargo into near-Earth orbit without the use of jet propulsion.
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Conclusion
Pure hydrogen, due to problems with its transportation 

and storage as well as low specific gravity, is more promising 
for use in space than on Earth. The use of Н2 in the conditions 
of our planet can be considered as part of the main application  
in outer space.

If we look at accumulating energy obtained during var-
ious chemical processes, it is more efficient to use the sub-
stance that is available on Earth mainly in hydrogen-containing  
materials.

When pure Н2 is used as an energy carrier in order 
to increase the specific capacity (per unit volume) of stored  
energy, then its form should be liquid or slush.

It is easier to provide storage and transportation of LH 
in space, since it is less energy- and labor-intensive to main-
tain ultralow temperatures in vacuum conditions. To date, 
it is better to transport hydrogen to Earth together with other 
substances including it, for example, ammonia.

The production of Н2 from hydrogen-containing raw ma-
terials (natural gas, water) can serve as the basis for the de-
livery of materials that are in a bound form and are necessary 
for the construction of the ISN “Orbit”.

It is proposed to use natural gas and metal oxides, 
which are available in large quantities on Earth, to transport 
steels, cast iron and various polymers into space.

For further industrial space exploration, the development 
of technologies for the use of secondary products formed 
during the release of molecular hydrogen seems promis-
ing. These substances are planned to be used for the pro- 
duction of materials that can be applied in the construction 
of various cosmic objects then, including the ISN “Orbit”.
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Possibility of Using  
Liquid Hydrogen 
Simultaneously  
as a Refrigerant 
and a Source of Energy 
for Cosmic Vehicles

UDC 62-6

The article presents calculated data on the possibility of using hydrogen as a refrigerant  
and energy source for cosmic vehicles operating on the lines of the Industrial Space Necklace “Orbit” 
(ISN “Orbit”). This gas has a high value of specific heat capacity and thermal conductivity 
and is also involved in the generation of electrical energy in hydrogen fuel cells. Currently,  
the main obstacles to the use of hydrogen are its unsafe operation as well as difficulties 
with transportation due to its low density. Free hydrogen (in the form of H2) in the liquid phase  
partially solves these problems. In this connection, the article considers the use of cryogenic tanks  
that act simultaneously as tanks and evaporators, in which hydrogen is not only transported 
but is also vaporized due to the installation of an additional heat exchanger into the cryogenic tank. 
The authors emphasize the analysis of the generated cooling power of tanks for transportation  
of liquid hydrogen when refrigerants (helium, methane, propane, butane, etc.) are used 
in the secondary circuit.
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circuit, Dewar vessel, heat capacity, hydrogen, Industrial Space Necklace “Orbit” (ISN “Orbit”),  
liquid, refrigerant, safety.
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Introduction

The concept of a hypervelocity vehicle [1] provides 
for its operation in a forevacuum or at low pressure, where 
heat transfer is possible only by radiation. In vacuum, there 
are no medium resistance forces, which creates ideal pa-
rameters from the point of view of kinematics for the mo-
tion of transport – a vacuum vehicle (VV). However, in this 
case it has to operate completely autonomously, including 
in the field of energy exchange. Any thermal energy that can-
not be used for its intended purpose in the VV must be di-
verted (under normal conditions it diffuses into the environ-
ment), which requires the introduction of special systems. 
When converting energy from one type to another, there are 
always losses in the form of heat (characterized by the con-
version efficiency factor). Useful utilization of waste (ex-
cess) heat flows can be provided by means of appropriate 
devices – heat accumulators (utilizers). The lower is the to-
tal efficiency factor of energy conversion, the more excess 
heat has to be utilized and the greater is the load on heat 
utilization systems in the VV. 

In this article, the load on the heat utilization system 
is estimated depending on the efficiency factor of conver-
sion of chemical energy of gases into electrical energy in fuel 
cells (FC). The research method is based on the calculation 
of balance equations for the VV cooling system.

Utilization of Thermal Energy in Space

Functioning of the General Planetary Vehicle (GPV)  
will take place partially in space, i.e., in vacuum conditions [2], 
which will cause problems with energy conversion required 
for acceleration and deceleration of the belt flywheels, 
the total mass of which can reach 38 mln tons [3]. 

Having taken into account that the efficiency factor 
of all transformations in the system of linear electric mo-
tors at the stages of the GPV ascent and descent can be η = 
 = 0.973 [3], the amount of heat released during the accel-
eration/deceleration of the flywheels, based on the law 
of energy conservation, can reach the equivalent of more 
than 100 mln kW· h of energy. It is reasonable to accumu-
late all the thermal energy obtained for further consumption, 
thus not affecting the Earth’s atmosphere. Hence, the use 
of cryogenic hydrogen may be relevant in this case.

The study of the issue of utilization of heat exchange 
in outer space only by means of radiant heat exchange has 
shown that due to the variable operating conditions of space 

objects it is impossible to completely solve the problem 
of providing the thermal mode only by applying coatings 
with certain radiation characteristics [4]. The automation sys-
tem installed on board the VV, which, if necessary, should uti-
lize the excess heat using only internal resources, will make 
it possible to cope with this task. 

In confirmation of the above, in a spacecraft with heat- 
producing equipment located in unsealed compartments, 
liquid heat carriers circulating in the pipelines of liquid  
circuits are used to transfer a large amount of heat to an iso- 
lated radiation surface or to remove (supply) heat from high- 
power sources with high specific heat release density [4].  
If the temperature of the circulating heat carrier is main-
tained within the specified limits, it, in addition to heat trans-
fer, will also stabilize the temperature of the elements that 
have a direct thermal contact with it. Thus, devices that 
need cooling are installed on temperature controlled boards 
through which the heat carrier is circulated.In some cases, 
it is fed directly into the devices to cool heat-stressed el-
ements. Hydrocarbons, organosilicon liquids, freons, aque-
ous solutions of ethylene glycol, water and others are used 
as heat carriers.

As a rule, thermal management equipment (TME) is a set 
of various devices that regulate external and internal heat 
exchange of a spacecraft. Typically, TME systems include:

 • complex of means of active regulation of thermal 
processes, called a thermal management system (TMS);

 • passive thermal control devices (PTСD).

TMS includes ventilation equipment, a liquid circuit 
with heat exchange devices and means of heat flow con-
trol, active means of regulating radiant heat exchange, etc. 
PTCD are structural elements that ensure specified param-
eters of heat exchange with radiation and heat conductiv-
ity (thermal control coatings, various kinds of thermal in-
sulation and heat protection, thermal bridges and thermal 
resistances).

In addition, there are technologies to divert heat in space 
using hyperthermal conductive panels whose operation is  
similar to heat pipes (Figure 1) [5].

The presented idea is based on the use of phase transi-
tion features of special liquids on the solar and shadow sides 
of spacecraft. Due to capillary forces of the fuse, the liquid 
constantly returns to the place of heat input.

The application of thermal batteries for diversion of short- 
term heat flows of increased power (SHFIP) is considered 
in [6] (Figure 2).

Figure 1 – Diagram of operation of hyperthermal conductive panels. 
Stages of the thermal cycle:  

1 – liquid evaporation and heat absorption;  
2 – vapor movement to the cold section;  
3 – vapor condensation and heat release;  

4 – liquid movement to the hot section  

Hull

1

2 4

3

Channel for vapor movement

Heat outlet

Fuse

Heat input

Substances that can be involved in heat utilization sys-
tems with the use of working body discharge are presented 
in [6]. Water is the most preferred liquid. Four groups of sub-
stances are also proposed to be applied as heat storage 
material: paraffins, fatty acids, salt hydrates and a number 
of metal compounds.

This article focuses primarily not only on heat utilization 
systems but also on systems that function simultaneously 
as waste heat exchangers and energy sources, which will be 
additionally emphasized later.

In [7] indicates the possibility of using hydrogen in un-
piloted aerial vehicles (UAVs). In particular, the electric power 
plant for UAV motors includes a FC and a high-pressure hy-
drogen battery. The hydrogen battery is in the form of mul-
ticapillary objects located inside hollow structural elements 
of the UAV. In this case, hydrogen acts as a fuel and also  
as a lifting gas in the hull structure.

The amount of energy to be accumulated in the en-
closed space depending on the FC efficiency factor is pres- 
ented in a mathematical substantiation. The abovementioned 
review of some literature sources has shown that it is more  

convenient to utilize the excess heat, which is received  
by the VV from external or internal energy sources, with the  
help of special liquid or gaseous heat storage materials [8].

Mathematical Substantiation  
of Using Hydrogen 
for Heat Utilization in Space

Here are mathematical calculations showing the pos-
sibility of using hydrogen (as the cleanest energy source 
in space) as an energy source and heat storage material.

Based on [9], the chemical reaction of oxygen and hy-
drogen (in moles) occurs with the release of heat:

i.e., when 4 g of hydrogen interacts with 32 g of oxygen, 36 g 
of water is formed and 572 kJ of energy is released.

Taking into account the FC efficiency factor, the hy-
drogen consumption GH2

 (kg/s) required to obtain the power 
Р (kW) of electrical energy will be expressed by the following  
dependency:

                                                                                      (2)

Therefore, the oxygen consumption GO2
 (kg/s) and the wa- 

ter formation rate G H2O
 (kg/s) will be expressed by the following  

dependencies:

                                                                                      (3)

                                                                                     (4)

According to [10], the most widespread FCs have an effi-
ciency factor of about 40 %, which, based on the above calcula-
tions, makes it possible to determine the amount of substances 
involved in the process of generating electrical energy.

A vehicle with a travel time of 0.5 h between the final 
destinations, carrying six passengers, and the mechanical  
power of the electric motor Рmech  is equal to 100 kW with a me- 
chanical efficiency factor of 90 % (ηmech = 0.9) has been consid-
ered as an example. Electrical energy is supplied to the elec- 
tric motor from the converter, which is, in particular, a hydro- 
gen FC, having an electrical efficiency factor of 40 % (ηFC = 0.4). 
The power of heat emission of one passenger at rest Рr 

is 0.1 kW. The power of heat emission of onboard equipment 
without taking into account the motor is taken as 1 % 

(1)2Н2 + О2             2Н2О + 572 kJ,

 =GO2

P0.032
572η

,

Figure 2 – Circuit diagram of the use of thermal batteries: 
1 – source of SHFIP; 2 – heat exchanger;  

3 – pump; 4 – reservoir with working body;  
5 – evaporative emitter 
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of the electric power of FC, i.e., Рx 1 = 0,01Р/ηmech. This diagram 
is described in [11] and presented in Figure 3.

For the generated FC power of 111 kW at ηFC = 0.4 the con-
sumption of hydrogen and oxygen per second and the amount 
of water obtained will be: GH2

 = 1.94 g/s; GO2
 = 15.54 g/s; 

GH2O
 = 17.48 g/s.

As the FC efficiency factor increases, these values will 
decrease (Figure 4).

According to [11], the diagram of the heat utilizer with  
the use of cryogenic liquids is shown in Figure 5. The pro-
cess of liquid hydrogen boiling is proposed to be carried out 
directly in Dewar vessels, which are applied for its trans-
portation. The enclosed secondary circuit with a refrigerant 
having the temperature of transition to the solid phase be-
low the boiling point of liquid hydrogen (helium can be used 
as such a refrigerant, which does not transition to the solid 
phase at the temperatures of liquid hydrogen), provides flow 
circulation and heat supply for boiling directly into the Dew-
ar vessel. As the liquid hydrogen boils, its level decreases 
and the working part of the liquid immersion circuit decreases.

Secondary circuits with flows of heated air or other re-
frigerants from the vehicle interior, motors and other ele-
ments that need to be cooled can be connected to this cir-
cuit for heat exchange. The use of secondary circuits will 
make it possible to effectively prepare the refrigerants cir-
culating in them (for example, to separate the water con-
tained in the cooled air, which can clog the secondary circuit 
when it freezes).

The gaseous hydrogen obtained as a result of boiling  
in the Dewar vessel enters the supply system of the hydrogen 
FC. This system can be supplied with gaseous hydrogen from 
a separate tank or from the main line in which the VV moves. 

This solution contributes to power generation irrespective 
of the presence of gaseous hydrogen in the environment 
where the VV is operating.

The following parameters of refrigerants are set (Fig-
ure 6): at the inlet to the FC the temperature of hydrogen 
and oxygen for the reaction t r is equal to 20 °C; the tempera-
ture of liquid hydrogen and oxygen in cryogenic tanks will be 
respectively: tH2

 = –253 °C; tO2
 = –183 °C. 

Based on Figure 3, the total heat output to be utilized 
is determined by the following dependency: 

                                                                                      (5)

Since for generation of 1 kW · h of electric power ac-
cording to (2) an ideal FC needs hydrogen with mass m, 
equal to 25.17 g, the consumption of hydrogen GH2

 (kg/s) 
and oxygen GO2

 (kg/s) for creation of electric power P (kW) 
will be determined by the following dependencies:

                                                                                             (6)

                                                                                      (7)

The volume of liquid hydrogen VH2
 (m3) required for the VV 

operation during the time τ (h) will be expressed by the  
following regularity:

                                                                                      (8)

where ρH2
 – density of liquid hydrogen, kg/m3 (ρH2

 = 71 kg/m3).

Figure 6 – Temperature of refrigerants in the circuits: HEA1–HEA5 – heat-exchange apparatus cooling the secondary circuit;  
HEA6–HEA8 – heat-exchange apparatus heating the secondary circuit

The required volume of liquid oxygen VO2
 (m3) will be 

expressed by the following dependency:

                                                                                      (9)

where ρO2
 – density of liquid oxygen, kg/m3 (ρO2

 = 1,140 kg/m3).
The thermal power required to vaporize the specified 

consumption of hydrogen and oxygen will be Р1 and Р3 (kW) 
respectively:

                                                                                      (10)

                                                                                      (11)

where rH2
 – heat of hydrogen vaporization, J/kg (rH2 = 460,500 J/kg);

rO2
 – heat of oxygen vaporization, J/kg (rO2

 = 214,000 J/kg).
The heat power required to heat hydrogen and oxy-

gen to their reaction temperature tr , will be Р2 and Р4 (kW) 
respectively:

                                                                                      (12)

                                                                                      (13)

where ir (H2)
 – specific mass enthalpy of hydrogen at tr , J/kg (ir (H2)

 =  
 = 3,899,700 J/kg);

ir (O2)
 – specific mass enthalpy of oxygen at t r , J/kg (ir (O2)

 = 
 = 400,000 J/kg).

Electric motorFuel cell

Total heat emissions ΣР = 179.5 kW

Onboard 
electronics

Рх 1 = 1.1 kW Рх 2 = 166.7 kW Рх 3 = 11.1 kW Рх 4 = 0.6 kW

Passenger  
heat emissions

Р = 100 kW

ηmech = 0.9

Рe = 111 kW

ηFC = 0.4

Figure 3 – Structure of thermal power formation
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Figure 4 – Consumption of substances 
depending on the FC efficiency factor
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Figure 5 – Diagram of the heat utilizer with the use of liquid gas
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Figure 7 – Diagram of the thermal balance of the hydrogen motor heat utilizer depending on the FC efficiency factor
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Substituting the values into dependences (4)–(13), it can be 
noted that the spent volume of liquid hydrogen and oxy-
gen will be insufficient to utilize the heat generated during 
the VV operation (Figure 1). Taking into account the FC effi-
ciency factor (40–100 %), it is possible to utilize only 7.7–43 % 
of the total heat with the help of liquid hydrogen and oxygen, 
which is primarily due to high energy losses during transfor-
mations in the electric part of the rolling stock. Consequent-
ly, further work in the direction of using hydrogen in the VV 
is inextricably linked with increasing of the FC efficiency 
factor as well as with reducing losses on the conversion  
of energy spent on motion. 

Thermal Balance  
of Fuel Cell Operation

Other substances can be used to utilize the excess 
thermal energy, since the hydrogen and oxygen applied 
for the VV motion, as calculations show, are insufficient. Ac-
cording to [5], supercooled ice is used as an additional heat 
storage material, which can be formed in cosmic conditions 
from water using, for example, hyperthermal conductive 
panels.

The temperature to which water must be heated is 80 °C, 
and the temperature of supercooled ice is –100 °C (Figure 7).

Based on the thermal balance (released, consumed 
and extra thermal energy), the ice consumption required 
to accumulate the extra thermal energy Gi (kg/s), taking 
into account a 15 % reserve, will be as follows:

                                                                                      (14)

where ci – heat capacity of ice, J/(kg ·°C) (ci = 2,100 J/(kg ·°C);
ji – heat of ice melting, J/kg (ji = 333,500 J/kg); 
cw – heat capacity of water, J/(kg ·°C) (cw = 4,200 J/(kg ·°C). 
Based on the abovementioned dependencies, the di-

agram of the thermal balance of the hydrogen motor is  
presented (Figure 7).

The analysis of dependencies shows that the consid-
ered system at 100 % FC efficiency factor forms 7.2 kW of ex-
cess energy power, which is produced mainly due to me-
chanical losses, as about 10 % of electric motors power goes 
into heat. The calculations are presented in the Table. 

The mechanical efficiency factor of the motor at ηmech = 
 = 0.97 allows to refuse the use of an additional heat accumu-
lator (ice) when using an ideal FC (ηFC = 1).

Index
FC efficiency factor (η)

0.4 0.5 0.6 0.7 0.8 0.9 1

Electric motor power, kW 100

Mechanical efficiency factor of electric motor 0.9

Hydrogen consumption for FC at 100 % efficiency factor, g/kW·h 25.17

Actual hydrogen consumption for FC, g/kW·h 62.925 50.34 41.95 35.95714 31.4625 27.96667 25.17

Hydrogen consumption for FC (by chemical reaction), g/s 1.94 1.55 1.29 1.11 0.97 0.86 0.78

Number of passengers, person 6

Power of onboard electronics, kW 1.111111

Thermal energy to be utilized, kW 179.4889 123.9333 86.8963 60.44127 40.6 25.1679 12.82222

Thermal energy absorbed during hydrogen evaporation, kJ/kg 461

Thermal energy absorbed when hydrogen is heated 
in the range of 20–293 K, kJ/kg 

3,438.7

Total thermal energy absorbed by hydrogen, kJ/kg 3,899.7

Refrigerating power of hydrogen heat exchangers, kW 7.6 6.1 5 4.3 3.8 3.4 3

Oxygen consumption for FC (by chemical reaction), g/s 15.53704 12.42963 10.35802 8.878307 7.768519 6.90535 6.214815

Volume of thermal energy absorbed during evaporation  
and heating of oxygen, kJ/kg

400

Refrigerating power of oxygen heat exchangers, kW 6.2 5 4.1 3.6 3.1 2.8 2.5

Refrigerating power of the ice accumulator, kW 165.7 112.9 77.7 52.6 33.7 19 7.3

Final temperature of water formed from melted ice, °С 80

Volume of thermal energy absorbed during heating  
and melting of ice from –100 °C to 0 °C, kJ/kg

479

Heat capacity of ice, kJ/(kg·K) 4.2

Volume of thermal energy absorbed during heating  
and melting of ice, heating of water, kJ/kg

815

Weight of ice required for the ice accumulator, kg/s (g/s)
0.203  
(203)

0.139 
(139)

0.095 
(95)

0.064 
(64)

0.041 
(41)

0.023 
(23)

0.009 
(9)

Water release, g/s 17.47917 13.98333 11.65278 9.988095 8.739583 7.768519 6.991667

Oxygen release, g/s 15.53704 12.42963 10.35802 8.878307 7.768519 6.90535 6.214815

Table – Calculation of refrigerants power
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The total power of heat utilized in HEA3 and HEA4 ΣР 
is equal to 179.5 kW (the sum of P3 = Px 1 + Px 4 = 1.7 kW – thermal 
power released by passengers and electronic equipment; 
P4 = Px 2 + Px 3 = 177.8 kW – thermal power released by power  
electrical equipment).

Based on the conditions of providing the liquid phase 
of the refrigerant, we assume the following refrigerant  
temperatures in the secondary circuit:

 • between heat exchangers HEA2 and HEA4: t 1 = –5 °C;

 • between the evaporator tank HEA1 and heat exchanger 
HEA3: t 3 = –30 °C.

The temperature t2 between the evaporator tank HEA1 

and the heat exchanger HEA2 is determined from the ratio 
of thermal power: 

                                                                                      (15)

                                                                                     

The temperature t 4 between heat exchangers HEA3 
and HEА4 is determined from the ratio of thermal power:

                                                                                      (16)

                                                                                      

The mass consumption of the secondary circuit refrig-
erant Gref (kg/s):

                                                                                      (17)

where сref – refrigerant heat capacity, J/(kg ·°C).
A similar equation for the mass consumption of hydro-

gen GH2
 (kg/s) taking into account (17) will have the following  

look:

                                                                                      (18)

                                                                                     

On the basis of dependences (10) and (12) the power 
consumption for boiling and heating of hydrogen will be:  
P1 = 21.2 kW; P2 = 158.3 kW.

Determination of Operation Parameters 
of Hydrogen Heat Utilizer

The case when only liquid hydrogen will act as a utilizer 
of excess energy is considered. Let us determine its quanti-
ty required for the abovementioned conditions. The diagram 
of the heat exchanger is shown in Figure 8.

In the proposed heat utilization option, the extra energy 
is used to heat liquid hydrogen before feeding into the hydro-
gen FC from a temperature tH1

 = −253 °C, at which the evapo-
rator tank HEA1 with liquid hydrogen is installed on the vehi-
cle, to a temperature tH2

 = 20 °C, at which gaseous hydrogen 
is fed into the hydrogen FC.

A Dewar vessel of size SK-40 and nominal volume VD = 40 l 
is taken as the evaporator tank HEA2 and the following pa-
rameters of the heater of the coil heat exchanger placed 
in the evaporator tank are set:

 • diameter of tube turn in the coil heat exchanger, mm 
(dturn = 60 mm);

 • number of turns (n = 20);

 • turn pitch, mm (a = 8 mm);

 • external diameter of the heat exchanger tube, mm  
(d2 = 4 mm).

Figure 8 – Diagram of hydrogen heat utilizer
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tH2
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On this basis, the heat exchange area f (m2) is determined: 

                                                                                      (19)

                                                                                     

The heat transfer coefficient К taking into account 
the provision of turbulent forced motion of the refriger-
ant (helium) in the liquid phase in the secondary circuit 
(liquid flow velocity of 2 m/s at the 3 mm inner diameter 
of the tubes) can be taken equal to 400 W/(m2·К) (according  
to recommendations [12]).

The thermal power of one evaporator tank (Dewar vessel)  
РD (kW) in this case will be as follows:

                                                                                      (20)

                                                                                     

According to the diagram shown in Figure 8, the refrig-
erant of the secondary circuit should have a liquid aggregate 
state in all four points, i.e., it is possible to use liquids having 
a temperature range of –5... –30 °С. 

Based on the thermal balance, to utilize the thermal en-
ergy with a power of 179.5 kW Р1 /РD = 21.2/4.21, i.e., five Dewar 
vessels with a total production of mH2

 (kg) of hydrogen over 
a transport travel time of 0.5 h would be required: 

                                                                                      (21)

                                                                                     

Conclusion

The presented calculations allow to conclude that, de-
pending on the FC efficiency factor, it is possible to accumu-
late (utilize) by means of liquid hydrogen and oxygen not more 
than 43 % of the total thermal energy due to high conversion 
losses in electric parts of transport. By increasing the FC ef-
ficiency factor as well as reducing other conversion losses 
of energy (e.g., energy used for transport motion), the energy 
utilization efficiency index will improve – it will approach 100 %. 

The analysis of dependencies demonstrates that at 100 % 
FC efficiency factor the considered transport generates 
7.2 kW of discharge heat power, which is generated main-
ly due to mechanical losses (10 % of power is transferred 
into thermal energy during transformations). Only at 97 % ef-
ficiency factor of the mechanical part of the motor we can 
talk about a complete refusal from the use of an additional 
cold accumulator (at 100 % FC efficiency factor).

In addition, it can be asserted that the increase of hy-
drogen heat utilizer power is more influenced by the heat 
exchange area (which is limited by the dimensions of cryo-
genic vessels) than by the change in the characteristics 
of the liquid refrigerant of the secondary circuit. For this rea- 
son, the design of vessels, in which it is supposed to both 
transport liquid hydrogen and provide heat exchange, should 
be done taking into account the need to maximize the area 
of heat exchange elements (for example, installing heat  
exchangers on the walls and bottom of the vessels used).

Thus, the results of research show the possibility of us-
ing hydrogen as an energy carrier and refrigerant simulta-
neously, while the choice of parameters of the heat storage 
system should be carried out depending on the operating 
modes of the orbital transport, providing a full-fledged func-
tioning in vacuum conditions of the ISN “Orbit”, which will be-
come in the future one of the grandiose artificial constructs 
of humankind in near-Earth space.
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A technological scheme for concrete production with added glass chips  
obtained from household appliances is proposed in the article. This concrete  
is planned to be used for construction of the General Planetary Vehicle (GPV)  
takeoff and landing overpass encircling Earth in the equatorial plane.  
Recycling of failed glass appliances containing heavy metal ions is performed  
considering analysis of glasses from the TV kinescopes and identification  
of their chemical composition. The authors offer a technological process  
to prepare kinescope glass waste for production of construction materials,  
as well as a device for grinding glass into small size fraction that is necessary  
to provide optimal composition of concrete mix.
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Introduction
One of the fundamental directions of the global uSpace 

geocosmic program, focused on the non-rocket near space 
industrialization, is the construction of such a large-scale fa-
cility as the General Planetary Vehicle (GPV) overpass, which 
is a takeoff, landing, power and communication complex 
of the overpass type for geocosmic transportation, locat-
ed along the equator and having a length of 40,076 km [1, 2]. 
Erection of this structure requires significant material costs, 
most of which are expenses for construction materials. 
In order to solve the issue of creating economical and en-
vironmentally friendly innovative materials, it is proposed 
to use a closed cycle (recycling) technology to process 
household waste accumulated by modern society. 

E-waste is one of the main sources of environmental 
pollution, but it can be considered as a secondary resource 
as it contains valuable components. Hence, their reuse is not 
only an important element in the overall waste manage-
ment structure but is also of interest in terms of material 
and resource potential. 

Disposal of old equipment prevents the problem of buy-
ing a more modern and upgraded model or replacing one 
that has fallen into disuse. People often do not know what 
to do in this case with old household appliances. Proper or-
ganization of this process allows to solve many issues, in-
cluding economic and environmental ones. From economic 
point of view, the disposal of household appliances is bene-
ficial because it provides an opportunity to reuse materials 
in industrial production, in addition, some types of equip-
ment contain a certain amount of precious metals. Moreover, 
plumbicon-type kinescopes and other glass devices contain 
heavy metal ions: lead, barium, strontium [3]. 

The main tasks of recycling production are collection, 
storage, transportation, sorting, neutralization, recycling or dis-
posal of material. It has been established that the processes 
of decomposition and oxidation of metals lead to an ex-
tremely negative impact on all living organisms and the state 
of the soil; materials of low quality are often used in the man-
ufacture of electronic circuits, and their decomposition re-
sults in a huge amount of poisonous toxic substances get-
ting into the ground; the decay period of plastics can be up to  
50 years, depending on the size of devices.

Problems of Recycling Household Appliances Waste
The growth of e-waste volumes is due to the increasing 

use of electronic equipment, shorter lifetimes and few repair 

options. According to The Global E-waste Monitor, it can 
be noted that in 2019 the volume of e-waste in the world 
amounted to 53.6 mln tons (excluding solar panels), or about 
7 kg per capita [4]. 

Expert V. Forthy from the United Nations University 
reports that Asia produced the largest amount of waste – 
24.9 mln tons. Next come North and South America (13.1 mln 
tons), Europe (12 mln tons). The list is completed by Africa 
and Oceania (2.9 and 0.7 mln tons respectively). On a per cap-
ita basis, the data are as follows: Europe (16.2 kg) and Oceania 
(16.1 kg) lead the way. Asia (5.6 kg) ranks second to last [4, 5]. 
The volumes of e-waste production in different years are 
presented in Figure 1.

Today, the global growth of e-waste exceeds the rate 
of collection and recycling. Statistics show that the high-
est rate of waste collection is observed in Europe (45–48 %), 
where the Directive 2012/19/EU of the European Parliament 
and the Council on Waste Electrical and Electronic Equip-
ment (WEEE) is in force. It defines the norms for recycling 
and recovery of WEEE [4]. 

The Republic of Belarus has adopted a legal act of gen-
eral validity – the Law of July 20, 2007 No. 271-Z “On Waste Man-
agement”. At the same time, the sector of collection and re-
cycling of e-waste is much better developed than in other 
European countries. Facilities for collection and acceptance 
of recyclable materials have been opened on the territory 
of the country, private collectors are working. In addition, 
e-waste is accepted in repair shops and service centers. 
In 2019, 23,000 tons of e-waste were collected in the Republic 
of Belarus [6]. 

In the framework of the international forum on waste 
management (The WEEE Forum), scientists noted that 
the volume of waste from gadgets around the world is grow-
ing rapidly. By 2030, this figure will reach 74.7 mln tons. Based 
on forecasts, by 2050 it may reach 120 mln tons, which is ex-
plained by the ever-increasing number of people who buy 
electronic products [5].

According to experts, the population will continue 
to throw away lamp and kinescope models of TV receivers 
until 2025 [7]. TV sets (kinescope, plasma and liquid crystal), 
personal computers and other devices have become wide-
spread among e-waste in recent decades. The accumulation 
of such scrap is due to the fact that today the equipment 
is rapidly becoming obsolete.

The main environmental hazard is lead oxide, which 
is a component of kinescope glasses. Its amount in one 
kinescope depends on the size of the device and may vary 
from 0.5 to 2.9 kg. 

A peculiarity of the glass under study is that lead ions 
are relatively easily leached from the mass and released 
into the environment. For example, in case of improper pro-
cessing of glasses containing heavy metals, leaching of lead 
ions may occur under the effect of organic acids, which are 
formed at the landfill for household waste. Glass cement 
is the most easily leached of all lead-containing compo-
nents of the kinescope. Lead, like its compounds, is a toxi-
cant with a pronounced cumulative effect, causing changes 
in the nervous system, blood and blood vessels. This fact 
implies the need for proper treatment of such glasses.

Thus, the researchers were posed with a task to devel-
op a technological process of glass preparation for the pur-
pose of its further application. TV kinescopes are chosen 
as the object. They are currently not used due to their com-
plex composition, which is an acute problem for recycling 
enterprises. 

Let us consider the components of the kinescope (Fig-
ure 2). On average, 87 % of its mass is glass of three grades, 
which includes strontium, barium and lead. 

Four layers are applied to the inner surface of the screen. 
The first one is a carbon coating with various additives of sur-
factants. The second one creates a coating of luminophors, 
on which the third layer – a wax-like one – is applied to smooth 

and protect the surface. The aluminum coating is the fourth 
layer, necessary to increase brightness. The inside of the ki-
ne scope cone has a layer of iron oxide and the outside has 
a layer of graphite. The screen and the kinescope cone are 
joined together using glass cement.

After disposal of the other parts, only the kinescope re-
mains and needs to be separated into cone and screen due to  
their different chemical composition, which is important 
for their subsequent recycling.

Figure 1 – E-waste volumes in 2014–2030 (future projections do not take into account economic consequences related to the COVID-19 crisis)

Figure 2 – Components of the kinescope
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To determine the chemical composition of glass, the  
authors analyzed samples taken from the coating of kine-
scope glass. The methodology for determining the content 
of the main chemical components is set out in GOST 32362-
2013 “Inorganic Glass and Glass Crystalline Materials. Deter-
mination of Chemical Composition. General Requirements 
for Methods of Determining the Content of the Main Chem-
ical Components”. The results of the study are presented 
in Table 1.

Table 2 shows the average chemical composition 
of kinescope glasses (the composition may vary depending 
on the TV manufacturer).

Analyzing the data of Tables 1 and 2, we can conclude: 
the presented samples do not correspond by 100 % to any 
chemical composition of glass specified in literature sources. 
This may be due to inaccurate splitting of kinescope glass 
by its types at the enterprise.

When glass is split, two of its types can be obtained – 
barium-strontium glass and lead glass. 

Barium-strontium glass is used in the production of con-
struction materials due to the low leachability of barium 
and strontium ions, the concentration of which does not 
exceed permissible standards. 

The only and most common method of lead glass re-
cycling is to use it as a recyclable material for lead produc-
tion (flux is partially replaced by lead glass in metallurgical 
smelting furnaces). Alternative disposal methods are also 
proposed, which generally boil down to the idea of using 
glass to make building materials or as an additive in bricks, 
concrete, cement, decorative tiles, etc. Such materials 
with increased lead glass content may be suitable for pro-
tection against X-ray radiation. Lead glass is also needed 
in the ceramic industry to create leaching resistant glazes.

The main disadvantage of building materials with ad-
ditives of crude lead glass is a decrease in their mechani-
cal properties. In addition, it is found that the concentration 
of lead ions in most cases exceeds permissible standards.

In the Republic of Belarus, glass waste is used as a sub-
stitute for quartz sand in the production of construction 
materials, ceramic tiles, etc.

Thus, secondary application of kinescopes is allowed, 
but there is a need for their splitting, cleaning and recy-
cling, which is possible only if there is special equipment 
at the enterprises for their disposal. That is why it is suggest-
ed that glass should be crushed and purified from harmful 
substances for further recycling and use.

Table 1 – Results of laboratory determination of the glass chemical composition, %

Substance Chemical formula Sample No. 1 Sample No. 2

Silicon oxide (silica) SiO2 61.9 26.3

Aluminum oxide Al2O3 2.6 1.3

Lead oxide PbО 6.6 38

Zinc oxide ZnO 0.1 0.5

Sodium oxide Na2O 5.5 6

Potassium oxide К2O 7 8

Calcium oxide СаO 0.5 1.9

Iron oxide Fe2O3 0.1 0.1

Strontium oxide SrO 6 8.1

Barium oxide BaO 9 9

Other oxides – 0.7 0.8

Technological Process of Glass Grinding

After sorting from plastic, the glass goes to the crush-
ing area to be split into coarse fractions using hammer 
crushers.

Piece sizes of the first grade glass scrap should be 10–
50 mm. In the batch of glass scrap it is allowed to contain 
the pieces with the size over 50 mm – not more than 5 %; 
with the size less than 10 mm – not more than 1 %. The size 
of pieces of the second grade glass scrap is not standardized, 
the weight of pieces – not more than 2 kg.

Due to the fact that the fraction of pieces in the batch af-
ter the first crushing is heterogeneous, it is necessary to con-
tinue further crushing to homogeneity – grinding. For this pur-
pose, it is proposed to use a rotary crusher (the authors’ own 
development), the layout of which is shown in Figure 3.

The rotors are gears rotating towards each other 
at the same speed.

Table 2 – Average chemical composition of kinescope glasses, %

Substance
Chemical 
formula

Screen and cone 
(black-white TV)

Lead-containing 
screen

Screen Cone CRT glass
Glass  

cement

Silicon oxide SiO2 65 44.2 62 52 33.7 2

Aluminum oxide Al2O3 3 1.5 2.2 4 1.8 –

Lead oxide PbО 4 4.2 – 22 39.4 75

Zinc oxide ZnO 0.1 0.5 0.3 – – 11

Sodium oxide Na2O 7 6 8 6.8 5.6 –

Potassium oxide К2O 7 11.5 7 7.8 8.6 –

Calcium oxide СаO 0.5 2.5 0.5 3.8 4.3 –

Magnesium oxide MgO – 0.2 0.2 1.8 1.4 –

Iron oxide Fe2O3 0.1 0.1 0.08 0.1 1 –

Strontium oxide SrO 1 16.8 8 0.5 0.2 –

Barium oxide BaO 11 10.9 10 1 – 2

Boron oxide B2O3 – – – – 3.5 9

Other oxides – 1.3 1.6 1.72 0.2 0.5 1

Figure 3 – Rotary crusher

The glass mass is fed to the rotors via an inclined chute 
and is directed into the gap between them by the friction 
force arising from contact with the surface of the rotors. 
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The material undergoes in the gradually narrowing 
space increasing deformation, stretching and compressive 
stresses, which are increased by the rotation of the rotors.

The friction forces are determined from the following 
dependencies:

T1 = T2 = N1f1 = N2f2 = N1tg β1 = N2tg β2,

where f1, f2 – friction coefficients of material against the rotors 
surface;

β1, β2 – friction angles of material against the rotors 
surface, °.

The values β1, β2 depend on the viscosity of the glass 
mass.

Let us make an equilibrium equation of the force pro-
jection magnitude on the OХ axis; we assume that the center 
of coordinates is in the middle of the gap:

F = G − N1 sin α 1 + N2 sin α2 + T1 cos α 1 + T2cos α2,

where F – the force of pulling the material into the gap, N.

Substituting the values of Т1, Т2, we obtain:

F = G − N1(sinα1 + cosα1tgβ1) − N2(sinα2 + cosα2tgβ2).

If we assume that

α = α1 = α2 and β = β1 = β2,

the force of drawing the material into the gap between 
the rotors is equal to:

F = G − 2N (sin α + cos α tg β).

Then the mass of glass pulling by rotors at G = mg is:

m =                                         , kg.

The performance of the device and the particle size at  
the outlet depend on the distance n between the distributing 
rotors:

P =          ρSgVshaft , kg/s,

where ρ – product density, kg/m3;
Sg – area of the gap between the distributing rotors, m2;
Vshaft – rotation speed of distributing rotors, m/s.

Sg = bn,

where b – length of distributing rotors, m.
The grinding process produces chips of a homoge-

neous fraction of 0.4–5 mm, which must then be chemically 
treated.

Technological Process of Glass Purification  
from Harmful Impurities 

Cleaning from Luminophors
After separation of fractions, the obtained glass pow-

der is treated for 10–30 min with a detergent solution, 
which is an aqueous hydrochloric acid solution (concen-
tration 0.01–0.9 of the total mass). The luminophore settled 
down to the bottom of the container is rinsed, dried, sift-
ed and sent for reuse. As a result of treatment of the glass 
scrap with aqueous acid solution there occurs separation 

(2)

(3)

(4)

(5)

(6)

(7)
60

1,000

g

(8)

The glass is crushed to homogeneous fractions due to friction 
forces and impact loads.

Let us consider the condition of pulling the glass into  
the gap (Figure 4). The following forces act on the mate-
rial: G – gravity force of the material, N; N1, N2 – reaction 
forces of the rotors, N; Т1, Т2 – friction forces of the materi-
al on the surface of the rotors, N. The values α1, α2 – angles 
of mass capture by the rotors – depend on the angle of incli-
nation of the shaft walls and the distance between the plates; 
v – linear speed of rotation.

Figure 4 – Diagram of pulling the material with rollers
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n
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v1 = v2 = const

v2v1

α1 α2O

T1 T2
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of luminophore from glass surface; the utilized lumino-
phore does not differ from the initially used luminophore 
by granulometric composition and light-technical prop-
erties. Then the glass scrap is rinsed with water to clean 
the glass from traces of luminophore and mineral acid. 
Thus, the output is a mixture of two types of glass – lead 
glass and barium-strontium glass.

Cleaning from Lead
To date, the only and most widespread method of lead 

glass recycling is its use as a recyclable material for lead 
production. For this purpose, metallurgical smelting furnaces 
are applied, in which flux is partially replaced with lead glass. 
The furnace is heated with the help of electricity, and lead 
glass (chips up to 3 mm in size), precrushed and mixed 
with the melt of oxysulfate paste, is used as a raw material. 
After the reduction process at 1,200 °C, the output is lead 
granules and glass.

The second way to clean glass from lead particles 
is its special chemical treatment, the essence of which 
is the preliminary leaching of this substance. The extraction 
process is usually carried out with nitric acid for 1 h, then 
the crushed glass is rinsed and dried. The products of leach-
ing are then sent to a chemical plant for further process-
ing, and the resulting glass chips can be used in building 
materials.

Production of Concrete  
Using Purified Glass Scrap 

Concrete containing fillers in the form of glass chips 
is superior to the traditional construction mix. The main 
advantages of glass concrete are: 

 • reduced weight (main fillers are cement, glass fiber 
(glass), sand);

 • increased strength (glass-filled composite is charac-
terized by resistance to deformations, and the parameters 
of impact resistance exceed the characteristics of concrete 
mortar by 15 times);

 • extended area of application and a wide range of man-
ufactured products;

 • a significant number of possible additives that have 
a versatile effect on the characteristics of the resulting 
building materials.

However, incorrect proportions of components signifi-
cantly reduce the strength of glass concrete.

Dosing of Concrete Mixture Components 
The degree of homogeneity of the mixture is an indica-

tor of mixing efficiency. According to the definition previously 
adopted in the domestic literature, the intensity of the mix-
ing device (also known as mixing intensity) is characterized 
by the following values:

 • the time of achieving a specific technological result 
at a constant rotational frequency or the rotational fre-
quency (peripheral speed of mixing blades) of the mixing 
mechanism at a constant process duration;

 • the power used for mixing, applied per volume unit 
or weight of the material to be mixed.

The building of concrete structures requires techno-
logical equipment that guarantees the production of con-
crete mixtures with the required properties and concrete 
with the specified design characteristics.

When selecting the technological equipment accord-
ing to specific types of concrete and peculiarities of the ap-
plied technology, it is necessary to be guided by the following 
provisions.

The following items are used in the technology realized 
by the premixing method:

 • serial mixing equipment of domestic production;

 • spiral-vortex mixers;

 • bar-screw mixers;

 • imported mixers of premixing.

Serial technological equipment for the manufacture 
of conventional reinforced concrete structures can be 
used for vibro-compaction of concrete mixtures, including 
with tightening weight and vacuumization.

The technology of preliminary blending the mixtures 
(premixing) with subsequent compaction through various 
technological methods is recommended for mass pro-
duction of precast concrete structures in factory con-
ditions with a relatively small nomenclature of products 
and significant production volumes.

When implementing the technology of manufacturing 
concrete structures by premixing method, it is necessary 
to consider the peculiarities of arrangement of embedded 
parts in them.

The technological diagram of the pilot line for the pro-
duction of concrete sheet elements with the addition of glass 
chips is presented in Figure 5.

An experiment was conducted in order to determine 
the optimal mixture composition using kinescope glass 
waste.

(1)
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The initial volume composition of the concrete mixture: 
one part – cement, 2.6 parts – sand, 4.5 parts – crushed stone. 
In our case, glass chips were additionally added to the mix-
ture – 0.4–1.2 parts of the resulting mass of the mortar. 
The ratio of introduced sand and glass chips is proportion-
al but not more than 2.6 parts. The composition of mixtures 
made for the study is presented in Table 3.

According to the state standard, concrete mixtures are 
characterized by the following technological quality indicators: 
workability, average density, delamination, porosity, tempera-
ture, time stability of properties, volume of air involved. During 
testing, the quality of the mixture is determined by its shrink-
age and air pore content, while the quality of the hardened 
mixture is assessed by the values of compressive strength 

Table 3 – Composition of mixtures for the study

Sample
Composition, parts

Cement Crushed stone Sand Glass chips

No. 1 1 4.5 2.6 –

No. 2 1 4.5 2.2 0.4

No. 3 1 4.5 1.8 0.8

No. 4 1 4.5 1.4 1.2

Figure 5 – Technological diagram of the pilot line for the production of glass concrete sheet elements:  
1 – mixing unit; 2 – feeder-doser; 3 – mixture laying pallet; 4 – product molding conveyor; 5 – leveler; 6 – product molding pallet; 7 – tip-over device;  

8 – vibration rollers; 9 – clippers; 10 – cart; 11 – prehardening chamber; 12 – demoulder; 13 – conveyor; 14 – wet hardening conveyor;  
15 – finished product warehouse; 16 – pallet cleaning and lubrication station; 17 – relocator; 18 – mobile feed conveyor for primary materials

limit after 28 days. In addition, the weight of the samples af-
ter storing is measured. The finished material must acquire 
the design strength by a certain date and have the neces-
sary properties according to the purpose of the manufac-
tured structure: water resistance, frost resistance, density 
and others. 

To obtain high quality products, it is necessary that 
the concrete mixture has a consistency that corresponds 
to the methods of its placement and compaction. The con-
sistency of the mixture is evaluated by its mobility or stiff-
ness. The mobility of the mixture is its ability to spread under 
its own weight. To determine this parameter, a cone is used, 
which is filled with the mixture layer by layer in three steps, 
compacting it by rodding (Figure 6) [8]. 

1 6 8 97 10 11 12 132

3 4 17

1816 15 14

5

Table 4 – Normative and experimental values of cone sediment

Table 5 – Experimental parameters of samples

Sample
Weight, g Destructive load, kN

before storing after storing before storing after storing

No. 1 2,360 2,300 112 158

No. 2 2,340 2,280 124 164

No. 3 2,335 2,214 118 160

No. 4 2,320 2,200 108 142

Sample
Sample cone 
sediment, cm

Normative index of cone sediment for different grades, cm

P1 P2 P3 P4 P5

1–4 5–9 10–15 16–20 Above 20

No. 1 10 +

No. 2 10 +

No. 3 11 +

No. 4 12 +

Figure 6 – Determination of mixture workability by cone sediment:  
1 – supports; 2 – cone; 3 – handles; CS – cone sediment

Table 4 shows the normative and experimental values 
of cone sediment and the grade of the mixture meeting these 
values. The grade indicates the mobility of the mixture when 
paving: P1, P2, P3 – low-mobility; P4, P5 – with high mobility. 

According to the obtained data, the experimental 
mixtures correspond to P3. It means that all samples are 
of low- mobility type, i.e., their consistency is thick. Mix-
tures of such grades should be used for the construction 
of monolithic structures. When filling them, vibrators must 
be employed.

Class (grade) of concrete is characterized by its strength,  
which is determined by compression of samples with a rib 
of 150 mm, made of the working mixture after their hard-
ening for 28 days in normal conditions. Normal conditions 
of hardening of the material are considered to be relative 
humidity of 90–100 % and temperature (20 ± 2) °C. High 
air humidity is necessary to avoid evaporation of water 
from the mixture, which can lead to termination of hardening. 
The hardening of the material accelerates with a rise in tem-
perature and slows down with its fall. The experimental 
parameters of samples are presented in Table 5.
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It should be noted that the samples with the introduc-
tion of glass chips slightly decreased in weight but increased 
in strength. However, in case of adding chips in the ratio 
with sand almost 50/50, the strength decreased.

The economic effect of the technology under consid-
eration is to increase the strength of concrete mixtures 
and expand the scope of using kinescope glass waste. 

The test results (Table 6) showed that the samples 
with the addition of glass waste in terms of strength corre-
spond to concrete of С8⁄10 grade according to STB 1544-2005  
 “Structural Heavy Concrete. Technical Conditions”. The strength 
of the samples increased by 0.6–2.7 MPa (4.8–21.6 %).

Thus, the use of glass waste in concrete products will in-
crease the compressive strength of concrete, which will allow 
saving cement and sand (with the same strength indicators 
of the structure). In addition, thanks to the proposed technol-
ogy, the repair-free period will increase, which is especially 
important in the construction of such a large-scale facility 
as the GPV equatorial launch overpass.

Conclusion
E-waste recycling is not only a significant element 

in the overall waste management structure but is also of in-
terest in terms of material and resource potential. It is noted 
that e-waste is a significant source of environmental pollu-
tion, however, it can be considered as a secondary resource 
as it contains valuable components. One of such compo-
nents is glasses used for optical application, TV kinescopes, 
monitor screens, which have a complex composition for their 
further recycling. 

This article presents a technological process for the pre-
paration of glass waste from kinescopes for the production 
of reinforced building materials – by the method of mixing 
and vibration.

A device for grinding glass into a fine fraction, pro-
viding its uniform mixing with concrete mortar, is pro-
posed, and the optimal composition of the concrete mortar 
is determined. 

Table 6 – Results of tests on samples

Standardized strength and density 
characteristics of concrete

Sample characteristics Test results
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, M
Pa Sample strength deviation

MPa %

MPa %

С8/10 12.9 9

2,360

10 × 10 × 10

2,360,000 112 10.7 –2.2 –17.3

2,300 2,300,000 158 15 +2.1 +16.6

2,340 2,340,000 124 11.8 –1.1 –8.5

2,280 2,280,000 164 15.6 +2.7 +21.6

2,335 2,335,000 118 11.2 –1.7 –12.9

2,214 2,214,000 160 15.2 +2.3 +18.1

2,320 2,320,000 108 10.3 –2.6 –20.3

2,200 2,200,000 142 13.5 +0.6 +4.8

It was found that concrete structures produced from  
mixtures of new formulations have an advantage over con-
ventional ones – the compressive strength increases by 0.6–
2.7 MPa (4.8–21.6 %). 

The use of the considered technology, assuming the in-
troduction of a stabilizing additive in concrete, will reduce 
material costs for the production of the GPV launch overpass 
and at the same time improve the strength characteristics 
of the object to be erected.
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Introduction
The development of enclosed ecosystems dates back 

to the very beginning of space exploration by human. This 
kind of research have begun more than 60 years ago and con- 
tinues to this day, actively gaining momentum. This is due, 
firstly, to the increased interest not only of the world’s states 
but also of private companies in space exploration, and sec-
ondly, to the aggravation of global problems of our time, 
shortage of human and natural resources, climatic disasters, 
wars, overpopulation of the planet, etc. [1, 2]. 

Engineer A. Unitsky has developed a concept for the con- 
struction of the Industrial Space Necklace “Orbit” (ISN “Orbit”). 
This is a multi-orbital transport, infrastructure and industrial- 
residential complex covering the planet in the equator plane 
and serving the Earth’s humanity. It will become a func-
tional analog of the Equatorial Linear City, a kind of a foot-
hold in case of various cosmic threats, including meteor-
ites, as well as a technological platform for deep space  
exploration [1–3].

The structure of ISN “Orbit” presumes the construction 
of EcoCosmoHouses (ECHs), which are enclosed ecosystems 
of biospheric type, where all residents should be provided  
with balanced nutrition and quality drinking water [4–7]. 
In such an environment, the need to create enclosed sys-
tems becomes acute. They should be characterized by full cy-
cles of self-supply of people with all necessary things: food,  
water, oxygen, etc. 

The ECH functioning technologies should support com-
fortable conditions for the stay of people. In particular, 
the following are mandatory:

 • constant supply of sufficient oxygen to residents;
 • comprehensive air purification from harmful impurities;
 • humidity control; 
 • control of compartment tightness;
 • detection and extinguishing of fires;
 • delivery and storage of water, its regeneration and pu- 

rification;
 • food supply, including food storage, food waste processing; 
 • hygienic control and sanitation [8].

The process of creating a full-fledged, fully autonomous 
and enclosed ecosystem is very complicated, and no 100 %  
successful experiments of this kind have been reported 
to date [9–11]. 

When developing enclosed ecosystems, it is necessary 
to give preference to equipment and technologies, the opera- 
tion principle of which is based on the use of electric power.  

This is due to the fact that there is an inexhaustible source 
of solar energy in outer space that can be converted into elec- 
trical energy, which does not require the delivery of natu-
ral fossils from Earth [12]. Consequently, an electrohydrau-
lic discharge equipment (EHDE) in Earth’s orbit will be a good 
alternative to the traditional and widely used equipment  
applied on our planet. It should be noted that the arrange-
ment of a human settlement in space makes it difficult to de-
liver any cargo from Earth, therefore, the most preferable 
technologies are those that imply the possibility of creating  
an enclosed cycle with a full autonomy.

The use of EHDE in industry is quite diverse [13]. There 
are more than 35 known directions of application of the unit 
in such spheres as mechanical engineering, mineral ex-
traction, construction, mining engineering, medicine, agri-
culture, ecology, power engineering as well as for crushing 
of glass sludge, ferromagnets, vegetable waste, peat, pre-
cious stones, nonmetallic and other materials, ore benefici-
ation, extraction of residual minerals from dumps, destruc-
tion of various objects (rocks, reinforced concrete structures, 
foundations, ice, frozen rocks), mechanic activation of con-
struction materials, mixing solutions, cleaning surfaces,  
water disinfection, increasing soil fertility, etc.

A good alternative to traditional methods of grinding 
and disinfection in the process of creating enclosed sys-
tems intended for implementation in ECH can be the use 
of EHDE. The principle of its functioning is based on the elec-
trohydraulic effect (Yutkin effect), the essence of which is  
the conversion of electrical energy into mechanical one 
with a high efficiency factor. It occurs due to the fact that 
a specially formed pulse electric discharge flows inside 
the liquid volume. Around its zone, ultrahigh pulse pres-
sures appear; they are capable of doing mechanical work 
and are accompanied by a complex of physical and chemical  
phenomena [13].

One of the main advantages of the introduction of elec-
trohydraulic discharge technology in the conditions of cosmic 
life is environmental friendliness, which is dictated by the ab-
sence of additional introduction of chemicals, formation 
of by-products.

The purpose of this work is to investigate possible ways 
of using the EHDE during long-term stay of people in the en-
closed ecosystem of the ECH. Due to the fact that there  
are a lot of directions of the EHDE application, three of them 
were chosen related to the provision of food and water 
to the residents.

The first direction is the use of the unit for grinding 
of natural materials, in particular, brown coal as a component 

of light potting soil intended for growing plants in the ECH 
[14, 15]. In [13, 16], the authors propose to add waste and plant 
residues after grinding as nutrients into soil in space con-
ditions. Within the framework of this direction, it is planned 
to expand research on the shredding of natural materials 
using the EHDE.

The second direction is disinfection of water after waste- 
water treatment, which, depending on its quality, can be 
applied for domestic and technological needs, irrigation 
of plants, etc. [17, 18]. 

The third direction is the use in closed-type installations 
for aquaculture, in particular, fish cultivation [19, 20]. 

According to the set goal, the following tasks were 
tackled:

 • determination of the impact of different parameters 
of the EHDE operation on the grinding of natural materials 
on the example of brown coal as a component of potting  
soil intended for plant cultivation;

 • determination of the effect of electrohydraulic shock 
on the death of microorganisms and algae in the circuits 
of purification and treatment of drinking and waste water 
as well as in enclosed systems of fish cultivation.

Modifications to the traditional schemes for obtain-
ing potting soil, wastewater and fisheries water treatment  
are proposed based on the results achieved.

Description of the UniThorr EHDE Operation
The study was carried out on the UniThorr EHDE (Fig-

ure 1) created by the employees of Unitsky String Technolo-
gies Inc. (Minsk, Belarus). The main components of the unit 
are the pulse current generator and the working chamber. 
The latter is a container with a treated material, process  
fluid as well as negative and positive electrodes inside.

A simplified wiring diagram of the UniThorr EHDE is  
shown in Figure 2.

The unit functions as follows. A capacitor battery is  
charged from a high-voltage transformer through a rec-
tifier and a charging resistor. When the required voltage 
is reached, voltage is applied to the positive electrode  
located in the working chamber via an air gap. Closure 
of the discharge gap is accomplished by a spark breakdown 
in the liquid between the positive and negative electrodes 
located inside the working chamber. The negative elec-
trode is a metal plate embedded in the bottom of the cham-
ber; the positive electrode is a dielectric pencil with a metal  
rod inside.

Figure 2 – A simplified wiring diagram of the UniThorr EHDE: 
R – charging resistor; Tr – transformer; V – rectifier;  
SG – shaping spark gap; OG – operating spark gap;  

С – operating capacitance of condenser

Figure 1 – The UniThorr EHDE
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Application of the UniThorr EHDE  
to Obtain a Light Potting Soil Component

For a wholesome and qualitative stay of people in the ECH 
it is necessary to provide them with a balanced diet. It means 
that it should be obligatory to provide for the possibility  
of plant food in the enclosed ecosystems. Various techno- 
logies of plant cultivation under the conditions of out-
er space are being developed for this purpose. Experiments 
are described in [15], and the composition of light potting 
soil was selected for the ECH using UniTerra ameliorant- 
soil improver created on the basis of brown coal process-
ing [21]. In addition, UniTerra contains humic substances  
and soil microorganisms. All these components are consid- 
ered to be important factors for the formation of highly  
fertile soil [15].

The scheme of processing solid food waste to cultivate 
plant products is presented in [16]. In this process, the man-
datory stage is their dispersion, i.e., crushing of solid parti-
cles (plant residues, sewage sludge, food waste, excrements, 
etc.) in a liquid medium. The EHDE can act as a dispersant 
here, but it is necessary to select technological modes of op-
eration of the unit, which is planned to be carried out during 
further research.

The authors of this article studied the impact of electro-
hydraulic shock on brown coal grinding, determined the main 
parameters of the crushing process in order to select 
the optimal technological modes of operation of the EHDE.

One of the advantages of the unit application for brown 
coal grinding in liquid medium is that the electrohydraulic  
impact (slurry treatment) leads to an increase in nitrogen 
content, improves the solubility of chemical substances, con-
verts them into a form digestible for plants; the resulting  
slurry can additionally serve as a nutrient solution [13, 22].

Brown coal of B1 grade from two deposits (Russian 
and Kazakhstani) was used for the research. The range 
of initial fraction was 0–50 mm. Tap water was applied  
as a working fluid. Its volume in the discharge chamber de-
pended on the ratio of coal and water as well as on the mass 
of loading. 

Brown coal in the form of coal-water suspension was  
placed in the working chamber and processed for a cer-
tain time (up to 60 min). After a preset interval (2–10 min) 
sampling selection was carried out. A granulometric analy- 
sis of samples by sieve method was conducted accord-
ing to [23]. The method of laser diffraction with the help 
of the Malvern Mastersizer 3000 was used for quantitative  
estimation of smaller particles.

The conducted studies showed efficient crushing 
of brown coal within 5–10 min depending on the nature of raw 
materials and the mass of loading (Figure 3). 

of grinding after the adjustment of EHDE parameters is iden-
tical. This suggests that the setting of the unit should be 
carried out for a particular raw material and corrected only 
when its features change. The choice of the operating mode 
of the EHDE is primarily determined by the specific electri-
cal conductivity of the coal-water suspension, which depends 
on the content of water-soluble mineral substances in brown 
coal (Figure 6). 

Figure 3 – Integral and differential distribution  
of brown coal particles after grinding  

at the UniThorr EHDE for 10 min
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It was found that treatment for more than 10 min 
does not lead to a significant increase in the proportion 
of particles smaller than 100 μm. This is probably due 
to the fact that during prolonged exposure in discrete cham-
bers two opposite processes occur – grinding and coagula-
tion. The process of coagulation will be excluded at crushing 
in the chamber of continuous mode of the EHDE opera-
tion with the withdrawal of suspension with particles less  
than 250 μm. 

Micrographs of grinded brown coal (Figure 4) show ho-
mogeneity of particles with fraction sizes less than 100 µm, 
inclusions of mineral content are visible. The increase of pro-
cessing time of fractionated feedstock (fraction of 3–5 mm) 
leads to obtaining particles of more uniform and rounded 
shape. 

Further studies of the structure and chemical compo-
sition of brown coal samples were carried out by the meth-
od of scanning electron microscopy with an electron-probe 
X-ray fluorescence energy dispersive chemical analysis 
(scanning electron microscope JSM-5610LV with chemical 
analysis system JED-2201, JEOL, Japan).

Figure 4 – Electron-microscopic images  
of brown coal sample structure (initial fraction of 3–5 mm) 
with particle size less than 100 μm after grinding for 10 min:  
а – 100 times magnification; b – 1,000 times magnification; 

1 – inclusions of mineral content

Figure 5 – Electron-microscopic images  
of brown coal sample structure (initial fraction of 0–50 mm)  

after grinding for 15 min:  
а – 100 times magnification; b – 1,000 times magnification
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Studies have shown that there are no significant dif-
ferences between the results of grinding of coal fraction 
with particle sizes of 3–5 mm and 7–50 mm. In this regard, 
the experiments were conducted with the initial coal fraction 
of 7–50 mm, since the particles of larger size are destroyed 
quickly enough and further grinding occurs at the same rate 
as for the fraction of 3–5 mm. 

In addition, it is experimentally confirmed that at the be-
ginning stage of treatment of the physical and chemical 
properties of coal influence the operation of the unit and re-
quire adjusting the technological process taking into account 
the specifics of the initial material. However, the final result 

When using initial unfractionated brown coal (frac-
tion of 0–50 mm), deterioration of grinding quality is ob-
served even when increasing the grinding time up to 15 min, 
and the particles have a more elongated shape and high  
heterogeneity of composition (Figure 5).

Figure 6 – The result of electron-probe chemical analysis  
of brown coal ash residue
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The increase in specific electrical conductivity causes de- 
terioration of the pulse quality, i.e., the appearance of the so-
called idle discharge, and leads to a decrease in the efficien-
cy factor of the unit due to the fact that the useful work 
of the pulse goes not to crushing of the material but to heating 
of the working medium. 

It was experimentally determined that during the oper-
ation of the EHDE specific electrical conductivity increases 
due to the transition of water-soluble mineral components 
of raw materials into an aqueous solution (e.g., ash content 
of the Kazakhstani brown coal decreases by up to 40 % de-
pending on the processing time) (Table). In addition, grind-
ing of brown coal at the EHDE to produce fertilizers by al-
kaline extraction of humic acids (HA) leads to an increase 
in the total yield of humic substances by 18–27 %, which 
is most likely due to the breakage of chemical bonds dur- 
ing grinding and growth in their lability. At the same time,  
the mass fraction of fulvic acids (FA) increases in comparison  
with HA. 

100 μm
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The increase in the yield of humic substances and water- 
soluble salts will favorably affect the features of the pot-
ting soil because these components are necessary for plant 
growth and development [14, 15, 24].

Based on the obtained information, the requirements  
to the initial raw material were drawn up. Depending on its  
features, the optimal operating modes of the EHDE were 
selected.

The general technological scheme of brown coal grind-
ing as a component of potting soils is presented in Figure 7. 
At the same time, as it was mentioned above, an organic 
component of substrates in enclosed systems can be used 
from plant residues, sewage sludge, food waste, etc.

The initial material (brown coal or other organic raw 
material) is collected in an accumulation tank, then after 
adjusting/setting the necessary parameters of the EHDE 
is directed to the working chamber. A fresh portion of wa-
ter and a part of the liquid after sedimentation of the grind-
ed mass is also added here. During the operation of the unit,  
the fine fraction of the grinded mass enters through the up- 
per pipe the tank for gravity sedimentation (as an op-
tion – sedimentation under the action of centrifugal force 
in the hydrocyclone), where part of the water is discharged 
into an intermediate tank, then pumped back to the EHDE 
for grinding. The sludge after sedimentation is pumped out 
and fed to the technological line of potting soils produc-
tion. All parameters of the equipment operation are de-
termined based on the line capacity and features of raw  
materials.

Application of the UniThorr EHDE  
for Water Disinfection

Water is one of the most important components 
of the human body, without which existence is impossible. 
That is why the issue of providing people with safe drink-
ing water that meets the most stringent hygienic require-
ments and standards [3–5] is the key one in enclosed eco-
systems, along with nutrition and respiration. Under such 
conditions, the need to create an efficient closed-loop sys-
tem of water disposal, water treatment and subsequent sup-
ply of quality drinking water to the ECH inhabitants is acutely  
realized [6, 7]. 

Electrical cleaning methods seem to be the most prom-
ising. Their essence lies in the conversion of electrical energy 
into other types of energy affecting the object of treatment. 
A good alternative to traditional disinfection methods 
in the process of creating a closed-loop purification system 
will be the use of EHDE.

An electrohydraulic shock in water caused by electric 
impulses of short duration (a few microseconds) but high in-
stantaneous power (50–1,000 MW) leads to the appearance 
of active free radicals, atomic oxygen and hydrogen, com-
pounds of nitrogen and simple amino acids. The process is fa-
cilitated by air and gases dissolved in water. Microbial flora, 
primarily bacterial, is actively killed in this process, which 
is associated with ultrasonic, ultraviolet and X-ray radiation 
of the discharge channel plasma as well as with the powerful  
oxidizing effect of atomic oxygen [25]. 

When water is disinfected by an electrohydraulic shock, 
a complex of factors, depending on the microbe species/
strain, leads to the death of microorganisms. The liquid treat-
ed in this way acquires bactericidal properties that are sta-
ble over time. Studies on the effect of electrohydraulic shock 
on various microorganisms, including the intestinal bacteri-
um group, the main representative of which is Escherichia  
coli [18, 25], are described in [26, 27]. In view of the above, 
it can be concluded that the use of this method is relevant 
for water disinfection.

In the present work, the gram-positive spore-forming  
soil bacterium Bacillus subtilis (B. subtilis) strain G BKM 
B-911, or hay bacillus, taken from the own microorganism 
bank of the laboratory of the Biotechnology Department 
of Unitsky String Technologies Inc. was chosen as an object 
of study [3, 25].

The choice of the object of research is dictated by the fact 
that, on the one hand, this strain is an indicator test culture 
for determining the effectiveness of sterilization. On the other 
hand, spore-forming bacteria can remain dormant for a long 
time under unfavorable conditions, which allows them to sur-
vive and disperse more efficiently. Spores are character-
ized by a low level of metabolic activity, are distinguished 
by an unusually high heat resistance, preserving viabili-
ty at boiling for several hours, as well as by an increased  
resistance to ultraviolet radiation and mechanical impact. 

Aged 3–4-day-old cultures were used for the experi-
ment, which were subjected to an electrohydraulic shock. 
Water sampling before and after the impact was performed 
by an aseptic method. Repetition rate of each sample was  
equal to three. Planting on the surface of dense agarized 
medium was carried out by the Koch method; the cultures 

were incubated on nutrient agar and counting of the grown 
colonies was performed [28]. The degree of water disin-
fection was judged by the change in the number of colony- 
forming units (CFU), which was expressed as the total  
microbial count (TMC). 

The obtained results showed that disinfection occurs 
quite intensively, and the rate of the process is proportion-
al to the number of pulses causing electrohydraulic shocks. 
It was found that the residual value of TMC at the initial 
concentration of microorganisms 3 × 104 CFU/ml is less 
than 50 CFU/ml, which meets the requirements of SanPiN  
10-124 [29] to the quality of drinking water by this indi-
cator. The most intensive disinfection effect is observed 
at treatment time of up to 10 min, and during the initial 
6–10 s of the EHDE operation up to 94 % of microorganisms 
are eliminated (Figure 8).

Table – The change of brown coal parameters after processing at the UniThorr EHDE 

Raw material
Processing time, 

min
Number of pulses,  

pcs
Ash content,  

%

Mass fraction of humic substances, %

Total HA FA

Brown coal  
(Russia)

0 0 12.6 ± 0.6 29.3 16.9 12.4 

3 180 8.3 ± 0.4 34.4 19.3 15.1

6 360 7.9 ± 0.4 33.4 18.2 15.2

12 720 7.4 ± 0.4 35.8 20.5 15.3

Brown coal 
(Kazakhstan)

0 0 3.6 ± 0.2 29.6 13.4 16.2

3 180 3.3 ± 0.2 32.2 15.9 16.3

6 360 3.5 ± 0.2 40.8 16.6 24.2

12 720 3.5 ± 0.2 38.9 15.3 23.6

Figure 7 – Scheme of brown coal grinding as a component of potting soils
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Figure 8 – Influence of treatment time on TMC  
at an initial microorganism concentration of 3 × 104 CFU/ml
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This subject is researched and described in more  
detail in [25].

When arranging water disinfection in the ECH, the in-
stallation on the ISS is offered for consideration as an ex-
ample of a really existing water purification system in space 
conditions. The technology including distillation and iodi- 
zation [30] is implemented here, which needs to be im-
proved and finalized. The recovery system provides clean 
water for astronauts by utilizing urine, condensate moisture 
in the living quarters appeared from crew sweat, breathing 
and hygiene as well as water from the air recovery system. 
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To regenerate water from atmospheric moisture con-
densate, a sorption-catalytic method is applied, followed 
by mineralization, conservation with silver and pasteurization 
of purified water. The urine treatment unit is designed to ob-
tain 87 % of water from crew urine. Water is extracted by dis-
tillation with sorption-catalytic purification. The distillate 
is combined with condensate and processed using a water 
treatment unit that recovers 100 % of this liquid. As a result, 
the total water recovery is about 93.5 % [31]. Regenera-
tion of sanitary-hygienic water is carried out by filtration 
with subsequent sorption additional cleaning.

Iodization as a disinfection method is suitable only 
for small-scale individual installations; it has a number of dis-
advantages, including changes in iodine concentration during 
operation, impossibility of accurate dosing into running wa-
ter and lack of control of iodine concentration. Studies 
show that iodization is optimal against bacteria and viruses 
and not efficient enough against microbial toxins and phe-
nolic compounds. Another limitation on the spread of this 
method is the appearance of a specific odor when iodine  
is dissolved in water. 

Instead of iodization unit it is proposed to use the EHDE, 
the effectiveness of which has been confirmed experimen-
tally. A short period of exposure corresponding to a sharp 
drop in the TMC value is considered economically advanta-
geous. Thus, the proposed technology of water disinfection 
is reduced to its periodic stepwise electrohydraulic treat-
ment in the device, the layout of which is shown in Figure 9. 
The total energy expenditure in this case does not exceed 
0.5 kW·h/ m3 and correlates with the literature data [13].

The EHDE for water purification is designed as a pipe 
with pairs of positive and negative electrodes embedded 
in bushings running through its walls. The positive elec-
trodes must be insulated and the negative electrodes can be 
part of the pipe itself. Each pair of electrodes will be fed 
from an independent discharge circuit. 

The principle of the EHDE operation for water purifica- 
tion is as follows. The disinfected liquid is uninterruptedly  
pumped into the EHDE and continues its movement inside  
the flow chamber made in the form of a pipe. Its body 
is equipped with several pairs of dischargers (the number 
is determined based on the capacity of the unit, the vol-
ume of liquid and the degree of its contamination), the elec-
trodes of which are passed into the dielectric through 
the wall of the body. Electrohydraulic shocks disinfect the liq-
uid in the flow at a certain time interval. The rate of disinfec-
tion is proportional to the energy of the pulses. The simplici-
ty of the EHDE design facilitates the possibility of automation 
and adjustment of the purification processes as well as  
allows the creation of compact units of any capacity. 

Application of the UniThorr EHDE in Fish Farming
When considering the issue of human habitation in space,  

special attention should be paid to development of aqua- 
culture as a mandatory activity in enclosed space of the ECH.  
There are not many options to satisfy the need of its res- 
idents for food containing animal protein due to the com- 
plexity of animal breeding, limited areas and resources –  
water, food, oxygen. Fish is worth considering as a source 
of animal protein. In terms of nutritional qualities, it is not in-
ferior to meat, and in terms of digestibility it even surpasses 
it. Thus, the protein content of fish is in the range of 13–23 %. 

Today, the level of biotechnological capabilities of grow-
ing different aquaculture objects allows their production 
in closed-loop water supply units [32–35]. This provides sig-
nificant water savings, which is a key point in the conditions 
of space with a sharp limitation of resources. Due to the cir-
culation system, the unit is filled with water once and then 
only periodically recharged, and this requires only 4–6 % 
of water from the volume of the unit [36].

of colonies of living organisms: it is required to observe a fa-
vorable temperature mode for them, to maintain a certain hu- 
midity, to ensure that the bacteria receive all the necessary  
nutrients for life and growth.

The third stage is disinfection of water with the help 
of ultraviolet light from pathogenic microorganisms and bac-
teria. Next, the water is fed to the oxygenator, where it is sat-
urated with pure oxygen. This is an important purification 
stage: the water is mixed here with oxygen under pressure 
and then fed back into the pools.

The key problem of water pollution in fish farms is the ac- 
tive reproduction of microscopic algae, which brings about 
the appearance of toxic substances, rotting products, re-
duction of the amount of dissolved oxygen, thereby result-
ing in the death of fish if the treatment system is not oper-
ating well enough. The main representatives of microalgae 
that cause water blooms are cyanobacteria.

The peculiarity of fishery water treatment in closed- 
cycle installations is that it does not require achieving a com-
plete bacterial semination of the circulating liquid. This is due 
to the fact that growing fish in a sterile environment reduces  
their immunity. The optimum level of water purification 
should be 70–75 %.

As described above, the UniThorr EHDE showed good 
results in disinfection of water from bacteria. In [37] there 
is information on the application of electrohydraulic shock 
for water treatment of fishery complexes, which gave the pre- 
requisites for studying its effect on the quality of water con-
taining microalgae. In addition, the replacement of biofil-
ters at the EHDE will simplify the maintenance and control 
of the equipment due to the absence of the need to support 
specialized conditions during its operation. At the same time, 
no regeneration is required and no by-products of treatment 
are generated, while the occupied areas are smaller.

Associations of soil green microalgae Chlamydomonadales,  
Chlorococcales, Ulothrichales, Desmidiales, taken from the own  
microorganism bank of the laboratory of the Biotechnology 
Department of Unitsky String Technologies Inc. were selected  
as objects of this study [3]. 

Electrohydraulic shock was applied to the tried-and-
tested inoculum cultivated in liquid medium for 14 days. Water 
sampling was performed by the aseptic method. The repeti-
tion rate of each sample was three. Planting on the surface 
of a dense agarized medium was carried out by the Koch 
method, incubation was carried out on light racks under illu-
mination for 12 h, then counting of the grown colonies on al-
gae nutrient medium was performed. The cell growth time 
on the nutrient medium was 10–12 days.Figure 9 – Electrohydraulic device for water purification and disinfection: 1 – flow chamber; 2 – electrode

21

Figure 10 – Structure of the fishery recirculation system
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The classical diagram of a closed-loop water supply 
system for aquaculture growing in fish farms is presented 
in Figure 10. The required water quality in it is ensured 
by the functioning of biofilters. In general, the system in-
cludes mechanical, biological in biofilters and ultraviolet 
treatment. 

At the first stage, the water collected from all fish pools 
in the storage tank is purified from mechanical suspension, 
i.e., from fish feces and feed residues. The equipment for this 
stage can be hydrocyclones, drum filters, etc. The accumu-
lated sludge is removed and transferred to recycling. A hy-
drocyclone cleans the water from coarse suspended solids,  
while a drum filter cleans it from fine suspended solids.

At the second stage, water is purified in biofilters  
from dissolved impurities that cannot be captured by me-
chanical filters. Water from the drum filter is piped to the bio-
filter, which is a tank with diffusers at the bottom. These 
are supplied with air for constant aeration. The water tank 
also contains a plastic load for aeration. Bacteria grow 
on the load and process the dissolved substances. After  
the biofilter, the treated water is taken away by pumps. 
Specificity of biofilter functioning is conditioned by the use 



324323
OPTIONS FOR USE OF ELECTROHYDRAULIC DISCHARGE EQUIPMENT  
IN THE CONDITIONS OF HUMAN HABITATION IN SPACE 
А. Unitsky, N. Pershai, S. Arnaut

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

Taking into account the data obtained, a definite regu- 
larity between the treatment time and the total cell count 
(TCC) of algae can be seen (Figure 11). Initially, during the first 
minute of the EHDE operation, there is a sharp drop in TCC 
from 2 × 104 to 2 × 102 CFU/ml. Then, the decrease in TCC value 
continues more gradually from 250 to 30 CFU/ml. After 5 min 
of treating water with microalgae, the dependence of TCC 
on exposure time reaches a plateau and changes weakly over 
the next 25 min. The residual concentration of microalgae  
after 30 min of the EHDE operation is 5 CFU/ml. 

The residual TMC value after treatment at the UniThorr 
EHDE is higher than that for water contaminated with bac-
teria and algae and amounted to 75 CFU/ml. This is due to  
the higher initial TMC value.

Figure 13 shows the modernized general diagram of wa-
ter purification with the application of electrohydraulic shock 
in closed-loop water supply installations at fish complexes. 

Conclusion
The present article reflects the problems of limited re-

sources in the conditions of human habitation in enclosed 
ecosystems in space. Several variants of the EHDE appli-
cation have been considered and tested, taking into ac-
count their further use in the ISN “Orbit”, and the advan-
tages of the electrohydraulic effect have been shown. 
The proposed solutions are supported by studies conducted  
in 2020–2023 at the experimental UniThorr EHDE designed 
by the employees of Unitsky String Technologies Inc.

The feasibility of utilizing the unit has been researched:

 • for grinding brown coal as a potting soils component 
for the purpose of cultivating plant food under cosmic 
conditions;

 • for disinfection of drinking and waste water and pu-
rification of water intended for fish farming in closed-loop 
systems (on the example of water artificially contaminat-
ed with B. subtilis bacterium strain and soil green micro- 
algae Chlamydomonadales, Chlorococcales, Ulothrichales,  
Desmidiales as well as native lake water).

The obtained results confirm high efficiency of this 
method and, accordingly, the feasibility of using the EHDE 
in the schemes of closed-loop cycle of water consumption 
and water disposal, waste utilization, production of potting 
soils for plant cultivation in residential clusters of the ISN 
 “Orbit”. 

Further research will be aimed at increasing the effi-
ciency of the EHDE operation and improving its structural el-
ements as well as at solving the issue of creating a full cy-
cle of water consumption and water disposal under the ECH 
conditions.
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The results of the conducted experiments show that 
the use of electrohydraulic shock allows to reduce biological 
contamination, not bringing water to a sterile state, but de-
creases bacterization of recycled water to a value that pro-
vides comfortable conditions for cultivation of farmed fish 
at different stages of growing.

The complex character of electrohydraulic shock is es-
pecially important in the purification of waters containing 
a wide range of microorganisms. In this regard lake water  
sampled in the Aquarelle EcoPark (Maryina Gorka, Belarus)  
was also studied. The artificial reservoir located there was  
chosen as a prototype of an enclosed aquatic ecosystem. 

The data obtained (Figure 12) are identical to the results 
from the treatment of water contaminated with B. subtilis 
(Figure 8) and microalgae (Figure 11).

Figure 12 – The effect of treatment time on TMC of lake water
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Figure 13 – Water purification diagram for a fish farming 
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Operating concept of the system is that the water is ini-
tially purified from coarse and fine impurities, then sup-
plied under gravity to an electrohydraulic shock treatment 
unit in a continuous mode (this principle is described above 
for the water disinfection system). After treatment, the wa-
ter undergoes disinfection quality control and, if the re-
quired standards are met, is fed to the next stage of prepa-
ration before entering the pool with aquaculture. If the water 
quality does not meet any of the indicators, it is returned 
to the EHDE inlet for re-treatment. The operating param-
eters of the equipment are selected individually for each 
aquaculture complex.
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Technologies for cultivating plants on an orbital station, applicable in creating an enclosed ecosystem  
of the EcoCosmoHouse (ECH), are considered. Existing units and substrates used for growing crops  
in near-Earth orbit are described as well as methods for providing nutrient solutions and fertile soil. 
Promising areas for the manufacturing technology development for plant products on space stations 
and ships intended for long-term human stay are proposed. The novelty of the study lies in the fact  
that the ECH identifies zones of recreational and intensive plant cultivation. For the recreational zone, 
it is planned to choose a highly effective method which involves the application of light potting soils 
developed on the basis of uTerra biohumus and allowing to create a natural environment  
at the orbital station. For intensive cultivation of green and vegetable crops as well as for breeding  
plants to obtain secondary metabolites, it is proposed to use foamed nutrient solutions prepared  
from uTerra complex organic fertilizer. In addition, the issue of protecting plants from diseases  
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Introduction
At present, the space industry is actively developing.  

The growth of the world space market is about 9 % per year [1]. 
A significant amount of modern research is focused on the cre- 
ation of space stations that assume a long stay of a hu-
man being with a minimal supply of foodstuffs from the out- 
side [2]. As a rule, such stations are made in the form of res-
idential complexes, where it is possible to cultivate plant  
products by means of aeroponics and hydroponics. 

One of the main tasks of developing this direction 
is to design a large-volume space station that will provide 
its residents not only with fresh plant products but also 
with other foodstuffs and components necessary for psy-
chological comfort during work and recreation. Such a space 
station is the EcoCosmoHouse (ECH) [3]. 

The ECH is an infrastructural solution for a long-term 
and comfortable accommodation of residents in near-Earth 
orbit. It is planned to create conditions for any long stay 
of people at the ECH, who will be provided with everything 
they need for a full-quality life: organic products for a healthy 
balanced diet, clean air, artificial gravity, sufficient area 
for work, recreation and physical activity, safety of living 
and a favorable subtropical microclimate.

Providing humans with a nutritious organic diet is one 
of the key components of the biotechnologies developed 
for the ECH functioning. At the same time, plant food 
is needed not only for humans but also for animals bred 
for foodstuff manufacturing. 

While striving for a minimal but sufficient volume, all pro- 
duction areas in the ECH, including those intended for plant 
cultivation, should be as compact as possible but without 
compromising the quality of life. Meanwhile, it is neces-
sary to take into account not only the provision of the ECH 
residents with healthy food needed for the full functioning 
of the human body but also another aspect. When staying 
in an isolated space for a long time, the issues of psycholog-
ical health come to the forefront [4]. Consequently, in addi-
tion to a high-quality and cost-effective production of plant 
foodstuffs in enclosed ecosystems, it is necessary to provide 
ways of spending leisure time. According to astronauts’ feed-
back, one of the fascinating variants of this activity is caring 
for plants [5].

Methods of Plant Cultivation on Space Stations
Food production systems in space represent the latest  

achievements of science in the field of agriculture, biology 
and robotics. 

Such devices of the Oasis-1 series (Figure 1) were first 
commissioned in 1971 at the Salyut-1 orbital station, where 
cosmonauts conducted experiments on growing flax, leek, 
common onion and Chinese cabbage [6].

In 2014, the Veggie system (Figure 2) was launched, 
which was designed not only for experiments with plants  
under microgravity conditions but also for food production [7]. 

a) b)

Figure 1 – Oasis unit: a – Oasis-1M; b – Oasis-1A [6]

а) b)

Figure 2 – Veggie vegetable growing system: 
a – terrestrial prototype before the launch [8];  

b – Veg-03 version in operation [9]

This type of apparatus is produced prefabricated 
for easy transportation. For example, when in the assem-
bled state, the Veggie structure makes up 10 % of the volume 
in operational condition.

Unit Type of lamps
Light intensity,  
µmol/(m2·s)

Additional information

Oasis-1 Fluorescent lamp 50–68 —

Oasis-1M Fluorescent lamp 50–68 —

Oasis-1AM Fluorescent lamp 50–68 —

Oasis-1A Fluorescent lamp 170–350
Separation of lamps and germination module allows 

to adjust the distance between lamps and leaves 

Vazon Without additional lighting Without additional lighting Cabin light was used to illuminate the plants

Malachite Presumably a fluorescent lamp No information —

Biogravistat/ 
Magnetobiostat

Without additional lighting Without additional lighting
Closed compartment for studying germination  

and early root development

Svetoblock Fluorescent lamp No information —

Phyton No information No information
At first the cabin light was used,  

later a separate lighting system was added

Svet Fluorescent lamp ≈216 (12,000 lx) LED lamp (red, blue, green) 

Plant Growth Unit Fluorescent lamp 30–75 —

Plant Growth Facility Fluorescent lamp >220 —

Astroculture LED lamps (red, blue)
Red: 0–450
Blue: 0–50 

—

Plant Generic 
Bioprocessing 
Apparatus

Fluorescent lamp >350 —

Advanced 
Astroculture

LED lamps (red, blue)
Red: 0–550
Blue: 0–70 

—

Biomass  
Production System

Fluorescent lamp 50–350 Adjustable in increments of 5 µmol/(m2·s)

Lada Fluorescent lamp 250 —

European Modular 
Cultivation System

LED lamps (infrared, white) No information —

Plant Experiment Unit LED lamps (red, blue) 110 Ratio of red and blue LEDs is 3 : 1 

Advanced Biological 
Research System

LED lamps (red, blue, green, white) 300 —

Veggie LED lamps (red, blue, green) >300 —

Table 1 − Lighting systems in the units designed for plant cultivation at space stations

Space micro-greenhouses have the following basic com- 
ponents: body, irrigation and plant nutrition system, lighting  
system, capillary mat or substrate for plants. The occupied 
area in modern units is about 0.2 m2.

A specialized LED panel with red, blue and green LEDs 
is used as illumination, which is able to provide plants 
with more than 300 µmol/(m2·s) of illumination. The illumi-
nance values in different systems are given in Table 1 [7]. 
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The data in Table 1 show: just like in terrestrial agricul-
ture, the use of LED sources with a combination of red, blue 
and green illumination is most justified due to their high en-
ergy efficiency (about 30 µmol/(m2·s) at a distance of 20 cm 
per 1 W of power consumption), long service life (50,000 h 
and more), ease of operation [10]. 

The unit body protects the plants from unfavorable  
environment and maintains high humidity in the cabin. 
The folding design allows adjusting the distance between 
the lighting system and the capillary mat or substrate 
serving for germination of the root system and delivery 
of nutrients. Thus, taking care of plants, supplying them 
with water and nutrient solution does not take much time  
for astronauts [11, 12]. 

The crops obtained from these systems are used 
as a supplementary food for the crew of the Internation-
al Space Station (ISS). During the experiments at the Veg-
gie units, the grown products are treated in accordance 
with the requirements of NASA’s microbiological standards, 
which are responsible for food quality. As a result of the sani- 
tization, the number of microorganisms is reduced by 99 %.
However, such disinfection would be unnecessary in enclos- 
ed ecosystems on a larger scale, as it is difficult to imag-
ine a complete sterilization of products in mass manufac-
ture. In addition, microorganisms are an important part 
of the biosphere and are essential to build an enclosed  
ecosystem.

In February 2023, the first crops of tomatoes were ob-
tained on the ISS using the Veg-05 unit of the Veggie series, 
designed for the production of vegetables (Figure 3). Prior 
to this, a crop of peppers was grown at the Plant Habitat-04 
unit in 2021 (Figure 4). 

Figure 3 – Dwarf tomatoes grown at the ISS  
using the VEG-05 unit [13]

Obtaining plant products in specially equipped units  
can be referred to intensive manufacturing, which involves 
the cultivation of large volumes of green crops, low-growing 
vegetable, berry, fruit, aromatic and medicinal plants. 

Some green and vegetable crops are planned to be 
planted in specially equipped vegetariums built by analogy 
with earthly automated complexes used in traditional hor-
ticulture. Examples of such devices are the Veg-04, Lada 
and Lada-2 micro-greenhouses, where experiments on grow-
ing soybeans, barley, duckweed, peas, potatoes and dwarf 
wheat are conducted. 

Maintaining a favorable temperature, optimal humidity 
and increased concentration of carbon dioxide helps to raise 
the rate of harvesting and improve its quality. It is proposed 
to separate biotechnological complexes out of the main vol-
ume of the ECH premises, where a controlled microclimate 
and the necessary composition of the gaseous environment  
will be created. It is possible to maintain carbon dioxide con- 
centration in the range of 2,000–4,000 ppm for plants in the in-
tensive production zone and 300–1,000 ppm in the recreational 
zone by means of absorption or gas filters. On the one hand, 
this approach will provide more efficient photosynthesis pro-
cesses (by 15–20 %) and lower rates of intensive production, 
on the other hand, the gaseous environment of the main 
ECH volume will be optimal for humans, animals and plants. 

The cultivation of algae and microalgae in bioreac-
tors is a promising direction for biomanufacturing of plant 
products in enclosed ecosystems. In this case, it is pro-
posed to emphasize compact cultivation of red seaweeds 
and laminaria. 

Microalgae can be used as a source of valuable pro-
teins, vitamins and other micronutrients. Despite the fact 
that most of them have a specific taste and odor, according 
to some data [15], 3–4 g of chlorella biomass per day (300–
400 g of one percent suspension) is sufficient for humans. 
Thus, chlorella and other microalgae can be applied as a bio- 
logically active additive to the diet focused on antioxidant 
and immunostimulating effects [16].

Humusoponics:
Use of Liquid Humus Containing Microbiota 
Instead of Pure Hydroponics
When selecting materials to be sent to a space sta-

tion, special attention is paid to their microbiological purity. 
The level of complexity in meeting such high requirements 
will be proportional to the size of enclosed ecosystems to be 
created.

Table 2 provides a description of the artificial and natural  
materials that were used in the space vegetariums.

The modern agriculture arranged on orbital piloted 
stations already makes it possible to provide astronauts 
with a small amount of fresh greens. In order to obtain a sig-
nificant volume of plant products, which is needed at least 
400 g per day per person, it is necessary to develop the tech-
nology of plant cultivation in such ecosystems as the ECH, 
which implies circulation of substances and supplying 
of the residents with all required food.

Promising Directions  
of Developing the Technology  
of Growing Plant Products in Space

Allocation of Recreational Zone  
and Zone for Intensive Growing of Plant Products 
The recreational zone involves the cultivation of crops 

that are optimally suited for greenhouse-type structures. 
Using technologies that allow, on the one hand, to maintain 
a comfortable and aesthetically attractive environment for hu-
mans and, on the other hand, to obtain valuable nutritious 
and medicinal materials [14], it is possible to plant trees, shrubs, 
some vegetable and fruit crops, medicinal herbs in the ECH  
on open areas intended for recreation. It is known that caring 
for plants can relieve stress and provide psychological 
comfort. 

To create green areas in the ECH, it is assumed to use 
a substrate specially developed for such structures and hav-
ing the following features: durability, low density, ability to re-
tain moisture, the content of macro- and microelements 
necessary for plant nutrition, the availability of conditions  
favorable for the life of small soil animals and microorganisms. 

Unit Method of plant nutrition

1 2

Oasis-1 Ion exchange resin

Oasis-1M Fibrous ion exchange resin

Oasis-1AM Fabric ion exchange medium

Oasis-1A Ion exchange resin; root zone aeration system

Vazon Fabric bag filled with ion exchange resin

Malachite Ion exchange resin

Biogravistat/Magnetobiostat Various materials depending on the type of experiment

Svetoblock Nutrient medium based on agar (other media were used later)

Phyton 1.5 % agarized nutrient medium

Svet Zeolite (1–2 mm particle size) with mineral fertilizers of prolonged action; nutrient solution supply system

Plant Growth Unit Mineral base of different composition

Plant Growth Facility Mineral base of different composition

Table 2 − Nutrient delivery systems used in plant cultivation units at space stations [7, 17]

Figure 4 – Crop of peppers obtained at the ISS  
using the Plant Habitat-04 unit [5]
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Thus, the first space units (1970–1980) designed for plant 
cultivation had utilized substrates (ion exchange resins 
and agarized media) that were more difficult to manufac-
ture than those, which are used today. This difference can be 
explained by the desire to obtain a homogeneous substrate 
characterized by fully controlled parameters. Over time, such 
compositions were abandoned and the analogs of terrestrial 
complex potting soils based on mineral fillers were exploited. 

In most cases, neutral materials (natural or artificial) 
that do not contain nutrients are applied, and a mixture 
of mineral components is supplied as a nutrient solution. 
Similar systems are used in the cultivation of plants on an in-
dustrial scale. The advantages of this technology include sta-
bility of operation of such complexes and high yields; howev-
er, the quality and taste of fruits becomes worse and ability 
of plants to resist pests and diseases decreases, since crops 
do not receive sufficient micro-, ultramicroelements and bio- 
logically active substances present in the soil as a result 
of activity of agronomically valuable microorganisms. Plants 
also create symbiosis with microorganisms and build com-
plex systems of interaction [18]. In the human intestine alone, 
the volume of bacterial genetic information is 100 times larg-
er than his own [19]. When using uTerra organic plant fertiliz-
er, created by Unitsky String Technologies Inc. together with  
the Unitsky’s Farm Enterprise [20], it is possible to imple-
ment the humusoponics − a technology of biomanufacturing 

by the outer layer but penetrates deeper [21]. Among the dis-
advantages, a more complex composition and higher re-
quirements for nozzles can be mentioned. When obtaining 
foam by other methods, i.e., not by spraying from nozzles but, 
for example, by mixing with air by means of a rotating working 
body, it is possible to get rid of this disadvantage. 

Application of Light Potting Soils 
Developed on the Basis of Perlite  
The choice of nutrient mixture, in which it is planned 

to breed plants in the ECH recreational zone, largely de-
termines not only the quality of plant products obtained 
but also the stability of the entire ecosystem. It is econom-
ically reasonable to use a substrate with a minimum mass, 
which will fulfill all the functions of terrestrial soil, i.e., contain 
the necessary number and variety of nutritional elements 
and microorganisms, and small soil animals should also  
develop in it.

Light potting soils are a relatively new type of substrates 
utilized in modern agriculture due to a number of advantages, 
including low specific weight, high aeration of the root sys-
tem, high moisture capacity, ease of use, relatively low cost. 
Light potting soils consist of:

 • light mineral fillers;

 • mineral sources of macro-, micro- and ultramicroelements;

 • humus;

 • organic part, which includes communities of thousands 
of species of agronomically valuable microorganisms. 

Figure 5 shows variants of light potting soils research- 
ed by Unitsky String Technologies Inc., which have uTerra  
biohumus concentration from 2.5 to 15 %. 

Figure 5 – Experiment to determine the optimal concentration 
of uTerra biohumus in a light potting soil  

developed on the basis of perlite

1 2

Astroculture Porous tubes in mineral matrix for nutrient solution supply

Plant Generic  
Bioprocessing Apparatus

Agar, soil or nutrient substrate in gas-permeable polypropylene bags  
that can be connected to the water pipeline

Advanced Astroculture Porous tubes in mineral matrix for nutrient solution supply

Biomass Production System Porous tubes in mineral matrix for nutrient solution supply

Lada
Zeolite (1–2 mm particle size) with mineral fertilizers of prolonged action;  
nutrient solution supply system

European Modular Cultivation System Reservoir with water designed to deliver nutrients 

Plant Experiment Unit Mineral wool; integrated pipe system for supplying nutrient solution 

Chinese Space Greenhouse Vermiculite with prolonged-acting mineral fertilizers

Advanced Biological Research System
Granulated substrate with peat mixture and prolonged-acting mineral fertilizers  
and/or supply of nutrients in the form of aerosol

Veggie
Granulated substrate with peat mixture and prolonged-acting mineral fertilizers;  
manual supply of water and nutrients

End of Table 2

of plant products, where humates as well as agronomically 
valuable soil microorganisms, which play an important role 
in the biosphere circulation, will be applied.

Application  
of Foamed Nutrient Solutions
Both in conditions of artificial gravity and weightlessness,  

it is proposed to cultivate plants with the help of foamed 
organic nutrient solutions containing the whole complex 
of macro-, micro- and ultramicroelements made on the ba-
sis of uTerra complex organic fertilizer. The use of foam will 
allow to effectively supply greenery with nutrients, reduce 
the probability of root overdrying, ensure complete wetting 
of the root system with nutrient solutions. The equipment 
for the production of organic foam substrates, which is one 
of the variants of implementing humusoponics technology, 
can be insensitive to mechanical contamination and clogging 
of nozzles, tubes and filters with biofilms, because in such 
a design there are no nozzles spraying nutrient solutions 
and filters for their fine cleaning. The nutrient solution may 
have mechanical inclusions, which are pulverized when foam 
is created. 

At present, there are methods of plant breeding using 
hydroponic technologies, which include nozzles that create 
foam. The advantage of such systems compared to classical 
hydroponics is that the foam hitting the roots is not retained 

This experiment is still ongoing, and the preliminarily 
conclusion can be done that, when growing lettuce, the opti-
mum concentration of uTerra biohumus is 7.5 to 12.5 %, which 
is used together with uTerra liquid fertilizer. Further research 
is also planned to analyze physiological indices, aboveground 
and belowground biomass and quality of plant produce. 

Until now, agricultural, ornamental and medicinal crops 
have been mainly cultivated in soil or substrates specially 
selected by their composition [22]. In terms of the number 
of mobile forms of elements required for plant nutrition, light 
potting soils are not inferior to their denser analogs: they 
have controlled indicators of nutritional content and can be 
used for growing vegetables, fruits and medicinal herbs, 
like substrates created on the basis of zeolite that were ap-
plied in experiments with the Svet unit. The disadvantages 
of light potting soils include the need for careful selection 
of composition, control of its condition, a greater cost than 
that of potting soils obtained only from natural materials  
and not undergoing additional treatment.

For the ECH, light potting soils should serve as a base 
on which it is planned to grow a wide range of crops, where 
people and animals will move and the process of organ-
ic waste treatment by agronomically valuable soil microor-
ganisms will take place. In the study focused on light potting  
soils [23], the issue of optimal arrangement of plant products 
cultivation on the ECH territory is solved. 

Biological and Physical Methods  
of Plant Pest and Disease Control
Plant pests are not planned to be specifically imported 

into enclosed ecosystems, but they can enter the ECH even 
with the most careful inspection of planting material. This 
occurs because fungal spores, bacteria and eggs of insect 
pests are able to pass a microbiological control. 

Agricultural machines that conduct laser treatment  
of seedlings from weeds have now been developed and are be- 
ing used for pest control. To ensure healthy growth of green 
plants, it is suggested, if necessary, to apply primarily physical 
methods of control that affect pests by means of temperature,  
light, controlled atmosphere, pressure, ozone generators 
or plasma [24]. Agricultural drones can be utilized as delivery 
vehicles for specialized equipment. In the future, with the de-
velopment of robotics, the methods of physical protection 
of plants from pests and diseases can be significantly  
improved by introducing microrobots.

In addition to controlling the conditions of cultivation, 
biological complex immunomodulators based on chitosan 
and vanillin as well as preparations derived from natural  
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sources,  can be used for fighting with root rot and other dis-
eases affecting the internal part of plant organisms [25, 26]. 
They do not require special precaution measures, unlike 
chemical means, and simultaneously with the protective  
effect they increase the vegetation rate of plants. 

Conclusion 

The building of such an engineering system as the ECH 
requires the development of new high-tech methods of grow-
ing plant products. The existing technologies make it possible 
to breed in space some plant species for food use. Numer-
ous experiments have not revealed any significant obsta-
cles to receiving a large-scale amount of vegetables, fruits 
and green crops of high-quality nutrient composition beyond 
Earth; a rich crop can be harvested even in weightlessness 
under fully artificial light. The current research on studying 
vegetative processes on orbital stations is mostly experi-
mental in nature and helps to determine the peculiarities 
of plant breeding under spacecraft conditions. In the future,  
there will be a need for systems that can produce organic food 
to ensure a healthy diet for humans during their long stays 
in enclosed ecosystems, such as the ECH. The development 
of biotechnologies in space will make it possible to obtain 
the required amount of plant food, ensuring a subsequent 
recycling of the organic waste generated. An orbital station  
with energy supplied from the outside can provide humans 
with everything they need. Its creation is a difficult but real- 
izable task, as Earth is, in fact, also a large spaceship with its 
own ecosystem established over billions of years of evolution.

These directions of development of plant obtaining tech-
nology in the ECH, if further elaborated, can bring about solu-
tions applicable to biotechnological production in enclosed 
ecosystems with a comprehensive approach.
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Humusoponics is considered as a modern plant cultivation technology which involves the production  
of organic food without the use of soil, an alternative technology to well-known methods  
(hydroponics, aeroponics, etc.). The results of an experiment on growing lettuce and mustard greens  
in a nutrient solution containing additives of various components of natural origin – an aqueous extract  
from uTerra biohumus and uTerra liquid fertilizer – are presented. The possibilities of using this method 
for obtaining agricultural plants under the EcoCosmoHouse (ECH) conditions have been studied. 
An analysis of the concentration influence of nutritional supplements on yield,  
growth rate of green mass and the number of useful elements in grown crops was carried out.  
The positive effect of uTerra biohumus and uTerra liquid fertilizer on plant growth  
and development has been confirmed.
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Introduction 
In the modern world, there is a tendency to improve  

the available methods of plant cultivation. Research into  
these methods will help to optimize the human habitat under 
the EcoCosmoHouse (ECH) conditions and continue progress 
in this advanced area of civilizational development.

As a result of widespread degradation of agricultural  
soils, the quality of plant products is decreasing and their 
taste is deteriorating. At the same time, climate change 
and limited available land resources are jeopardizing tra-
ditional methods of cultivating food crops. The continuous 
growth of the world’s population leads to a natural need 
for an increase in the quantity of food products. In this  
context, methods of plant cultivation without the use of nat- 
ural fertile soil are becoming more and more relevant 
and popular [1, 2]. 

This article reveals the concept of “humusoponics”, which 
implies the application of a nutrient solution with the addi-
tion of biohumus. In contrast to aeroponic and hydropon-
ic methods of plant production, humusoponics involves 
the supply of crops with a full range of nutrients from or-
ganic and mineral raw materials, the use of associations 
of thousands of species of agronomically valuable soil micro-
organisms. The novelty of the present study lies in the in-
troduction of an organic fertilizer based on humic acids 
and brown coal as one of the components of liquid nutri-
ent medium in the process of growing lettuce and mustard  
greens. 

The main components of the solution intended for plant 
cultivation without natural soil are uTerra biohumus and uTer-
ra liquid organic fertilizer. These fertilizers are produced 
in Unitsky’s Farm Enterprise by a special technology using 
agronomically valuable associations of soil aerobic and an-
aerobic microorganisms, organic additives, including honey 
and beekeeping products, waste plant products, droppings, 
manure, etc. [3]. 

Thus, this article considers promising methods of plant 
cultivation and their advantages; analyzes modifications 
of hydroponics solutions; describes the experience of us-
ing nutrient medium containing uTerra biohumus extract 
and uTerra liquid organic fertilizer.

Hydroponics
Let us analyze the specifics of hydroponics [4, 5]. It is  

a technology of growing crops, in which the roots are im-
mersed in a nutrient solution saturated with all the necessary 

macro- and microelements for the complete growth and de-
velopment of plants. The main advantages of hydroponics 
include:

 • maximizing the exploitation of available space. In con-
trast to the traditional method of agricultural production, hydro- 
ponics allows growing food in vertical systems or on shelves  
in several tiers, which contributes to the efficient use of lim-
ited space and makes it possible to harvest more crops per 
area unit [6, 7];

 • water savings. In hydroponic systems, water is re- 
cycled and reapplied, unlike traditional irrigation, which  
significantly reduces water consumption;

 • nutrient control. In hydroponic systems, plants con-
sume more nutrients from the solutions than they would be 
able to get from the soil. This ensures optimum conditions 
for crop development and increased yields; 

 • reduced pesticide content. Closed hydroponics systems 
can be more protected from pests, which reduces the need 
for chemical plant protection agents; 

 • maximum utilization of nutrients. In hydroponics, nu-
trients are fed directly into the solution, allowing the plant 
roots to absorb them more efficiently. This significantly re-
duces the need for fertilizers and decreases pollution of soil 
and water bodies from chemical substances;

 • increased crop yields. Thanks to hydroponics, plants 
are cultivated under favorable conditions (optimal light, 
temperature, humidity; access to nutrients), resulting 
in higher yields and reducing the need to develop new lands  
for agricultural use;

 • saving land area. Hydroponic systems can be deployed 
vertically or on the roofs of buildings, which is more efficient 
in densely populated or space-constrained urban areas.

Providing a number of advantages and prospects  
for productive agriculture, hydroponics plays an important 
role in the modern world [8].

With the population growth and urbanization, more 
and more people are moving to cities, which limits access 
to land plots for traditional agriculture. Hydroponics offers  
a solution that will make it possible to grow food crops 
in vertical farms, on the roofs of buildings or even inside 
containers. This method will contribute to providing a local  
and sustainable source of food for urban population.

Thanks to this technology, the land unsuitable for tradi-
tional agriculture (deserts, highlands or contaminated areas) 
is used for plant cultivation. This opens up new prospects 
for agricultural production in regions where it was previously  
impossible.

In hydroponic systems, the optimal conditions for plants 
are created at any time of the year, which helps to solve 
the problem of seasonality and ensure a stable food supply,  
regardless of climatic conditions in a particular region.

This method allows to control the environment by ex-
cluding the use of pesticides and chemical fertilizers, which 
can have a negative impact on human health. Consequent-
ly, the population will receive safe, environmentally friendly 
and nutritious food products.

Hydroponics is the subject of active research in the field 
of agriculture. Scientists and engineers are constantly work-
ing to develop new technologies and systems to improve 
efficiency, sustainability and resource savings. Innovations 
consist in creating upgraded nutrient control systems, au-
tomating the growing process, using alternative energy  
sources, etc. [9, 10]. 

Methods of Cultivating Plants  
Using Hydroponics

There exist different hydroponics systems (hydropon-
ic units) that can be used to cultivate plants without the soil. 
The most common and efficient ones are presented below 
(Figure 1) [11].

Drip System 
It is one of the most popular and simple options. The nu-

trient solution is delivered to the roots of the plants through 
tubes with drip emitters, providing them with the necessary 
nutrients. The system allows a precise control of the amount 
and regularity of the solution supply and is usually used 
for growing small and medium-sized crops.

Flood and Drain System 
It is based on cyclic flooding and draining of the nutrient 

solution. Plants are placed in containers or trays that are pe-
riodically filled with a nutrient solution and then it is drained 
back into the tank. This creates cycles of humidity and dry-
ness, allowing the roots to receive nutrients and oxygen 
in optimal amount. The system is widely used for a variety 
of plant species, including fruits, vegetables and herbs.

Nutrient Film Technique
Another efficient variant of hydroponics. The nutri-

ent solution circulates continuously in thin film channels 
through which the roots are laid. The plants receive nutrients 
from the moving stream. The system provides an optimal 
nutrition for the roots and is often used for growing greens,  
salads and herbs.

Vertical Systems 
They allow to make optimal use of vertical space 

and cultivate plants on several levels. Some of the popular 
systems of this type are presented below:

 • vertical towers consist of several levels and each 
of them provides for planting holes. The nutrient solution 
is fed from above and passes through the roots, then it is col-
lected and circulated again. Vertical towers utilize space ef-
ficiently and make it possible to cultivate a large number 
of plants in a limited area;

 • hydroponic walls involve bedding plants on a vertical  
surface; they can be located in special modules or panels  
with planting holes. The nutrient solution is fed from above  
and passes through the roots, then it is collected and re- 
circulated. Hydroponic walls are ideal for use indoors 
and on the facades of buildings;

 • vertical towers with hanging baskets in which plants  
are located. The baskets contain a substrate to hold the roots 
and allow the crops to grow vertically. The nutrient solution 
is delivered to the roots through a system of drip emitters 
or nozzles;Figure 1 – Methods of cultivating plants using hydroponics
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 • aeroponics is an upgraded system of hydroponics. Plants  
are cultivated in the air without the use of a substrate, their 
roots are immersed in a mist or a fine mist of the nutrient 
solution that is constantly maintained. The technology pro-
vides a high oxygen accessibility for roots and an efficient 
plant nutrition [12, 13].

Some systems may be homemade, assembled with avail- 
able materials, while others may be commercial ones, spe-
cially designed for hydroponic growing in vertical beds. 
Each of these systems has its own advantages and specif-
ics. The choice depends on the needs, the space available 
and the types of plants to be cultivated. 

Biohumus in Hydroponic Systems
uTerra biohumus is an organic fertilizer formed in the pro- 

cess of decomposition of relict and modern organic materi-
als under the influence of soil microorganisms and a breed 
of earthworm Lumbricus uTerris, capable of eating brown 
coal, specially developed at the Unitsky’s Farm Enterprise.  
This article presents the results of the experiment with the bio- 
humus extract, which is obtained by a special technology 
using an inoculate taken from the world Bank of soils (cre-
ated at the Unitsky’s Farm Enterprise from samples of nat-
ural fertile lands, untouched by plow, delivered to Belarus 
from all continents of the planet – from more than 100 re-
gions of the world). The most important criteria in choosing 
uTerra biohumus as a component for the hydroponic solu-
tion were its beneficial properties as well as the presence  
of nutrients and biological activity [14].

Humus contains a significant amount of substances 
necessary for plant growth and development – nitrogen, 
phosphorus, potassium and microelements. They are slow-
ly released into the soil and become available for absorp-
tion by the roots. This helps to maintain a nutrient balance 
and soil fertility.

Humus is a source of nutrition and habitat for aerobic 
and anaerobic microorganisms (bacteria, fungi, protozoa) 
that play an important role in the soil ecosystem. The mi-
croorganisms present in humus decompose organic sub-
stances, releasing nutrients and creating favorable con-
ditions for plants. In addition, such microorganisms help 
to fight pathogenic bacteria and fungi, preventing diseases  
of plantations [15].

Research on development, improvement and analy- 
sis of nutrient media for plant cultivation under the ECH 
conditions is carried out in the Biotechnology Department 

of Unitsky String Technologies Inc. (Minsk, Belarus). New solu-
tion compositions for an alternative method of manufac-
turing plant products according to the concept by engineer 
A. Unitsky [16] are presented below. 

Conducting the Experiment
Consumption of greens is an important part of a healthy 

and balanced lifestyle. Fresh greens (lettuce, dill, parsley, 
mustard, etc.) are a useful product and contain a number 
of essential elements and nutrients. It is worth noting that 
its properties can differ depending on the variety, method 
of cultivation and cooking. 

Lettuce (Lactuca sativa L.) of Lattuga variety and char-
lock mustard (Sinapis arvensis L.) of Muravushka variety were 
chosen as the object of research. This decision is due to their 
economic and agronomic value as well as fast maturation 
time.

Lettuce and mustard seedlings were placed in 200 ml 
containers filled with a nutrient solution (Figures 2, 3). 

Five nutrient solutions were used for comparison. They  
had a common main base of microelements (Murashige- 
Skoog medium) and additives of uTerra organic fertilizer  
in different concentrations as well as a mineral supplement 
and the extract of uTerra biohumus in different amounts. 
The extract was obtained by infusing biohumus and water 
in a ratio of 1 : 2 for seven days. The composition of the stan-
dard nutrient medium (control), which is the basis for all  
experimental solutions, is presented in Table 1. 

Compositions of nutrient solutions used in the experiment: 

1) standard solution (control);

2) standard solution + 5 % of uTerra biohumus extract;

3) standard solution + 10 % of uTerra biohumus extract;

4) standard solution + uTerra liquid fertilizer 1 : 500;

5) standard solution + uTerra liquid fertilizer 1 : 1,000.

The research conditions were kept constant throughout: 

 • humidity 50–55 %;

 • temperature 22–24 °С;

 • illumination 100 µmol/s/m at a distance of 40 cm;

 • light wavelength 340–780 nm.

Figure 2 – Setting up the experiment (lettuce)

Figure 3 – Setting up the experiment (mustard)

Table 1 – Components of the Murashige-Skoog medium

Component Content, mg/l

NH4NO3 825

KNO3 9,500

KH2PO4 85

MgSO4 • 7H2O 185

CaCl2 • 2H2O 220

FeSO4 • 7H2O 13.9

Na2EDТА 18.65

MnSO4 • 4H2O 11.15

H3BO3 3.1

ZnSO4 • 7H2O 4.3

KI 0.41

Na2MoO4 • 2H2O 0.12

CuSO4 • 5H2O 0.012

CoCl2 • 6H2O 0.012

Weekly measurements of vegetative (green) mass 
growth were made during the experiment. 

Main Results of the Experiment

The positive effect of biohumus extract and uTerra fertil- 
izer on the growth and development of lettuce and mustard 
greens can be noted (Figures 4, 5). 

Figure 4 – Lettuce grown by the humusoponics method

Figure 5 – Mustard grown by the humusoponics method
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Table 2 shows the numerical result of seedling growth  
measurement for three weeks of the experiment. The first  
measurement was made five days after transferring the plants  
to the hydroponic solution. 

Table 3 shows the weight of lettuce and mustard 
plants gained on different nutrient media upon completion 
of the experiment.

As it can be seen from the data in Table 3, the greatest 
vegetative mass is gained by the lettuce grown on the nutri-
ent composition “standard solution + uTerra liquid fertilizer 
1 : 500”: the increase in green mass is three times compared 
to the control. The second place is occupied by the medi-
um “standard solution + 10 % of uTerra biohumus extract”: 
2.5 times increase compared to the control. 

The mustard grown on the nutrient composition “stan-
dard solution (control)” has the smallest green mass. The oth-
er variants of the experiment have shown results with a slight 
difference: about 1.5 times more compared to the control. 

Analysis of Chemical Elements
The content of useful minerals for humans, such as cal-

cium and potassium, in lettuce and mustard greens was an-
alyzed in the described experiment. Calcium is the main 
structural component of bone tissue, it supports a stable 
cardiac activity, participates in blood clotting processes. Po-
tassium plays an important role in intracellular metabolism, 
it is involved in muscle function; calcium ions are responsible  
for the conduction of nerve excitation to the muscles.

Table 4 shows the results of determining the amount 
of potassium and calcium in the green mass of lettuce 
and mustard grown using different nutrient solutions. To per-
form this task, the method of flame photometry on BWB XP 
Plus Flame Photometers was applied. 

It is evident from Table 4 that the highest amount of po-
tassium and calcium was observed in the green mass of let-
tuce and mustard grown on nutrient compositions “standard 
solution + 5 % of uTerra biohumus extract” and “standard solu-
tion + 10 % of uTerra biohumus extract”. Compared to the con-
trol, the potassium content in lettuce increased on average 
by 12.5 %, and calcium content – by 14.5 %. Potassium index  
in mustard has increased on average by 8 %, and calcium –  
by 24 %. This contributes to improve the nutritional value 
of crops and active growth of vegetative mass.

An increase in the amount of calcium and potassium 
in the plants was also recorded when using the nutrient me-
dium with uTerra liquid organic fertilizer. This means that 
these minerals contained in the initial extract of uTerra bio-
humus and uTerra fertilizer are in available form for plants 
and are easily absorbed by them. 

Conclusion
The extract from uTerra biohumus as an additive for  

a nutrient solution in alternative methods of plant cultiva-
tion had a positive effect on their development; its use led 
to an increase in the growth performance rates of lettuce 
and mustard in relation to the control. 

It was revealed that the greatest amount of calcium 
and potassium minerals useful for humans is present in let-
tuce and mustard grown on nutrient medium containing  
biohumus extract. 

Vegetative mass formation was best affected by the ad-
dition of uTerra liquid organic fertilizer to the nutrient solution. 
The highest growth was obtained when it was added in con-
centrations of 1 : 500 and 1 : 1,000. The experimental samples, 
for which uTerra biohumus extract was used, showed good re- 
sults in green mass increase. Thus, these natural additives 
can be considered as an optimal component for the nutrient  
medium of the alternative method of plant cultivation. 

It has been established in the course of the study: dif-
ferent concentrations of biological additives have differ-
ent effects on the growth at various stages of the plant 
development. A more detailed study of the concentrations 
of the involved fertilizers and the rate of nutrient uptake 
by crops is required to ensure an efficient supply of additives 
into the standard solution. 

Summarizing the above, it is possible to draw a con-
clusion: the method presented in this work shows the pros-
pects of plant cultivation not only on mineral salts but also 
using solutions of organic and mineral substances as well as  
valuable soil microorganisms. 

Table 2 – Crop growth rates, cm

Composition  
of nutrient medium

Lettuce Mustard

Da
y 

5

Da
y 

13

Da
y 

21

Da
y 

5

Da
y 

13

Da
y 

21

Standard solution (control) 5.3 9.8 14.2 5.5 15.5 26

Standard solution +  
+ 5 % of uTerra biohumus extract

8 13 15.5 5.9 16.5 20.6

Standard solution +  
+ 10 % of uTerra biohumus extract

8.1 13.1 15.4 6.3 19.3 23.8

Standard solution + 
+ uTerra liquid fertilizer 1 : 500

7.7 14.6 17.8 4.9 16.1 25.2

Standard solution + 
+ uTerra liquid fertilizer 1 : 1,000

6.1 9.1 17.3 5.2 16.4 25.2

Figure 6 shows a diagram of lettuce growth on different 
compositions of nutrient medium over 21 days. The first mea-
surement was made five days after transferring seedlings 
to the hydroponic solution. The greatest impact on the growth 
rate of lettuce was made by the composition of nutrient 
medium “standard solution + uTerra liquid fertilizer 1 : 500”;  
excellent results were shown by “standard solution + 5 % 
of uTerra biohumus extract” and “standard solution + 10 % 
of uTerra biohumus extract”. As it can be seen from the dia-
gram, in the period of appearance of three true leaves (day 13) 
the lettuce on the nutrient medium “standard solution + uTerra  
liquid fertilizer 1 : 500” began an active growth and reached 
the best indicator by the end of the experiment.

Figure 7 shows a diagram of mustard growth on dif-
ferent nutrient media compositions over a period of 21 days. 
The first measurement was made five days after transferring 
the seedlings to the hydroponic solution.

Upon completion of the experiment with mustard, it is  
seen that a slight lag in growth is noted on the nutrient com-
position “standard solution + 5 % of uTerra biohumus extract”, 
the other compositions showed approximately the same re-
sult on the 21st day of observation. It follows from the exper-
iment that lettuce and mustard respond differently to ad-
ditives in nutrient solutions. It can be concluded that so  
as to maximize yield, it is necessary to study the concentrations 
of nutrients for various crops in more detail. 

Figure 6 – Lettuce growth over 21 days
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Figure 7 – Mustard growth over 21 days
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Table 3 – Vegetative mass of plants  
upon completion of the experiment, g

Composition of nutrient medium Lettuce Mustard

Standard solution (control) 22.55 21.17

Standard solution +  
+ 5 % of uTerra biohumus extract

48.77 26.84

Standard solution + 
+ 10 % of uTerra biohumus extract

62.58 26.82

Standard solution + 
+ uTerra liquid fertilizer 1 : 500

70.62 30.79

Standard solution + 
+ uTerra liquid fertilizer 1 : 1,000

31.03 30.9

Table 4 – Potassium and calcium content in plants, mg/100 g

Composition  
of nutrient medium

Potassium Calcium 

Le
ttu

ce

M
us

ta
rd

Le
ttu

ce

M
us

ta
rd

Standard solution (control) 6,779 7,954 629 730

Standard solution + 
+ 5 % of uTerra biohumus extract

7,380 8,462 731 904

Standard solution + 
+ 10 % of uTerra biohumus extract

7,863 8,751 710 967

Standard solution + 
+ uTerra liquid fertilizer 1 : 500

7,102 8,135 588 820

Standard solution + 
+ uTerra liquid fertilizer 1 : 1,000

7,169 8,269 608 830
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The main emphasis in the construction of the ECH tech-
nological platform is put on improving public health and cre-
ating a comfortable environment for a long-term human 
residence. Various means – tools, methods, technologies, 
etc. – are required in an enclosed ecosystem of the terres-
trial biospheric type to maintain life activities. The applica-
tion of humusoponics as a method of obtaining an organic 
product together with other environmentally friendly bio-
technological solutions will allow the ECH residents to main-
tain autonomy in providing a wholesome organic food under 
space conditions.
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Introduction
Plant cultivation technologies in near space can uti-

lize a variety of scientific and engineering methods that 
can achieve results under conditions of weightlessness  
and increased cosmic radiation. 

One of the main common technologies is hydroponics,  
a method of growing crops in water to which minerals and nu- 
trients are added. In space, hydroponic systems provide 
plants with the necessary nutrition and water as well as in-
sulation and place for cultivation. To deliver sufficient light 
and heat to plants, special lighting and heating systems 
are used, in particular LED lamps that mimic natural sunlight. 
In addition, special methods are used to create optimal con-
ditions for plant cultivation in near-Earth space. The Inter-
national Space Station (ISS), for example, has a closed-loop 
system: all waste is treated and recycled into new sources 
of food and water for plants [1]. Biologists and astronaut en-
gineers continue to propose new technologies to improve 
the process of plant cultivation in space and increase yields 
and product quality.

At present, the topic under consideration is extensively 
addressed in open information sources. According to data 
from the Google Scholar, there are over 4 mln publications 
directly or indirectly related to issues of crop production 
in space; a patent search yielded more than 1,000 works 
on this topic [2]. In addition to review articles and pat-
ents, the National Aeronautics and Space Administration  
(NASA) regularly publishes studies on cultivation technolo-
gies, conducting experiments both on Earth and in space [3].

We can identify four key research areas that charac-
terize the technology of plant cultivation on orbital stations. 

1. Creating devices for growing crops in confined space. 
Structurally, these units represent a multifunctional de-

vice, greenhouse, rack, box and module. Their main purpose 
is to facilitate plant production. An example of such a de-
vice implemented as a module is the operational vegetable 
cultivation system Veggie [4]. The project has been active  
since 2014 and is currently utilized on board the ISS. 

2. Development of systems and methods to ensure plant  
cultivation under conditions of microgravity, limited illu-
mination level and the influence of cosmic radiation. Such  
systems include:

 • artificial soil;
 • air conditioning and refrigeration;
 • plant fixation;
 • artificial lighting;
 • crop growth and development control; 

 • capture and redistribution of CO2;
 • provision of water and mineral nutrition elements;
 • automated and robotic monitoring systems.

In particular, an example of a solution to the problem  
of the gravity effect on crop growth is a patent registered 
in 2023 for a magnetic device that has a space inside that en- 
compasses the base of the plant and allows it to grow along 
a vertical axis. Magnetic elements surround the crop in such 
a way as to create a rotating magnetic field to enhance 
growth [5].

3. Analysis of plant behavior involving their study 
at the cellular level in weightlessness; conducting related 
experiments. 

The need for such experiments is due to the environ-
mental effects. Cells behave differently in space than they 
do on Earth, because the fluids in which they exist move dif-
ferently in microgravity. So, it is necessary to understand 
how signals pass between cells, how cells differentiate or di-
vide, grow or metabolize, and what changes are observed 
in the tissue that consists of them [3]. Research in this 
area includes experiments on the ISS to cultivate plants 
in enclosed systems to produce fresh fruits and vegetables. 
The experiment uses soil microbes to decompose organic 
material, while the cultures receive substances necessary 
for growth and development [1].

4. Elaboration of landscaping methods. Thanks to the ac- 
cumulated experience as a result of experiments and obser-
vations, it was possible to create a common system – space 
greenhouses, a flowering garden. To date, this concept is  
still at the research stage and has no practical application  
in near-Earth orbit.

Greenhouses in space are of interest for studying  
the effects of microgravity and radiation on plants as well as 
for testing life support systems in long-term missions 
of spacecraft and various space objects. In addition, such 
greenhouses may have practical applications in the future 
when humans begin to colonize other planets. They will need 
plants to supply food and oxygen and also to create atmo-
sphere on these planets. However, building greenhouses 
in space is not a trivial task, which requires the development 
of special technologies and methods of plant cultivation 
in microgravity and strong radiation [1].

Since the four research areas reviewed reflect changes  
in human perceptions of plant cultivation technologies 
in near-Earth orbit, the objectives of this publication are:

 • to analyze the current state of crop production technol-
ogies used in near space; estimate how present techniques 

for creating microbiological preparations and string green-
houses can add to the human understanding of farming in or-
bit, including how the gained knowledge will enable these tech-
nologies to be used when cultivating plants in the extreme 
conditions of Earth’s tropical climate;

 • to consider the potential of biosphere technologies 
to address energy, environmental and other problems ef-
fectively, touching upon the practical issue of gardening 
the Earth’s deserts; assess what steps have already been 
taken towards this objective; 

 • to forecast the evolution of plant cultivation technol-
ogies in orbit; to describe the constraints and formulate 
proposals for the development of plant cultivation in artifi-
cial and extreme environmental conditions, considering cur-
rent trends; to present the prospects of the project focused 
on the creation of a biosphere cluster in the UAE. 

When preparing the publication, we have tested the use 
of artificial intelligence (ChatGPT), developed by OpenAI com-
pany, for wide coverage of a significant amount of accu-
mulated knowledge in the study area and accelerating 
the solution of problems in creating a favorable environment  
for human habitation on Earth and in space. 

Prerequisites for Development  
of Principal Technological Directions  
of Plant Cultivation  
in Near Space Conditions

The problems of plant cultivation in extreme conditions 
on Earth and in orbit (in weightlessness, at high and low 
temperatures, etc.) are becoming more and more relevant 
in science and practice and are forming a whole industry. 
The main trend is the creation of crop production technol-
ogies in artificial environment taking into account various 
factors of the surrounding environment. Every day we find  
confirmation of this in media publications. 

Some examples of the development of such technol-
ogies are the watermelon growing experiment completed 
in 2023 at the Antarctic Vostok Station, in which they ap-
plied soilless technology (panoponics) [6], and the harvest 
of dwarf tomatoes grown on the ISS using the Veggie sys-
tem (as part of the VEG-05 study) and delivered by an astro-
naut from the UAE for further analysis at the John F. Kennedy  
Space Center in Florida [3].

These examples are responses to the challenges facing 
humanity in the current century. The main factors and drivers  

steering the plant cultivation industry forward in Earth’s  
orbit and in extreme agricultural conditions:

 • growth of the Earth’s population and, consequently, 
questions about the impact of human activities on the planet 
and its ability to support life for people and other species [7];

 • a focus on achieving food security. Globally, the num-
ber of chronically undernourished people exceeded 821 mln 
in 2018, up from 777 mln three years earlier; 10 of 13 larg-
est food crises in the world are caused by conflict; 60 %  
of hungry people live in conflict zones [8]; 

 • degradation of land and agricultural areas as a result 
of excessive use of fertilizers and agrochemicals as well as 
due to wind and water erosion and construction of high-
ways. The UN reports that up to 12 mln ha of agricultural ar-
eas are lost annually due to land degradation, which is 0.2 % 
of the area of such lands in the world [9];

 • slowdown in the global economic growth, which affects 
developing countries the most and contributes to an increase 
in the number of hungry people [10];

 • local trends related to the development of new areas 
and territories – on Earth or in outer space [11].

Understanding the above trends, A. Unitsky formulated 
the thesis: “The biosphere of the planet is our home. More 
precisely, one large bed-sitting room, which does not even 
have partition walls” [11].

Characteristic of Modern Technologies  
of Plant Cultivation  
in Near Space Conditions

We propose to characterize the evolution of ideas 
in near space plant cultivation through several aspects: 

 • stages of technology development life cycle;

 • factor model of technology development.

The approach to the study of technology evolution 
with regard to the evaluation of the industrial life cycle 
stages was used by many authors of scientific articles [12]. 
Based on this approach, it is possible to identify the main 
stages of technological development of crop production 
in Earth’s orbit, which are presented in detail by the team 
of scientists of the Yu. A. Gagarin Research & Test Cosmo-
naut Training Center [13]. They managed to trace the develop- 
ment of the technology from the moment the ideas of involv-
ing biological elements in the life support systems of piloted  
spacecraft started in 1895, associated with such names 



352351
COMPARATIVE CHARACTERISTICS OF MODERN TECHNOLOGIES OF PLANT CULTIVATION  
IN NEAR SPACE CONDITIONS
A. Unitsky, I. Demenskaya, A. Kushnirenka

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

as K. Tsiolkovsky [14] and F. Tsander, to 1999, when experiments 
were carried out on the Russian segment of the ISS in the Lada 
greenhouse. Table 1 shows the stages of development of near 
space plant cultivation technologies.

Each next stage of technology evolution is associated  
with the identification and resolution of new problems to over- 
come the influence of external environmental factors to en-
sure the possibility of plant cultivation in artificial condi-
tions, including near space. To analyze the impact of such 
factors on the development of the crop cultivation pro-
cess in near-Earth space, we propose to use the Ishikawa  
diagram [15]. 

In its structure, the main goal of the EcoCosmoHouse 
project – long-term comfortable human habitation outside  
the Earth – should be considered as the problem to be solv- 
ed, which is aimed at the development of plant cultivation  
technology in near space (Figure 1) [15].

A set of factors influencing the development of plant 
cultivation technologies in an artificially created environment 
(in Earth orbit) has been formed during more than 100 years 
of space exploration. The key ones are: 

 • microgravity: affects the growth of crops and leads 
to negative changes in their shape, structure and function;

 • radiation: is a serious threat to plants that can cause  
mutations and DNA damage;

 • lack of growing conditions: in the absence of fertile 
soil, crops must be grown in special containers equipped  
with artificial lighting and irrigation systems;

 • duration of space missions: exploration of Mars, oth-
er planets and space objects may require the production 
of plants over a long period of time;

 • limited volume: crops must be grown in a small place 
of the space station or capsule, which may constrain their 
number, size and weight characteristics [1].

Below is a fragment of the factors’ classification of the plant 
cultivation process in space (Table 2). This classification is a sys- 
tem of consecutive divisions, which are made in terms of in-
fluencing attributes. The factors are grouped so that their 
position allows us to judge their properties. The final result 
of the classification is easy to interpret because it is given 
schematically in the table. 

For additional analysis, as the parameter to be stud-
ied, we consider the environmental factors such as micro-
gravity and confined space conditions and how they affect 
plant cultivation. 

Table 1 – Characteristics of the development stages of plant cultivation technologies in near space conditions

Stage Duration Main results

1. Cultivation  
concept formation

1895–1950
The vision and role of biotechnological elements in spacecraft life support systems 
were formulated.

The concept of plant cultivation in Earth’s orbit was born

2. Start of experiments 1951–1962
The first seeds were delivered to near-Earth orbit.

Microgravity influence on bioobjects was studied

3. Confirmation  
of a number of hypotheses

1962–1988

Scientific and practical experiments on cultivation of crops in near-Earth orbit  
using various types of installations based on hydroponics have been carried out. 

The possibility of ontogenetic development and reproduction of plants was confirmed, 
which determined their use as food by astronauts

4. Beginning  
of the greenhouse concept 
development

1988–1999

Genetic consequences of crop cultivation in a number of generations  
on board the Russian segment of the ISS were revealed.

Transition to the concept of creating greenhouses for plant cultivation  
on a permanent basis was made

5. Development  
of greenhouse-type  
technologies

From 2000  
to present

Automatic and semiautomatic greenhouse technologies  
of plant growing have been developed.

The number of crops used for cultivation in microgravity conditions has been expanded.

An idea of the possibility of creating greenhouses for long piloted expeditions  
and building them in outer space was formed

Figure 1 – Ishikawa diagram: factors influencing the development of the technological process of plant cultivation in near space conditions

Possibility 
of long-term comfortable 

human stay in space

Human Technology of crop cultivation in space

Plants Environment

Pressure

Atmospheric composition

Temperature, light

Magnetotropism, gravity seed treatment 

Balance of oxygen and carbon dioxide in the atmosphere

Water supply, mineral nutrition, etc.

Limited moisture, light, CO2 conditions 

Limited cultivation space 

Microgravity conditions

Cultivation method

Means for organizing cultivation

Method of cultivation process control

Table 2 – Fragment of classification of factors of plant cultivation process in the conditions of microgravity and confined space [16–18]

Parameter
2nd level  
factor

Factor effect assurance

Technology  
of plant cultivation  

in space (T)
Human Plants Environment

Microgravity 
conditions

Means  
for organizing 
cultivation

Use of a spherical 
planting surface

Improving 
the management  
and control  
of plant habitats

Selection of crops 
for cultivation  
and seed preparation

Increased planting area 
and luminous flux 

Cultivation  
method

Root module  
with capillary-porous insert 
for planting  
with passive water supply

Substrate 
humidity controller 
with feedback sensor 
for human control 
of the parameter

Providing a system 
of humidification 
and aeration 
of the plant root area

Liquid gel form 
with selected  
nutrient medium

Cultivation  
process  
control method

Control of water and nutrient 
medium supply process 
with a microcontroller  
(start and duration 
of irrigation)

Control  
of consumables 
and power supply 
availability

Control of growth rate; 
plant height  
and root system 
measurement

Control of ambient 
air temperature 
and humidity  
as well as 
CO2 concentration

Confined  
space 
for cultivation

Means  
for organizing 
cultivation

Installation weight –  
up to 8 kg,  
power – 115 W

Providing irrigation  
with a tank

Seeds are either 
prepared on Earth 
or obtained in space

Height  
for crop growth – 
up to 50 cm

Cultivation  
method

Teflon coated cushion 
containing planting medium 
as well as fertilizer granules

Visual control 
Ovaries without flowers, 
ripening time –  
less than 28 days

Selected lighting 
spectrum of red,  
blue, green colors

Cultivation  
process  
control method

Semiautomatic  
system

Availability of power 
and lighting switches 
for the system

Absorption 
of the solution 
by the root system

Metal frame designed  
for fixing
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Publications between 2010 and 2023 have been devoted  
to the study of the microgravity effects [19–21]. The team 
of authors [22] gives a review of the literature data on the in-
tensity of the gravity impact on plants. The object of their re-
search is the study of the crop interaction with a constant 
component – Earth’s geomagnetic field. In addition, they pro-
vide information on three main types of magnetotropism, 
and in particular on the physiological reaction of a grow-
ing organ bending under the impact of permanent magnet-
ic poles. Their description is given and the conclusion that 
magnetic fields of various intensity contribute to the growth 
and development of different types of crops is formulated. 
The significance of magnetic field and gravitational factor 
is considerable for a number of reasons: 

 • without gravity, plants cannot orient themselves in space 
and properly direct their growth;

 • gravity affects the distribution of growth hormones, 
which determines the shape and size of the crop: they 
are synthesized in greater amounts at the top of the plant 
than at the bottom, which ensures upward growth;

 • gravity affects root development – they grow in the di-
rection of gravitational force, which allows plants to become 
stronger in the soil and get the nutrients and water they need;

 • some crops, such as maize, can change the direction 
of their growth under the effect of gravity. This is due to a spe-
cial spherical cell that reacts to changes in the position  
of the plant [1].

Thus, gravity plays an important role in the life of crops 
and determines their shape, growth and development. In our 
opinion, the key aspects that will be crucial in the evolu-
tion of crop production technologies in a space greenhouse  
will be:

 • minimizing the function of human control of plant con-
dition and transferring it to an automatic system;

 • availability of specially selected nutrient agrobiologi-
cal medium, which is the best for various crops, contribut-
ing to their protection from negative environmental impact 
as well as to the building of an immune system for a ge- 
netically developed generation, which would guarantee  
reproduction in space;

 • reduction of plant cultivation installations to a size close 
to the root system environment, which will allow such devices  
to be assembled into a single greenhouse;

 • increasing the role of the space agronomist, who 
should correctly select crops, nutrient media, creating 
proper starting conditions for plant cultivation in space. 

However, further human impact on their growth will be min-
imal and will be reduced only to the function of system  
monitoring and crop development;

 • special design solutions for the arrangement of plants, 
their root system, nutrient medium supply devices and light, 
observing the requirements of low energy consumption. 

Thus, in more than 100 years, humankind has made sig-
nificant progress in the study of near space crop produc-
tion technologies. At the same time, going from the general 
to the particular, they have been largely divided by scientific 
groups and corporations. Further development of technolo-
gies is possible due to the processes of integration of world 
experience to solve a single task – creation of the world’s 
first space greenhouse. This mission could be entrusted 
to the International Organic Farming Association, which 
is proposed to be established in the UAE.

Realizing the trends in the evolution of plant cultivation 
technologies in near space conditions, A. Unitsky on the ba-
sis of the Unitsky’s Farm Enterprise together with the world 
engineering school of Unitsky String Technologies Inc. de-
veloped a comprehensive agro-biotechnological engineer-
ing system called Sustainable-BioTech, combining innovative  
engineering, agro-, bio- and soil-forming technologies. 

This system includes the following key stages: 

 • use of relict raw materials of organic origin such as 
brown coal and oil shale as the main source of macro-, micro-  
and ultramicroelements (included in the composition of an-
cient living organisms), prepared with the use of technolog-
ical conversion stages until it is possible to extract humic  
substances (humic acid salts);

 • addition of any modern raw materials of organic origin:  
grass, peat, sawdust, manure, household waste, sewage;

 • final processing of the obtained multicomponent mix-
ture into living fertile humus in bioreactors with associations 
of thousands of particular selected species of agronomical-
ly valuable soil microorganisms that enter into symbiosis 
with plants grown on this humus.

Such microorganisms are taken in a special way from  
the world soil cluster (Figure 2). It is located in Maryina Gorka, 
Belarus, in the territory of Unitsky’s Farm Enterprise. The clus-
ter is a set of fertile soils, untouched by the plow, collected 
in more than 100 regions from all continents of the planet.  
As a result, each kilogram of organic biohumus contains 
up to 10 tln useful bacteria of thousands of species, provid-
ing nutrients to plants, and exactly in the amount they need 
for effective vital activity.

Honey and other beekeeping products containing a com- 
plex of vitamins, amino acids, organic acids, enzymes and min- 
erals (macro-, micro- and ultramicroelements) are included 
as additional nutrition for these microorganisms during their 
reproduction and cultivation. These and other useful (thera-
peutic and even healing) components, then produced by soil 
microorganisms, which form a symbiosis with the root sys-
tem of plants, are transferred into organic food produced 
on such bio-soil. The concentration of agronomically valu-
able soil microorganisms in 1 l of uTerra organic complex 
plant nutrition, obtained by the above technology, is not less  
than 1 tln colony-forming units (Figure 3).

The crumbly biohumus for uTerra production is created 
as a result of vital activity of the earthworm species Lumbricus  
uTerris specially bred by Unitsky’s Farm Enterprise (Figure 4), 
which is able to eat not only modern organic matter but also 
relict raw materials of organic origin – brown coal and oil shale.

Figure 2 – World soil cluster, Unitsky’s Farm Enterprise, 2023

Figure 4 – Earthworm species Lumbricus uTerris  
bred by Unitsky’s Farm Enterprise, 2023

Figure 3 – Association of microorganisms  
isolated from the world Bank of fertile, untilled soils  

by the Biotechnology Department  
of Unitsky String Technologies Inc., 2023

A unique component of the agro-biotechnological part 
of the Sustainable-BioTech system is elicitors that acceler-
ate the process of delivery of nutrient elements required 
for plants. The formed basis is used to obtain:

 • uTerra – a unique composition of liquid organic complex  
fertilizer for plants;

 • uTerra Oasis – a soil elixir adapted to hot climates. 

The engineering part of the system provides the neces-
sary temperature and other effects on the initial components, 
while preserving the value of each of its elements.

Thanks to carefully selected (within a narrow range 
of parameters) equipment operation modes, ingredient 
and fractional composition, concentration of components, 
values of hydrogen indicator pH and other process modes, 
optimal conditions are created for maintaining the balance 
between sources of macro-, micro- and ultramicroelements 
and maintaining a working environment for associations 
of thousands of species of agronomically valuable soil mi-
croorganisms. The synergy of microelements and biotech-
nological modes of obtaining a product determines the en- 
hanced effect on the immune system of crops, contributing  
to their healthy growth and development. The applied process  
equipment, its volumes, used materials and process modes 
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ensure production and economic efficiency of the entire com-
plex agro-biotechnological engineering system Sustainable- 
BioTech. As a result of its implementation in the territory 
of Unitsky’s Farm Enterprise, the yield of vegetable, berry,  
green and other crops increased by 20–35 %. The result  
is visualized in Figure 5.

Unitsky’s Farm Enterprise is a working model of the  
uGreen technological platform created by farmer A. Unitsky 
[23–25], focused on the possibility of using available devel-
opments for cultivating plants in space and gardening des-
erts on Earth. The experience of restoring low fertile and de-
graded soils on the territory of the farm (former tank range) 
using the Sustainable-BioTech system can also be applied 
in the ongoing international programs for the restoration 
and conservation of fertile lands.

Implementation of this system is also possible in the UAE  
by organizing Sustainable Biosphere Cluster (SBC) (Figure 6) 
as a center of competence in gardening deserts.

SBC will be the basis for the implementation of the uGreen  
technological platform in hot tropical climates, an environ-
ment with negative impact factors (e.g., high temperature) 
affecting plant cultivation. The essence of the platform is or-
ganic farming in a new logic of recreating and intensifying 
natural biosphere processes by directly borrowing and us-
ing natural soil ecosystems with their microflora, microfauna 
and biogeocenosis as well as in the logic of a complete refus-
al to use any synthetic chemicals (fertilizers and plant pro-
tection products), gene modification technologies and other 
elements of conventional intensive farming.

In order to establish the processes of integration 
of uGreen technological platform into agricultural turnover, we   
propose to establish SBC as a biotechnological engineering 
and scientific platform to facilitate the testing of the world’s 
accumulated knowledge in the field of extreme agriculture, 
in order to create the first space greenhouse as well as 
to participate in international programs, including:

 • Great Green Wall (Africa). Proposed by the African Union 
to stop soil degradation and organize 8,000 km long green 
belts across Africa [26];

 • Great Green Wall (China) (the Three-North Shelter Forest  
Program). Supports the adjustment of groundwater to provide  
conditions for crop growth in China’s desert regions [27];

 • Middle East Green Initiative. The project, promoted  
by Saudi Arabia, aims to reduce carbon dioxide emissions  
in the region. It envisages increasing the green cover by plant- 
ing more than 50 bln trees in the Middle East and restoring 
200 mln ha of degraded land [28].

Conclusion
Consideration of the evolution stages of plant cultiva-

tion technologies in near space conditions and compilation 
of a multifactor model of this process allow predicting fur-
ther development and improvement of these technologies 
with their full materialization on Earth – in gardening deserts. 
The first practical experience of solving the global problem, 
implemented in Belarus, confirmed the possibility of organ-
ic farming and achieving actual results. The next step in this 
direction is the creation of SBC in the UAE. 

The establishment of SBC will help to create food pro-
duction using organic feeds to nourish plants in the tropics 
and deserts. Having ensured the safety of organic food pro-
duction on Earth in extreme natural and climatic conditions, 
it is possible to prepare technologies for their application 
in near space – in the ECH. 

Due to the importance of the cost factor in the trans-
portation of nutrient soil medium for the implementation 
of the most economical way of growing crops in near-Earth 
space, while creating SBC the principles of economic efficiency 
are taken into account.

To analyze the negative factors of plant cultivation 
in near space, we plan to study the effect of complex fertil-
izers containing humic acid salts on the presence of heavy 
metals and radionuclides in plant products. The results 
of the research will provide an opportunity to finalize these 
fertilizers and use them for step-by-step restoration of fer-
tility of technogenically contaminated soils on the planet,  
including radiation impact.
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The uBioSystem project is described, which is an enclosed ecosystem with controlled  
technological processes (lighting, temperature, air blow-off, water flow speed, etc.),  
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Introduction
The relevance of biosphere research is continuously  

increasing due to the negative results of irrational human 
impact on the environment. The constant deficit of water 
resources [1] is not only a threat to people life but also 
complicates agriculture, which leads to additional soil deg-
radation and a decrease in the species diversity of organ-
isms living in it. Waste continues to grow significantly, while 
the percentage of its utilization and neutralization reduces 
every year. The total area occupied by waste is more than 
4 mln ha [2], and at least 400,000 ha are allocated for their 
disposal every year. Such pressure threatens to reduce biodi-
versity in the biosphere and to lose entire natural complexes.  
Agricultural land is losing fertility due to the mismatch be-
tween natural opportunities and the established land use 
pattern. According to UNEP, nowadays deserts of anthro-
pogenic origin occupy more than 9 mln km2, and annually  
7 mln ha are taken out of the productive application [3]. 
The above facts indicate the onset of an ecological crisis, 
the way out of which will be the non-rocket near space in-
dustrialization. This will leave on Earth industries that either 
do not have a harmful impact on the biosphere or are effi-
cient enough to restore natural resources as well as those 
that humanity cannot do without.

Research on Biosphere Using Enclosed Ecosystems
Despite the fact that there is a huge amount of accu-

mulated but often disparate data on the structure of the bio-
sphere, there are currently no accurate, reliable and validat-
ed predictive models for the significant changes brought 
about by the today human activity. In order to implement 
cognitive agency for long-term planning and elimination 
of consequences of irrational anthropogenic impact, the bio-
sphere processes are studied on the basis of artificial ana-
logs of ecosystems with enclosed cycles of matter, en-
ergy and information. Such models and the technologies 
used in them can be applied in space exploration, arrange-
ment of autonomous settlements on Earth and other planets. 
The EcoCosmoHouse concept [4] demonstrates the possibility 
of creating enclosed ecosystems with unlimited lifetime, solves 
actual scientific and practical problems, involves modeling 
and control of biosphere processes and also serves as an alter-
native to specially protected natural areas that are constantly 
subject to the negative impact of external factors.

Attempts to arrange such systems are being made 
in the USA (Biosphere 2), Europe (MELiSSA), Japan (Ecotron), 

Russia (BIOS) as well as in Canada and China. The practical 
implementation of some of them (Biosphere 2, BIOS) showed 
underestimation of key natural processes and relationships. 
A weak elaboration of the main cycles of biogenic elements  
led to an increase in water acidity (due to dissolution of ex- 
cess CO2). The lack of oxygen was caused by respiration 
of soil microorganisms, which could not fulfill their functions 
in the changed environment. This led to increased decompo-
sition of dead organic matter, which in turn absorbed oxygen. 
In addition, unaccounted trophic interactions had a signifi-
cant impact, resulting in a decrease in the diversity of animal 
life. However, the main factor of failures was the absence 
of a balanced soil cover with the biota inhabiting it.

Taking into account the experience of previous studies, 
the project of the enclosed ecosystem uBioSystem (Figure 1) 
was developed for the long-term existence of a community 
of living organisms, which includes additional technological 
processes meeting its needs.

 • module of a streambed and two lakes;
 • microclimate control system;
 • lighting system;
 • water circulation system;
 • control and management system.

All uBioSystem surfaces must hermetically seal the in- 
terior space and be strong enough to withstand pressure 
from the inside. The bottom surface module (Figure 2) should 
consist of a thermally conductive metal (e.g., duralumin)  
and have heating elements under it (with a possibility of ad- 
justment in the range of 15–50 °C) to heat and maintain 
the temperature inside the ecosystem. In addition, this 

Structure and Components of uBioSystem
The uBioSystem is a model of an environment with fully 

enclosed cycles of substances in its internal space. The abi-
otic parameters required by the ecosystem are provided 
by the following elements:

 • surface modules (bottom, side, top);
 • elevation modules;

Figure 2 – uBioSystem bottom surface module
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Figure 3 – uBioSystem (visualization)

module has a direct uniform slope for independent water 
drainage to the lower point of water intake and to create 
a slight temperature differential at opposite edges for natural  
convection. 

The side walls of the uBioSystem (Figure 3) are planned 
to be made of a transparent thermo-insulating material. In or-
der to obtain the results of biosphere processes studies, contin-
uous monitoring is required, which can be performed through 
transparent surfaces that are inert to temperature changes  
(this prevents the formation of condensation on the inner 
walls) and also have sufficient strength to withstand pres-
sure from ecosystem components. The most significant  
pressure on the side surfaces will be from the soil system.

Figure 1 – Enclosed ecosystem uBioSystem
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Environmental Characteristic of uBioSystem Soil

The most important component of an enclosed ecosys-
tem is balanced soil. It is in it that biological and chemical cy-
cle of substances interact through bacterial microorganisms, 
protozoa and fungi. In addition, the soil is a medium for a huge 
number of animals, which in the process of life activity regulate 
most of the flows of matter and energy. The food webs of soil 
communities that distribute the ecosystem energy flows have 
a complex structure and are represented by a wide range  
of organisms forming multiple trophic relationships that are 
variable in time and conditions [5]. The energy base of soil de-
trital chains is leaf, root and tree waste of plants. At the same 
time, energy can be supplied to soil food webs with lifetime 
root secretions, from living phytomass of plants and during  
the assimilation of stabilized soil organic matter [6]. 

The chemical composition of leaf waste is heterogeneous. 
It includes water-soluble organic components and hemicellu-
lose, which begin to decompose immediately, while the break-
down of cellulose and lignin takes several years. The de-
composing organic matter is digested by bacteria and fungi  
along the trophic chain or passes into detritus (Figure 4).

Actively multiplying bacteria and fungi utilize the most 
readily available components of the waste, and then it is re-
populated by microorganisms decomposing stable organ-
ic polymers. Thus, a temporal-spatial succession of de-
composition of plant residues takes place in the soil litter. 
However, even at its late stages, microorganisms utilizing 
readily available components are present in the microbial 
community. A fresh tree waste can be assimilated by zygo-
mycetes (Mucorales order) as well as by some ascomyce-
tes (Talaromyces, Penicillium genus, etc.); pectin and cel-
lulose are decomposed by hydrolytic fungi (Aureobasidium, 

Chaetomium, Cladosporium, Trichoderma, Gliocladium genus). 
During the first months, saprotrophs from the lignolythic 
group, which are not capable of rapid growth but master more  
inert chemical components, begin to develop on the tree 
waste. These are mostly basidiomycetes (Marasmius, Mycena  
genus). Soil fungi of different groups (Mortierella ramanni-
ana, Trichoderma viride, Penicillium species) are the last ones 
to start dominating on the tree waste.

The third trophic level consists of invertebrate animals. 
Wood lice, earthworms, diplopods and some insect and mite 
larvae use plant tissues as food, but these are mainly or-
ganisms with a mixed plant-animal diet, which depends 
on the life cycle. Mites, colembolae and nematodes con-
sume colonies of bacteria and fungi. Detritophages (oribatids, 
enchytrids) can also be referred to this level.

The next consumptive level consists of zoophages 
(ground beetles, mole crickets, spiders), phytozoophages 
(diptera, malacophages; less frequent than at the previous 
level) and parasites (mites).

Thus, there should be more than three trophic levels  
in soil webs. An important role is played by polyphages,  
which partially integrate different energy flows at the lev-
el of saprophagous animals. Combining food specialization 
(it allows to avoid interspecies competition maintaining 
a high diversity of soil fauna) with temporary polyphagy (it in-
creases the compensating capacity of the soil community 
and the interchangeability of its components), polyphages 
are one of the main elements of enclosed ecosystems.

A balanced fertile soil cannot exist without another key com- 
ponent – the earthworm. It is that loosens up the soil, providing 
respiration and moisturizing of roots, enhances humus forma- 
tion processes, nitrification and ammonification as well as main-
tains the necessary number of microorganisms valuable for soil.  

The digestive tract of the earthworm reduces the number 
of pathogenic microorganisms and simultaneously promotes 
the conversion of organic matter into poorly soluble but bio- 
logically accessible salts of humic acids. As a result, plant nu-
trition is accumulated that is resistant to washout from the soil 
by precipitation. Eisenia fetida, Eisenia andrei, Dendrobaena  
veneta, in addition to the ability to utilize organic waste nat-
urally, have a high rate of absorption, digestion and assim- 
ilation of organic substances, tolerance to a wide range of en-
vironmental factors as well as a high rate of reproduction 
with a short period of sexual maturity. 

The introduction of worms should be done comprehen-
sively: a mixture of cocoons (minimum 14,500), juveniles (min-
imum 8,000) and sexually mature worms of each species 
is added to each square meter and covered with a feeding 
substrate. Such a quantity will be sufficient [7] to form a sus-
tainable population similar to the natural one (with a densi-
ty of at least 50 specimens per 1 m2). Considering that one 
such population in ideal conditions daily passes through 
its digestive tract 25 g of soil (250 kg/ha per day) [8], turn-
ing it into coprolites, and that the humus content in copro-
lites of worms is 11–35 %, it is possible to calculate the rate  
of humus formation per year – from 1 t/ha.

The processes of energy transformation in the soil 
and its trophic web remain insufficiently studied. This is due 
to the high diversity of soil inhabitants, trophic connec-
tions between them and a huge number of nonstationary 
biochemical processes. Despite the multitude of models 
and data, most of them are theoretical and are not sup-
ported by practical experiments. Thus, taking into account 
the fact that there is still no complete understanding of all 
processes in the soil, its structure and composition should be 
determined on the basis of natural ecosystems.

Components of the uBioSystem soil:

 • 5–10 cm – a layer of natural stones and expanded 
clay. The lower layer, which will allow the groundwater 
to flow to the lowest point from where it will be pumped up 
to the waterfall of the upper elevation module. The stones 
used (dolomite, limestone, slate, granulated volcanic lava) 
have a relatively low density and sufficient thermal conduc-
tivity as well as serve as a source of valuable macro-, micro- 
and ultramicroelements, at the same time being a home 
for valuable bacterial cultures;

 • 10 cm – a layer of sand-coal-clay mixture. It will create 
the necessary support for the relief. Due to its composition, 
it is difficult to be permeable to air, so that anaerobic bacteria 
can survive in the lower layers of the soil and participate 

in the circulation of unique elements (zinc, sulfur, iodine, 
manganese, boron, selenium, etc.) [9];

 • 40 cm – a layer of light potting soil [10] – a fertile soil  
(biohumus) with mineral components (perlite, expanded 
clay). It has a balance of all macro-, micro- and ultramicro-
elements, correct microbiological composition and does not 
contain harmful impurities.

Based on the list of soil system components, the pres-
sure on the side surfaces of the uBioSystem can be calculated 
using the formula: 

p = ρgh,

where p – pressure, Pa;
ρ – substance density, kg/m3;
g – gravitational acceleration, m/s2;
h – substance height, m.
The density of the components was considered using 

maximum values reported in the literature or measured 
independently:

 • bottom layer – 3,000 kg/m3 [11];

 • perlite – 150 kg/m3;

 • expanded clay – 400 kg/m3;

 • sand – 2,000 kg/m3 [12];

 • clay – 2,000 kg/m3 [13];

 • light potting soil – 142 kg/m3 [10].

Table 1 summarizes the pressure of each soil layer 
on the walls of the enclosed ecosystem.

Figure 4 – General diagram of soil trophic web
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Table 1 – Pressure calculation of the main components 
of the uBioSystem soil

Component Density, kg/m3 Height, m Pressure on surface, Pa

Stone 3,000 0.05 1,473

Sand 2,000 0.05 982

Clay 2,000 0.05 982

Soil 142 0.4 558

Total 3,995

Based on the specified components (up to 60 cm 
in height) and taking into account that the calculation does 
not include the mass of water, animals and plants as well as 
elevation modules, stream and water body, each surface 
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and facet of the uBioSystem must withstand a pressure 
of at least 0.1 MPa. With the known area (24 m2), height (0.6 m) 
and component composition of the soil system, its average 
pressure per 1 m2 is calculated to be 107 kg.

Specific Features of the uBioSystem Design
The side surface modules of the uBioSystem are com-

bined with the lighting system. The LED luminaires are 
mounted directly into the wall at a height of between 0.6 
and 2 m, which allows to simulate the rising sun by gradu-
ally changing the lighting spectrum, switching off the lower  
lamps over time and switching on the remaining rows.  
The top module is equipped with lamps with a spectrum cor-
responding to the zenith. This surface should be additionally 

pierced through (while maintaining the tightness of the inte-
rior space) with thin metal cones. From the outside, a cooling 
circuit is connected to them to adjust the air temperature 
inside the enclosed ecosystem, and the cones themselves 
collect and then discharge water condensate (for uniform 
irrigation).

On a clear day, the level of natural photosynthetically ac-
tive radiation (PAR) increases by 100 µmol/s/m2 30 min before 
peaking at about 2,000 µmol/s/m2 at noon [14]. The main dif-
ference of moonlight is that it reaches a maximum in the red 
part of the spectrum (643 nm) at the zenith on a clear night. 
Thus, the accumulated knowledge in the field of day and night 
lighting and the described technological solutions make it  
possible to put into practice solar and lunar cycles (Figure 5) 
in an enclosed ecosystem.

Figure 5 – Photosynthetic cycles of the uBioSystem:
a – photosynthetic cycle of the Sun; b – photosynthetic cycle of the Moon; c – spectral features of moonlight
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Figure 6 – Diagram of coolers in the elevation modules

Figure 7 – Diagram of the streambed module

4.5 m

4.8 m

4.2 m

0.4
2 m

0.4
2 

m

0.42 m

0.4 m

0.4 m 0.4 m

1.8
 m 1.4

 m

1 m

0.4
 m

0.4
 m 0.4

 m

The elevation module consists of nine elements (Fig-
ure 6) creating a three-level “mountain” system. All of them 
are hollow but have a rigid frame made of durable met-
al (duralumin). At the top of each element, there are holes 
covered with a fine-grained mesh. Behind them, there 
are coolers that perform the function of creating wind to ad-
just temperature and humidity as well as air movement 
of water and pollination of vegetation. Each tier is covered  
with a natural mixture of clay and soil for bedding plants.

The standard operating mode of the blow-off system  
is as follows: the coolers of the upper module (1.8 × 0.4 × 0.4 m)  
function constantly, providing a quiet wind (0.2–1.5 m/s);  
the coolers of the middle (1.4 × 0.4 × 0.4 m) and lower 
(1 × 0.4 × 0.4 m) tiers are switched on as needed to adjust 
the thermal and hydraulic modes, pollination, lignin pro-
duction to strengthen the mechanical tissues of plants  
(maximum blow-off is 8 m/s).

The water circulation system begins at the upper elevation 
module and follows along the clay channel through the small 
reservoirs of the middle and lower modules into the stream 
(Figure 7). As it descends, some of the water will irrigate near-
by plants with the help of coolers. The bottom of the stream-
bed is filled with soil for rheophyte plants and covered 
with a fine-grained mesh up to the mouth of the stream. 
The stream flows into a water body (1 × 1 × 0.55 m). The mouth 
of the stream is fitted out with a gentle bank (made 
of clay-sand mixture) to allow animals access to the wa-
ter. In the lower part of the water body there is an out-
let (Ø 0.05 m), through which water is supplied via a sys-
tem of filter and hoses to the pump located in the zone 
of the elevation modules (a water hose from the lowest 
part of the uBioSystem is also connected to it, where wa-
ter will be collected naturally) and then rises to the height  
of 1.8 m of the upper tier. 
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Sampling tubes run from the bottom of the uBioSystem 
and from the upper opening of the pump water hose. At this 
distance, the water hose is positioned as sinuous as possi-
ble to increase the water flow path through the porous fill-
er that contains the nitrifier bacteria (for biological water 
purification). Given that many amphibians, reptiles and ar-
thropods require a standing water body at certain stages  
of their life cycles, the uBioSystem includes a lake module. 
Its bottom is lined with burnt clay, on which a complex lake 
soil is laid out and plants are bedded.

Phytoplankton, in particular chlorella, should be present 
in the water systems to produce oxygen along with plants. 
Special baths on the second and third tiers of elevations 
can be made for chlorella and other oxygen producers 
as well as another food source for animals. The total water 
volume in the uBioSystem is 200 l.

The abiotic parameters in the enclosed ecosystem (air, 
soil and water temperature, pressure, air and soil humidity)  
will be monitored using a continuously operating weather 
station, such as the Davis 6345RU. This device (characteris-
tics are given in Table 2), located in the uBioSystem control 
area, will allow to connect to itself two leaf moisture sen-
sors, four soil moisture sensors and four temperature sen-
sors, which can be permanently and hermetically positioned  
in the enclosed ecosystem area.

All uBioSystem monitoring and control elements are lo-
cated in the technical area. The weather station monitors abi-
otic indexes in real time, recording environmental parameters 
(temperature, humidity, pressure, etc.) every hour, processing 
and analyzing the data once a week. Based on their results, 
the overall state of the ecosystem is assessed and, if neces-
sary, adjustments are made (in case of excessive CO2 the in-
tensity of illumination is increased; in case of high humidity 
the temperature and air blow-off characteristics are adjust-
ed). Illumination and wind flow are determined by the num-
ber of lamps and coolers switched on. The sprinkler/ventila-
tion mode is manually adjusted based on the data received 
from the weather station.

Taking into account previous studies of the gas envi-
ronment of enclosed ecosystems [15] and its relationship 
with heterotrophic soil inhabitants (wood lice), where large 
CO2 emissions were observed during the crop growth period 
and the onset of stabilization only at the 10th month (Figure 8), 
the uBioSystem provides gas control through hermetical-
ly installed hollow tubes with a shut-off valve. The concen-
tration of CO2, N2O and O2 will be initially monitored daily until  
the parameters stabilize.

Water is sampled for analysis through a sealed tube 
system once a week – from the water body modules 
and the lower part of the uBioSystem water drain; soil  
samples are taken monthly.

Conclusion 

At present, the Earth’s biosphere is under increasing 
anthropogenic pressure. In order to maintain a balance 
in the relationships between humanity and its habitat, a deep 
understanding of natural processes is required. This knowl-
edge can be acquired through small-scale ecosystem models  
with enclosed cycles of matter, energy and information.

The proposed uBioSystem project pays special atten-
tion to soil, its structure and trophic web. The described mod-
ules and devices will make it possible to control and, if nec-
essary, correct all the factors inherent in natural ecosystems 
allowing to arrange long-term studies of living organisms  
inhabiting the uBioSystem.
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Measurement parameter Resolution Range Accuracy

Soil and water temperature, °C 1 –40... –65 0.5

Soil moisture, cbar 1 0... 200 –

Atmospheric pressure,  
mm Hg (hPa)

0.1
(0.1)

410… 820
(540... 1,100)

0.8 
(1)

Air temperature inside, °C 0.1 0... +60 0.5

Air temperature outside, °C 0.1 –40… +65 0.5

Wind cooling temperature, °C 1 –79… +57 1

Heat index, °C 1 –45... +74 1.5

Dew point temperature, °C 1 –76... +54 1.5

Relative air humidity inside, % 1 0... 90 4

Relative air humidity outside, % 1 0... 100 4

Precipitation intensity 0.2 mm 0… 2,438 mm/h 5 %

Amount of precipitation 0.2 mm 0… 2,438 mm/h 3 %

Wind speed, m/s (km/h)
0.5  
(1.8)

1... 80
(3.6… 288)

5 %

Wind direction, ° 1 0... 360 3

Intensity of solar radiation, W/m2 1 0… 1,800 5 %

Density of solar energy flux, J/cm2 0.1 0… 2,000 5 %

Table 2 – Characteristics  
of a continuously operating weather station

Figure 8 – Module of small enclosed ecosystem (a) 
and its inhabitant – a wood louse (b)

b)а)
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Use of Elicitors to Improve  
the Adaptability of Plants 
Under the EcoCosmoHouse 
Conditions

UDC 58.018:58.04

There is a review of the influence of elicitor, obtained from reishi mushroom (Ganoderma lucidum (Curt.))  
and used in concentrations of 1 × 10–3, 2 × 10–3 and 3 × 10–3 ml/l, on the growth and development 
of tomato (Solanum lycopersicum L.) and vegetable pepper (Capsicum annuum L.). Elicitor was introduced 
into the substrate by irrigating experimental vegetables every two weeks. During the plants growing 
observation of their morphological structure was performed, as well as their height and the duration 
of the period before the flowering phase were measured and assessed.

Keywords:  
adaptation of plants, EcoCosmoHouse (ECH), elicitors, growth promoters,  
reishi mushroom (Ganoderma lucidum (Curt.)), tomato (Solanum lycopersicum L.),  
vegetable pepper (Capsicum annuum L.). 
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Introduction
Plants in an enclosed ecosystem can face many un-

favorable factors, such as limited access to light and wa-
ter, high level of pathogen load, increased risk of infestation, 
salinization, if improper cultivation or temporary equipment 
failure occur. During a prolonged drought, crops experience 
stress resulting in reduced yields.

It is known that the use of exogenous elicitors leads 
to a decrease in various undesirable reactions of plants 
to any unfavorable impact, which, in turn, has a positive effect 
on the amount of products obtained. Increasing stress re-
sistance of organisms in enclosed ecosystems (for example, 
in the EcoCosmoHouse (ECH)) is required to create a com-
fortable and safe environment that provides ECH residents 
with everything they need for the longest possible time.

Elicitors are substances of biogenic and abiogenic or-
igin that induce resistance and generate multiple protec-
tive responses to adverse impacts [1]; make a significant 
contribution to plant survival and adaptability by helping 
to establish chemical and physical barriers and mecha-
nisms [2, 3]. In addition, they contribute to the efficient use 
of resources and the acquisition of a significant amount 
of nutrients from the environment. According to scientific 
studies, biogenic elicitors include proteins [4], glycoproteins, 

oligosaccharides [5] and lipids. These substances can be ap-
plied both for seed and soil treatment and for leaf or root 
feeding. Some elicitors have hormones that stimulate crop 
growth and improve their physiological condition [6]. They 
also contain nutrients (amino acids and vitamins) that have 
a positive effect on plants. Stable growth and higher yields 
can be achieved with proper use of elicitors.

Elicitors are substances of both biogenic and abio-
genic origin. Biogenic elicitors include metabolic products 
and fragments of cell walls of insects, pathogenic and non-
pathogenic microorganisms and plants. Abiogenic elicitors 
assume various spectra of effects: physical (ultraviolet rays, 
magnetic fields, radiation, etc.) or chemical (e.g., the effect 
of heavy metal oxides).

Biogenic elicitors include conserved molecular ligands 
of nonspecific elicitors (MAMPs), which are characteris-
tic of pathogens but absent in the plant cell. They are rec-
ognized by it as foreign and induce initiation of a primary 
immune response (PTI) not only in crops exposed to this 
pathogen but also in many other types of plants. Transmem-
brane pattern recognition receptors (PRRs) are responsi-
ble for triggering nonspecific mechanisms of physiological 
response. The interaction of plant PRRs with fungal MAMPs 
(various proteins, xylanase, N-acetyl-D-glucosamine polymer, 
etc.) leads to PTI activation (Figure 1).

Figure 1 – General diagram of interaction between plant PRRs and fungal MAMPs. PTI activation

Figure 2 – Simplified diagram of the hypersensitivity reaction process

In response to contact with MAMPs, there occurs an in-
crease in the concentration of Ca2+ ions as well as the re-
lease of reactive oxygen species (ROS), nitrogen and the pro-
duction of phytoalexins. In addition, transcription factors 
are activated, the production of chitinase, glucanase, eth-
ylene, jasmonic and salicylic acids is observed as well as 
the formation of auxin, cytokinin and gibberellic forms [7].

The evolutionary development of pathogens has allowed 
them to generate tactics to bypass PTI protection. This effect 
is achieved by appearance of mutations in genes that pro-
vide pathogens with unrecognizability of PRRs or by inhibi-
tion of receptor activity. The second blockade of crop protec-
tion, formed during coevolution with pathogens, is a specific 
immunity (ETI) caused by the interaction of R-genes (plant 
genes) with the effectors of Avr-genes (pathogen genes) [8, 9]. 
The result of R/Avr-interaction is a hypersensitivity reaction, 
which in most cases leads to the production of phytoalexins 
by cells, resulting in the death of infected cells (Figure 2).
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Cell death is accompanied by rapid formation of a peri-
derm barrier, which suppresses the growth and development 
of parasitic organisms and stops their spread [10, 11]. 

The processes induced by PTI and ETI differ in the con-
centration of synthesized hormones, the rate of immune 
response and signaling pathways. The final result of ETI 
is the selection of highly specific R-proteins that rapidly 
suppress disease development [12, 13].

The Biotechnology Department of Unitsky String Tech-
nologies Inc. (Minsk, Belarus) carried out works on study-
ing the elicitor action of preparations created on the basis 
of saprophytic fungus – reishi mushroom (Ganoderma lucid-
um (Curt.)). Its extract was obtained by extraction with al-
kali solution under heating. It was then purified and diluted 
with water to form a 0.1 % working solution.

The aim of the study was to analyze the effect of this 
preparation on the formation of systemic resistance to patho-
gens in vegetable pepper (Capsicum annuum L.) and toma-
to (Solanum lycopersicum L.) based on their economic value 
and daily use in human nutrition.

Study Materials and Course of Work
Leaves of 14-day-old plants, in which the leaf plate had 

already reached its final growth, were used as the object 
of study, and biochemical parameters allowed us to review 
the processes necessary for the experiment. 

Seeds were sown in cassettes filled with multipur-
pose potting soil, in which the experimental samples were 
grown to the branching stage (height of 5–7 cm). Already 
shaped young pepper and tomato plants were transferred 
to separate containers.

Based on research results [10, 13], three different con-
centrations of elicitor (1 × 10–3, 2 × 10–3, 3 × 10–3 ml/l) were used 
in the experiment and applied to the substrate by irrigation 
once every two weeks (Figure 3).

Exogenous elicitor obtained by extraction from reishi 
mushroom was as the active ingredient.

The plants were then transferred to a growth chamber 
with the following climatic parameters: 25 °C temperature, 
6,000 lux light intensity and a 14-hour photoperiod. Nutrient 
medium was added as needed in all variants of the experi-
ment. The height of the experimental samples was measured 
for 40 days.

In addition, resistance of plants to diseases caused 
by imperfect fungi was tested: in tomato – to alternariose 
and phomosis, in pepper – to anthracnose and cercospo-
rosis. Infection was carried out by spraying healthy crops 
with an aqueous fungal extract obtained by washing off 
from infected plants.
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Table 1 – Growth of tomato cultivated on solid substrate  
under the effect of fungal elicitor

Object of measurement Growth, %

Control variant

Sample No. 1 1,415.38

Sample No. 2 1,175

Average index 1,295.19

3 × 10–3 ml/l

Sample No. 1 1,088.89

Sample No. 2 1,583.33

Average index 1,336.11

2 × 10–3 ml/l

Sample No. 1 1,314.29

Sample No. 2 1,000

Average index 1,157.15

1 × 10–3 ml/l

Sample No. 1 1,077.78

Sample No. 2 1,450

Average index 1,263.89

Figure 3 – Diagram of setting up the experiment  
on the effect of elicitor in different concentrations  
on growth and physiological parameters of plants  

cultivated on a solid substrate

0.72

Control 
variant

3 × 10–3 ml/l

2 × 10–3 ml/l

1 × 10–3 ml/l

Table 2 – Growth of vegetable pepper cultivated on solid substrate 
under the effect of fungal elicitor

Object of measurement Growth, %

Control variant

Sample No. 1 557.14

Sample No. 2 616.67

Average index 586.91

3 × 10–3 ml/l

Sample No. 1 550

Sample No. 2 650

Average index 600

2 × 10–3 ml/l

Sample No. 1 650

Sample No. 2 542.86

Average index 596.43

1 × 10–3 ml/l

Sample No. 1 542.86

Sample No. 2 608.33

Average index 575.6

Figure 4 – Tomato grown on solid medium  
with the addition of fungal elicitor:

а – control variant; b – at a concentration of 3 × 10–3 ml/l;  
c – at a concentration of 2 × 10–3 ml/l;  
d – at a concentration of 1 × 10–3 ml/l

a)

c)

b)

d)

Figure 5 – Diagram of tomato growth rate  
under the effect of fungal elicitor, used in three concentrations, 

compared to the control variant

Research Results
Tomato (Solanum lycopersicum L.) 
Table 1 presents the results of measuring the height 

of two samples during the first 40 days of growth of toma-
to cultivated on solid substrate under the effect of fungal 
elicitor. The studies were conducted until the flowering phase.

According to [10], the elicitor under consideration is  
a growth stimulant, and the main parameter of its effec-
tiveness is the growth rate. When the elicitor was used 
at a concentration of 3 × 10–3 ml/l, an average growth rate 
of 2.05 cm/day was recorded, which is 11.8 % higher than 
the control index; for a concentration of 2 × 10–3 ml/l, it was 
1.87 cm/day (2 % higher); for a concentration of 1 × 10–3 ml/l, 
it was 1.96 cm/day (7 % higher).

The greatest influence on the final growth rate was ex-
erted by the concentration of 3 × 10–3 ml/l, at which the aver-
age growth rate was 6 % higher in relation to the control vari-
ant (Figure 4). At the same time, increased growth induction 
at the initial periods of plant development was observed when 
an elicitor was added (Figure 5). The maximum growth rate 
was recorded at a concentration of 3 × 10–3 ml/l in the mid-
dle of vegetation (2.8 cm/day). This change may be related 
to the increase under the effect of the applied compounds 
of synthesis of primary and secondary metabolites.
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The first flowering of tomato occurred on the 40th day 
after planting. The number of flowers averaged 5–8 pcs.

The plants successfully formed ovary under the ef-
fect of the fungal elicitor at concentrations of 1 × 10–3 ml/l 
and 2 × 10–3 ml/l. Tomato flowers in these variants possessed 
increased mechanical tissue, which contributes to better 
fruiting and reduces the risk of fruit falling-off before ma-
turity. Increased concentration did not result in increased 
mechanical tissue in fruit stalks (pedicels). 

Under induced infection of tomato with an aqueous ex-
tract of alternariose and phomosis pathogens, the control 
variant was exposed to the greatest impact of fungi, which 
was expressed in extensive leaf spotting and further in-
crease in the diameter of spots. The plants treated with elic-
itor at concentrations of 2 × 10–3 ml/l and 1 × 10–3 ml/l showed 
less manifestation of pathogen load. Spotting appeared 
to be localized, not spreading throughout the whole sample, 
and spots that had already occured did not expand. When 
the preparation was used at a concentration of 3 × 10–3 ml/l, 
no infestation was observed, indicating a more complete 
induction of the protective genetic potential of the plants. 

Vegetable Pepper (Capsicum annuum L.) 
Table 2 shows the results of height measurements 

of two vegetable pepper samples cultivated on solid sub-
strate under the effect of fungal elicitor, during 40 days 
before the flowering phase.

The highest index of average growth (600 %) during 
the whole growing season was observed when the fungal elic-
itor was used at a concentration of 3 × 10–3 ml/l. The growth rate 
per day was also recorded for a comprehensive assessment 
(Figure 6).

The growth rate on the 40th day of the experiment 
in the variant with the use of elicitor at a concentration 
of 3 × 10–3 ml/l was 1.13 cm/day, which is 19.8 % more than that 
of the control value; for the concentration of 2 × 10–3 ml/l – 
1.23 cm/day (increase by 27.4 %); for the concentration 
of 1 × 10–3 ml/l the highest value was observed on 12.02.2023 

Figure 6 – Diagram of vegetable pepper growth rate  
under the effect of the elicitor, used in three concentrations, 

compared to the control variant
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Figure 7 – Pepper grown on solid medium  
with the addition of fungal elicitor:  

а – control variant; b – at a concentration of 3 × 10–3 ml/l;  
c – at a concentration of 2 × 10–3 ml/l;  
d – at a concentration of 1 × 10–3 ml/l

and amounted to 0.72 cm/day, which is 55 % more compared 
to the control variant (Figure 6). The most significant in-
crease was due to activation of genes of synthesis of primary 
and secondary metabolites in response to the elicitor action. 
On the 68th day, the experimental vegetable pepper samples 
reached the size of their physiological varietal maximum 
at about the same level (Figure 7). 

a)

c)

b)

d)

Thus, the average growth rate in the variant with a con-
centration of 1 × 10–3 ml/l is by 3.3 % higher compared to the  
control sample, at a concentration of 2 × 10–3 ml/l – by 10.3 %, 
at a concentration of 3 × 10–3 ml/l – by 8.6 %.

The appearance of buds was observed on all vari-
ants of vegetable pepper in 25–27 days after transplanting 
into the experimental containers. Flowering occurred irreg-
ularly, on the 20th–22nd day after bud emergence. The number 
of flowers varied from 30 (at a concentration of 3 × 10–3 ml/l) 
to 56 pcs (at a concentration of 1 × 10–3 ml/l). 

Each plant has successfully formed one or two ova-
ries. The highest number of ovaries (6 pcs) was observed 
at a concentration of 1 × 10–3 ml/l. 

If we assess the ability to resist fungal infections (an-
thracnose and cercosporosis), a reduction in fungal infec-
tion centers (by 10–15 %) was observed at all concentrations 
of elicitor compared to the control variant.

Based on the achieved results, it can be judged about 
the increase in daily growth of plants treated with elicitor 
obtained from the reishi mushroom. It can also be assumed 

about the positive effect of the fungal elicitor on the formation 
of ovaries in vegetable pepper. 

Conclusion 
In response to the introduction of fungal elicitor, toma-

to and vegetable pepper trigger defense mechanisms that 
provoke the synthesis of gibberellic forms of phytohormone, 
as evidenced by the partial early flowering observed in dif-
ferent variants of the experiment in relation to the control 
sample. This, in turn, can lead to a 15 % reduction in fruit 
ripening time. 

The elicitor obtained from reishi mushroom protects 
the tomato from alternariose and phomosis. Thus, during 
the experiment, control plants were affected by phomosis 
fungi, which led to wilting of leaves and appearance of spots 
on them; during an induced infection in variants with the use 
of elicitor in various concentrations, phomosis did not devel-
op, the same effect was observed in the case of alternar-
iose infection. Therefore, the extracted fungal elicitor can 
be considered as a means of biological protection against 
a pathogenic load of phomosis and alternariose on tomato 
as well as anthracnose and cercosporosis on pepper. 

The use of the studied concentrations of fungal elici-
tor increased the daily crop growth compared to the control 
variant.

The data obtained are explained by the fact that nonspe-
cific elicitors may play a leading role in the induction of the im-
mune potential. As a result of possible formation of ethylene, 
jasmonic and salicylic acids as well as auxin, cytokinin and gib-
berellic forms in response to interaction with the elicitor, 
the plant is given a stimulus to resist unfavorable factors 
at the expense of its natural gene potential. 

In the work to follow, it is planned to analyze the qual-
ity of fruits (including checking the concentration of ni-
trates) as well as to identify their size, weight of 1,000 seeds; 
to study the content of dry matter, water-soluble carbohy-
drates, vitamin C in the harvested crop. This is a minimum 
set of actions that helps to assess the quality of products. 
At the same time, it is necessary to determine the viability 
of seeds and consider the induction of immunity of tomato 
and vegetable pepper under the effect of elicitors.

Elicitors can be actively used in an enclosed ecosystem 
to stimulate the growth and development of crops as well as 
for protection against fungal affections. The elicitor extract-
ed from the reishi mushroom can be obtained under the ECH 
conditions by cultivation of this fungus on secondary plant 
substrates [12]. 

References
1. Baranova, Ye.N. Problemy i perspektivy genno-inzhener-

nogo podkhoda v reshenii voprosov ustoychivosti rasteniy 
k zasoleniyu (obzor) [Problems and Perspectives of Ge-
netic Engineering Approach to the Resolving of the Tasks 
of Plant Resistance to Salinity (Review)] / Ye.N. Barano-
va, A.A. Gulevich // Sel’skokhozyaystvennaya biologiya. – 
2006. – No. 1. – P. 39–56.

2. Belova, T.A. Fiziologicheskiye osnovy adaptatsii rasteniy 
k vozdeystviyu solevogo stressa [Physiological Bases 
of Plant Adaptation to the Effects of Salt Stress] / T.A. Be-
lova, A.S. Kravchenko // Auditorium. – 2018. – No. 1 (17). – 
P. 42–48.

3. Polevoy, V.V. Fiziologiya rasteniy [Plant Physiology]: Text-
book for Biology Specialties of Universities / V.V. Polevoy. – 
Moscow: Vysshaya shkola, 1989. – 464 p.

4. Nürnberger, T. Fungal Peptide Elicitors: Signals Mediating 
Pathogen Recognition in Plants / T. Nürnberger, D. Nenn-
stiel // Zeitschrift für Naturforschung C. – 1998. – Vol. 53, 
iss. 3–4. – P. 141–150.

5. The Regulatory Mechanism of Fungal Elicitor-Induced 
Secondary Metabolite Biosynthesis in Medical Plants / 
X. Zhai [et al.] // Critical Reviews in Microbiology. – 2017. – 
Vol. 43, iss. 2. – P. 238–261.

6. Dyakov, Yu.T. Gribnyye elisitory [Fungal Elicitors] / Yu.T. Dya-
kov // Bioticheskiye svyazi gribov: mosty mezhdu tsarst-
vami: Materials of the VII All-Russian Mycological School- 
Conference with International Participation, Moscow, 
Aug. 2–8, 2015 / Lomonosov Moscow State University, 
Skadovsky Zvenigorod Biological Station. – Мoscow: ZBS 
MGU, 2015. – P. 18–38.

7. Gómez-Gómez, L. FLS2: An LRR Receptor-Like Kinase In-
volved in the Perception of the Bacterial Elicitor Flagellin 
in Arabidopsis / L. Gómez-Gómez, T. Boller // Molecular 
Cell. – 2000. – Vol. 5, iss. 6. – P. 1003–1011.

8. Regulation and Role of Fungal Secondary Metabolites / 
J. Macheleidt [et al.] // Annual Review of Genetics. – 
2016. – Vol. 50. – P. 371–392.

9. Patkar, R.N. Fungal Manipulation of Hormone-Regulated 
Plant Defense / R.N. Patkar, N.I. Naqvi // PLOS Pathogens. – 
2017. – Vol. 13, No. 6. – 1006334.

10. Zayats, V.S. Protektornaya sposobnost’ ekzogennykh 
elisitorov iz Ganoderma lucidum pri induktsii solevo-
go stressa u kress-salata [Protective Ability of Exoge-
nous Elicitors from Ganoderma lucidum in the Induction 
of Salt Stress in Garden Cress] / V.S. Zayats, I.V. Naletov, 

Ye.A. Kryu kov // Nastoyashcheye i budushcheye biotekh-
nologii rasteniy: Materials of the International Scientif-
ic Conference, Minsk, May 24–26, 2023 / National Acad-
emy of Sciences of Belarus, Central Botanical Garden, 
Council of Botanical Gardens of CIS Countries Under 
IAAS; ed. by V.N. Reshetnikov [et al.]. – Minsk: IVTS Minfina, 
2023. – P. 75.

11. Assotsiatsiya agronomicheski tsennykh mikroorganiz-
mov dlya uluchsheniya plodorodiya zemel’ [Association 
of Agronomically Valuable Microorganisms for Improving 
Land Fertility] / V.S. Zayats [et al.] // Mikrobnyye biotekh-
nologii: fundamental’nyye i prikladnyye aspekty: Materi-
als of the XIII International Conference, Minsk, Jun. 6–9, 
2023 / National Academy of Sciences of Belarus. – Minsk: 
Bielaruskaja navuka, 2023. – P. 266–267.

12. Buglak, P. Growing Mycelium of Basidiomycetes in Organic 
Substrates in an Enclosed Ecosystem / P. Buglak, V. Zayats, 
I. Naletov // Non-Rocket Near Space Industrialization: 
Problems, Ideas, Projects: Collection of Articles of the V In-
ternational Scientific and Technical Conference, Maryina 
Gorka, Sep. 23–24, 2022 / Astroengineering Technolo-
gies LLC, Unitsky String Technologies Inc., ed. A. Unitsky. – 
Minsk: StroyMediaProject, 2023. – P. 240–246.

13. Patel, H. Elicitors in Plant Tissue Culture / H. Patel, R. Krishna-
murthy // Journal of Pharmacognosy and Phytochemistry. – 
2013. – Vol. 2, iss. 2. – P. 60–65.



Biorecycling  
of Organic Residues  
with the Help 
of Microorganisms

UDC 579.64 A. Unitsky 1, 2 
Dr. of Philosophy  
in Information Technologies 
(Transport)

T. Pyatakova 2

K. Boyko 2

I. Naletov 2

1 Astroengineering Technologies LLC, 
Minsk, Belarus

2 Unitsky String Technologies Inc., 
Minsk, Belarus

The results of an experiment on the biorecycling of organic waste by microorganisms (bacteria)  
are presented to significantly facilitate the processing of organic garbage in the conditions 
of the enclosed ecosystem – EcoCosmoHouse (ECH). Laboratory tests made it possible to select 
agronomically valuable microorganisms with which the biorecycling process was carried out. 
The experience of using biorecycled residues (liquid compost) as an organic fertilizer for plants 
is described. 

Keywords:  
biorecycling, EcoCosmoHouse (ECH), enclosed ecosystem, microorganisms, waste. 



382381
BIORECYCLING OF ORGANIC RESIDUES  
WITH THE HELP OF MICROORGANISMS
A. Unitsky, T. Pyatakova, K. Boyko, I. Naletov

Collection of Articles of the VI International Scientific and Technical Conference
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION: 

PROBLEMS, IDEAS, PROJECTS"

Introduction
Nowadays the issue of organic waste utilization is acute 

in many countries of the world, and its improper handling 
poses a danger to nature and human health. Some coun-
tries are just beginning to master the recycling of garbage 
(including solid domestic waste), while others have already 
made a significant progress in this field and try to use every 
type of it [1]. However, even with a successfully functioning 
utilization system, the problem remains unsolved. 

According to the UN data, the population of planet Earth 
has grown from 7 to 8 bln over the past 12 years, which ex-
ceeds the index of the middle of the 20th century by more 
than three times [2]. Accordingly, the consumption of re-
sources has increased. The volume of solid municipal waste 
(SMW) in the Republic of Belarus is approaching 4 mln tons 
per year, with only 25 % being separately collected and recy-
cled [3]. The remaining part is sent to waste landfills for buri-
al, which negatively affects the environmental situation [4]. 
Waste pollutes water bodies, reduces soil fertility and accu-
mulates in large quantities in the environment. Its volume 
grows every year, it begins to occupy vast areas and absorbs 
more and more land suitable for life. In the period from 2022 
to 2025 in Belarus it is planned to build waste landfills in Minsk 
as well as in Baranovichi, Brest, Pinsk, Kobrin, Orsha, Polotsk, 
Gomel, Volkovyssk, Lida, Borisov, Minsk, Soligorsk, Pukhovichy, 
Mogilev and Bobruisk districts. Currently, there is one waste 
landfill in the capital city – Trostenets, the area of which 
is 30 ha, and the depth of the excavation pit is 11 m [5]. When 
recycling these waste, it is possible to return all the ele-
ments and compounds available in them to the soil, increas-
ing its humus content and making it more suitable for sub-
sequent cultivation of organic food products. Thus, there 
is a need to find environmentally friendly and safe methods 
of utilization [6]. 

The SMW can contain up to 40 % of organic matter [7]. 
One of the methods used for its recycling is composting. 
However, it has a serious disadvantage – a significant du-
ration of the process (from four to six months). On aver-
age, food waste takes about one month to decompose, 
but, for example, orange peels take six months, and an ap-
ple stump takes two months. An alternative way of recy-
cling is biorecycling. Its mechanism is similar to compost-
ing, but all processes are significantly intensified by the use 
of microbiological inoculants. This method is the safest, 
biologically clean and the least durable [8].

This article considers the results of organic waste bio-
recycling with the help of associations of microorganisms.  
At the same time, the potential of using the resulting liquid 

compost as an environmentally friendly fertilizer in an enclosed 
system of the EcoCosmoHouse (ECH) has been studied [9].

Experimental Part
From a microbiological point of view, composting is  

an exothermic process of biological oxidation in which 
an organic substrate undergoes aerobic biodegradation 
by an association of microorganisms under the condi-
tions of increased temperature and humidity. The micro-
flora not only determines the rate of compost maturation 
and quality but also has an impact on the environment when 
the microorganisms subsequently enter the soil.

During the composting process, organic substances such 
as protein, peptides, amino acids, ammonium compounds, car-
bohydrates, simple sugars, organic acids and others are oxi-
dized by oxygen in the biomass. In addition, new organic sub-
stances are created accompanying the production of water, 
carbon dioxide, ammonia and unpleasantly smelling gases 
with the release of heat. So, food waste can be used as useful 
organic fertilizers due to the content of mineral components 
in the cells, including macro-, micro- and ultramicroelements 
necessary for the nutrition of living organisms.

Various food waste generated at Farmstead LLC (Maryina 
Gorka, Belarus) were used as organic matter in the experiment 
(Table 1). 

Food waste are essentially fats, proteins and carbohy-
drates. On this basis, the selection of microorganisms was 
based on the principle of compatibility and complementarity.

To obtain cell suspension (hereinafter referred to as in-
oculum), agronomically valuable microorganisms (cellulolyt-
ic and nitrogen-fixing) were used: Bacillus amyloliquefaciens 
BIM B-1236, Aeromonas sp., Citrobacter spp., Paeniclos-
tridium sp., Azotobacter vinelandii BIM B-75, separated 
by the biotechnology department of Unitsky String Technol-
ogies Inc. (Minsk, Belarus) from the world Bank of fertile soils 
and soil microorganisms (created in Belarus on the territory 
of the Unitsky’s Farm Enterprise) and possessing a complex 
of useful properties [10].

At the first stage of the experiment, an inoculum con-
sisting only of cellulolytic microorganisms (Bacillus amy-
loliquefaciens BIM B-1236, Aeromonas sp., Citrobacter spp., 
Paeniclostridium sp.), in volumes of 50, 100, 150, 200 ml 
and 1 l (hereafter referred to as control) was added to food 
waste weighing 100 g and left for seven days in a ther-
mostat at the temperature of (32.5 ± 2) °C until complete 
decomposition.

At the second stage (on the seventh day), nitrogen- 
fixing cultures (Azotobacter vinelandii BIM B-75) were added 
to the compost obtained by decomposition and left for an-
other three days. The results were recorded on the seventh 
and tenth day of the experiment. Nitrogen content and total 
microbial count (TMC) were considered.

At the third stage, the obtained liquid compost was 
used as an organic additional feed for lettuce (Lactuca sa-
tiva L.). Compost from each of the inoculum volumes (50, 
100, 150, 200 ml and control) was added to the substrate 
intended for seed planting (Table 2), and a mineral fertil-
izer with nitrogen, phosphorus and potassium (hereinafter 
referred to as NPK) was added.

Component Composition, %

Potatoes (including peels) 60

Vegetable waste 15

Fruit waste 5

Meat waste 3

Fish waste 2

Bones 4

Bread 2

Dairy products 1

Eggshells 1

Foreign admixtures 4

Miscellaneous waste 3

Ratio of compost 
to substrate

Inoculum  
volume, ml

Designation

1 : 20

50 Variant 1

100 Variant 3

150 Variant 5

200 Variant 7

1 : 50

50 Variant 2

100 Variant 4

150 Variant 6

200 Variant 8

Table 1 – Composition of food waste

Table 2 – Reference designations of soil compositions  
used in the experiment setup

Figure 1 – Second day of food waste biorecycling:  
a – 50 ml of inoculum; b – 100 ml of inoculum;  
c – 150 ml of inoculum; d – 200 ml of inoculum;  

e – control

c)

a)

d)

e)

b)

Main Results of the Experiment
On the second day after setting up the first stage 

of the experiment, a significant fermentation and gas pro-
duction was observed in the samples compared to the first 
day (Figure 1). In addition to fermentation and gas gen-
eration, which continued for seven days, there was also 
a change in the color of the samples. The amount of or-
ganic residues was decreasing. A pungent unpleasant odor 
was present. 
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After finishing the experiment, the resulting liquid 
compost was examined for TMC and for nitrogen content 
to compare its amount before the addition of nitrogen-fixing 
bacteria and after. The results are presented in Table 3.

Inoculum 
volume

Nitrogen content 
in sludge, mg/100 g

TMC, CFU/ml

7th day 10th day 7th day 10th day

50 ml 2,494.2 2,255.06 9 × 109 1 × 109

100 ml 3,228.2 3,360.8 3 × 109 5 × 108

150 ml 1,172.4 4,251.85 9 × 108 1 × 108

200 ml 2,252.7 3,859.29 4 × 109 4 × 108

Control 2,575.6 5,227.27 3 × 108 3 × 107

Figure 2 – Tenth day of food waste biorecycling:  
a – 50 ml of inoculum; b – 100 ml of inoculum;  
c – 150 ml of inoculum; d – 200 ml of inoculum;  

e – control

c)

a)

d)

e)

b)

Table 3 – Results of biodegradation of organic residues  
with the help of cellulosolytic and nitrogen-fixing microorganisms

Figure 3 – Stained cultures of microorganisms  
under the microscope:  

a – Azotobacter vinelandii BIM B-75; b – Aeromonas sp.;  
c – Citrobacter spp.; d – Bacillus amyloliquefaciens BIM B-1236;  

e – Paeniclostridium sp.

Figure 4 – Stained cultures of microorganisms  
under the microscope after the second stage of biorecycling:  

a – 50 ml of inoculum; b – 100 ml of inoculum;  
c – 150 ml of inoculum; d – 200 ml of inoculum;  

e – control

c)

c)

a)

a)

d)

d)

e)

e)

b)

b)

Before setting up the experiment, Gram staining of mi-
croorganisms (Azotobacter vinelandii BIM B-75, Aeromonas sp., 
Citrobacter spp., Bacillus amyloliquefaciens BIM B-1236, Paeni-
clostridium sp.) that were planned to be used for inoculum 
was conducted (Figure 3).

These observations indicate correctly selected con-
ditions for the development and nutrition of microorgan-
isms. The biodegradation of organic residues proceeded  
actively.

On the tenth day of the experiment (three days after 
adding the nitrogen-fixing culture of Azotobacter vinelan-
dii BIM B-75), there was a slight gas formation as well as 
a change in the color of all samples from dark brown to beige 
(Figure 2). The odor became less pungent and unpleasant.

After the first and second stages of biorecycling, the iden-
tification revealed not only microorganisms that were in the ini-
tial inoculum (Azotobacter vinelandii BIM B-75, Aeromonas sp., 
Citrobacter spp., Bacillus amyloliquefaciens BIM B-1236, Paeni-
clostridium sp.) but also gram-negative and gram-positive 
cocci (Figure 4). The appearance of these bacteria can be ex-
plained by the fact that food waste is subject to the natural 
process of putrefaction.

Use of Biorecycled Organic Matter  
as Fertilizer for Plants

An experiment was set up in laboratory conditions 
to determine the suitability of fermented residue as organic 
fertilizer with selected bacterial associations [11].

In accordance with the concept by engineer A. Unitsky 
[12], the ECH will have the necessary set of tools to ensure 
crop growth, including a fertile soil layer and associations 
of agronomically valuable soil microorganisms. The conditions 
created in the experiment were as similar as possible to those 
specific to the ECH. Light soil with a volume of 20 l was used, 
sandy loam with the content of the following microelements 
(mg/kg of soil): N – 45, P – 68, K – 80, Mg – 12, Ca – 14, Fe – 
0.04, Mn – 0.01. It was supplemented with organic residues 

The addition of Azotobacter vinelandii BIM B-75 has in-
creased the nitrogen content in the samples by an average 
of 30 % within three days. Compost with 150 ml inoculum vol-
ume and control had the best result. The TMC index has de-
creased in all samples but not significantly. This may indicate 
a lack of oxygen for microorganisms due to gas generation.

Microorganisms Predominant  
at Biorecycling of Organic Waste

In addition to chemical analysis, microorganisms were 
identified. This process is one of the most important and time- 
consuming stages of biological research. It was carried out 
to compare the microorganisms contained in the initial inoc-
ulum and the obtained compost to identify new bacteria that 
appeared during the fermentation process.

Identification of species and generic assignment of mi-
croorganisms after biorecycling was carried out by several 
methods. The result was generated from the pooled data. 
Morphology was studied by smear microscopy and stain-
ing by Gram method. Culture properties were determined 
by sowing the culture on solid agarized media, taking into ac-
count the shape, edge contour, size, value (diameter), col-
or of colonies, their structure and consistency. At the same 
time, the biochemical activity of cultures, including oxidase 
and catalase activity, was investigated using differential 
diagnostic media.
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after biorecycling in different variation (Table 4). The tempera-
ture during growth and development of cultures was 25–28 °C.

The research object – lettuce (Lactuca sativa L.) – has 
a high growth rate and quick responsiveness to various el-
ements and components in the soil. Organic residues were 
applied to it before sowing the crops according to Table 4; 
then a physiological analysis of plants was carried out. Soil composition

Average size  
of lettuce with root, cm

Average size 
of leaf plate, cm2

Variant 1 24 13.7

Variant 2 25 12.8

Variant 3 27.5 15.4

Variant 4 31 12.1

Variant 5 30 13.3

Variant 6 27.1 13.4

Variant 7 28 12

Variant 8 23.3 11.9

Control  
without the addition 
of components

25 10.8

Control  
with NPK addition

26 11.7

Table 5 – Growth performance of lettuce

Bacteria contained in the soil did not have a patho-
genic load on seed germination but also had no direct 
effect on growth and development. No rots or defects 
were observed on the root system of sprouts during vi-
sual inspection. Leaf plates at germination looked viable 
and healthy. 

In the course of the experiment, sowing was carried 
out on selective media for detection of pathogenic mi-
croorganisms on lettuce leaves: Escherichia coli, Salmonel-
la, Enterobacter family, Staphylococcus aureus. The results 
showed the absence of fungal and bacterial diseases.

The data obtained in the experiment are presented 
in Table 5. Soil variants 4 and 5 had the best result compared 

Further, variant 3 showed rapid growth of lettuce com-
pared to the control with NPK – five times higher. The plants 
in variant 1 also showed the same behavior, but they surpassed 
the control one by about four times (Figure 5). 

The number of leaf plates in all variants of the experi-
ment did not change, which indicates the stage- by- stage de-
velopment of plants provided by the genetic program. At the  
same time, the leaf area differed depending on the volume 
of inoculum applied. Thus, in variant 3 it amounted to 15.4 cm2 
(32 % more than in the control with NPK), in variant 1 – 
13.7 cm2, in variant 6 – 13.4 cm2. The increase in leaf plate can 
be associated with two main factors: assimilation of nitrates 
and nitrites in free form, which are in the soil, and the pres-
ence of extracellular enzymes of bacteria, similar in action 
to phytohormones or elicitors affecting growth-stimulating 
parameters. 

When the level of hormones increases, growth-stimulat-
ing processes are triggered in plants, resulting in an increase 
in internodes and crop height, but this was not recorded 
in the experiment.

a)

e)

i)

c)

g)

b)

f)

j)

d)

h)

Figure 5 – Demonstration of the effect of biorecycled organic matter on lettuce growth and development compared to the control:  
a – variant 1; b – variant 3; c – variant 5; d – variant 7; e – variant 2; f – variant 4; g – variant 6; h – variant 8;  

i – control without the addition of components; j – control with NPK addition

Soil composition

Content  
of mineral components, 

mg/kg of soil
Addition 

of organic part, 
g/kg of soil

N P K Mg Ca

Control  
without the addition 
of components

45 68 80 12 14 –

Control  
with NPK addition

50 80 140 12 20 –

Variant 1 

45 68 80 12 14

0.005

Variant 2 0.002

Variant 3 0.05

Variant 4 0.02

Variant 5 0.15

Variant 6 0.1

Variant 7 0.2

Variant 8 0.25

Table 4 – Soil mixture variants at pH 6.8

Taste qualities of Lactuca sativa L. were evaluated 
according to a five-point quality system, where 1 is a ran-
cid, sour taste with weakly pronounced aroma of greens; 
2 is a sour taste with a mild aroma of greens; 3 is a mildly 

bitter taste, aroma of fresh greens; 4 is a weakly pronounced 
bitter taste with aroma of greens; 5 is a strongly pronounced 
taste without bitterness. The evaluation was carried out 
by a tasting group, which included 30 people of different 

to the control with NPK addition. Soil variants 3, 6 and 7 
performed well: average plant size was 27.5 cm. 
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gender and age. The average tasting score for all variants 
is demonstrated in Figure 6.

Figure 6 – Evaluation of taste properties of lettuce  
grown in different soils

Control  
without the addition  

of components

Control  
with NPK addition

Variant 1Variant 7

Variant 8

Variant 2Variant 6

Variant 3

Variant 4

Variant 5

0 1 2 3 4 5

Taste parameters of lettuce in variants 1, 3 and 4 were bet-
ter than in the control with NPK addition. In all other variants, 
the plants did not reach the indicators of this control.

Conclusion

In an enclosed ecosystem of terrestrial type, it is re-
quired to apply means to maintain the autonomy of its ex-
istence. Microbiological utilization is recommended for use 
in the ECH to solve environmental problems related to waste 
generation. 

In the course of the research, there were selected ag-
ronomically valuable microorganisms, with the help of which 
the process of biorecycling of food waste was carried out. 
On the fourth day of the experiment, organic residues were 
almost completely decomposed. The products of their fer-
mentation were applied as an organic fertilizer when sow-
ing lettuce. The results of the experiment showed that in soil 
variants 1, 3 and 6 the leaf plate area was on average 2.5 cm2 
larger than in the control with NPK; in variants 4, 5 and 7, 
the size of lettuce with root is on average 3.7 cm more than 
in the control with NPK. 

Thus, the recycling of organic waste, carried out with  
the help of microorganisms, will make it possible not on-
ly to reduce the load on the enclosed ECH system but al-
so to produce, using fermentation products, an efficient, 
environmentally friendly and economical bioorganic fer-
tilizer, the main purpose of which is to increase yields, ac-
celerate the growth and germination of crops. In addition, 
biorecycling can become a method to clean the water, land 
and air of the ECH enclosed ecosystem from organic pol-
lution as well as to use recycled waste in organic agri-
culture, completely excluding the application of chemical  
fertilizers.
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for Use in the EcoCosmoHouse

UDC 665.58 Y. Viaremka

A. Kaliada

Unitsky String Technologies Inc., 
Minsk, Belarus

The article reviews the issues regarding possible deficiency of vitamin D for the inhabitants 
of the EcoCosmoHouse (ECH) and analyses the sources and ways to replenish its deficiency,  
as well as contains solutions to this problem. The variants of vitamin D application in cosmetics 
are described. There are cosmetics formulations with natural components containing vitamin D 
as an accompanying substance and formulations where vitamin D is included as a separately dosed 
ingredient. The purpose of the research is to develop cosmetics with vitamin D, which can be applied 
to compensate for its possible deficiency during the prolonged stay of people in Earth's orbit.  
The tasks are as follows: to analyze the sources of vitamin D and the ways of its delivery to the body 
as well as to review ways to replenish lack of vitamin D with the help of these sources  
in the ECH conditions; to choose the type of cosmetics that will be used as a source of vitamin D;  
to select the components and to prepare experimental samples of the cosmetics containing vitamin D. 

Keywords:  
active ingredients, cosmetics with vitamin D, EcoCosmoHouse (ECH), inactive form of vitamin D,  
UV radiation, vitamin D. 
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Introduction
Nowadays, all cosmetic manufacturers are working 

on researching and obtaining new and efficient ingredi-
ents that will help in solving important problems in the field 
of cosmetology and medicine. 

One of the most important issues today is vitamin D 
deficiency in the human body. Its lack can be compensat-
ed and dermatological problems can be prevented not only 
by UV radiation, properly selected nutrition or taking medica-
tions but also by using special cosmetics containing vitamin D, 
which are presently not widespread enough. In the conditions 
of an enclosed ecosystem, this issue is the most relevant 
and should be further considered in detail.

Vitamin D, Its Functions and Sources
Vitamin D is known to be essential for the regula-

tion of numerous physiological processes. Its main effect 
is on bone health, as it helps calcium to overcome the bar-
rier between the gastrointestinal tract and blood and also 
participates in its absorption by the small intestine. The re-
sult of calcium and vitamin D deficiency is the osteoporosis. 
Its consequence is a decrease in bone density, which leads 
to an increased risk of fractures [1]. 

A considerable amount of data indicates that vita-
min D is responsible not only for maintaining calcium ho-
meostasis but also skin homeostasis. It actively supports 
dermal innate and adaptive immunity [2, 3], plays an im-
portant role in the development of cognitive functions, reg-
ulation of the reproductive system and also stimulates 
the immune system, thereby improving the overall health 
of the body [1].

Vitamin D deficiency is associated with a large num-
ber of diseases, including osteoporosis, rachitis, certain 
forms of cancer and pathologies of the cardiovascular sys-
tem. In addition, there are discussions about the influence 
of this biologically active substance content in the human 
body on the neurological and mental state [3].

It is generally accepted that vitamin D levels with val-
ues ≥30 ng/ml (75 nmol/l) are sufficient to maintain human 
health. Vitamin D deficiency is characterized by a range 
of 21–29 ng/ml (52–57 nmol/l), and values below 20 ng/ml 
(50 nmol/l) indicate its lack [1].

Currently, six forms of vitamin D are distinguished, which 
can be obtained both naturally and artificially. How ever, only 
two of them are of greatest interest to the human body – 
ergocalciferol (D2) and cholecalciferol (D3) [1].

There exist several sources of vitamin D intake, one 
of the main ones being food intake. There are relatively few 
food items enriched with this vitamin: fatty fish meat (salm-
on, trout), caviar, eggs and dairy products. With such a di-
et, vitamin D3 enters the body directly. Some mushrooms 
contain vitamin D2, but its index in them varies depending 
on the species. For example, the maximum level is found 
in maitake, shiitake and oyster mushrooms [4, 5].

Although vitamin D is present in commonly consumed 
foods, its concentration in them is quite low. The most vita-
min D-rich foods (meat, fatty fish and eggs) can cover about 
10 % of the body’s need for this biologically active substance. 
Even with a great desire, a person is not able to consume 
such amount of these products to fill the deficiency of vita-
min D. The conditions under which they are grown and ob-
tained should also be taken into account. For example, fish 
caught in the sea contains four times more vitamin D than 
fish grown in an artificial environment [6]. 

Thus, being in Earth orbit for a long time and following 
a healthy diet, the EcoCosmoHouse (ECH) residents do not 
have the opportunity to remove the need for vitamin D 
through food intake.

Another way of vitamin D intake is additional consump-
tion of dietary supplements (DSs). The recommended amount 
is 400 IU/day [1]. However, DSs containing vitamin D may inter-
act with some types of drugs, which in turn limits the number 
of people who can make up for vitamin D deficiency with sup-
plements. One should not forget that DSs and medicines 
cause various types of liver damage, which manifest them-
selves over time. And despite the fact that DSs are not clas-
sified as drugs, there is a risk of overdose, which means that 
their long-term consumption requires constant monitoring 
of biochemical parameters [1].

In addition, a significant disadvantage of the use of DSs 
is their insufficient study and unconfirmed effectiveness. 
The situation is complicated by the fact that people purchase 
such products on their own, without consulting a specialist, 
without knowing their properties and side effects [7]. 

The main source that promotes the synthesis of vita-
min D (Figure 1) is UV radiation. Vitamin D conversion begins 
with the conversion of 7-dehydrocholesterol, which is found 
in the epidermis. The UV radiation from the sun or artificial light 
sources convert 7-dehydrocholesterol into cholecalciferol, i.e., 
vitamin D3. Then it passes from the epidermis into the blood-
stream with the help of a binding protein. After that, it is  
transported to the liver, where hydroxyl groups are attached 
to it. As a result, the active form of vitamin D3 is created – 
1.25-dihydroxycholecalciferol, also called calcitriol [8]. Figure 1 – Vitamin D synthesis
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However, under the ECH conditions, humans will not re-
ceive the necessary amount of vitamin D synthesized under 
the action of natural solar radiation. This is due to the fact 
that the space of the space house, where people will stay, 
is isolated from sunlight. As an alternative source of light re-
quired for full human functioning, plant and animal develop-
ment, it is possible to create artificial lighting with a spectrum 
close to natural light [9]. 

Light-emitting diodes (LEDs) can be one of the options 
for such artificial lighting and an alternative source of UV 
radiation that promotes vitamin D synthesis. As to previous 
tests [10], UV LEDs of UVB type with a wavelength of 293 nm 
are 2.4 times more efficient for vitamin D production com-
pared to natural sunlight, which, accordingly, reduces 
the required time of exposure of human skin to UV radiation.

In addition to the wavelength of the radiation source 
and the time of its exposure, the amount of vitamin D syn-
thesized directly depends on the area of the body surface, 
which is exposed to UV radiation. It is scientifically con-
firmed that to synthesize the recommended daily amount 
of vitamin D (400 IU for an adult) it is necessary to expose 
1.5 % of the skin surface to UVB-type LEDs with a wave-
length of 293 nm for 30 s. These values differ significantly 
from the same parameters for natural solar radiation: 3.9 % 
of the skin surface for 30 min [10]. 

Depending on individual specifics, in particular the skin 
phototype, the body’s response to UV radiation is also dif-
ferent: people with dark skin produce the required amount 
of vitamin D more slowly than people with light skin [11]. How-
ever, light-skinned people are more susceptible to the car-
cinogenic and mutagenic effects of UV radiation, which 
is a major risk factor for skin cancer [12] and, therefore, 
one of the criteria that affects the degree of universality 
of vitamin D production by this method. 

There have been considered the other negative aspects 
of this approach. UV radiation is often used for therapeu-
tic purposes, as it has a favorable effect on human health, 
initiating the natural synthesis of vitamin D and activat-
ing many processes necessary for the normal vital activity 
of the body (metabolism, cardiovascular system functioning, 
enzymatic activity). However, overexposure to UV radiation 
from both the sun and light from artificial sources is asso-
ciated with serious health risks [13]. The negative effects 
of UV radiation can manifest as skin burns, dermatitis, at-
rophy, pigment changes, appearance of wrinkles and skin 
malignancies. The most dangerous consequence of ex-
cessive exposure to UV radiation is the risk of developing 
melanoma, which is considered a deadly form of skin cancer. 
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Experiments have been conducted showing that UVB rays, 
which are considered to be the source of vitamin D synthesis, 
have the strongest oncogenic effect [14]. Therefore, it is prob-
lematic to clearly distinguish the level of favorable and un-
favorable effects of UV radiation on humans. For this pur-
pose, it is important to strictly follow the recommendations 
on the time and frequency of exposure to irradiation, taking 
into account the individual specifics of the organism [15].

According to research results, after a long flight, astro-
nauts experience a decrease in bone density. Such changes 
are explained by the fact that during a long stay in space, 
the crew does not receive the necessary amount of sunlight, 
which influences vitamin D formation. In addition, the lack 
is not replenished by food products. The conditions of human 
stay in the ECH are close to the conditions on the Interna-
tional Space Station, therefore, the problem of vitamin D 
deficiency remains relevant [16]. 

Based on the currently available data, it is clear that 
in order to achieve a sufficient level of vitamin D in the hu-
man body without harm to health, it is necessary to look 
for alternative sources of this biologically active substance. 
We propose to use in the ECH special cosmetic products 
that contain vitamin D and help to compensate for its lack 
in the organism. 

Benefits of Using Cosmetics  
Containing Vitamin D

The use of vitamin D in the production of cosmetics has 
a number of advantages in contrast to the previously dis-
cussed ways of its intake into the body. In addition to par-
tially replenishing the need for this useful substance, a local 
application of vitamin D in cosmetics has a positive effect 
on the skin, which makes cosmetic products indispensable 
for daily care, treatment of skin diseases and prevention 
of premature skin aging. This component has a high degree 
of protection from the damaging effects of UV radiation, has 
an anti-inflammatory and antibacterial effect, contributes 
to strengthening the immune system of the skin, prevent-
ing moisture loss and dryness of the skin, fights the first 
signs of such diseases as acne, rosacea, atopic dermatitis [1]. 

With the years passing, the level of vitamin D synthe-
sis in the body decreases, therefore, the skin becomes flab-
by and dry, age-related changes appear. Vitamin D helps 
to remove signs of aging, improves skin elasticity, enhances 
its radiance, suppresses inflammatory processes in tissues 
and resists the appearance of wrinkles [17].

Methods of Incorporating Vitamin D  
into Cosmetic Formulations

There are the following ways of including vitamin D 
in cosmetic products: 

 • as a separately dosed component; 

 • as a related substance in the composition of natural 
raw materials. 

As a potential separately dosed component, it has been 
considered the two most common forms of vitamin D that 
have low toxicity and can be contained in cosmetic products 
in an increased quantity [17]. 

According to researches, when total equivalent doses 
of vitamin D2 (considering regular use) and D3 (considering 
periodical use) are applied, vitamin D3 accumulates most 
efficiently in the dermis layers [18].

However, when introducing vitamin D3 into cosmetics, 
difficulties arise due to the instability of this form of the vi-
tamin and, consequently, the difficulty of dosing. Therefore, 
in the cosmetics developed, vitamin D3 is used in the form 
of an inactive form – 7-dehydrocholesterol, which transforms 
into vitamin D3 during photoisomerization [19]. 

The safety of using 7-dehydrocholesterol in prepara-
tions of local action lies in the fact that it can accumulate 
in the skin, forming its own biological reserve, but the ac-
tive form of vitamin D is obtained only when it is necessary 
to replenish its deficiency in the body [20]. 

For transportation to the epidermis, 7-dehydrocholes-
terol, being a fat-soluble component, must be in complex 
with β-cyclodextrin, a carbohydrate that provides encapsu-
lation of fat-soluble components in aqueous solutions [21]. 

Based on earlier studies on the use of the active form 
of vitamin D in preparations of local action [22], it was 
decided to introduce 7-dehydrocholesterol in cosmetics 
in an equivalent volume – 5,000 IU in 1 g of a product. 

The amount of β-cyclo dextrin required to encapsu-
late 7-dehydrocholesterol was calculated based on a ratio 
of 100 : 1 [23]. 

The second method of including vitamin D in the com-
position of cosmetics is the employment of natural raw 
materials, where this vitamin acts as a related substance. 

The natural raw materials used in the production of cos-
metics are most often plant-based and enriched with vita-
min D2. Examples of such sources are, first of all, extracts of al-
gae, mushrooms, lichens. In rare cases, vitamin D3 is found 
in vegetative raw materials. It is contained mainly in the fruit 
parts of representatives of the cereal, nightshade and laurel 
families [6, 24].

However, it is problematic to dose the amount of vita-
min D intake through the use of plant-based cosmetic com-
ponents, therefore, this method is more suitable as a supple-
mentary one to maintain the optimal vitamin D level already 
achieved in the body.

Development of Compositions  
of Cosmetic Products with Vitamin D

The following cosmetics for the body have been devel-
oped in Unitsky String Technologies Inc. (Minsk, Belarus): fluid, 
cream, spray, deodorant. The choice of this type of prepara-
tions is conditioned by the fact that they are indelible skin-
care products and have a long contact time with the skin 
necessary for transportation of active substances, including 
vitamin D, to the deep layers of the skin. 

Due to the minimalistic but multifunctional set of com-
ponents and the absence of fragrances, the proposed cos-
metic products are versatile and can be used by both women 
and men.

The developed cosmetics products containing 7-dehydro-
cholesterol are characterized by the following advantages.

1. Body fluid. Designed to moisturize the skin of the face 
and body, maintain its elasticity and firmness. 

The active components included in the composition 
of this cosmetic product: 

 • hydrolyzed soy protein. It has a rejuvenating and regen-
erating effect, filling the skin with moisture and increasing 
its elasticity; 

 • 7-dehydrocholesterol. It is a precursor of vitamin D, stim-
ulates the production of skin defenses properties, relieves skin 
irritation and redness;

 • lemon balm extract. It prevents dryness and peeling, 
activates metabolic processes in skin cells, has a soothing 
effect.

A regular use of this body fluid helps to replenish vita-
min D deficiency in the body, minimizes the negative effects 
of UV radiation and stimulates the formation of a protective 
stratum corneum of the skin.

2. Body cream. It is designed to soften, soothe and pre-
vent dehydration of face and body skin.

The active ingredients included in the composition of this 
cosmetic product:

 • 7-dehydrocholesterol. It reduces the skin’s sensitivity 
to external factors, enhances its radiance and helps to fight 
skin diseases;

 • betaine. It has a complex effect on the skin, normalizing 
the hydrolipidic balance, retaining moisture and attributing 
softness and silkiness;

 • rhodiola rosea extract. It tones up the skin and relieves 
its puffiness, has a rejuvenating and anti-inflammatory effect.

Body cream is specially developed to saturate the skin  
with vitamin D, restore its lipid barrier and protect it from  
the negative impact of the environment.

Cosmetic products in which vitamin D present as a related 
substance are described below.

1. Body spray. It reduces irritation, tones up and normal-
izes the water balance of the skin of face and body.

The active components included in the composition 
of this cosmetic product: 

 • reishi mushroom extract. It improves skin immunity, 
evens out skin color, makes it smooth and velvety. Due to  
the presence of vitamin D, it actively fights the first signs 
of aging;

 • tea mushroom extract. It has an antioxidant, anti-in-
flammatory and antimicrobial activity. B vitamins in the com-
position remove redness, peeling and dryness of the skin;

 • rosehip extract. It moisturizes and tones up the skin, pro-
tects it from environmental pollutants and ultraviolet radia-
tion. The available significant amount of vitamin C is involved 
in the synthesis of collagen.

Due to the vitamin D contained in reishi mushroom ex-
tract, the body spray contributes to the timely regeneration 
of the skin, preventing its dryness and flaccidity.

2. Deodorant for the body. It is intended for effective 
protection against odor and sweat during the day.

The active components included in the composition 
of this cosmetic product:

 • avocado extract. It contains a large amount of vita-
min D, nourishes and facilitates skin regeneration, slows 
down the aging processes, helps to restore skin elasticity 
and smoothness;

 • calendula extract. It activates the protective functions 
of the skin, stimulates cell renewal, normalizes the functioning 
of the sebaceous glands;

 • hyssop extract. It has an anti-inflammatory and anti-
bacterial properties, has a cooling and soothing effect  
on the skin.

Due to the vitamin D present in the avocado extract, 
the effective regulation of sweat glands is accompanied 
by a gentle protection of skin from dryness and irritations.
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Thus, the line of cosmetic products (Figure 2) enriched 
with vitamin D, developed in Unitsky String Technologies Inc., 
will be able to provide the ECH residents with a holistic 
care for all parts of the body, contributing to health pro-
motion and replenishing the deficiency of necessary nutri-
ents in the conditions of living in space. The proposed cos-
metics are recommended for daily use, are not addictive, 
do not require an increase in the application dose and re-
main effective throughout the entire period of application. 
The content of predominantly natural ingredients is a dis-
tinctive feature of the developed care products, which is im-
portant for the increasing demand for safe and environ-
mentally friendly cosmetics. Special technologies are used 
for its production, which allow the organic ingredients in-
cluded in the composition of the cosmetics to retain their 
beneficial properties. It is reasonable to grow the main part 
of vegetative raw materials necessary to obtain the pre-
sented cosmetics in the ECH. This approach will minimize 
the cost of material transportation and significantly reduce 
the cost of production as well as guarantee that no fertiliz-
ers of genetic and chemical origin are used in the cultivation 
of plants and mushrooms, from which extracts are subse-
quently obtained, and only natural cultivation methods are 
applied [25, 26]. The residues of plant biomass formed after 
extracts obtaining can be subjected to destruction by micro- 
and macroorganisms, making the production waste-free,  
which is especially relevant in an enclosed system [9]. 

Conclusion
Based on the analysis of possible vitamin D deficiency 

in the conditions of living in the ECH, it was concluded that 
it is necessary to search for alternative sources of vitamin 
D intake into the body, including obtaining and using vitamin 
D-containing cosmetics. 

The lack of vitamin D in the organism of a person stay-
ing for a long time in Earth's orbit can be compensated 
by special cosmetic products created in Unitsky String Tech-
nologies Inc. These products, having a minimal list of natural 
components, combine the most functional substances, which 
are useful not only for skin condition, but also for health 
in general.

The developed versatile skincare cosmetics contain-
ing vitamin D help to fill its deficiency in the human body. 
The use of natural raw materials in the production of cosmet-
ic preparations ensures their high quality and also harmo-
nizes with the general concept of the fight for ecology, which 
implies a growing demand for natural and environmentally 
friendly cosmetics.
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Options for using natural raw materials for obtaining the detergents in an enclosed ecosystem 
are considered. The results of an experiment on the production of laboratory samples of liquid soap 
from licorice (Glycyrrhiza glabra L.) with prebiotics are presented.
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Introduction
The residents of the EcoCosmoHouse (ECH) need de-

tergents, which are better to produce in orbital conditions 
than to spend large financial resources on their delivery 
from Earth. In an enclosed ecosystem it is preferable to use 
plant raw materials to replace synthetic ones [1], which con-
sist of complex mixtures of different substances. The main 
disadvantage of nonnatural detergents is their low decom-
position rate, which causes them to pollute the environ-
ment. That is why the priority in this area is to replace such 
products with natural compositions and natural soap.

Surfactants of organic origin include:

 • plant saponins (extracts of soap tree, soapwort and  
licorice);

 • Castile soap (based on olive oil replacing animal fats);

 • phosphatidylcholine (lecithin) derived from soy.

As a natural replacement for synthetic surfactants 
in shampoos and detergents, natural saponins (foam- forming 
substances) are used, being part of some plant extracts, 
such as soapwort, bark of the soap tree and licorice roots. 
The name “saponins” comes from the Latin sapo meaning 
soap. These are complex nitrogen-free organic compounds 
from glycosides of plant origin, which have surfactant prop-
erties. When shaken, the solutions form a thick persistent 
foam.

Description of Saponin-Containing Plants
Alpine Violet (Cyclamen L.)
It is a perennial herbaceous plant belonging to the prim-

rose family (Figure 1) [2]. 

Saponins are found in the roots, which are in the form 
of tubers that grow large in soft and greasy soil. Technical 
saponins are obtained in the usual way – by extracting soap 
root with water and evaporating the resulting extract.

Dry tubers contain water-soluble substances (technical 
saponins) – 54.2 %, including pure saponins – 25.2 % [3].

White Campion (Melandrium album (Mill.) Garcke)
This one- or two-year herbaceous plant belongs to the  

clove family (Figure 2). Its roots contain technical saponins – 
31.9 %, including pure saponins – 27.5 % [3].

White campion has quite few extraneous substances 
compared to other saponin-containing crops.

Acanthophyllum glandulosum Bunge ex Boiss.
This is a perennial herbaceous plant or semishrub of the  

clove family (Figure 3). Its roots contain technical saponins – 
40.5 %, including pure saponins – 32.02 % [3].

Figure 1 – Alpine violet

Figure 4 – Common soapwort

Common Soapwort (Saponaria officinalis L.)
It belongs to perennial herbaceous plants of the clove 

family (Figure 4). In the studies [3, 4], technical saponins 
were isolated from the dried roots of common soapwort – 
58.2 %, including pure saponins – 36 %.

Figure 3 – Acanthophyllum glandulosum Figure 5 – Licorice

Figure 2 – White campion

Licorice (Glycyrrhiza glabra L.)
Licorice (sweet root, liquorice) is a perennial herba-

ceous plant of the legume family, known for its benefi-
cial properties and has long been used all over the world 
(Figure 5). The medicinal raw material is the roots, which 
can be stored in gauze or paper bags in a cool dry room 
for 10 years.

According to [5], licorice contains a number of thera-
peutic biologically active compounds, such as triterpene sa-
ponins, flavonoids, coumarins and other phenols. The total 
amount of extractive substances obtained from the roots 
of the plant is 40 % of the weight of the raw material [6]. 

The main biologically active compounds are summa-
rized in more detail in the Table below.

Substances Content, %

Extractives 22.8–44.1

Triterpenoids 7.3–23.6

Carbohydrates (glucose, sucrose, starch) 18.2–34

Flavonoids 3–4

Steroids 1.5–2

Ascorbic acid 1.1–3.1

Essential oils 1.5–2

Asparagine 1–4

Resinous substances 1.7–4.1

Fats and fatlike agents 0.2–4.7

Proteins 6.2–10.1

Gums 1.5–6.5

Insoluble bitterness (in water) 1.8–4

Ash (overall) 4.9–9.7

Table – Main biologically active compounds of licorice root

The roots and underground shoots of licorice contain 
up to 23 % glycyrrhizin, which is the potassium and calcium 
salt of tribasic glycyrrhizic acid. It is a triterpene saponin 
that breaks down during hydrolysis into glycyrrhetinic acid 
and two molecules of glucuronic acid, which gives the roots 
a tart-sweet flavor [7].

Licorice is a source of raw materials for food, perfumes, 
cosmetics, technical and other products. It has many groups 
of biologically active compounds: sugars, amino acids, pec-
tins, microelements, etc. Glycyrrhizic acid, glycyrrhetinic ac-
id and their derivatives, flavonoids and polysaccharides are 
mainly used.

Licorice is a healthful medicinal plant, which is an ad-
ditional plus and expands the scope of its use in the ECH 
conditions.

Licorice roots host nodule bacteria that enrich the soil 
with biological nitrogen, which will also be an undeniable 
advantage when cultivating licorice in light potting soils 
that are planned to be applied in an enclosed ecosystem. 
The aboveground vegetative part of licorice, which reaches 
1.5 meter height, is rich in protein (up to 12 %) and is consid-
ered a nutritious fodder for farm animals [8]. Saponins, fla-
vonoids, tannins, nitrogenous bases, organic acids, sugars 
and carotene are found in this part.
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About 6 tons of aboveground biomass can be harvest-
ed from 1 ha of licorice in the second year after planting, 
and 15 tons in the third year. Its protein content is twice 
as high as in alfalfa, which makes licorice biomass a nutri-
tious and valuable fodder (in dry form) for cattle and small 
ruminants [9]. Licorice root can be obtained in the third 
or fourth year [10], and the yield of dry root mass is about 
6–8 t/ha.

There are a huge number of patents (more than 10,000) 
on the use of licorice [11]. It is included in preparations for  
the treatment of stomach, spleen, intestinal, viral diseases, 
including AIDS, as well as dermatitis, psoriasis, acne, eczema, 
cystitis, cholecystitis, pancreatitis, prostatitis; in formulations 
of choleretic, laxative, diuretic, anti- allergic, antispasmodic 
action; in remedies for cough, bronchitis, conjunctivitis, arthri-
tis, lumbago, hemorrhoids, osteoporosis, periodontal disease 
and even in agents that increase the activity of antitumor 
drugs indicated in oncology, etc. In [12] the maximum number 
of patent documents on this subject is given.

In cosmetology, licorice root extract is recommend-
ed for detergents, anti-wrinkle products, for skin rejuvena-
tion, cleansing and brightening as well as for stimulating hair 
growth, hair treatment, etc. A positive point of using licorice 
in shampoos is its ability to clean the scalp and hair without 
drying them out. All this speaks of the undeniable advan-
tages of choosing such a valuable and multipurpose plant 
culture as the object of the present study and the main 
ingredient of the developed detergent. 

Description of Natural Cosmetic Supplements
In order for the natural cosmetic products manufactured 

to have a pleasant consistency and fresh aroma for a long 
time, optimal storage conditions must be ensured. To ob-
tain the desired consistency, a natural thickener is need-
ed, which in the experiment conducted by the authors were 
pectin and xanthan gum. Natural compounds that perform 
the function of antioxidants and preservatives in organic 
cosmetics are sea salt, citric acid and essential oils [13], also 
included in the formulation of cosmetic detergent. Consider 
the properties of these compounds in more detail. 

Pectin
In cosmetic production it is in demand as a thickener 

and complexing agent [14]. It is a prebiotic – a carbohydrate 
contained in vegetables, fruits and cereals that creates a favor-
able nutrient environment for the reproduction of microflora.  

Skin microflora is a variety of microorganisms living on its  
surface. It is part of the protective barrier of the body. 
Useful bacteria settle in a favorable nutrient environment 
and protect the skin from colonization by pathogens.

Pectin contains galacturonic acid, which has the prop-
erty of retaining moisture, smoothing wrinkles and improving 
skin tone. In addition, the feasibility of using low-esterified 
pectin substances as an active detergent additive to sham-
poos and liquid soap, the pH of which ranges from 5.5 to 7.5, 
has been proved [15].

Citric Acid
The natural cosmetics obtained must retain its proper-

ties for a long period, so it is necessary to introduce preserva-
tives of natural origin in its composition. One of them is citric 
acid, which is an acidity regulator, antioxidant and synergist 
of antioxidants; it is added for flavoring and as a natural pre-
servative [16]. It can be involved as a dispersing and grinding 
component. It is susceptible to thermal and complete biodeg-
radation. According to the European numerical codification 
of food additives, citric acid is classified as E330 and is in-
cluded in the list of substances authorized for use in food 
and beverages.

Citric acid represents colorless crystals, similar in ap-
pearance to sugar. Its applications are: 

 • confectionery industry – as an acidulant and flavor 
enhancer;

 • beverage industry – to give a sense of freshness. It is  
also a synergist, i.e., a substance that enhances the action 
of antioxidants, such as ascorbic acid;

 • canning industry – as a preservative instead of vinegar, 
which is recognized as a carcinogen and the usage of which 
severely restricted in the food industry of most countries;

 • cosmetology – as a pH regulator of many cosmetic pre-
parations: elixirs, lotions, creams, shampoos, hair fixers, etc. 

Sea Salt
It is characterized by a rich chemical composition, which 

is associated with its unique healing properties. This makes 
the substance very popular in cosmetology. Due to the high 
content of minerals and other elements, sea salt nourishes 
the skin, improves blood circulation, dries inflammation 
and strengthens capillaries, saturating them with health-
ful substances. For hair it is valuable because it accelerates 
their growth, makes the structure denser and curls more vo-
luminous. Sea salt in cosmetics also works as an antiseptic, 
has anti-inflammatory and antimicrobial action.

Essential Oils
Tea tree essential oil [17] has effective antiseptic prop-

erties and at the same time is absolutely harmless to the hu-
man body. In addition, it has anti-inflammatory, astringent, 
antitoxic, antiviral, embalming, healing and fungicidal action. 
Due to these qualities, it is actively used in cosmetic products.

Rosemary essential oil has a wide range of health bene-
fits, among them are analgesic, anti-inflammatory, antimicro-
bial. This substance is characterized by antioxidant activity [18].

Grapefruit essential oil has powerful antibacterial and  
antimicrobial properties, proves effectiveness against certain 
strains of fungi and has a citrusy aroma.

Frangipani (plumeria) essential oil gives a pleasant smell 
to the detergent and has a number of other valuable proper-
ties: it relieves inflammation, moisturizes and nourishes dry 
skin, helps to smooth fine lines and wrinkles.

Jasmine essential oil is not only known for its subtle 
fragrance but is also antiseptic, antibacterial and antifungal, 
does not irritate the skin and is therefore often used in skin 
and hair care products.

Experimental Part
In order to prepare a detergent, the roots of licorice 

were poured with water in the ratio of 1 : 5 by weight, kept 
in a boiling water bath for 30 min, drained the solution 
and again poured the roots with water in the ratio of 1 : 3 
by weight, the treatment was repeated. The resulting decoc-
tion (550 ml) was centrifuged, divided into two parts, and dif-
ferent samples of detergent were made, while a thickener 
was used: in the first sample – xanthan gum; in the second – 
pectin, which is also a prebiotic (Figure 6).

Since the detergents are all-natural, mold formed 
in the samples during their storage at a temperature 
of (20 ± 5) °C: in the first one after 14 days and in the sec-
ond one after a month. Proceeding from the fact that mod-
ern manufacturers guarantee storage of cosmetic products 
in the open form not more than one month, in the second 
case the necessary result was achieved. Accordingly, fur-
ther work should include vacuum packaging and steriliza-
tion of containers, and various combinations of essential 
oils or plants should be examined.

To accurately confirm the presence of saponins in plant 
raw materials, reactions based on the physical and chemical 
properties of these substances were applied [19]. The qual-
itative reaction to saponins is foaming (Figure 7), which 
is not observed in other plants. 

Saponins by chemical structure are divided into two 
groups: steroidal and triterpene. To determine the group, 
two test tubes was taken, one of which was filled with 5 ml 
of 0.1 mol/l NaOH and the other with 5 ml of 0.1 mol/l HCl. 
After that, 2–3 drops of decoction to each test tube were 
added and shook vigorously (Figure 8).

Figure 6 – Detergents made from a decoction of licorice roots:  
1 – with xanthan gum; 2 – with pectin

Figure 7 – Licorice root decoction:  
a – before shaking; b – after vigorous shaking for 30 s

a) b)

Figure 8 – Test tubes with NaOH, HCl  
and licorice root decoction
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Figure 9 – Licorice root decoction:  
a – pure; b – with addition of copper (II) sulfate

a) b)

As a result, a persistent foam was formed in the test 
tube with acid. This indicates that the decoction contains 
acidic triterpene saponins, which include derivatives of glycyr-
rhizic acid, which has a favorable effect on the skin. Steroidal 
saponins give abundant foam in an alkaline environment.

Chemical evidence of the presence of saponins is their 
precipitation from aqueous solutions by barium and magne-
sium hydroxides, copper salts and lead acetate. Copper (II) 
sulfate was used in the experiment. The result is shown 
in Figure 9, which also confirms the presence of saponins 
(precipitate formed).

Conclusion
In this study, a liquid soap was obtained from licorice 

roots, which can be used as a shower gel or shampoo (3 in 1), 
since it has a favorable effect on the skin due to the con-
tent of glycyrrhizic acid. It was determined that the solution 
with xanthan gum can be stored at (20 ± 5) °C for 14 days 
and with pectin for twice as long.

Since the product is all-natural and, therefore, per-
ishable, it is necessary to provide for its vacuum pack-
aging in the future. The obtained samples of liquid soap 
will be analyzed for compliance with Technical Regulations 
of the Customs Union “On the Safety of Perfumes and Cos-
metics” and the shelf life of these preparations in hermetical-
ly sealed packaging will be established. In addition, the meth-
od of increasing the shelf life by adding various essential 
oils and their mixtures as well as decoction of the plants 
themselves to the detergents will be investigated.

The use of natural ingredients for the manufacture 
of detergents is an environmentally friendly and promis-
ing trend in cosmetology. For compositions from licorice 
roots, pectin can be introduced as a prebiotic, thickener 
and complexing agent; as a natural preservative – sea salt, 

citric acid and essential oils of tea tree, grapefruit, rose-
mary; as a flavoring – essential oils of frangipani, jasmine. 
Based on literature data and experiments, licorice is a prom-
ising plant for use in enclosed ecosystems. Glycyrrhizic acid 
from its roots can be applied in manufacture of detergents 
and medicines, and the aboveground part can be animal 
feed, which fully corresponds to the concept of natural 
waste-free production. 
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The issues of providing human life and maintaining their working capacity in artificial  
physical environments are highly relevant due to exploration of outer space and development  
of new technologies for these purposes. Change in the functional state of the organism  
in such habitable conditions increases the risk of making mistakes in professional activity  
causing emergencies, as well as it may harm the specialists’ health and lead to their maladaptation.  
Learning of the human adjustment patterns to new circumstances is an essential element 
for prediction of their functional state during work and rest, adequate diagnostics,  
prevention activity and correction of the adaptation process. 
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Introduction
In accordance with the theory of adaptation, artificial 

conditions of life activity are considered as a set of factors 
responsible for the functional state of the organism. Under 
their influence, it redirects its activity towards optimizing 
the interaction in the “organism – environment” system. Men-
tal state is one of the manifestations of the adaptation pro-
cess, and its changes can be presented as psychological 
reactions of human adjustment.

The relevance of this topic is determined by the tasks 
of psychological support of professional activity of special-
ists in an enclosed ecosystem and the prevention of mental 
adaptation disorders to the new environment. As a hypothe-
sis, it has been put forward the assumption that human ha-
bituation to life in such conditions is characterized by regular 
invariant stages, and the dynamics of the adaptation pro-
cess depends mainly on the person’s psychological attitude 
regarding the duration of stressful impact. 

Mental Adaptation
H. Selye described the typical dynamics of responses 

to stress, the main task of which is to protect the organism. 
The scientist called the reactions, which cause a general-
ized, systemic protective effect, general adaptation syndrome 
(GAS). Although the distinction between physiological and psy-
chological processes remains ulterior, the dynamics of GAS 
reactions has been widely disseminated in psychological 
science [1].

In the broadest sense, adaptation is understood as the  
process of adjustment to the surroundings through behav-
ioral or mental changes that contribute to achieving an opti-
mal level of functioning. Depending on the field of knowledge, 
the term has specific meanings: in physiology – the regula-
tion of a bodily organ in accordance with external conditions; 
in evolutionary biology – the adjustment of species to the en-
vironment in which they evolve; in psychology – the process 
by which an individual achieves the best balance between 
conflicting needs [2, 3].

There is no unity in the interpretation of this concept 
in the psychological literature. With all the variety of clas-
sification models, three forms of human adaptation to the  
changing environment are distinguished: biological, social 
and psychological.

F. Berezin speaks about psychophysiological adaptation, 
or a situation when along with the maintenance of men-
tal homeostasis proper, optimization of constant interac-
tion of a person with the environment and establishment 

of adequate correspondence between mental and physiologi-
cal characteristics are provided. The researcher distinguishes 
the following levels of mental adaptation: psychophysiological, 
psychological and sociopsychological [4].

A. Maklakov discusses the complex mechanisms of phys-
iological, mental and social adaptation, emphasizing that hu-
man is “not just a living organism but first of all a complex 
biosocial system” [5]. A. Mo ro zov divides mental and psycho-
physiological adaptation as separate types. He describes three 
functional levels in the structure of this phenomenon – psy-
chophysiological, psychological, social, which are simultane-
ously involved in regulatory processes [6]. V. Med ve dev points 
to the stable interaction of physiological and psychological 
functions of a person [7, 8].

M. Sandomirsky identifies the following interrelated 
types of mental adaptation of a person, considered as com-
ponents: psychophysiological adaptation, or the property 
of the organism to reasonably restructure physiological func-
tions in accordance with the requirements of the environ-
ment; psychological adaptation (and specifies in the remark: 
or mental), violations of which are associated with tension, 
psychological stress; psychosocial adaptation, or adaptation 
of an individual to communicate with a new team. In the view 
of the scientist, mental adaptation includes the psychologi-
cal one: “Mental adaptation is considered as a complex phe-
nomenon that is not reduced only to psychological adaptation 
(in English- language literature, the term “psychological adap-
tation” is used as a synonym for mental adaptation) and re-
quires for its study the consideration of both psychological 
and physiological parameters” [9].

Traditionally, mental and social adaptation are stud-
ied separately (as independent types). There is a possible 
variant when social adaptation is interpreted as sociopsy-
chological one. Most often it is referred to mental (rather 
than psychological) adaptation, including sociopsychological 
indicators [10–12].

А. Nalchajyan studies only socio-mental adaptation 
of a person [13]. A. Rean considers sociopsychological adap-
tation as an active self-change of a person in accordance 
with the requirements of the situation [14].

Psychological literature mainly analyzes personal ad-
aptation to the environment and emphasizes that it is car-
ried out in the process of conscious operation. L. Kitaev- 
Smyk points out the diversity of mental and social activity 
(and passivity) of people under stress, considering many an-
thropological factors, i.e., human activity with all its properties, 
functions, manifestations and relationships [15]. 

According to A. Sukharev, mental adaptation is an  
active personal function that ensures the harmonization 

of an individual’s actual needs with the requirements of the  
environment and dynamic changes in living conditions [16].

In the opinion of Yu. Alexandrovsky, the leading posi-
tion in the hierarchy of links of mental adaptation belongs 
to subsystems that provide search, perception and pro-
cessing of information; emotional response, which creates, 
in particular, a personal attitude to the received information 
and is the most integrated form of activity; sociopsychological 
contacts [10]. 

In this connection, it should be added that under spe-
cial variants of adaptation (in the conditions of a person’s 
long-term stay in an enclosed environment) it is in such 
subsystems that changes should be expected. Disturbance 
of the balance in the “human – environment” system en-
tails tension of individual’s adaptive mechanisms, increase 
of anxiety, weakening of emotional stability, transforma-
tion of the characteristics of interpersonal and microsocial 
relations (i.e., relations in small groups). 

Summarizing the main provisions above, Ye. Za vya lo va 
concludes that adaptation is a personal process responsible 
for human interaction with the natural and social environ-
ment [17]. The system-forming factor that regulates and orga-
nizes adaptation is the goal associated with the leading need. 
The course of the adaptation process is influenced by the psy-
chological properties of a human, including the level of his 
or her personal development, characterized by the perfec-
tion of the mechanisms of personal regulation of behavior 
and activity.

A. Aldasheva [18] speaks about mental adaptation of  
an individual and offers another important concept – “adap-
tive threshold”. This is the smallest possible value, the min-
imum limit of accumulation (manifestation) of properties 
(qualities, resources) necessary for successful adaptation 
of a person. On the one hand, the adaptive threshold is set 
by the environment, on the other hand, the carrier of these 
qualities is a person who, armed with them, has to respond 
to the challenge.

Thus, we come to the conclusion that, despite the ab-
sence of unity in the interpretation of the definition as a whole, 
all researchers point to the importance of understanding 
the essence and structure of the adaptation process, including 
its psychological aspects. 

Enclosed Ecosystems
The definition of an enclosed ecosystem is required 

to understand both the very features of a given habitat 
and mental adaptation within it.

An ecosystem is a form of organization of biological 
communities [19]. An enclosed ecosystem does not assume 
any exchange with the external environment. A system is  
called strictly enclosed, or completely enclosed, if it oper-
ates in isolation from the outside world, except for energy 
exchange [20]. 

Such systems are needed in the inevitable further de-
velopment of industrial civilization, when it will become im-
possible to rely on the saving regulating forces of nature 
and it will be necessary to resort to high-tech life- support 
systems. Within them, the circulation of substances is cre-
ated, which is required for a human being to live safely 
inside an enclosed space for an almost unlimited period 
of time. This raises the question of selection and adapta-
tion of participants for given ecosystems, their readiness 
for professional work under such conditions.

In this point of view, the experience of two projects – 
BIOS-3 and Biosphere-2 – is worth attention. These experi-
ments reflected the idea of complete self- sufficiency as close-
ly as possible. The first one was 80 % isolated and lasted 
about 180 days, the second one was 100 % isolated and lasted 
two years.

The BIOS-3 system [21] was created in Krasnoyarsk, 
where in the early and mid-1970s many months of success-
ful tests with people under conditions of high autonomy 
were conducted. Four people participated in the experiment. 
The team was selected according to their knowledge lev-
el, state of health, motivation. Their psychological compat-
ibility was considered. Three participants had been living 
in the BIOS-3 system for up to six months, feeling them-
selves well. Their health was carefully monitored, includ-
ing by self-measurements, which was an indicator of psy-
chological comfort. The system had similarities to Earth’s 
biosphere as oxygen, water and food were regenerated 
in it with the help of plants.

The Biosphere-2 experiment [22] was conducted in  
Arizona in the early 1990s and it was a failure. For the im-
plementation, a hermetically sealed structure was built 
on an area of several hectares, where only sunlight pene-
trated to ensure photosynthesis. The amount of 3,000 flora 
representatives and 4,000 fauna representatives as well as 
eight people – four men and four women – were accom-
modated under a huge glass dome, where a variety of nat-
ural zones were recreated. However, due to numerous 
miscalculations and shortcomings, the experiment turned 
out to be unsuccessful: the oxygen content decreased 
critically, microorganisms multiplied, and the biological 
balance could not be established. This resulted in conflicts 
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between the participants, their psychological compatibility 
in passing through the adaptation process was not taken 
into account.

During the study, the team was divided into two groups 
that avoided each other. People did not unite, did not have 
a leader, everyone was engaged only in their duties. Al-
though the medical parameters of all participants improved 
by the end of the experiment, they did not feel well, and this 
was a purely psychological factor. The mission was officially 
deemed a failure because of oxygen problems, pest infesta-
tions and a tense situation in the team that did not possess 
the required collaborative features and failed to accomplish 
the task.

Both experiments showed that participants of an en-
closed ecosystem should be distinguished by certain social 
and psychological qualities and skills. It is necessary to cre-
ate community and its cohesion, considering the adaptation 
processes of each member.

Stages and Dynamics of Mental Adaptation
Ye. Zavyalova believes that the process of human adap-

tation in new conditions of existence has a temporal dynam-
ic, the stages of which are associated with certain psycho-
logical changes manifested at the level of both the condition 
and personal properties [17].

Regardless of the type of stress impact, H. Selye for-
mulated general regularities of the process of adjust-
ment to stressful events and proposed three stages: anxi-
ety, resistance, exhaustion, as a result of which the activity 
of the human organism is aimed at maintaining or preserving 
the balance between the requirements of the environment 
and the resources satisfying them [1].

Modern theories of adaptation suggest 4–5 stages, in-
dicating more detailed psychological characteristics neces-
sary to be considered when building a team of an enclosed 
ecosystem. 

The process of human adjustment to an enclosed eco-
system can be compared to getting used to a new cul-
ture. Such adaptation is reflected in the studies devoted 
to the symptomatology of cultural shock in temporary set-
tlers and migrants, strategies for overcoming it as well as 
theories of stages of cross-cultural adaptation.

One of the most well-known models is the cultural shock 
one, which was developed by anthropologist K. Oberg [23]. 
He analyzed in detail four stages of adaptation: honeymoon, 
crisis, recovery and adaptation (as opposed to H. Selye’s  
three stages).

The term “cultural shock”, introduced by K. Oberg, meant 
entering a new culture, a new environment and was deter-
mined by negative feelings (change of social and public po-
sition), which led to insecurity, anxiety, irritability, insomnia, 
psychological disorders, depression.

According to Y. Kim, during a favorable integration 
into a new culture, an individual goes through the cycle 
of “stress – adaptation – personal growth”. Here the ten-
dency follows from enthusiasm and high spirits to depres-
sion and confusion and then to a feeling of confidence 
and satisfaction [24].

Describing the stages of mental adaptation, A. Alyokhin, 
Ye. Dubinina and K. Pultsina suggest relying on the concept 
of experiencing [25].

S. Rubinstein defines experiencing as a unique event 
in the individual history of person’s development; consid-
ers it as a dynamic unit of consciousness, represented 
in the affective and intellectual unity [26]. F. Vasilyuk ana-
lyzes the experiencing from the position of the activity ap-
proach – as a process of overcoming suffering, transforming 
the psychological situation, and a special form of the person’s 
activity to restore psychological balance [27].

The concept of experiencing is very promising for des-
ignating the psychological aspect of adaptation, name-
ly, the process reflecting the mental (cognitive-affective- 
behavioral) pattern of a person’s response when mastering 
a new (stressful) experience, in our case in an enclosed 
ecosystem. This process is initiated by the misalignment 
of the existing experience and behavior with the actual situ-
ation. It includes psychological mechanisms of assimilation 
and accommodation, the direction and dynamics of which 
are set by the needs of an individual in an enclosed ecosys-
tem, where the main stressors are physical factors of artifi-
cial habitat, hypodynamia, monotony, relative sensory and so-
cial isolation, modeled professional activity and interpersonal 
relations in a group.

A. Alyokhin [28] and other scientists point to the fact 
that, regardless of the duration of stay and external factors, 
four qualitatively distinct stages and two transient adapta-
tion processes are always clearly distinguished phenome-
nologically. The stability of the state decreases at the be-
ginning of the trial, then increases to some extent, again 
decreases, then increases and holds at an acceptable level 
but again falls sharply in anticipation of the end of the stay. 
The authors cite the following characteristics of these stages.

1. The first phase is the beginning (initialization) of expe-
riencing – the collision of formed mindsets, perceptions, ways 
of reacting with new conditions of life activity. At this stage, 

habitual psychological attitudes and relationships of the individ-
ual are violated, which is accompanied by nonspecific tension 
and affects the course of almost all mental processes.

There takes place an intensification of the self-relation-
ship system. This period is also characterized by emotionally 
distressing experience of the feeling of unfreedom, environ-
mental pressure with a paradoxical sense of time: on the one 
hand, it drags slowly, and on the other hand, it is looming 
over the person with a distressing and disturbing uncertain-
ty of the future. All the abovementioned affects the stability 
index, which reflects the general mental destabilization.

2. The second phase is featured by increased differen-
tiation or dissociation of external and internal activities, at-
tempts to implement new ways of behavior and response. 
The emphasis from the self shifts to interpersonal rela-
tions, the tension of tendencies to both assimilation and ac-
commodation is seen. Here we observe an increased in-
terpersonal conflict, unstable pattern of behavior, certain 
inconsistency of reactions, thoughts and feelings, which 
is associated with the uneven assimilation of the acquired 
experience. There is an aggravation of existing interpersonal 
conflicts or the emergence of new ones. At the same time, 
the indicators of activity adaptability and productivity are 
significantly reduced.

The awareness of one’s psychological loneliness at this  
stage indicates the crisis of both interpersonal relations 
proper and his or her concepts, which actually forces 
the individual to move from the world of subjective ideas 
and representations to the world of reality.

3. The third phase is characterized by the actualization 
of relations with the objective and concrete event reality 
(with an enclosed ecosystem), which provides the possibility 
of conflict-free discharge of emotional tension, preoccupation 
with the activity itself rather than with social assessments 
and, as a consequence, increased work efficiency and growth 
of information-seeking activity. At this stage, the transfor-
mation of personal attitudes in accordance with the require-
ments of the environment (enclosed ecosystem) is noted, 
and stabilization of the condition is achieved.

4. The final fourth phase assumes a new shift of activi-
ty to the self-relations sphere. The essence of the period lies 
in the contradiction or dissociation between the already es-
tablished forms of behavior and attitudes, on the one hand, 
and expectations, the image of the near future, on the other 
hand. 

This stage is distinguished by the presence in the expe-
rience of models of adequate behavior and communication. 

Self-assessment becomes closer to the objective one. There 
appears some excitement in the emotional sphere. The state 
of fatigue is also characteristic, which is experienced at this 
stage as a deficit of relations, i.e., there is no substrate for  
information-seeking engagement, therefore, as in the first 
periods, the activity is switched over to the inner world 
and is connected with psychological designing of the future, 
which again leads the individual away from the objective- 
real world to the subjective world of ideas and, accordingly, 
to another decrease in the indicators of general adaptability.

It should be noted that the described stages of experi-
encing are observed under any unfamiliar (changed) condi-
tions of human’s life activity, in which the correspondence be-
tween his or her mental characteristics and the requirements 
of the environment is disturbed.

V. Lebedev’s experience in the field of extreme psychol-
ogy is interesting and useful from a scientific point of view. 
Based on his own practice and analysis of literary sources, 
the scientist offers the following periodization of men-
tal adaptation and maladaptation under altered conditions 
of existence [29]. 

1. Preparatory stage. It is cognitive in nature. A certain 
stock of information about the environment and conditions 
of activity is accumulated, and an information field is formed, 
which will be one of the sources of action of the adaptation 
mechanism.

2. A stage of starting mental tension. It can be con-
sidered as a launching moment. The substantive, function-
al and semantic sides of this period consist in the growth 
of emotional experiencing, forming the feeling of tension 
and being, in fact, psychophysiological determinants of ac-
tivation of any living organism. There takes place an internal 
mobilization of human mental resources for their subse-
quent use in order to arrange a new level of mental activity 
under altered conditions of existence.

3. A stage of acute mental reactions of entry, or pri-
mary maladaptation. It is considered a period of the ad-
aptation process, at which the individual begins to expe-
rience the influence of psychogenic factors of changed 
existence. The main of such factors are altered afferenta-
tion (abrupt change of a stimuli set that acted on the sense 
organs and a person’s psyche earlier) and monotony (ab-
sence of any habitual stimuli or their monotony for quite 
a long time).

A relative group isolation – a forced disconnection 
of an individual from a large number of habitual and neces-
sary communicative associations due to his or her needs 
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and limitation of the person’s social network within a new 
environment; it implies informational exhaustion of members 
of a given group in relation to each other, which also causes 
emotional tension.

Primary maladaptation determines two possible ways 
of development of the adaptation process: the stage of men-
tal readaptation, or transition to a state of stable adapta-
tion to conditions, and the stage of unstable mental activity, 
which in turn can lead to severe mental changes. 

4. A stage of final mental tension. It occurs when 
the adaptation process develops in a favorable direction. 
The distinctive content of this period is a peculiar prepa-
ration of the human psyche for the return, to some ex-
tent, of old modes of functioning and reactions as well as 
for the conditions modeled anew by the consciousness 
of the individual.

Particular attention is drawn to the individual’s high 
involvement in experiencing associated with the upcom-
ing and long-awaited return to familiar life. There appears 
an interest to affairs that can have a pronounced nature 
and occupy all the free time. This is explained by the fact that 
the newly arisen tension, having activated the psyche, thus 
compensates for the excess of mental energy caused by it.

5. A stage of acute mental reactions of exit. In its func-
tional significance it is to some extent similar to the period 
of entry reactions, since any changes in the conditions of life, 
activity and environment imply a restructuring of the complex 
of mental reactions and all mental processes. 

It implies a solution that a person has been in for a long 
time during a period of life. However, it should be noted that 
the circumstances awaiting him or her are not always iden-
tical to those, in which he or she was before the change. This 
is also largely due to the changes in the personality struc-
ture that have occurred at this phase. The stage is charac-
terized by behavioral reactions, in which euphoria, the feel-
ing of overcoming many social restrictions, supposedly 
complete freedom and unlimited opportunities in meet-
ing needs are manifested. These feelings can often be de-
ceptive and lead to undesirable consequences when many 
norms are denied.

6. Afteradaptation. It is marked by the formation of oth-
er patterns of behavior necessary for the new living envi-
ronment.

So, it is seen that, despite the differences in the details 
of describing the stages of mental adaptation, the process 
itself is recognized by all researchers. If it proceeds suc-
cessfully, there comes a feeling of psychological well-being 

and peace of mind. The degree of manifestation of the phases 
and the duration of adaptation are determined by the indi-
vidual’s features. The following properties should be taken 
into account thereby:

 • individual differences – demographic and personal: ac-
cording to a number of researchers, highly intelligent and  
highly educated people adapt more quickly and easily; women 
experience more problems during this period than men;

 • readiness for changes: those who have an experience 
of migration more often perceive changes in the environ-
ment quite well, as they are motivated to adapt (achieve 
the set goal) and prepare for the perception of a new culture 
in advance;

 • individual experience of living through stressful and ex-
treme situations.

The selection of team members of enclosed ecosys-
tems requires the creation of a test suits that allow to per-
form differentiation in conformance with the necessary set 
of qualities and skills as well as to conduct trainings for pre-
liminary informational preparation of participants. At all 
adaptation stages, it is important to provide a psycholog-
ical support to the group in order to minimize the impact 
of consequences on the mental state of its members.

The following criteria can serve as a reference point 
for the creation of such a program: a person’s ability to find 
a place in the socio-professional structure, to develop 
in accordance with his or her potential of life activity, over-
all health, subjective sense of self-esteem, emotional lit-
eracy in the form of analysis of one’s own experiencing as 
a psychological aspect of adaptation and regulation, which 
will allow, on the one hand, to identify the universality in be-
havior under stress and, on the other hand, the uniqueness 
related to experience, system of relations, individual senses 
of a particular person.

The most stress-resistant people are those who per-
ceive the world as meaningful and manageable. They have 
a sense of coherence [30], connectedness, when emerging 
threats are perceived as challenges that bring about new 
opportunities, as well as the ability to assess soundly their 
own resources needed to solve the next tasks. It is such 
an attitude that ensures mental health.

If we are talking about an enclosed space with a lim-
ited social circle, as in the case with enclosed ecosystems, 
then creating a friendly atmosphere and selecting partic-
ipants with the appropriate character traits are among 
the factors that determine the success of the entire project 
and, subsequently, of the entire space exploration mission.

Conclusion
Based on the above studies, we can conclude that the  

dynamics of mental adaptation to the conditions of an artifi-
cial ecosystem, i.e., to an unfamiliar living environment, con-
sists in a regular change of stabilization and destabilization 
stages. 

Destabilization is manifested by an increase in anx-
iety and activation caused by the need to transform pat-
terns of behavior to achieve adaptation to a new way of life, 
to optimize functioning under altered circumstances. Sta-
bilization is characterized by the return of mental and psy-
chophysiological parameters to the level of dynamic ho-
meostasis and the formation of behavior patterns adequate 
to the enclosed environment. Achievement of this stage is re-
alized either through the return to the background mental  
and psychophysiological indicators or through the formation 
of a new functional state.

The dynamics of mental adaptation to the conditions 
of an artificial ecosystem does not depend on the duration 
of the individual’s stay in it but is determined by his or her 
psychological attitude to the expected duration of stay. Par-
ticipants of enclosed ecosystems should be selected indi-
vidually through specialized tests and trainings, considering 
personal characteristics: emotional intelligence, motivation 
and psychological compatibility.
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Introduction
The technological progress of modern society, observed 

in the present period, in itself is not considered as a guaran-
tee of improving the quality of people’s lives. The social world, 
which is a multidimensional space, is a complex system 
that requires a differentiated approach to each of its parts. 
The originality of the task being solved in the study is to de-
termine the harmonious combination of the social compo-
nent and the conglomerate of planning elements of new 
type settlements. The dissection of the social environment 
into structural parts (constructive social stratification), oc-
cupying a position in a particular point of space, makes 
it possible to find and evaluate the status positions of social 
agents.

Social stratification is a phenomenon that is traditional-
ly understood as the division of people into different strata, 
groups, classes, ethnic groups and similar elements based 
on income, education, status, possession of power, religion, 
lifestyle or other distinguishing features. It is undoubtedly 
present in any society to a greater or lesser extent depending 
on the objective situation as well as on its subjective vision 
and assessment by various participants of social processes. 
The purpose of this study is to identify possible structures 
of a constructive social stratification (uSocio) as an orga-
nizing principle of the social environment of the linear cities 
(uCities) residential clusters.

New type settlements are based on the concept of au-
tonomous existence and imply not only self-sufficiency in all 
types of food and energy resources but also the appro-
priate functional, social, political and cultural organization 
of space [1, 2]. Life cycle management of the uCity clusters 
should be based on the interests of individuals and groups 
populating them as well as take into account the dynam-
ics of constantly changing positions of social stratifica-
tion. While architectural and planning solutions here pro-
vide wide opportunities for structuring the residential space 
for people’s self- realization, they can also be sensitive 
to the requirements of the society that makes up the public 
environment.

Since there are different approaches to studying the dy-
namics of positions on traditional scales of social stratification, 
let us limit ourselves by focusing on two variables: 

 • worldview, which has a determining subjective signifi-
cance for individuals (or groups);

 • lifestyle, which consists of cultural and symbolic charac-
teristics that allow people to identify themselves in a certain 
social group [3].

It is human with his ideas of a harmonious and hap-
py life who is the goal and mean of any socially directed 
initiative.

Ideal Society  
as a Worldview of a Desirable Future

The desire to establish life in the best (ideal) way 
in near future by comparison with the nonideal (but real) 
present has occupied the minds of thinkers throughout 
the entire history of human civilization. Humans, unlike ani-
mals, are endowed with a unique tool – imagination. Before 
creating anything, they generate an image of the future 
creation (create a picture) in their minds. Significant social 
shifts occur as a result of translating the worldview of some 
part of society into tangible consequences. From Antiquity 
with the teachings of Plato to the time of the industrial rev-
olution that gave rise to utopian ideas of social organiza-
tion, people searched for and, as it seemed to them, found 
the necessary forms of social structure. The imaginary 
worldview, becoming a tangible reality, changed the natu-
ral environment surrounding them. The experience of strat-
ification of society in the recent past, which showed cer-
tain social characteristics, is interesting for the research 
and the knowledge of relevance of the problem under 
consideration.

The modernity in Europe in the 17th–19th centuries, which 
gave birth to industrial society, proposed a social structure 
corresponding to it. French philosopher M. Foucault de-
fined it by the term “disciplinary society”. His book “Discipline 
and Punish: The Birth of the Prison” speaks on two registers, 
in which “the great book of Man-the-Machine” was created:  
 “the anatomico-metaphysical register, of which Descartes 
wrote the first pages and which the physicians and philos-
ophers continued, and the technico-political register, which 
was constituted by a whole set of regulations and by empir-
ical and calculated methods relating to the army, the school 
and the hospital...” [4]. The disciplinary society has replaced 
the authoritative societies having been focused on collecting 
taxes (instead of organizing production) and reigning over 
death (instead of administering life).

The disciplinary society, having reached its heyday 
by the beginning of the 20th century, is also characterized 
by the time of great ideas, global projects that turned out 
to be a failure. Neither anarchism, nor fascism, nor commu-
nism, which proposed to subordinate the emerging reality 
of spontaneous social nature and the space of free ideas 

to utopian forms of effective governance, could not achieve 
any sustainable result in this case [5], possible only through 
a change in civilizational approaches.

One of the attempts to implement such a method 
in the structuring of society is the residential environment 
project proposed by the NER group created at the turn 
of the 1960s [6]. Its name is an abbreviation of the con-
cept “new element of resettlement”, which implies a kind 
of matrix. Its detailed description was published in 1966 
in the book “New Element of Resettlement. On the Way 
to a New City” [7]. 

The main idea of this project is based on the structur-
ing of residential spaces within linear systems. The popula-
tion of the NER (settlement matrix), acting as a residential 
cluster that is strung on the linear structure of a transport 
channel, was calculated by the authors of the concept be-
cause of the need to create a residential formation that  
would be optimal in terms of the number of elements, 
in which harmonious social relations are generated in the  
zone of public attraction, where there are opportunities 
for communication in interest groups in the so- called 
developed center of cultural amateur activities. Accord-
ing to NER members’ calculations, it is the 100-thousand 
population of the cluster, including 60,000 adults, that 
is “the minimum social base for a full-fledged life of a club 
of interests” [7]. This was an attempt to propose a settle-
ment system in the paradigm of modernity on a national 
and, even more broadly, planetary scale for a postindustrial 
society of NON-consumption. The participants of the NER 
project, who lived in a Soviet country, aimed to find a set-
tlement structure that would create “a world belonging 
to all and everyone, a world filled with logic and respect 
for the individual” [6]. This interesting but in many ways 
controversial attempt of a universal solution to social 
problems remained unclaimed. 

The modernity, which is receding into the background, 
is now giving way to a postindustrial society, or postmoder-
nity. Philosophers G. Deleuze and M. Foucault call the com-
ing structure the “society of control” [8, 9], where free-
dom of movement and decision making is compensated 
by a constant surveillance over the society through vari-
ous systems of surveillance and identification. Moreover, 
interference in human nature through extraordinary phar-
maceutical products, molecular engineering and genetic 
manipulation complements the control mechanisms. Unlike 
the disciplinary society, where the internment of an individ-
ual in the spaces of confinement through which he or she 
passes is based on essentially different models, each time 

implying that we start the movement as if from scratch, 
the society of control is based on variations of a single struc-
ture, which creates a variable geometry whose language 
is essentially digital. It generates modulations of a single 
substance, similar to a molten substance that continuously 
flows from one form to another.

The Japanese model of collective capitalism can be 
considered as an illustration of this thesis. Capital in such 
a model is freely concentrated in the hands of a certain 
number of corporations closely cooperating with the gov-
ernment machinery. The corporation in this role acts not just 
as an employer but as the foundation of life. The individual 
becomes totally subjected to enterprise as part of the so-
cial system. It guarantees all material benefits, while the em-
ployee is required to fully submit his or her consciousness 
and personal space to the control of the corporation, even 
up to the choice of sexual partner.

Such practices are also introduced in transnation-
al companies. It is especially evident in the imposition 
of the so- called corporate spirit, rigid hierarchy and con-
ditions of career growth [8]. The corporation offers per-
sonal rivalry as the healthiest form of motivation, opposing 
one individual to another. It manages people through this 
separateness, up to the point of dividing each person within 
himself.

The modulation principle, which asserts that wages  
depend on merit, has also affected national education. 
As the corporation replaces the factory, continuous training 
replaces the school, and continuous supervision replaces 
one-time examinations [9]. The modern technological prog-
ress, which provides false freedom of choice, in fact car-
ries the danger of its total suppression and manipulation 
of the individual’s consciousness and even the society’s one 
in its entirety.

In addition to social constraints, there are also more 
significant physical constraints in creating an ideal soci-
ety. The planet Earth is a finite physical body. The amount 
of matter on it is also finite. All the substances of the bio-
sphere during the existence of the planet should have 
been fully utilized by living organisms, fully bonded in dead 
organic bodies, fully transformed into the inert matter. 
But this does not happen because the animal and plant 
worlds are divided into trophic levels: producers, consum-
ers and decomposers [10, 11]. The only way to attribute 
the properties of the infinite to something finite is to in-
volve it in circulation. In fact, all substances on the surface 
and even in the depths of our planet are in the process 
of biogeochemical cycles [12, 13].
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With all its technological infrastructure, the current civ-
ilization as well as any future one will not solve the problem 
of organizing ideal social and societal relations, if it does 
not realize a simple principle: what is established by na-
ture should not be changed but taken into account at any 
innovations. A different option brings us closer to the so-
called point of no return, when it will be not only difficult 
but, most likely, impossible to stop the destructive pro-
cesses of planetary scale that are already visible today [1]. 
Here it is appropriate to recall the statement of the Amer-
ican ecologist T. Miller, who said that, according to the first 
law of thermodynamics, we cannot get something out 
of nothing; and according to the second law of thermody-
namics, virtually every action we take has some undesir-
able effect on the environment. As a consequence, there 
is not the slightest possibility of a technological solution 
to the problem of pollution and environmental degrada-
tion, although the use of appropriate forms of technolo-
gy can contribute to solving the problem [14]. In this light, 
the research will be continued.

Structure of Society  
and Its Impact on the Earth’s Biosphere

The global ecological crisis, which became the reality 
in the second half of the 20th century, testifies to the sys-
temic contradiction between the living biological environ-
ment (biosphere) and the artificially created technical 
environment (technosphere). In essence, they are antag-
onists. Their opposition is fixed both in obvious environ-
mental problems and in not so obvious properties related 
to the stability of natural and artificial systems. The natu-
ral system (biosphere) is a structure of colossal complexi-
ty and stability with a huge number of links between its el-
ements. The risk of imbalance and failure of technogenic 
systems with inevitable catastrophic consequences rises 
in the artificially created technosphere with its increasing 
complexity [13].

People settlement on Earth throughout the history 
of their existence took place within the framework of con-
stantly transforming social structures of civilizational com-
munities. The construction of settlements, roads, irrigation 
structures, dams and dikes, the clearing of fields from wild 
vegetation for the cultivation of agricultural plants, the breed-
ing of domestic animals, the industrial development of natu-
ral resources and other interventions have significantly al-
tered the natural landscapes of the planet and suppressed 
numerous forms of life on them.

The famous historian, geographer and ethnologist 
L. Gu mi lev expressed the problem of the society’s impact 
on the living natural environment as follows: “So, the an-
throposphere occupies an intermediate position between 
the dead technosphere and living nature” [15]. Soviet and  
Russian physicogeographer Yu. Efremov in his assessment 
of the noosphere, which he called sociosphere, expressed 
doubts about the rationality of the sphere of mind and de-
fined it as destructive for the biosphere, because the devel-
opment of the sociosphere leads to the replacement of living 
processes that enriched our planet with condensed energy 
reserves, gave us an oxygen atmosphere and the ozone lay-
er that saves us from the killing cosmic radiations, with dead 
inert structures that degrade relatively slowly. The prospect 
of seeing piles of waste and concreted sites in place of for-
ests and steppes cannot inspire the society to a productive 
and safe life [16].

The authors of this research believe that there is a solu-
tion of the global environmental, political and social crisis. Pos-
sessing not only mind but also intelligence, a person is able 
to structure society and its life processes at a high spiritu-
al level. A. Unitsky’s work “Civilization Capacity of the Space 
Home Named Planet Earth” indicates that the main causes 
of global problems of our time lie in the human activity 
when making rational decisions in terms of providing food, 
continuation of the species, other bodily needs (in the par-
adigm of the mind), while it is necessary to act in terms 
of improving one’s relations with other people, the envi-
ronment and the Universe as a whole (in the paradigm 
of intelligence) [1]. 

Lifestyle and Conditions  
for Harmonious Structuring of Society

We will substantiate the role of lifestyle, consisting 
of cultural and symbolic characteristics, in order to see 
in it the prerequisites for constructive stratification of so-
ciety and self-identification of each individual in a definite 
social group. 

The lifestyle of a person affects his or her well-being 
and that of his or her immediate circle of relatives and friends; 
the lifestyle of a certain society determines not only the well- 
being of the countries and nations nearest to it but also 
the state of the environment, both locally and globally. Rela-
tionships between individuals, social groups and communi-
ties will, in turn, become harmonious or affected by destruc-
tive impacts depending on the extent to which people are 
able to participate in the life of communities and the extent 

to which the latter will contribute to the growth of their 
well-being and individual capabilities. Such prospects are 
determined by the concept of social quality, which examines 
the relationships and processes within a society and is based 
on the determination (measurement) of the quality of ev-
eryday life in terms of social content. This concept fixes 
the contours of the space where people can participate 
in the economic, social and other spheres of society’s func-
tioning in the conditions that contribute to the improve-
ment of their well- being level and the fullest development 
of each individual’s potential [17].

Within the framework of the social quality model,  
there are four areas of research and, accordingly, four 
spheres in relation to which the social quality is consid-
ered as economic security, social cohesion, social involve-
ment, empowerment and opportunities of citizens [17]. So-
cial movements of the past times, social shifts and conflicts 
generated by them are largely based on changes in these 
components of social life. The current century is charac-
terized by significant movements of masses of emigrants 
from the countries with low social quality to the states 
where the standard of living is much higher than the one 
in which they were born and grew up. People oriented 
to emigration feel the need not only to improve economic 
conditions but also to partially change the model of the so-
ciety development. Such an updated model opens pros-
pects for the full integration of citizens into the social sys-
tem and their participation in the processes of developing 
new agendas for the development of society. In its forma-
tion, it is justified to use methodological concepts creat-
ed by modern science, concepts that are allowing to study 
social dynamics and changes in the life quality indicators. 
Without taking this into account, one can draw up plans 
for innovation or modernization in any amount, but if the so-
cial state policy ignores people’s ideas about the proper 
functioning of the existing society, no breakthrough will 
occur, and young people in countries with a low index 
of social quality will continue to experience negative atti-
tudes and will be oriented towards going abroad, prioritiz-
ing the change of place of residence when choosing a life 
strategy [18].

The modern society is the result of integration and inter-
action of fundamentally different-level orders: social (the lev-
el of individuals and interpersonal relationships) and sys-
temic ones (the level of social institutions) [19]. The authors 
of the concept of uCity residential environment propose 
to meaningfully introduce the cluster method of organization  
of residential areas into the practice of project- designing 

and construction. The linear type of settlement on the ba-
sis of high-speed transport and infrastructure solutions 
by Unitsky String Technologies (uST) will make it possi-
ble to create a residential, cultural, educational, industrial 
and other public environment taking into account social 
stratification in its constructive sense – the uSocio social 
environment. The cluster approach to the development 
of new and reorganization of established territories opens 
up wide opportunities for building settlements that are lim-
ited in size and configured according to the interests of dif-
ferent social groups. In the uCities all conditions are cre-
ated for compact cohabitation with people close in spirit 
and interests, as well as convenient transportation and in-
formation communications with any region of the world are 
provided. 

Optimal Social Structure of the uSocio

Since the main city-forming force is directly a person 
with his or her interests and needs, our attention to this 
topic is focused on the relevant parameters of social or-
ganization. As mentioned above, social quality is deter-
mined by the degree of people’s participation in the life 
of communities on conditions that contribute to the growth 
of their well-being and individual capabilities. Modern hu-
man, tired of the constant pressure from the authorities, 
politicians, businesses and advertising, vitally needs a kind 
of outlet: understanding, solidarity, sense of community 
and self-actualization.

The authors realize that the social world is multivar-
iant. The principle of cluster development of residential 
space in uCities is based on this understanding. Settlement 
of residential groups limited in number allows to achieve 
an unlimited variety of architectural and planning solutions, 
taking into account the peculiarities of culture, traditions 
as well as the wishes and interests of people in a particu-
lar location. The clusters of linear cities will become a ba-
sic platform for self-organization of communities to survive 
under the conditions of current fierce global competition 
with the decreasing role and importance of state borders as 
some kind of socio-economic regulators.

Self-governing communities of various types, mani-
festing themselves in many ways – spiritual, religious, socio- 
economic, ethnic, organizational and managerial, communi-
cative, political, educational, etc. – can be created in clusters 
of linear cities. The new type of living environment is based 
on the consideration and assessment of social parameters, 
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which implies the application of social quality components, 
as shown in Figure 1.

The novelty of the uSocio living environment is embed-
ded in the idea of the universal planning element of the uCity 
and consists in the use of a residential building that is eco-
logically compatible with nature and creates conditions, 
which maximally support its natural state. Such dwell-
ing is a group of individual houses interlocked into one 
building of considerable length (“horizontal skyscraper”) 
and has built-in technologies that ensure the full life cycle 
of the system and exclude environmental pollution. A walk-
ing proximity to the main functional zones provides ac-
cess to the complexes of social, educational and cultural 
services. 

The uCity settlement (Figures 2, 3) is not only a residen-
tial but also an economic unit with the necessary engineer-
ing structure. The area of a residential cluster ranges from  
1–2 km2 (100–200 ha) with a length and a width of 1,000– 1,500 m. 
The model has a high adaptive component and allows to vary 
the shape of the cluster from a small village on the seashore 
to a residential module as a part of the near-Earth Industrial 
Space Necklace “Orbit” [2].

Unlike the NER clusters, where the probability of meet-
ing people close in spirit and lifestyle was determined 
by probabilistic coincidence, for which a group of 100,000 
persons was determined, the method of constructive social 
stratification embedded in the arrangement of the uSocio 
residential environment offers a conscious choice of one’s 
place in this or that social stratum. The planning solutions 
of the uCity settlements provide for this possibility.

The clusters are planned as urban-type settlements 
embedded in the environment. From 2,000 to 5,000 persons 
live comfortably in each of them. The settlement supplies it-
self with everything it needs: vegetable and animal food, wa-
ter, electric power are produced within it on an autonomous 
basis. Access to the full range of services offered is guar-
anteed by the availability of social infrastructure and full-
fledged uST transport communications of the second level. 
Good-neighbourly and friendly relations with spiritually close 
people, the opportunity to get a good education, to devel-
op and realize one’s abilities provide a high level of social 
quality. The integrity of project solutions makes it possible 
for the settlement to function self-sufficiently in a dynamic 
and constantly changing modern life [2].

Socio-economic security
A set of adequate means (standards)  

in the areas of financial resources,  
housing and environment,  
health, education and job

Social cohesion
The extent to which social relations,  

norms and values are shared in the areas of trust,  
integrative norms and values,  
social networks and identity

Social involvement
Ability to participate in the social,  

cultural and economic life of the community  
in the areas of civil rights, labor market,  

public and private services and social networks

Extension of social rights and opportunities
The extent to which structures,  

systems and institutions  
enhance people’s ability to play a responsible role  

in improving their daily circumstances

Figure 1 – Social quality components in the uSocio social environment

Social quality  
of the uSocio  

social 
environment

The principle of cluster planning naturally adapts 
the development of a linear city to any geographical con-
ditions and terrain specifics. The uST transportation com-
plexes of the second level remove the limitations inherent 
in mountainous or waterlogged areas: the relief difference 
and the presence of water and other obstacles do not 
impede the accessibility of facilities. Engineering corridors 
are straightened, and the length of major communication 

lines is significantly reduced. Previously hard-to-reach 
places and territories become attractive and convenient 
for people.

On the one hand, living in the described cluster (which 
will have its own distinctive name) gives rise to a feeling 
of belonging to a small homeland, a sense of a native home; 
on the other hand, it creates unlimited opportunities for  
unimpeded change of residence. The population becomes 

Figure 3 – Development of a residential cluster street in the uCity settlement (option, visualization)

Figure 2 – Group of multifunctional residential buildings in the uCity settlement (option, visualization)
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extremely mobile within the limits of the whole planet 
and even beyond its borders. 

Comparative diagrams of social structures of different 
historical epochs (Figure 4) show the transformation of social 
and systemic spaces: authoritative societies, where punish-
ment dominates –––> disciplinary society –––> society of control –––>  
 –––> uSocio social environment, which allows people to devel-
op their best qualities in an atmosphere of understanding, 
solidarity, involvement and self- actualization.

Conclusion
The optimal social structure of the uSocio living envi-

ronment in the uCities, including the Equatorial Linear City 
through which the takeoff and landing overpass of the General 
Planetary Vehicle will run, is arranged on the basis of the prin-
ciples outlined in the theory of social quality. The historical 
prerequisites that emerged and developed in utopian ideas 
of an ideal society as attempts to achieve social harmony can 
be effectively used in organizing the social space of a new 
type of living environment, provided that they are critically 
conceptualized. The acceptable structure of society is deter-
mined by its tolerable impact on the Earth’s biosphere and en-
suring the cyclicality of biospheric processes. Viable social 
elements of the uCity are embodied in the space of linear 
settlements through a constructive social stratification of ur-
ban structures. The new type of living environment not only 
satisfies people’s needs for housing and food but also orga-
nizes the social environment, guarantees the necessary level 
of social quality and brings people “something more elevated 
and significant: morality and ethics, co-creation and a culture 
of communication aimed at strengthening the family and en-
couraging people to show their best human qualities in all 
structures of society” [1].
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The previously mentioned four components of social 
quality (socio-economic security, social involvement, so-
cial cohesion, extension of social rights and opportunities) 
are ensured by the potential of free choice of one’s place 
in the uSocio social environment of a new type – in small 
groups with similar interests. It is in them that the meth-
od of social stratification in its new understanding satisfies 
social needs of a person – sociocultural ties, common val-
ues, religious worldviews, observance of traditions, passion 
for art, development of ethnic and interethnic contacts, etc. 

The development of the project is preceded by in-depth 
social research for maximum consideration of the prefer-
ences of those who will inhabit living spaces of the uCities. 
According to A. Unitsky, “such self-governing communities 
of various types, manifesting themselves in various re-
spects – spiritual, religious, socio-economic, ethnic, organi-
zational and managerial, communicative, political, education-
al, historical and ecological, etc., can be created in clusters 
of linear cities” [1].
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Introduction
The General Planetary Vehicle (GPV) is a global proj-

ect, the implementation of which will involve a large number 
of participants [1]. The author’s previous works addressed 
the issues of cooperation of countries as subjects of inter-
national law in the process of implementing the uSpace geo-
cosmic program [2]. However, the state as a political insti-
tution is a fictitious (artificial) subject of law that does not 
have and cannot have consciousness and will, whereas al-
ways physical persons who act as its authorized represen-
tatives interact with each other. It is people, not artificial 
subjects (fictions), who enter into mutual relations, includ-
ing those in the process of activities at cosmic infrastruc-
ture objects created within the framework of the uSpace  
program implementation.

Since as early as the period of primitive system people 
have been subjecting their behavior to certain rules: cus-
toms, moral norms, religious dogmas, etc. The most relevant 
regulator in modern society is the norms of law – general 
rules of behavior established by the state that regulate so-
cial relations [3]. The above definition indicates, among other  
things, such a feature of a legal norm as its application 
by the state. This means that it will act only on its territory, 
which, in turn, can be characterized as a space that includes 
land, internal and territorial waters, airspace above them, 
subsoil within the borders of the state and the so-called  
conditional territory (embassies in other countries, sea, riv-
er, air and space ships (stations) under the flag of the state, 
cables, pipelines and other objects belonging to the state 
and located in the open sea or space), which is completely 
and unconditionally covered by the state authorities [4].

The following facilities are assumed to be designed, 
constructed and operated as part of the uSpace program [1]:

 • the GPV takeoff and landing overpass (uWay), that is  
a takeoff and landing, energy and communication overpass  
complex for geocosmic transportation, located along the equa- 
tor and combined with an eco-settlement of new generation 
is the Equatorial Linear City (ELC);

 • the GPV, that is a geocosmic reusable torus-shaped 
spacecraft for non-rocket near space industrialization, encir-
cling Earth in the equatorial plane; it ensures industrial car-
go and passenger flows (millions of tons and millions of pas-
sengers per year) from Earth to near-Earth equatorial orbits 
and back; based on the only possible (from the point of view 
of physics) environmentally safe and energy-efficient geo-
cosmic transportation technology which uses only internal 
force of the system and electric energy;

 • the Industrial Space Necklace “Orbit” (ISN “Orbit”), that 
is a multi-orbital transport, infrastructure and industrial- 
residential complex serving the Earth’s humanity and cov-
ering the planet in the equator plane. It is a functional ana-
logue of the Earth’s ELC, however, located in space, as well as 
a range intended to protect from space threats (including 
meteorites) and a platform for the expansion of the Earth’s 
civilization into deep space.

As it can be seen from the description of the abovemen- 
tioned objects, they all are integral structures of universal scale,  
located on the territory of many states and/ or in the space 
over which no country has jurisdiction. This circumstance 
gives rise to many questions in the field of legal regulation  
of relations between entities at such facilities, and this is  
the reason for the relevance of the subject of current study.

Legal Norms on the uWay
As defined above, the uWay encircles Earth in the equa-

torial plane and, accordingly, crosses the territories of sev-
eral states and neutral waters. Application of the exist-
ing legal approaches to the subject matter would result 
in the following.

1. The parts of the overpass located on the territory of any 
of the states will be under its jurisdiction. On the one hand, 
this looks reasonable and simple enough, but, on the other 
hand, it raises a number of questions.  

Thus, the uWay is an integral structure with insepara-
ble elements serving common purpose. The large-scale fa-
cility requires proper maintenance and immediate repair 
in the event of a failure. Being subject to different rules 
and regulations, such actions will be regulated and funded 
differently, which can lead to unpredictable consequences 
for the complex as a whole. In addition, it is likely that those 
persons carrying out maintenance and repairs in such a sit-
uation will have to cross national borders frequently, passing  
through the relevant border and customs procedures.

In the course of uWay operation, passengers will be 
boarding (disembarking) and cargo will be loaded (unloaded),  
which implies a large number of people, machinery, goods 
and equipment in a relatively small area and their constant 
interaction. The lack of single regulations in different parts 
of the complex will inevitably lead to disputes as well as 
to increased time and financial expenses. For example, it is  
necessary to monitor constantly whether a passenger has 
a permit to enter the country, whether it is possible to keep  
the transported cargo at the point of arrival.

The application of different rules to parts of a single  
object seems irrational for the reasons stated above.

2. The parts of the overpass located in neutral territories 
may:

 • belong to the states that financed or otherwise partici-
pated in their creation and form part of the territory of such 
states;

 • have the status and legal regime of a neutral territory.

In the first case, there will be problems and issues sim-
ilar to those described above. In the second case, it will be 
difficult to determine who should bear the costs and respon-
sibility for the maintenance, upkeep and repair of the facil-
ity as well as for the safety of passengers and cargo while  
they are in the neutral territory. As can be seen, both options 
have significant disadvantages.

Legal Norms on the GPV Board
The GPV is a geocosmic aircraft for which the current  

legal regulation defines the following.
Based on Article 17 of the Convention on Internation-

al Civil Aviation, aircraft have the nationality of the state 
in which they are registered [5].

In accordance with Article VIII of the Treaty on Prin-
ciples Governing the Activities of States in the Exploration 
and Use of Outer Space, Including the Moon and Other Ce-
lestial Bodies (hereinafter referred to as the Outer Space 
Treaty), a state party whose registry contains an object 
launched into outer space retains jurisdiction and con-
trol over such an object and over any crew of that object 
while they are in the outer space, including on a celestial  
body [6].

Article 5 of the Agreement Among the Government 
of Canada, Governments of Member States of the Europe-
an Space Agency, the Government of Japan, the Government 
of the Russian Federation and the Government of the Unit-
ed States of America Concerning Cooperation on the Civil In-
ternational Space Station (hereinafter referred to as the ISS 
Treaty) states that each partner shall register as space ob-
jects the orbital elements it provides and shall retain jurisdic-
tion and control over the elements it shall register and over 
the persons from the personnel of the space station, staying 
inside and outside of it, who are its citizens [7].

Regardless of the fact that the GPV will cross both air-
space and outer space on its way, the principle remains 
the same: the object (part of it) is under the jurisdiction 
of the state in which it is registered.

Thus, it is assumed that the GPV will consist of parts 
registered in different countries. This division can be realized 
based on certain criteria:

 • financing or otherwise participating in the project  
designing and construction of the facility;

 • location of a part of the GPV on Earth;

 • other division depending on the chosen basis. 

The significant disadvantages of this regulatory ap-
proach stem from the fact that the GPV is an indivisible ob-
ject with inseparably linked elements serving a single pur-
pose. Formally dividing it into parts belonging to different 
states with different rules and regulations can lead to many 
problems and disputes in the operation process of the GPV. 
The following are among them.

1. If passenger boarding (disembarkation) and cargo 
loading (unloading) are subject to different rules within a sin-
gle vehicle, inefficient logistics will be inevitable. Possible 
is an uneven distribution of payloads in parts of the GPV 
which has a length of more than 40,000 km and a total 
mass of about 40 mln tons, and this is unacceptable due 
to unacceptable weight distribution of the aircraft, as it may 
lead to a catastrophe. Given situation is likely to occur 
if one of the territories has less stringent rules regarding 
the requirements for persons staying in the country and/or  
goods being moved. In such a part, a queue of people 
waiting to board and/or load would start to appear, while 
in the other part there would be vacant seats. This situa-
tion is obviously not consistent with the necessary rationali-
ty in the use of geocosmic transport, for which the uniformi-
ty of payload distribution along the length is one of the key  
requirements.

2. If the GPV maintenance, operation and repair are per- 
formed by different entities according to their own rules, 
this will cause unsatisfactory condition of the geocosmic  
aircraft, unreasonable launch delays, accelerated failure 
of its elements and equipment as well as other negative 
consequences and even a catastrophe. All of the above 
may be caused by the lack of funding, various priorities  
of the subjects, political disagreements and other factors. 

Legal Norms on the Territory of the ISN “Orbit”
The ISN “Orbit” is a multi-orbital transport, infrastruc-

ture and industrial-residential complex covering the planet 
in the equatorial plane and deployed in space in circular 
orbits.
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According to the current and previously mentioned legal 
norms, each object (or its element) in outer space belongs 
to the state that has entered it into the relevant register (Ar-
ticle VIII of the Outer Space Treaty, Article 5 of the ISS Trea-
ty) [6, 7]. Thus, the mentioned orbital complex will be formal-
ly divided into parts subject to diverse rules similarly to other 
infrastructure elements.

Unlike the uWay and GPV, the ISN “Orbit” assumes a long-
term residence of people in it as well as the permanent 
location of residential, industrial, administrative and other 
facilities. On the one hand, this feature allows to consider 
the proposed legal regime from the position of similarity 
with the existing order on the planet Earth: a large number 
of countries with their own legislation, where citizens live, real 
estate objects are located and goods are moved. On the oth-
er hand, the life activities of the population at the ISN “Orbit”  
will be radically different.

The presence of many parts of a single complex, which 
are actually territories of many countries, generally implies 
state borders between them, as well as equipped check-
points, which, in turn, entails the need to pass through appro-
priate border and customs procedures when crossing them. 
Such a serious limitation will have a negative impact on logis-
tics efficiency, costs, satisfaction of the population and will 
greatly hinder not an easy but important task of transferring 
the Earth’s industry into near space.

In addition, such a separation would entail maintenance, 
operation and possible repair problems similar to those de-
scribed above for other elements of the general planetary  
infrastructure but on a larger scale, given the extraterrestrial  
location and unprecedented size of the geocosmic complex.

The issues that may be caused by applying existing ap-
proaches in the legal regulation of space objects to large-scale 
elements of the uSpace program are outlined in Figure 1.

Way to Overcome  
the Described Legal Problems

The analysis made in this article makes it possible to draw 
an obvious conclusion that current approaches to legal reg-
ulation of social relations arising in the process of launching  
and operation of objects in outer space may be applicable  
during using the uWay, the GPV and the ISN “Orbit”, although 
they have more disadvantages than advantages.

A reasonable way out of such situation is to establish  
uniform rules for all elements of infrastructure in any in-
teraction. At the same time, in order for the regulation to be 
possible, these rules must become the norms of law. The sci-
entific literature identifies the following features: universality 
(abstractness, generality, generally binding nature), author-
itative nature (comes from a subject endowed with power 
or sanctioned by it), systematicity (it is an element of the gen-
eral system of law), security by compulsory force, content 
in the sources of law (acts, customs, doctrine) [8].

In given context, a problematic issue is to determine 
the entity whose authority will allow issuing a generally 
binding act and ensuring its implementation in the course 
of the operation of the uWay, the GPV and the ISN “Orbit”. 
A possible solution seems to be an international organization 
(existing or newly created for special purposes), but the use 
of this method initially implies excessive bureaucracy, slow-
ness in decision-making, inability to reach an agreement be-
tween participants due to political controversies and other 
disadvantages inherent to multinational entities.

As an alternative, the creation of a hybrid indepen-
dent entity of international law, possessing at the same 
time the attributes of an international organization, a state 
and a corporation, is proposed. It should combine autonomy, 
i.e., be independent in its actions and decisions from other 
participants of international relations, and representative-
ness, i.e., consist of (or take into account interests) the par-
ticipants who played a significant role in the implementation 
of the uSpace program as well as those for whose benefit  
it is implemented. In this case, it needs to be recognized 
by the global community, as otherwise it will be difficult 
to build a constructive interaction.

The creation of such a subject is possible on the basis 
of the supreme constituent act of the common will of the par-
ticipants with further strict observance of the new entity’s 
sovereignty. The considered formation must necessarily have 
a structured internal system of permanently functioning  
bodies, realizing the entirety of power in the controlled terri-
tory and having a monopoly on legal coercion. An important  
element of its activities will be keeping accounting of revenues 

and expenditures as well as deciding on the distribution 
of surplus.

The features of such a hybrid independent entity of inter- 
national law are schematically depicted in Figure 2.

Some parts belong to different states 
(on whose territory they are located, at whose expense  

or by whose forces they were created, otherwise)

Some parts have the status and legal regime 
of a neutral territory

ISN “Orbit”uWay GPV

Integral, indivisible objects with inseparably connected elements serving common goal

Figure 1 – Problems of application of existing legal regulation when implementing the uSpace geocosmic program
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Permanent crossing 
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and financing 
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in the distribution  
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and uneven distribution 
of load in different parts

Figure 2 – Necessary attributes  
of a newly created entity of international law 

State

CorporationInternational 
organization

Autonomy, representativeness, constituent act, 
structured system of bodies, full power, monopoly on legal coercion, 
accounting of revenues and expenditures, distribution of surplus

Conclusion
The research presented in this article, concerning the pos- 

sibility of applying the existing legal regulation to social re-
lations arising in the process of operation of such planetary 
indivisible objects serving common goal as the uWay, the GPV 
and the ISN “Orbit”, has revealed serious shortcomings and, 
probably, insoluble contradictions of such approach.

The most justified and substantiated vector of develop-
ment in given direction is the establishment of uniform legal 
norms for all elements of the planetary infrastructure within 
the framework of any interaction. In this case, it is assumed 
to create a hybrid independent entity of international law,  
which:

 • as a state, will be autonomous and independent, pos-
sessing full power in the controlled territory and a monopoly 
on legal coercion;

 • as an international organization, will be representative 
and recognized by the international community; 

 • as a corporation, will be organized on the basis of a con-
stituent act, have a structured internal system of permanent-
ly operating bodies, keep accounting of revenues and ex-
penditures as well as make a decision on the distribution 
of surplus. 
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At the same time, the elements of the GPV infrastruc-
ture will become the controlled territory of the described 
new entity where it will create legal norms and ensure their 
execution by virtue of its power.
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Introduction: Classification  
of International Organizations

International organizations and associations as we 
know them today appeared relatively recently in the last 
century. It is alleged that they have become full-fledged sub-
jects of international law as well as full-fledged political play-
ers in the global arena, where previously states had been 
monopolists.

Currently, the largest active international organizations, 
associations and groups of countries are United Nations, 
World Trade Organization, Organization for Security and Co- 
operation in Europe, Collective Security Treaty Organization, 
Council of Europe, Shanghai Cooperation Organization, G7, 
G20, BRICS.

In order to realize the objectives of this study, it is nec-
essary to provide a classification of international organiza-
tions. Its bases can be various. The systematization according 
to the scale of activity, purpose of activity, nature of the states’ 
transfer of competence is widespread (Figure 1) [1].

It should be emphasized that international para-orga-
nizations are entities that have features of an organization 
but are not such from the formal legal point of view (e.g., G7, 
BRICS). Often playing a significant role in international rela-
tions, they cannot be included in the classification of inter-
national institutions, as they do not get an official status: 
they do not have a statute, headquarters and are not insti-
tutionalized. Such associations can be either governmental 
or nongovernmental. In principle, para- organizations differ 
in the fact that they are not legally vested and do not have 
legal personality. They can function although with a certain 
composition of members but without full-fledged constituent 

Figure 1 – Classification of international organizations

International organizations

Universal 
or regional

General 
or specialized

Collaborative, 
traditional, 

supranational

acts, an established organizational structure, a permanent 
residence and the right to make legally qualified decisions 
binding states. Due to the flexibility of the models of co-
operation used and the informality of the decisions taken, 
para-organizations are widespread in the modern world, 
and the practical significance of their decisions, although 
not binding, can be very great [2].

To date, most of the above international organizations 
and associations have either become extremely politicized 
or are controlled by a small group of countries, which ex-
cludes the principle of equality, mutual benefit and achieve-
ment of the common good. Both do not correspond neither 
to the goals of creation and activities of such organizations 
nor to the goals of implementation the uSpace geocosmic 
program proposed by engineer A. Unitsky [3].

BRICS as a Platform for Implementation  
of uSpace Geocosmic Program

In today’s geopolitical realities, the BRICS group of coun-
tries is the most meeting the principle of equality of parties, 
representing a significant amount of the planet’s popula-
tion and complying with the provisions included by engineer 
A. Unitsky in the basis of the uSpace geocosmic program.

This union is an informal interstate association of dy-
namically developing major states; is seen as a platform 
for strengthening a comprehensive interaction between 
those states of the world whose economies have a high po-
tential for growth. Currently, the association includes Brazil, 
Russia, India, China and South Africa. The abbreviation BRICS 
is formed using the first letters of the names of the member 
states. 

An important point is that BRICS cannot be called an in-
ternational organization because it does not have a statute, 
charter or any other fundamental document defining its ac-
tivities. That is why it is more appropriate to use the word “as-
sociation” when referring to the BRICS. Moreover, the absence 
of the status of an organization in no way impedes the pros-
perity and development of this structure, and the time that 
has elapsed since its establishment has clearly demonstrated 
this fact [4].

The goal of the BRICS group is to collectively increase 
the economic growth rates of the member countries (Fig-
ure 2) and strengthen their position in the world through 
active cooperation with each other. It is a platform for their 
mutually beneficial partnership, ensuring financial and social 
stability [5]. 

Figure 2 – GDP volume of the BRICS countries, 2022 [5]

Figure 4 – GDP volume of the countries  
that will join the BRICS in 2024, 2022 [5]

Figure 5 – Share of the countries  
that will join the BRICS in 2024 in the global GDP, 2022 [5]

Figure 3 – Share of the BRICS countries  
in the global GDP, 2022 [5]

In our opinion, and taking into account the confirm-
ing information below, it will be the most relevant and ef-
fective way to announce the initiative of the uSpace geo-
cosmic program implementation specifically on the BRICS 
platform. The dynamics of submitting applications and invita-
tions to join the association [6] suggests that in the coming 
years and decades the BRICS countries will shape the new 
architecture of the world economy (Figure 3) and determine 
the principles of jointly achieving an improvement in the qual-
ity of life of the population and the level of technological 
development.

At the BRICS summit held in Johannesburg (South 
Africa) on August 22–24, 2023, the leaders officially declared 
the decision to invite new members to join the association: 
Argentina, Egypt, Iran, the UAE, Saudi Arabia and Ethiopia 
(Figures 4, 5). Moreover, it was announced that 23 states 
have officially submitted applications for membership, 
while the total number wishing to join is more than 40.  
According to Bloomberg [7], by 2040, the BRICS will repre-
sent half of the world’s production, which is twice as much 
as the G7 has. 
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The world population today is more than 8 bln people, 
while the combined number of residents of the BRICS coun-
tries is 3.2 bln (about 41.5 %). In addition, India and China rank 
first and second by this indicator, Brazil is seventh, Russia 
is ninth and South Africa is 24th. 

The total number of residents of the BRICS countries ex-
ceeds the population of the G7 countries by more than four 
times: 3.2 bln vs. 777 mln. The total area is more than twice 
as large [8].

The total territory of the BRICS members is 39,746,220 km2 
(approximately 26.7 % of the world’s landmass).

China is the world’s first economy in terms of the GDP, 
India is the third, Russia is the fifth, Brazil is the eighth 
and South Africa is the 32nd.

Geography of BRICS
It is officially stated that work is currently underway to ex-

pand the BRICS group. On August 14, 2023, South African For-
eign Minister Naledi Pandor announced the list of states that 
have expressed a desire to join the organization. Among them 
are Belarus, Kazakhstan, Venezuela, Bolivia, Indonesia, Vietnam, 
Thailand, Morocco, Bahrain, Kuwait, Saudi Arabia, the UAE, 
Honduras and Cuba. Algeria, Argentina, Iran, Bangladesh, 
Egypt and Ethiopia have applied for membership in 2022. 
In addition to the main participants, 67 countries, including 
53 African ones, were invited to the 15th BRICS Summit [9].

The implementation of the uSpace geocosmic program 
involves the erection of a huge number of infrastructure 
facilities along the equatorial belt of Earth on the territory 
of more than 10 countries [3]. In addition to the fact that this 
project is of general planetary importance, it will also become 
an unprecedented driver for the development of the econ-
omies of these countries. The construction of the General 
Planetary Vehicle (GPV) overpass and related infrastructure 
will create hundreds of thousands of jobs. The required re-
sources and materials will lead to a sharp growth in the ex-
tractive and manufacturing industries. The subsequent op-
eration of the infrastructure, its maintenance and building 
of logistics chains will permanently secure the geopolitical 
significance and provision of financial and political resources 
for the equatorial belt states. 

More detailed about three main territorial groups of  
countries on whose land the infrastructure of the uSpace geo-
cosmic program is planned to be build is considered below.

1. South American group.
More than 60 % of the GPV overpass in South America  

will be in Brazil, which is already a member of the BRICS. 

Moreover, Brazil is the continent’s largest country both geo-
graphically and economically. The BRICS is already expanding 
and increasing its influence in South America and will continue 
to do so, as evidenced by Argentina’s official invitation to join 
the association in 2024. At the same time, Russia and Belarus 
have traditionally warm and close ties with the countries of this 
region, which should be taken into account, because repre-
sentatives of the Union State will be the initiators of the proj-
ect at the first stage of its consideration and introduction 
into the political agenda. 

2. African group. 
Today, the African continent has become, without exag-

geration, an arena of political struggle for influence between 
the Сollective West and the diplomacy of Russia and Asian 
countries, primarily China and India. The growing economic 
impact of Russia, India and China allows for active partic-
ipation in investment and infrastructure projects in Africa. 
In addition, the history of exploration and colonization of this 
continent predetermines the choice of the majority of Af-
rican states as partners for economic development, mili-
tary cooperation and comprehensive interaction with Asian 
countries and the Russian Federation. 

South Africa is one of the most developed countries 
on the continent and is already a member of the BRICS. 
The subject of the last summit held in Johannesburg was  
 “BRICS and Africa: Partnership for Mutually Accelerated 
Growth, Sustainable Development and Inclusive Multilat-
eralism”. Emphasizing the African vector is not acciden-
tal: Africa is a vast territory, a large number of residents 
and a serious rate of economic growth. By 2050, its popu-
lation will be 25 % of the world’s one, and the continent will 
account for 50 % of the world’s increment, which will provide 
Africa with five times more labor force than Europe will have 
by then and more than China and India combined [10]. There 
is no doubt that the influence of the BRICS on the African 
continent will increase, and the number of its countries 
in the association will increase. Thus, Egypt and Ethiopia 
have already received an invitation to become the BRICS 
members from 2024.

3. Oceanic Group. 
A significant part of the GPV overpass infrastructure 

facilities is planned along the territory of the so-called 
Oceania, island states. The main player in this region is un-
doubtedly Indonesia. Its economy is the largest in Southeast 
Asia and one of the key developing economies in the world. 
Indonesia is one of the countries with a growing population 
of over 270 mln people. This is a market with huge potential. 
The state’s economy has passed a long way: it is now ranked 

the 16th in the world but is projected to reach the fourth place 
by 2045 [11]. The predominance of agriculture has declined, 
industrial production is developing, and the GDP by purchas-
ing power parity is 4.39 tln USD (2023). Indonesia was ex-
pected to receive an invitation to join the BRICS as early as 
in 2023, which was indirectly confirmed by the participation 
of its president in the summit, however, this did not happen. 
After the event, it was officially announced that the BRICS 
foreign ministers had addressed Indonesia with an invita-
tion to join the alliance [12]. Indonesia’s future member-
ship in it will allow the country’s representatives to be in-
volved in the discussion of the implementation of the uSpace 
geocosmic program on the existing BRICS platforms.

BRICS Cooperation in Cosmic Sphere
The recent achievements of the BRICS participants 

in the cosmic sphere allow to conclude that there is a huge 
potential and interest in working together to implement 
the uSpace geocosmic program.

Actual issues of international cooperation in the field 
of space exploration and global trends in the develop-
ment of space activities are already the subject of discus-
sion and interaction between the heads of space agencies 
of the BRICS countries. An example of such active partnership 
is an agreement for cooperation in remote sensing satellite 
data sharing.

It should be noted that on August 23, 2023, the BRICS lead-
ers adopted the final declaration of the 15th Summit of the  
association, called Johannesburg II. The issue of joint space 
exploration was also reflected in it. In particular, paragraph 
69 states: “We congratulate our Space agencies for success-
fully implementing the BRICS RSSC [Remote Sensing Satel-
lite Constellation] agreement by exchanging of BRICS Satel-
lite Constellation data samples; holding of the 1st BRICS RSSC  
Application Forum in November 2022; convening of the 2nd 
meeting of BRICS Space Cooperation Joint Committee in July 
2023 and continue to successfully implement the BRICS Con-
stellation Pilot Projects. We encourage the BRICS Space agen-
cies to continue enhancing the level of cooperation in remote 
sensing satellite data sharing and applications, so as to pro-
vide data support for the economic and social development 
of the BRICS countries” [13].

Realizing the importance and prospects of partner-
ship in this area, members of the association have already 
established the BRICS Joint Committee on Space Coopera-
tion. The Committee meets on an annual basis on the eve 
of the BRICS heads of state meeting. Within the framework 

of its activities, it is proposed to promote the implementation 
of the uSpace geocosmic program. 

Financing of uSpace Geocosmic Program  
Within the BRICS Framework

The scale of the uSpace geocosmic program and its  
transnational nature determine the corresponding amount 
of funding. As part of the BRICS work, the New Development 
Bank was set up to finance infrastructure and sustainable 
development projects in the BRICS states and developing 
countries [14].

The priority task for the New Development Bank is to sup-
port national and interstate projects, provide loans, guar-
antees and participation in capital. The uSpace geocosmic 
program will be the largest infrastructure project in history, 
implemented by the majority representatives of the world 
community. Today, all the components necessary for this are 
available: theoretical substantiation, technology, an inter-
national political platform, formalization tools and financial 
infrastructure institutions.

Earlier studies [15] have already concluded that interna-
tional cooperation in the uSpace geocosmic program is pos-
sible and important and that a corresponding international 
treaty should be concluded [16]. At the same time, the op-
tion of working with international organizations was consid-
ered, while the BRICS is not such in the Russian legislative 
and international legal aspects. Nevertheless, the approaches 
to the implementation of the uSpace geocosmic program 
within the framework of the BRICS association do not differ 
radically from the procedural regulations generally accepted 
in the world practice.

Conclusion
The implementation of the uSpace geocosmic pro-

gram is possible only with interstate consensus, equita-
ble cooperation, common goal-setting and joint financing. 
At present, given the current geopolitical situation, the on-
ly association that meets all of the above criteria and is not 
managed and does not act in the interests of a narrow group 
of selected countries is the BRICS.

To date, the BRICS activities either already have mech-
anisms and institutions in place to put forward, promote 
and coordinate with all parties the idea of implementing 
the uSpace geocosmic program or there are platforms 
for their creation and active involvement in the process.
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Practical initiation of a discussion on the implementa-
tion of the uSpace geocosmic program can be seen in the fol-  
lowing format. It is proposed to prepare a resolution and  
an appeal on behalf of the forum participants to the BRICS 
Joint Committee on Space Cooperation by following the re-
sults of the conference “Non- Rocket Near Space Industri-
alization: Problems, Ideas, Projects”. The document should 
urge the representatives of the BRICS countries to carefully 
study the initiative by engineer A. Unitsky and to express 
readiness for its comprehensive consideration. The appeal 
may invite the Russian Federation to become an interna-
tional platform for elaboration of practical ways to imple-
ment the initiative. Based on the results of the Committee’s 
work, a unified position of the BRICS members on the need 
to implement the uSpace geocosmic program should be 
drawn up and the issue should be prepared for discussion 
with the heads of state at the next BRICS Summit.
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The main geopolitical and economic threats faced by the Union State of Russia and Belarus (USRB)  
are listed, and ways to overcome them are outlined. The most essential challenges 
were economic sanctions from the West, military operations on the western border of the USRB, 
information wars, westernization of the culture and values of the Russian and the Belarusian peoples, 
bipolarity of the world, digital dictatorship. To counter these processes as well as to strengthen 
the economy and policy of the USRB, it is proposed to introduce a dynamic model  
of interbranch-intersectoral balance, Cyberplan, into the economic management system.  
The first version of this tool (live planning in the USSR) proved its effectiveness during the crisis years  
of the Great Patriotic War and the postwar period. The model is based on a scientific 
cybernetic approach; the purpose of its functioning is to achieve a trajectory of constant growth 
in the well- being of each society’s member. Currently, scientists from Moscow State University  
under the leadership of Professor E. Veduta, using the latest computer technology,  
are creating a prototype of a new generation of the model. Its implementation  
for planning and managing the economy of the USRB will become a tool for completing  
integration processes and introducing new unique technologies that will allow the USRB  
to take the position of a global technological leader. This paper presents the ways of achieving  
such leadership using the example of Unitsky String Technologies (uST).

Keywords:  
Cyberplan, digital dictatorship, dynamic model of interbranch-intersectoral balance,  
economic management, geopolitical threats, integration, planning.

N.I. Veduta  
Strategic Planning  
Scientific School, 
Moscow, Russia

A. Poteryaiko



444443
CYBERPLAN AS A TOOL FOR REBOOTING ECONOMY  
OF THE UNION STATE OF RUSSIA AND BELARUS
А. Poteryaiko

Collection of Articles of the VI International Scientific and Technical Conference   
“NON-ROCKET NEAR SPACE INDUSTRIALIZATION:

PROBLEMS, IDEAS, PROJECTS" 

Introduction
In the light of ongoing global changes in the economy 

and politics as well as their impact on countries and regions, 
there arises the need for new tools of economic manage-
ment to change the socio-economic system, which, of course, 
is impossible without the improvement of process technol-
ogies and the introduction of innovative mode of produc-
tion. These two processes are always inseparable from each 
other [1, 2]. Given the slowdown of technological progress 
and its replacement by digitalization and digital transfor-
mation that release capital and create super profits mainly  
in the sphere of production and services related to infor-
mation technologies, the question arises: how digital tools 
should be applied in such a way as to achieve a balance 
of sectoral development, which is so important for the eco-
nomic growth in people’s interests. Russian and Belarusian  
scientists provide practical and instrumental solutions to these  
challenges, i.e., their answers focus on the actions (to reboot  
the economy of the Union State of Russia and Belarus (USRB)  
on a scientific basis) and steps for executing them (to use 
planning and modeling with the help of the latest achieve-
ments of information technologies, including neural networks)  
for the transition to such a socio-economic structure that 
meets the USRB citizens’ needs, improves the quality of life, 
forms the prerequisites for cultural, moral and emotional 
development.

Geopolitical and Economic Threats  
to Security of the Union State  
of Russia and Belarus  
(Decline of Capitalism  
and Digital Dictatorship)

Russia and Belarus are inseparable neither economical-
ly nor culturally. This has been proved by 30-year experience 
of the post-Soviet history of two countries, for which mutu-
al assistance and active support have always been the basis 
of friendship and cooperation, and differences in language 
and culture have not become an obstacle or a stumbling 
block. Bilateral beneficial contracts between manufacturing 
and processing enterprises have contributed to the strength-
ening of economic ties. More than 2,500 enterprises operate 
within the USRB; 4 bln USD of Russian investments in Belarus  
and more than 600 mln USD of Belarusian investments 
in Russia have been attracted; preferential hydrocarbon sup-
plies are being carried out; in 2022, trade turnover amounted  
to 43.4 bln USD [3].

Good allied relations became the foundation for the de-
cisions taken in the issue of territories and borders pro-
tection from external influence in the conditions of politi-
cal destabilization by the European Union (EU) and special 
military operation. A difficult situation has been developed 
on the western vector, from where dangerous challenges 
and threats (military actions, sanctions, information warfare) 
emanate, urging the USRB to deepen political and military in-
tegration [4]. The created state can be considered a conse-
quence of another deep economic crisis, each of which ends 
with a war [5]. Tremendous resources are spent on coun-
tering external threats, which negatively affects the econo-
my and internal stability of the USRB. In addition to difficul-
ties in the economic sphere, a hybrid warfare brings about 
destructive projectiles in the direction of spiritual founda-
tions and national cultures. The core of these projectiles 
is the imposition of antihuman, immoral values and meanings 
through literature, cinema, music, fine arts, fashion, lifestyle  
and behavioral patterns.

As a result of the abovementioned reasons, the integration  
processes in the USRB, designed to strengthen the econom- 
ic, political and geopolitical positions of Russia and Belarus  
in the world, are also subject to slowdown. It should be noted  
that the place and role of these two countries have been 
overshadowed by the confrontation between two major 
powers – China and the United States – and the weaken-
ing of the EU as the third major participant in the world eco-
nomic and political processes. It is conceivable that the US-
RB’s objectives may be impeding the emergence of a bipolar 
or even unipolar world, engendering a genuinely democrat-
ic paradigm of global order wherein the significance of hu-
man life, scientific, creative and emotional development of in-
dividual are given a paramount importance. At present, both 
countries are experiencing a deepening of economic and po-
litical crisis, escalating information and trade wars, declin-
ing production indicators in several sectors of the economy, 
decreasing levels of consumption and investment activity,  
reducing real incomes of the population, an irresistible ori-
entation of the cultural environment to Western values, 
an incomplete integration model as well as the aggravation 
of the military conflict on the western borders [6, 7].

In addition to geopolitical and economic threats, 
the USRB finds itself face to face with a new challenge –  
the digital transformation of the economy and government, 
leading to total control over the population, programming its  
economic activities, obtaining superprofits from mergers 
of the financial sphere with the IT sector and the participation 
of big business in making decisions of national importance.

The actual monopolization of social networks by sev-
eral owners of IT corporations, the establishment of na-
tional and supranational state and non-state think tanks 
for ideology-designing and decision-making, the development 
of information-psychological technologies under the condi- 
tions of the capitalist way of production have objectively cre-
ated the so-called new method of economic management – 
the impact on the consciousness, priorities and behavior 
of both large contingents of the population and organized 
communities. The ideology of globalism is the basis of such 
influence [8]. The achievements of the European civilization 
after the Great French Revolution, namely democracy, peo-
ple power, freedom, fraternity and equality, were turned in-
side out and converted into a struggle for the interests of ag-
gressive minorities – LGBT, BLM (Black Lives Matter) and other 
various movements. Media, social internet technologies have 
become an effective tool for controlled dissemination of in-
formation among the population, which is used to trusting 
other people’s authoritative opinion. 

Population of the planet is offered a new model of life 
organization – the “New World Order”, which implies the he-
gemony of the United States and China. China in this mod-
el is able to dictate its own rules of the game, far from  
the communist ideal: about one third of the world economic  
growth in 2023 will fall to China [9]. In addition, this country  
sets the world pace in the digital economy [10], and local 
universities are at the top of international rankings [11].

Not least in China’s development is the digital trans-
formation, which is an accelerated computing and instan-
taneous document flow. Reduction of time spent on such 
operations releases circulating capital that can be direct-
ed to investments, including those in the real sector. In ad-
dition, such transformation is the automation of regulating 
the life of every member of society, which is far from democ-
racy, justice, equality, fraternity and people’s power. The ob-
served processes emerging in the confrontation between 
the USA and China for global economic dominance can be 
called the beginning of a digital dictatorship, the antidote 
to which lies in an alternative way of economic management,  
which will be discussed below.

The components of digital dictatorship:

 • a system of digital control over citizens’ actions;

 • a unified register of personal data;

 • a unified network space;

 • a system of social rating [12].

Thus, as a result of total control, the ultimate goal  
of the whole undertaking called “digital state governance”  

is achieved – the redistribution of currently available reve-
nues and their sources among the main players in the global  
market, who concentrate and enlarge their capital. Howev- 
er, for developed and developing countries, this has conse-
quences in the form of a series of crises, local and international 
military conflicts.

The response to the crisis by authorities in both develop- 
ed and developing countries is extremely primitive, character-
ized by the active implementation of programs aimed at ar-
tificially restraining the industrial development of the world  
economy, while it is the industry that is considered the ba-
sic civilizational technological platform of the whole modern  
humanity [8].

Under these conditions, the best solution for the USRB  
is to form its own pole of economic and political interaction.  
One of the main goals of the USRB is to create a full-fledged 
common economic space – with unification of taxation  
and pricing systems as well as with a unified currency [13]. 
However, at the moment it is not possible due to the ab-
sence of a common efficient tool for managing the econ-
omy – its planning and modeling. The experience of West-
ern countries or China cannot serve as a pattern. Russia 
and Belarus have their own tool for economic management –  
a dynamic model of interbranch-intersectoral balance 
on the basis of cybernetic planning. It is not a spontaneous 
invention or a startup, it has its own history and scientific 
background [14].

Historical and Resource Potential  
of the Union State of Russia and Belarus  
to Create a Unique Experience  
of Economic Management

Not a single free and sane person would accept a digi-
tal dictatorship as a future option for himself and his children. 
This is proved by regular anti-globalization protests and local  
actions by opponents of digitalization during the COVID-19 
pandemic. 

There is an alternative to immersion in the proposed 
digital dictatorship. A state that through a solidarity deci-
sion sets the task of improving people’s lives using the lat-
est achievements of scientific and technological progress 
having oriented it towards serving people, rather than 
for total control and management of their behavior, will gain 
a technological leadership, economic growth and become  
a conduit of freedom and happiness for every member  
of the society.
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Such a goal – the improvement of people’s lives – was  
faced by the USSR, where to achieve it a tool for effec-
tive management of the economy with the help of cyber-
netics was created – the dynamic model of interbranch- 
intersectoral balance by N. Veduta [15].

In 1958, the laboratory of economic and mathematical 
research of the USSR Academy of Sciences under the lead-
ership of economist V. Nemchinov began to develop econo-
metric models of interbranch balance for analyzing and fore-
casting various scenarios of economic development based 
on existing trends and available parameters [16]. However,  
they did not take into account the feedback from econom-
ic entities. Such models are used today by the Institute  
of Economic Forecasting of the Russian Academy of Sciences,  
the World Bank, analytical centers of Western and Eastern 
countries for forecasting indices of economic development.

At the same time, another group of scientists, which 
included G. Krzhizhanovsky and S. Strumilin, engaged not 
in forecasting but in the development of systems for man-
aging economic processes on the basis of live planning, 
which is a process of many steps to coordinate the volume 
and content of government orders (what and how much 
should be produced) with the volume of material, labor 
and financial resources at all links of the system of pub-
lic production management (what and how much we can 
produce). As a result, a balance was achieved in which 
the fulfillment of orders was ensured by all types of re-
sources. The orders were drawn up in such a way as to cre-
ate conditions for the priority development of key sectors 
of the economy. Considering the producers’ actual capaci-
ty, the calculating algorithm adjusted the orders according-
ly. Successive calculations of the plan were continued until 
the “input – output” balance was achieved, thanks to which 
a proportional economic growth was observed. Accordingly, 
the balanced plan of economic development served as a ba-
sis for the distribution of production investments among 
the industries. As soon as the situation changed, the plan 
was adjusted according to the principle of rolling (online) 
planning. This method demonstrated its efficiency during 
the Great Patriotic War and became one of the key factors  
of the victory [1].

After G. Krzhizhanovsky and S. Strumilin, the methods  
of live planning were further developed by the Belarusian  
cybernetic scientist N. Veduta. An important part of his  
scientific research was the strategy of comprehensive 
personal development. Taking into account the necessity  
of forming a new person, N. Veduta used the principle of eco- 
nomic cybernetics to create the only digital technology that 

constructs the future rather than predicting and programming it. 
In the scientific concept of the Belarusian researcher, the man- 
agement system of public production functions as a liv-
ing organism. Automation is based on the organic planning 
of the economy to improve the efficiency of managerial 
decisions.

In the late 70s – early 80s of the 20th century, the par-
ty leadership of the USSR abandoned the strategy of build-
ing communism and true democracy (power of the people), 
therefore it was unable to implement the cybernetic model 
developed by N. Veduta aimed at social progress and the con-
struction of the future in which moral, ethical and human  
values played a key role [17].

The scientific and creative path of the Belarusian cy-
bernetic scientist N. Veduta is continued by his daughter 
E. Veduta. Her team is engaged in the creation of a dynam-
ic model of interbranch-intersectoral balance prototype  
(Cyberplan) for modeling the socio-economic development 
of Russia with predetermined goals to improve people’s 
lives [18].

Cyberplanning for Transition  
to Postcapitalist Economy  
of Biospheric Civilizational Development 
of the Union State of Russia and Belarus

Strengthening and developing of the USRB means 
the creation of a single economic space where manage-
ment can be performed in an innovative cybernetic way 
in which the settlement of economic and social problems 
is carried out first on the basis of calculations according 
to the dynamic model of interbranch-intersectoral balance  
and then transferred to reality in the form of decision-making  
on production investments. 

The management of any system requires a clear under-
standing of the entity’s needs and the quantity and quality 
of resources to meet them. The planning task is to determine 
these values, to draw up a step-by-step plan to compensate 
and improve the missing or low-quality resources with the help 
of existing or third-party resources, to calculate the con-
sequences and results of producing the required goods 
in the medium and long term, to decide what investments 
to make and where to direct them, what the return on them 
will be and in what timeframe and how external and inter-
nal factors will affect the plan. It is impossible to be done 
manually and within the framework of purely mathematical  
logic. 

Here, behavior algorithms of economic entities and in-
formation technologies are used. A collection of sufficient 
and necessary data is conducted through IT, superfast cal-
culations are performed based on predetermined algo-
rithms, and multiple recalculations of values are carried out 
to achieve a balance between costs and output.

Settlement of many economic problems (inflation, over-
production crisis, decline in consumer demand, decrease 
in labor productivity, unemployment, poverty, etc.) lies in the  
plane of calculations according to the model. However, 
the most important direction, in which the Cyberplan can be 
used, is the planning and forecasting of the emergence 
and introduction of production technologies and innovations. 
If nowadays the role of lobbying and industrial protectionism 
is high in domestic markets (in particular, concerning the re-
placement of certain fuels with alternative ones, in the field 
of pharmacology, etc.), then with the introduction of the Cy-
berplan, orders for new technological solutions with speci-
fied parameters become the result of planned calculations.  
This uncompromisingly leads to labor productivity growth, 
technological superiority, increase in social production volume,  
technological and economic sovereignty.

Unitsky String Technologies (uST) can be an exam-
ple for unfolding the technological superiority chain [19]. 
Transport is an important branch of the economy, which 
is in a live cybernetic connection with all other productive  
and nonproductive industries, providing human activity  
as well as affecting all types of capital and the economic  
system as a whole. 

uST solves at once a number of global problems that 
humanity faces: 

 • environmental pollution, including noise pollution;

 • high cost of highway construction; 

 • expensive transportation of products; 

 • insufficient transportation accessibility and connectiv- 
ity of regions, especially territories with extreme weather  
conditions and natural specifics [20]. 

The uST string rail transport overpass is resistant to low 
and high temperatures, snow drifts, mudslides and avalanches,  
river spills, earthquakes, storm winds and tsunamis [21]. With 
maximum haulage performance, string transport consumes 
a small amount of electricity and can be deployed on any 
ground surface – from sea bottom to desert. Through the im-
plementation of uST, soils that can be used for agricultur-
al, forestry, field and landscape needs will be preserved; 
greenhouse gas emissions will be reduced; the consumption 

of petroleum products will be decreased. However, nei-
ther Russia nor Belarus is in a hurry to implement the uST  
transport network. 

The reasons why in the USRB the latest technology re-
mains at the stage of experimental prototypes’ operation 
are primarily associated with difficulties caused by adminis-
trative barriers. Additionally, it is attributed to long-standing 
approaches to traditional transport, insufficient level of inno-
vation receptiveness, absence of a goal to improve people’s 
lives in the socio-economic policy of the USRB and the inabil-
ity to conduct appropriate calculations to determine the size 
of investments in this project, the resource composition 
of the industry and the long-term returns from its imple-
mentation. The forecasting models used for decision-making  
in both countries use the system of national accounts, which 
is false in nature and does not reflect reality. The Cyberplan, 
on the contrary, is able to make such calculations. For this 
purpose, it only needs to have the data of the tax service 
and operate with the information presented in invoices, bills 
of lading, staff schedules, etc. Ideally, a unified reporting sys-
tem should be created for the digital twin of each product 
and manufacturing process, which will ensure completeness 
and sufficiency of information for calculations according  
to the model.

The Cyberplan opens a broad pathway for sovereign 
knowledge-intensive, high-tech, green industries character-
ized by minimal environmental impact, efficient use of natu-
ral resources and their saving. The Cyberplan thus becomes 
a conduit for decision-making on the following replacements:

 • traditional cities and future agglomerations by linear 
settlements that are ecologically clean and comfortable  
to live in;

 • expensive and inefficient water treatment and waste in- 
cineration technologies by inexpensive, natural (biospheric)  
ones; 

 • hydrocarbon energy sources by relict solar bioenergy;

 • traditional agriculture, which widely uses heavy chem-
icals for soil and plant treatment, by biospheric agricul-
ture based on mass production and use of live humus that  
is obtained from brown coal and oil shale. 

Using the Cyberplan, it is possible to calculate the proj-
ect to transfer the entire terrestrial industry into space 
with the help of the General Planetary Vehicle (GPV) devel-
oped by A. Unitsky [22]. It means that in a precise number 
of years the dreams of humankind to make Earth a clean 
green home for people’s happy life will come true.
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Conclusion
Russia and Belarus appear today to be the most con-

sistent and sincere allies. The interaction of both countries  
on the basis of deep mental, historical, spiritual, cultural and eco- 
nomic reference points is a solid foundation for the creation 
of a common economic space with a cybernetic planning  
as an economic management tool.

Both Russia and Belarus have made a slow but very suc- 
cessful progress in building a socio-economic base, and the  
events of 2022 have predetermined further acceleration 
of development in this direction [23].

By adhering to a single goal, provided the economic 
management model is changed, the USRB will experience 
a true reboot, with technologies at its core that will improve 
the lives of citizens economically, socially, environmental-
ly, morally, culturally and in terms of values. By implement-
ing a cybernetic planning, the USRB will make an enormous 
contribution to the world history – it will restrain its desire 
for bipolarity, prevent its anticipated end, place the individ-
ual with his needs and versatile development at the center 
of the progressive ideology, serve as an example for restor-
ing peace and justice throughout the entire planet, return 
health to it and create all conditions for its prosperity.
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Introduction
Today we are on the threshold of a widespread technologi-

cal revolution, which means that humankind has a chance to en-
ter a new stage of development [1]. At the same time, the tech-
nological progress has led to the fact that the technosphere 
began to occupy the place of the biosphere. 

If we do not start taking some actions now to over-
come the current global problem, we will come to the point 
of no return in two-three generations. This is pointed out 
by Doctor of Philosophy in Information Technologies (Trans-
port) A. Unitsky in his research [2]. The use of space resources 
and removal of harmful industry outside the Earth limits 
is the proposed solution aimed at saving human civilization. 
It will allow to save the nature of our planet and to bring 
industrial development to a new level due to the benefits 
of space. 

Cosmic vector of the EcoSpace program is represented 
by the global uSpace program, the key technology of which 
is A. Unitsky’s idea about the General Planetary Vehicle (GPV) 
that can delivers cargo and passengers to orbit and back. 
Unlike rockets the GPV runs on electricity, which makes 
this type of transport safe for the environment.

A. Unitsky notes: the GPV is a global project, all of human-
ity should be involved in its implementation, and the countries 
located on the equator should be the territory for the take-
off overpass location [3]. The uSpace geocosmic program  
provides for consolidation and civilizational patriotism  
on a planetary level [4].

The work on such a large-scale project requires max- 
imum unity of the states. The unification should start with  
the creation of teams consisting of representatives of dif- 
ferent cultures and nationalities. Specialists should be able 
to interact effectively despite all kinds of differences. There-
fore, attention should be paid to the formation of intercul-
tural communication skills among the members of such 
teams.

According to preliminary plans, the first stage of the  
uSpace program assumes the construction of the GPV overpass 
and should be completed by the middle of the 21st century [4]. 
The earlier the study of intercultural communication and ways 
to build it successfully begins, the easier it will be to estab-
lish work between representatives of different countries  
participating in the project. 

Today, intercultural communications are the backbone 
of any international organization or business. The demand 
for knowledge in this area is growing, and professionals 
with intercultural communication skills are increasingly  
needed nowadays. Thus, according to experts’ forecasts, 

an intercultural mediator (manager) will be one of the most 
demanded professions in the future [5]. Modern transna-
tional companies understand the importance of developing 
such competencies in personnel, therefore, employees in-
volved in international projects undergo special intercultural 
training aimed at expanding knowledge about other cultures, 
developing certain behavioral skills, flexibility and tolerance 
to dissimilar behavior of partners.

The above aspects confirm the need and relevance 
of research in the field of intercultural communications. 
The author of this article has analyzed the publications 
of Russian and other foreign experts, highlighted the fac-
tors that hinder intercultural communication. Tried-and-true 
methods is proposed to build effective interaction that can 
be used within the framework of operations on the uSpace 
program.

Concept of Intercultural Communication
Intercultural communication involves various forms 

of interaction between individuals, groups and states belong-
ing to different cultures. Since uSpace program participants 
are from different countries and nations, communication  
of team members should be considered intercultural. 

In addition to the term “intercultural communication” 
there are other concepts that reflect the corresponding 
meaning in the specialized literature: “cross-cultural commu-
nication”, “interethnic communication”, “interracial communi-
cation”, “transracial communication”, “multicultural commu-
nication” as well as “intercultural dialogue” or “cross-cultural 
dialogue” [6]. 

The main function of any well-built communications 
is to ensure productive activity. On the contrary, a poorly estab-
lished contact makes it difficult to achieve result. The higher 
is the level of mutual understanding between the recip- 
ient and the object of information transfer, the more effec-
tive the dialogue will become. The same can be attributed 
to interethnic social skills.

The problem of intercultural communication is that 
the recipients’ decoding of the transmitted information de-
pends on the specifics of the culture to which they belong. 
Representatives of different nations understand the received 
information differently, because they initially have peculiar-
ities in communication approaches, values and traditions. 
Unequal perception of reality, ethnocentrism, stereotypes  
as well as linguistic and semantic deficiencies inevitable  
during interaction between representatives of different  
ethnic groups also complicate decoding. 

The above factors can lead to intercultural conflicts. 
Therefore, prior elaboration of such points significantly in-
creases the degree of mutual understanding in communica-
tion processes. This can be achieved by acquiring knowledge 
about other nations and developing intercultural sensitivity, 
which includes empathy, tolerance and flexibility. 

Factors  
Affecting Intercultural Communications

Studying the experience of international companies, 
analyzing the mistakes and barriers they face when try- 
ing to set up an efficient interaction within a multinational 
team will help to prevent negative moments in establish-
ing business contacts between uSpace program members. 
As practice shows, even a common language is not a guaran- 
tee of smooth intercultural dialogue. Such communications 
are usually accompanied by certain difficulties, because 
in addition to the level of language proficiency the process- 
es of relations are affected by numerous factors: cultural, 
behavioral, psychological. 

Some aspects that hinder interaction between repre-
sentatives of different nations can be pointed out:

 • differences in values and priorities. The greater is the dis-
tance between ethnic value systems, the more likely these 
aspects will evoke negative emotions, especially when 
intercultural encounters are ambiguous and unpredictable;

 • stereotypes. Certain stereotypes about foreigners  
are created in the historical memory of any nation, which in-
terfere with the worldview and understanding of other cul-
tures, distort information about some or another sociocultural 
group;

 • different attitude to time. Depending on this factor, 
researchers divide cultures into monochronic, polychronic 
and reactive [7].

Representatives of monochronic cultures are punctual, 
precise and consistent. They follow a certain logic and a pre-
liminary plan during communications and are restrained 
in their emotions. They are mainly focused on short-term  
relationships with other people.

Representatives of polychronic cultures can be engaged 
in several things at the same time, easily change plans, goals 
and tasks. They are emotionally active and open, rarely resort 
to pauses and may interrupt their partners. 

Representatives of reactive cultures are oriented to chang-
ing circumstances, and their behavior is a reaction to these 
changes. They are emotionally closed during communication 

and make frequent pauses to allow their partner to speak.  
Interpersonal contacts are important to them;

 • different attitudes towards conflicts. This factor can 
vary significantly depending on the culture. For example, rep-
resentatives of collectivist cultures are not inclined to openly 
express dissatisfaction and avoid direct confrontation. Con-
flicts for them are a negative and unproductive phenome-
non, especially if the other party behaves aggressively. A con-
flict is acceptable here only if the dignity of all negotiators 
is preserved and the interests of each partner are taken into  
account [8].

Representatives of individualistic cultures welcome 
conflicts if both sides are willing to resolve problems hon-
estly and openly, which gives more opportunities to break 
the impasse here and now;

 • differences in verbal and nonverbal communications. 
Each ethnic group has its own verbal and nonverbal means 
of communication. The process of understanding a foreign cul-
ture is the ability to decipher foreign codes and convert them 
into one’s own. Nonverbal means are used to express feelings, 
replace words with actions and emphasize a sociocultural 
status. Studying these types of interaction will help to discover  
other peoples’ values, their norms and dispositions [9];

 • language barrier. Communication in a language that 
is not native for some participants causes misunderstanding. 
Feeling an imperfect command of the language, a person of-
ten creates a psychological block in advance, which negatively 
affects interaction with a partner;

 • ethnocentrism. People tend to evaluate the behavior 
of others through the prism of their native culture, and oth-
er people’s behavioral habits are usually regarded as strange 
and incomprehensible. Ethnocentrism is considered one 
of the most difficult psychological barriers in intercultural 
communications;

 • different ways of expressing thoughts. Representatives 
of Eastern countries tend to look at the situation as a whole, 
for them reality is vague and full of contradictions: bad 
and good are in harmony. They are primarily focused on estab-
lishing interpersonal contacts in negotiations [10]. Representa-
tives of Western cultures prefer clarity, unambiguity and con-
sistency, and they consider the goal of communications  
to be the achievement of a specific and pre-planned result. 

Based on the above, in order to build efficient interac-
tion between uSpace program participants still at the stages 
of planning joint activities it is necessary to identify the po-
tential problems that may arise due to national peculiarities 
and different worldviews. It is suggested to prevent such 
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moments by means of appropriate training aimed at ac-
quiring knowledge about other cultures, overcoming eth-
nocentric barriers and stereotypes, developing tolerance  
to the behavior of partners. 

In addition, at the initial stages of building a multina-
tional team, it is necessary to prioritize those professionals 
who have flexible thinking and openness to intercultural in-
teraction, willingness to change their behavior and recognize 
the impact of intercultural differences on the effectiveness 
of communication between individuals. 

Intercultural Training  
and Intercultural Competence 

In order to establish efficient intercultural communica-
tions, uSpace program participants should to be an appropri-
ate trained that will help them to become familiar with oth-
er people’s ethnic values and traditions, adapt their behavior, 
learn to compromise and conduct a dialogue [11].

The acquisition of a set of behavioral, mental and emo-
tional skills to understanding other nations and establish-
ing a productive dialogue with their representatives will be 
the result of such training.

The intercultural competence forms a special self- 
awareness in individuals, which allows them to find dif- 
ferences and common aspects of other cultures and their 
own one, to critically analyze them and to integrate them 
into their own worldview without strong shocks. This in-
cludes the ability to prevent conflicts as well as empathy,  
tolerance and emotional resilience. 

Intercultural Communications  
in Transnational Companies

Studies of intercultural communications in transnation-
al companies show that a productive interaction between 
employees is facilitated by the presence of a single corpo-
rate language, personal meetings, participation in trainings 
and other factors [12]:

 • corporate language. English acts as a common tool 
for communication between employees in most internation-
al companies. It is used to compile dictionaries of the orga-
nization’s specialized vocabularies, templates of documents, 
letters and instructions. This approach simplifies the work 
process considerably;

 • localization of communication. Face-to-face communi-
cation helps to resolve one or another issue in some countries, 

but in another it is more productive to negotiate via the in-
ternet. That is why some companies set up a network of local 
communicators who adapt corporate messages to the local 
context;

 • knowledge of partners’ languages. Even basic language  
skills are often the key to flexibility and cultural understanding;

 • face-to-face meetings. In addition to communication 
via e-mail, messengers and videoconferencing, face-to-face 
meetings are mandatory in most transnational companies. 
Sometimes this is the only way to create mutual trust, which 
is a prerequisite for successful cooperation;

 • intercultural trainings. Transnational companies place 
great emphasis on developing cultural awareness, flexibility, 
adaptability and tolerance in their employees. For this pur-
pose, appropriate trainings are organized and conducted ei-
ther by company managers responsible for multinational 
communication or by representatives of agencies specializing 
in such trainings. 

The above methods can also be applied to the staff  
involved in implementing the uSpace program.

It is recommended to choose a single language, e.g., En-
glish, to prepare a lexical dictionary in this language contain-
ing certain terms, such as “GPV”, “EcoSpace”, “uSpace”, “string 
transport”, etc.; establish a rule stipulating mandatory face-
to-face meetings of all specialists at least once every six 
months (if team members are located in different countries). 
One of the most important activities is to arrange foreign  
language courses as well as intercultural trainings.

Trainings  
as a Way of Intercultural Education  

There are various ways to train team members in inter-
cultural competence. One of the most effective is to conduct 
special trainings, which relieve individuals of national preju- 
dices and prepare them for unfamiliar behavior of partners [13].  
Such activity involve several stages:

 • training of cultural self-awareness. People study their 
culture, its values and peculiarities. Ethnic self-identification 
allows to analyze oneself more deeply within the framework 
of one’s native culture, to understand what national traditions 
determine one’s behavior. After passing this stage, it is easi-
er for them to understand on what they are basing their own 
judgments about other countries;

 • training in understanding a foreign culture. Participants 
receive maximum information about the nations whose  

representatives they will interact: they get familiarized 
with customs and traditions, ethnic psychology, state structure,  
history, geography and philosophy;

 • training in the formation of intercultural empathy. People 
develop their empathy, learn to put themselves in the shoes 
of representatives of another culture as well as to explain  
the behavior of partners from the point of view of their ethnicity;

 • behavioral training. It is aimed to developing a certain 
model of behavior. A person learns practical skills that can be  
used to live in another culture, also ways of efficient com-
munication with its representatives and soft transformation 
of conflicts [14];

 • situational training. It involves reproduction of specif-
ic situations, direct interaction with representatives of an-
other culture. At this stage, the knowledge and skills ob-
tained at other trainings are successfully applied in practice, 
the elaborated communications are analyzed and work 
on mistakes is carried out.

It is very important for participants of the uSpace geo-
cosmic program to pass all stages of the above trainings, 
which will help to establish efficient communication in the fu-
ture. In addition, it is suggested to add the study of history, 
philosophy, values of the EcoSpace program and its cosmic 
vector – the uSpace program. It is recommended to arrange  
additional activities aimed at the development of altru-
ism and pacifism, raising participants’ awareness, under-
standing of the significance of the mission and involvement 
in the project that will lead to changes on a planetary scale.  

Conclusion
Engineer A. Unitsky’s EcoSpace program and its cosmic 

vector uSpace is a global project that will involve multiple 
countries and representatives of various cultures. 

This article considers intercultural communications 
and suggests ways to develop interethnic social skills  
in uSpace team members. It is proposed to conduct train-
ings aimed to adapting behavior, overcoming stereotypes 
and ethnocentrism, also to fostering the skills of productive 
dialogue, to acquiring the ability to compromise, knowledge 
about other cultures, their traditions, etc. In addition, the au-
thor proposes to conduct special activity implying a deeper 
acquaintance with the EcoSpace program, its history, philoso-
phy and values, which will help to form the awareness of par-
ticipants’ involvement in the fundamental project, a sense 
of common cultural and universal unity for the realization 
of the global goal. 
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On October 7–8, 2023, the VI International Scientific 
and Technical Conference “Non-Rocket Near Space Industrial-
ization: Problems, Ideas, Projects” was held in Maryina Gorka  
(Republic of Belarus).

The event program included a plenary and stand ses-
sions, section work, discussions as well as the exhibition 
and demonstration of innovative space, infrastructure, trans-
port and logistics, energy and agrobiology technologies. 
Herewith, 34 reports were presented to the audience.

The conference was held as part of the UN World Space 
Week and became a landmark international event in the field 
of space industrialization. Its purpose is to summarize the re-
sults of research and practice work carried out in scientific orga- 
nizations, design bureaus and engineering companies as well  
as by individual scientists and enthusiasts in the following areas:

 • the solution of contemporary global biosphere issues 
by geocosmic means;

 • the prospects for the technological exploration of near 
space within the framework of the uSpace program under 
the motto “Earth – for Life. Space – for Industry”;

 • the organization of safe large-scale cargo and passenger  
flows along the Earth – Near Space – Earth route to develop  
the space industry in the interests of Earth’s civilization;

 • the design features, the search for biological and environ-
mental solutions for the sustainable functioning of the Earth’s 
biosphere, the preservation of biodiversity on our planet 
and the development of hard-to-reach territories with unfa-
vorable conditions for human life;

 • the specifics of the social organization of linear cities 
(uCities);

 • the features of international and intercultural relations 
and the creation of international associations for the imple-
mentation of the uSpace geocosmic program;

 • the problematic aspects of social media usage in the  
uSpace program and the search for effective solutions;

 • the development of technology for the manufacture  
of plant products within the framework of the EcoCosmo- 
House project and at orbital stations intended for long-term 
human habitation in space;
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 • research and development work on the creation of a self- 
supporting geocosmic aircraft – the General Planetary Ve-
hicle, its land and orbital infrastructure: transport, energy 
and information.

Based on the results of the VI International Scientific 
and Technical Conference “Non-Rocket Near Space Industriali- 
zation: Problems, Ideas, Projects”, the Organizing Committee 
and participants made a number of decisions.

1. Give a high assessment to the scientific and technical 
level of the presented reports.

2. Mark the universal human importance of the pro-
gram devoted to the large-scale near space exploration 
and the reboot of Earth’s industry onto the biospheric vector  
of civilizational development.

3. Emphasize the importance of the global geocosmic 
project on creating the General Planetary Vehicle as the only 
one possible option from an engineering point of view, there-
fore, a key transport and logistics solution for the industrial 
development of near space.

4. Highlight the paramount importance and obvious  
relevance of developing cooperation between countries, 

international organizations, leading global companies, re-
search institutions and universities in order to implement 
the uSpace geocosmic program, considering the scale 
of the work presented at the conference.

5. Prepare a resolution and appeal on behalf of the con-
ference participants to the BRICS Joint Committee on Space 
Cooperation in order to study the possibility of practical im-
plementation of the uSpace geocosmic program for the in-
dustrialization of near space by the BRICS member coun-
tries in the logic of “Earth – for Life. Space – for Industry”. 
Invite the Russian and Belarusian side to become an inter-
national platform for developing a roadmap for promoting 
this program with the aim of solving almost all global civili-
zational problems of our time comprehensively: infrastruc-
tural, resource, energy, food, environmental, socio-economic,  
demographic, economic-political, etc. 

6. Regularly participate in specialized internation-
al events, conduct presentations and submit scientific re-
ports on developments and achievements within the frame-
work of the uSpace program in order to attract a wide 
range of researchers involved in the problems of industrial  
exploration of near space.

7. Study the applicability and effectiveness of using  
the N. Veduta’s algorithm of the dynamic model of inter-
branch-intersectoral balance as one of the tools for reboot-
ing the economy of the Union State of Russia and Belarus 
as well as the world economy.

8. Publish a collection of conference materials. Ensure  
its representation in national and largest specialized li- 
braries in the world as well as presence and promotion 
in electronic format on relevant scientific portals and plat-
forms. The participants whose work will be published must 
submit them in the form of scientific articles in accordance 
with the requirements.

9. Hold the next conference in 2024 under the name 
of The 7th Global Conference on Near Space Industrialization 
(GCNSI 2024), in order to reach a new level of public aware-
ness and support, to use the most effective ways of promot-
ing and implementing the uSpace program. For this purpose, 
select the most suitable international platform, invite stra-
tegic partners interested in rapid industrialization of near 
space to the dialogue and also ensure the participation 
of key international organizations, major research centers, 
leaders of nations and heads of state.

The Organizing Committee of the conference expresses  
gratitude to all participants, speakers, guests as well as fund-
ing structures and individuals who made the event possi-
ble: the Chairman of the Board of Directors of Unitsky Group 
of Companies, the main investor of the uSpace geocos-
mic program and this scientific forum – Mr. Anatoli Unitsky; 
the organizers of the conference – Astroengineering Techno- 
logies LLC, Unitsky String Technologies Inc.; Unitsky’s Farm 
Enterprise that provided the platform and extensive assis-
tance in holding the conference; Universal Mobility LLC, UVR 
LLC and SW PLANT LLC for assistance in creation of the ex-
position; other companies that took part in the preparation 
and organization of the event.

Conference Organizing Committee
Oct/8/2023
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Abbreviation uST (UST) stands for the central brand 
of Unitsky Group of Companies (UGC); it combines the names 
of Unitsky String Technologies (uST), the parent engineering 
company Unitsky String Technologies Inc. (UST or UST Inc.),  
uST transport and infrastructure complexes / Unitsky String 
Transport as the physical embodiment of uST transport 
and infrastructure solutions.

Active protection system (APS) is a generator of elec-
trostatic field where negatively charged debris of space  
garbage create resonant vibrations in it.

Artificial atmosphere is a specially selected mixture 
of gases, which ensures regular breathing and gas exchange 
in living organisms, including humans, who are in an en-
closed ecosystem; has the same quality as the Earth’s atmo-
sphere. The gas component of the EcoCosmoHouse (ECH) 
space is an artificial atmosphere.

Biofuels are various types of combustible products de-
rived from plant raw materials. Their main advantages are re-
newability and accumulation of solar energy coming to Earth.

Biological balance is the preservation of dynamic stabil-
ity of natural complexes (biogeocenoses) over a long period  
of time, i.e., relative balance of stability of species composition, 
number and productivity of living organisms.

Biological diversity is the natural diversity of life in every  
manifestation as well as an indicator of the complexity of the bio- 
logical system, the diversity of its living components. Biodi-
versity is considered at the hierarchical levels of life organi-
zation with the following main ones: molecular and genetic,  
organism and species, biogeocenotic and biospheric.

Civilization technogenic fork is a stage of development 
of the Earth’s technosphere, which, when achieved, makes 
the technogenic human civilization face with a historically 
important choice of two mutually exclusive scenarios of action:

1) Earth’s civilization continues to develop conventional tech- 
nogenic vector, limited only by the planet’s size and resources.  
At the same time, resource consumption does not change 

Glossary: Terms and Definitions 

dramatically because the world economy relies on obso-
lete and resource-intensive technologies (primarily, century- 
old transport and logistics technologies). As a consequence,  
the point of no return from degradation, extinction and death 
of human civilization will come in about two generations 
(in the third quarter of the 21st century);

2) the beginning of near space industrialization, gain-
ing access to its unlimited resources, infinite space, mat-
ter and energy as well as new technological resources: 
weightlessness, deep vacuum, technological purity (with-
out dust and microorganisms) and cosmic radiation. Man-
datory requirement: inefficient transport and infrastructure 
technologies, power industry, habitat (cities), infrastructure 
and agriculture used on the planet, which pose the greatest 
threat to the Earth’s biosphere, must be replaced by better  
communications and eco-oriented technologies.

EcoCosmoHouse on planet Earth (ECH-Earth) is a struc- 
ture on Earth designed for autonomous and unrestricted long-
term residence of a human settlement with calculated density.  
The inner enclosed space of the ECH-Earth provides condi-
tions for the development of ecosystems, has a necessary set 
of the planet’s biosphere properties in this regard and addi-
tional technological processes that are modeled to ensure 
human needs for existence (parameters of the atmosphere 
and habitat, food resources, etc.). The ECH-Earth is an Earth 
biospheric model of the ECH in terms of creation and arrange-
ment of internal space and all relevant components (biosphere, 
technologies, process interconnections, etc.) with an enclosed 
cycle of matter (living and mineral), energy and information.

EcoCosmoHouse technological platform (ECH) is the con- 
struction of buildings in space with an internal inhabited space,  
isolated from the external aggressive space environment.  
There is an enclosed ecosystem of the Earth’s type in the ECH, 
including artificially produced gravity, living fertile soil, flora 
and fauna (comprising microflora and microfauna), atmo-
sphere with adjustable parameters (temperature, humidity, 
etc.) for unlimited long-term, autonomous, eco-comfortable  
living and activity of both individuals and groups of them 
and many thousands of settlements in equatorial orbits 
of the planet as well as in open near space and deep space.

EcoHouse technological platform is an eco-oriented  
construction of residential and industrial buildings and struc- 
tures on Earth with adjacent space open to the external 
natural (biospheric) environment, filled with natural and cul- 
tural (organic farming) ecosystems, in which atmospheric, 
soil and water parameters are regulated by the Earth’s 
nature. The soil from under the buildings during their con- 
struction is transferred to the roofs and floors to be then en- 
riched with living humus. Greening is based on the princi-
ple that all construction on the planet is meant to increase 
the area of fertile soil and its fertility.

EcoSpace is the program to provide for the devel-
opment of eco-oriented biospheric technologies in order 
to transform the main sectors of the Earth’s industry, infra-
structure, power industry, transport and agriculture. It as-
sumes bringing the hazardous part of the Earth’s industry out 
into near space to secure the balance in a perfect world rep-
resented by BioSpace, TechnoSpace and HomoSpace triunity, 
which together form a complex of optimal conditions for sus-
tainable growth and further development of the Earth’s  
technogenic civilization in cosmic direction.

BioSpace is a restored and balanced planetary 
biospheric ecosystem open to space, which no lon-
ger experiences the devastating human-made effects 
of the Earth’s technosphere and continues to evolve 
by the laws of evolutionarily established terrestrial  
nature. It comprises:

 • natural and cultural (organic farming) ecosystems 
on the planet land, including aquatic ones (lakes, rivers, etc.); 

 • oceanic, marine and atmospheric ecosystems 
with the possibility of eco-friendly external control 
of weather, climate and other systems of the planet 
through natural methods; 

 • flora and fauna of terrestrial and aquatic ecosys- 
tems (including microflora and microfauna) with their 
biodiversity preserved and currently available; 

 • Earth’s humanity with each individual being healthy 
and happy.

TechnoSpace comprises newly created industrial 
components:

1) Earth’s industry which is based on novel ecoori-
ented technologies and consisting only of the technolog-
ical industries necessary for humans within the Earth’s 
biosphere; 

2) space industry, including energy-consuming,  
resource-intensive, hazardous and other industries that 
are moved outside the Earth’s biosphere, which acquire 
an absolute competitive price and quality advantage  
as part of the space technological environment;

3) the GPV geocosmic transport complex, provid-
ing environmentally friendly transport and logistics link 
between the Earth’s and space components of the in-
dustrial TechnoSpace with cargo, energy, information  
and passenger flows of industrial scale;

4) artificial intelligence to manage the above com-
ponents 1–3 under the multilevel control of HomoSpace.

HomoSpace is an advanced world sociopolitical 
system based on the consolidation of the international 
community of biological humans (but not digitized  
biorobots-convergents) around a single governing  
center accumulating the territorial, financial, econom-
ic, scientific, human, military and political potential 
of all participating countries. This will open the gate 
to inexhaustible and accessible resources of space 
and through space-oriented economy of the techno-
genic civilization on Earth will create new sociopolitical 
and economic conditions for the most complete imple-
mentation of sustainable development of biological hu-
manity, including social justice, equality, freedoms, har-
monious development as well as the right of every 
inhabitant of the planet for a worthy long and happy 
life. HomoSpace is developed and governed by people 
using artificial intelligence as an assistant and advi-
sor (but not a leader). The main value of HomoSpace 
is the humane attitude of Human and his spirituality  
as a sociobiological quintessence created by the Uni-
verse (God) as a result of billions of years of life evolution 
in the space home named Planet Earth.

Ecosystem is a biological system (biogeocenosis)  
consisting of a community of living organisms (biocenosis),  
their habitat (biotope) as well as a system of connections 
that exchange substance and energy between them.

EcoTechnoPark is a demonstration and certification 
center for uST transport and infrastructure solutions, built 
in the Republic of Belarus (Maryina Gorka). 

Equatorial Linear City (ELC) is the Earth’s compo-
nent of geocosmic transport and communication complex 
which locates the GPV takeoff and landing overpass (uWay) 
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with the whole infrastructure required for the GPV to fly 
and for servicing global geocosmic cargo and passenger 
flows. This city represents a harmonious blend of cluster set-
tlements with the natural environment of land and ocean ar-
eas of the planet. The settlements are interconnected by uST 
tracks and stretch along the equator.

Food solar bioenergy (FSBE) is power industry based 
on the integrated consumption and processing of bio-
mass of greenery that has absorbed the energy of the Sun  
to produce biofuels, animal feed and food for humans.

General Planetary Vehicle (GPV) is a geocosmic self- 
supporting reusable torus-shaped spacecraft for non-rocket 
near space industrialization, encircling Earth in the equatori-
al plane; it ensures industrial cargo and passenger flows (mil-
lions of tons of cargo and millions of passengers per year) 
from Earth to near-Earth equatorial orbits and back; it is based  
on the only possible (from the point of view of physics) envi-
ronmentally safe and energy-efficient geocosmic transporta-
tion technology which uses only internal force of the system 
(spacecraft) and electric energy.

GPV takeoff and landing overpass (uWay) is a takeoff  
and landing, energy and communication overpass com-
plex for geocosmic transportation, located along the equa-
tor and combined with a linear eco-settlement of new  
generation.

Industrial Space Necklace “Orbit” (ISN “Orbit”) is a multi- 
orbital transport, infrastructure and industrial-residential 
complex serving the Earth’s humanity and covering the planet 
in the equator plane. It is a functional analogue of the Earth’s 
ELC, however, located in space, as well as a range intend-
ed to protect from space threats (including meteorites) 
and a platform for the expansion of the Earth’s civilization 
into deep space.

Linear сity (uCity) is a cluster-type pedestrian urban  
settlement with its ground surface intended for people,  
animals and greenery; the development of residential,  
administrative, industrial and multifunctional clusters is im- 
plemented through the eco-oriented EcoHouse technol-
ogies; electricity and heat are obtained by the uEnergy  
technology; food supply is linked to the uGreen technology  
of organic farming; transport, energy and information com-
munications are arranged above ground on the second  
level (elevated version) according to the uST technology.  

Linear cities are characterized by the absence of devastat-
ing human-made effects on the biosphere, high efficiency 
of urban economy and its autonomy as well as decent quality  
of life and working conditions for each resident.

Relict solar bioenergy (RSBE) is power industry based 
on the use of fossil brown coal and oil shale to produce clean 
energy and form living humus, which is necessary to restore 
the fertility of various types of soils.

Space-based solar power plant (SBSPP) is an orbital 
solar power plant using solar energy; it provides energy in-
dependence and biospheric environmental safety of the ISN  
 “Orbit”.

Space industrialization vector is a global re-equipment 
of the Earth’s technosphere to eliminate its devastating hu-
man-made effects on the Earth’s biosphere by transferring  
hazardous, energy- and resource-intensive industries into near  
space on low-Earth orbits. The space industrialization vec-
tor is also about using eco-oriented technologies to mod-
ernize that part of industry still on Earth and functioning  
in the biosphere.

Sustainable development is “the development that 
meets the needs of the present without compromising 
the ability of future generations to meet their own needs”. 
This concept was formulated by the UN World Commission 
on Environment and Development and is the basis of the UN 
goals and principles.

Sustainable Biosphere Cluster (SBC) is a competence 
center for desert greening. The SBC will be the basis for the im- 
plementation of the uGreen technology platform under the con- 
ditions of a hot tropical climate – an environment with neg-
ative impact factors (i.e., high temperature) affecting plant 
cultivation. 

Sustainable-BioTech is an ecological system combining 
a set of innovative engineering, agro-, bio- and soil-forming 
technologies. Its main components are relict and organic  
raw materials as well as soil untouched by plowing and soil 
microorganisms, taken in a special way from the world Bank 
of fertile soils, located on the territory of Unitsky’s Farm  
Enterprise. Raw materials are finally processed into a living 
fertile humus with the help of associations of soil microor-
ganisms and a unique species of Lumbricus uTerris worms, 
specially bred in Unitsky’s Farm Enterprise.

uBioSystem is an enclosed ecosystem with controlled 
technological processes (lighting, temperature schedule, air- 
blasting, water flow rate, etc.) for autonomous and long-term 
existence of a community of living organisms.

uEnergy technological platform is designed to gener-
ate green electric and thermal energy using:

 • specially equipped thermal power plants for eco-friendly 
combustion of brown coal, shale, peat and other raw mate- 
rials of organic origin in order to produce living fertile humus 
from their combustion waste;

 • renewable energy sources, namely the solar energy 
on Earth and in space as well as the energy of wind and sea 
currents;

 •  “hydrogen – oxygen” pair as a fuel accumulator for the opti- 
mization of the planet power industry and space transportation.

uGreen technological platform is organic farming 
in a new logic of recreation and intensification of natural bio-
spheric processes by direct borrowing and using natural soil 
ecosystems with their microflora, microfauna and biogeo-
cenosis as well as in the logic of a complete rejection of any 
synthetic chemicals (fertilizers, plant protection agents, etc.), 
technologies of genetic modification and other elements 
of traditional intensive farming.

uMach is the concept of a hypervelocity uST transport 
and infrastructure complex. It is designed to travel at speeds 
over 1,000 km/h inside a forevacuum tunnel (with artificial-
ly reduced atmospheric pressure) to provide high-speed  
transportation for long (from 200 km) distances.

uNet transport and infrastructure network is an inter-
national transport, energy and information communication net-
work created on the basis of uST transport and infrastructure 
solutions along uCities.

uSky Test and Certification Center is a research and pro- 
duction cluster of uST transport and infrastructure solutions, 
built in the United Arab Emirates (Sharjah).

uSocio is a new type of optimal social environment 
for small groups of individuals (2,000–5,000 people) which 
is based on stratification. In uSocio, due to the possibility 
of free choice of accommodation, the following social needs 
will be fulfilled: sociocultural ties, common values, religious out- 
looks, respect of traditions, passion for the arts, development 
of ethnic and interethnic contacts, etc.

uSpace geocosmic program is a program of non-rocket  
near space exploration by means of the GPV, which will pre- 
serve the Earth’s biosphere by taking the industry (techno-
sphere) outside of planet Earth (beyond the biosphere).

uST technological platform is the construction (along 
uCities) of a new kind of transport, infrastructure, energy 
and communication networks uNet, created on the basis 
of prestressed (string) Unitsky’s structures. It is designed 
to provide all necessary communication links between ob-
jects (and continents) on Earth; between objects in near 
space moving on circular equatorial orbits; between objects 
on Earth and those deployed in near space.

 
uTerra is a biohumus (crumbly and liquid – fertility 

elixir) produced using brown coal, ash, organic raw materi-
als, inoculum, aerobic and anaerobic microorganisms to in-
crease fertility and improve the quality of any soils, including  
desert sands.
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Review  
by Yuri Pleskachevsky, 
Corresponding Member  
of the National Academy  
of Sciences of Belarus,  
Doctor of Engineering Sciences,  
Professor, Honored Scientist  
of the Republic of Belarus

Earth – for Life. Space – for Industry.
A. Unitsky

The materials included in the reviewed collection dem- 
onstrate a qualitatively new level of depth and breadth 
of elaboration of almost the entire range of problems, ideas 
and projects presented at the previous five conferences.  
And problems undiscussed before were also raised.

A number of works are devoted to the research, cal-
culation, modeling and designing the General Planetary Ve-
hicle (GPV) and takeoff and landing complex as a whole, 
which must meet a number of complicated, sometimes mu-
tually exclusive requirements. These requirements are es- 
pecially high for the oceanic sections of the equatorial  
takeoff and landing complex and the need to ensure the max- 
imum possible “evenness” of its runway. The calculations  
carried out and the original designs proposed confirm  
the possibility of solving these problems successfully,  
considering the safety of navigation. It should be not-
ed, however, that the safety issues of air communica-
tions, which inevitably arise when the GPV ring enters orbit 
and returns to Earth, have not yet been discussed. A relevant  
separate global air traffic control service should be created.

The “heart” of GPV is a linear electric motor, capable 
of accelerating the rotor to speeds of 11–15 km/s, required 
for launching from Earth and the GPV’s entrance into near-
Earth orbit. In this case, being already in space, the movement 
of the rotor at the indicated speeds should not be interrupted.  
The variants of design solutions for a linear electric motor 

both on permanent magnets and electromagnets are pro-
posed. It is rightly marked that the system based on the Meis-
sner effect, i.e., quantum levitation on superconductors, will 
have the lowest energy consumption.

The neodymium magnets, proposed by the linear elec-
tric motor’s developers, are made from an alloy, the main el-
ements of which is neodymium, iron and boron. Such mag-
nets are virtually eternal, losing no more than 1 % of their 
magnetic force in a hundred years. They are almost im-
possible to demagnetize or remagnetize. But at tempera-
tures of 900 °C or more, the so-called Curie point is exceed-
ed and neodymium magnets lose their magnetic properties. 
At the stage when the GPV is entering the orbit and return-
ing from it, that is not excluded that there is a violation 
of the tightness of the vacuum channel where the rotor lev-
itates, for example, due to a meteorite strike. In dense lay-
ers of the atmosphere, this will lead to an instantaneous, 
local in the best case, increase in the temperature of the ro-
tor elements, loss of their magnetic properties and the fall 
of a rotor’s part onto the stator. And this is the most “soft 
scenario”. Therefore, a mixed levitation system using electro- 
and permanent magnets, including superconductors, seems 
more reliable. The GPV’s developers and their leader, the out-
standing engineer A. Unitsky, see such a danger and there-
fore are purposefully developing anti-meteorite protection 
for the GPV’s body. Foam materials based on light metals 
described in the collection are promising in this regard. Ac-
cording to the reviewer, the effectiveness of the protective 
properties of foam metals can be significantly increased 
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by creating a closed-porous foam structure with biconvex 
cell walls, which provides negative Poisson’s ratio values. 
The deformation and strength properties of such material 
should withstand the strikes more effectively.

For the first time at the conference, an experimental test 
bench was presented, reported in sufficient detail and de-
scribed in a peer-reviewed collection. This stand is a real-
ly levitating ring rotor with an external metal rim and a sta-
tor platform. All main elements of the GPV’s levitating part  
are simulated in reality. However, this is the case when 
the scale factor is of decisive importance, i.e., the proportions 
of the dimensions of the GPV ring and the length of the Earth’s 
equator. If we assume that the diameter of the GPV is 2 m 
and the length of the Earth’s equator is 40,075 km (con-
sidering the Earth’s topography) and the circumference 
of the levitating part of the described test bench is about 2 m, 
then the diameter of the test bench rotor with the above pro-
portions shall be 0.1 µm, i.e., 1,000 times thinner than a human 
hair, taking 100 µm as the average hair thickness. According-
ly, the sizes of magnets, control systems and other elements 
of the test bench shall be even smaller by an order of magni-
tude. This elementary calculation shows that the problems 
of ensuring the rigidity and dynamic stability of the GPV ring 
as a whole become of decisive importance. The reviewer 
believes that at the current state of development of means 
and methods of deformable solids’ mechanics, the funda- 
mentals of dynamics and the strength of structures, the avail- 
ability of computing power and significantly increased qual- 
ifications of the creative team led by A. Unitsky, furthermore, 
considering the GPV’s calculations that have already been car- 
ried out by the team, the abovementioned problems are solv- 
able in theoretical terms. Practical implementation of the GPV 
will most likely require clarifying modeling and further  
improvement of the GPV design elements.

Given the obvious complexity of the practical imple-
mentation of the GPV ring, the construction and operation  
of the equatorial GPV overpass is an equally important task. 
The developers propose a multifunctional version of the over- 
pass, including the GPV’s runway (“launch pad”) as well  
as rapid (up to 200 km/h), high-speed (up to 600 km/h) 
and hypervelocity (more than 1,000 km/h) transport and lo- 
gistics complexes providing cargo and passenger traffic  
along the entire equatorial overpass. It should be noted  
that from an engineering point of view, the creation of such  
a multifunctional complex does not seem impossible. Rapid, 
high-speed and hypervelocity transport systems are already 
being designed, built or operated in one form or another  
in a number of countries. Unitsky String Transport (uST), de-
scribed in certain authoritative monographic publications 

and in the reviewed collection, makes its contribution to the cre-
ation and operation of such systems. Design and technologi-
cal solutions for the land sections of the equatorial overpass 
with a length of 8,944 km (considering the Earth’s topography), 
despite all the difficulties associated with mountainous terrain 
and variations in the Earth’s magnetic and gravitational fields, 
seem quite convincing at the current stage of development  
of the GPV’s idea.

The proposed inhabited high-rise supports of the GPV 
takeoff and landing complex, which are essentially skyscrap-
er single-industry towns with a specific residential environ-
ment, deserve a separate positive assessment. The technical, 
environmental and sociopsychological aspects of the con-
struction and operation of such supports and the living con-
ditions in them, set out in the collection, have been planned 
meticulously and leave no room for objections.

The reviewer believes that despite all deep and compre-
hensive engineering study of the elements of the GPV take-
off and landing overpass, its oceanic sections seem to be 
the most vulnerable. Storms, hurricanes, tsunamis, rogue 
waves, multidirectional currents in the depths of the ocean, 
movements of geotectonic plates, earthquakes, under-
water volcanoes and geysers – this is not a complete list 
of “surprises” that the World Ocean and the surface part 
of the atmosphere are “capable of”. The work on the im-
provement of the reliability and stability of the GPV overpass  
to the abovementioned external influences should be con-
tinued. At the very least, it is necessary to create a separate, 
fundamentally new equatorial weather service that monitors 
and predicts the development of weather phenomena along 
the entire length of the equator and determines the optimal 
weather “gap” for the ascent and descent of the GPV ring.

Traditionally, the conference topics contain works de-
voted to a set of issues related to long-term human resi-
dence in enclosed ecosystems, technologies for growing 
various plants in EcoCosmoHouse, bioutilization of organ-
ic residues, etc. In each of these areas, significant progress 
as well as an increasing level of elaboration and expansion 
of real practical experience implementation is noticeable.

The works aimed at political and legal support for the im-
plementation of the GPV and uST projects are very important 
and well-timed both in general and within the framework 

of the international association BRICS+ and also as an import-
ant component of rebooting the economy of the Union State 
of Belarus and Russia.

In conclusion, it should be emphasized that all works in-
cluded in the collection are well edited, logically and intelligently 
presented, terminologically correct.

I recommend the collection of articles of the VI Interna-
tional Conference “Non-Rocket Near Space Industrialization: 
Problems, Ideas, Projects” for publication in the open press 
in the presented form.

The materials  
included in the reviewed collection 
demonstrate a qualitatively new level 
of depth and breadth  
of elaboration of almost  
the entire range of problems, 
ideas and projects presented 
at the previous five conferences.
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Reflecting on this topic, the author quite naturally comes 
to the understanding of the necessity and possibility of re-
organizing the world through mastering the engineering ap-
proach in predicting and developing all aspects of human-
kind’s unity with nature and space, through systematically 
and mathematically grounded, morally and aesthetically in-
spired awareness of the future as a just, humane and eter-
nal prosperity of society in complete contrast to apoca- 
lyptic despair, devaluing human life, imposed on society  
by the apologists of perverted, satanic bigotry. 

I encourage readers to join engineer Unitsky’s moral  
and pragmatic ideas and increase their personal contri-
bution to life-affirming activities for the benefit of Earth’s 
civilization.

2. The engineering tasks and directions on which  
A. Unitsky concentrates his practical activity are also entirely  
consistent with his philosophical and sociopolitical attitudes. 
His work and struggle for the embodiment of social ideals pos-
tulated by him in real structures and processes are rational 
and convincing.

Creation of global multifunctional elevated transport 
is nothing but the development of the fundamental uNet 
project to achieve real freedom and efficiency in the move-
ment of material objects and people around the planet  
as well as for the organization of new locations for human 
habitation, nutrition and healthy lifestyles.

The construction of a space house, designed for a long 
stay of people in near space, is nothing else than the mate-
rialization of the ideas of Russian cosmism, as a construc-
tive fulfillment of the conditions of coevolution of humankind 
on planet Earth and space. 

The author’s report and his creative engineering activi-
ties together with his colleagues push the horizons of the fu-
ture vision far and wide: in elevated transport – from today 
for hundreds of years ahead; in near space – from tomorrow 
for thousands of years ahead!

3. A. Unitsky’s ideas cannot be disparaged. The author 
proves the value of his concepts by actual engineering cre-
ativity and by the results which already reveal the outlines 
of his proposed future for human civilization. 

The miracle of the invention of the future, breaking 
through many years of searching of the Belarusian scientist 
and the struggle for his worldview, appears today before our 
eyes in the form of uPods and string structures, in the form 
of a giant microcivilization of new humus, in the form of an en- 
closed ecologically self-regulating and self-healing house, 
rising from the personal fate of the author, the tragic fate 

of our Motherland and parents, from whom their future 
and the future of all humankind were taken away by betrayal  
unprecedented in history.

The challenge today is to restore historical justice, to pro-
vide life-affirming perspectives for civilization, and to eliminate 
the suicidal influences of Satanism growing out of inhuman 
capitalist archaism.

That is why I support Mr. Unitsky’s report and the au-
thor’s efforts to revive fundamental ethical meanings through 
the development of transport that does not kill, through 
the creation of humus that will feed all of humanity, through 
the affirmation of ideas that will save the planet.

In my internet lecture organized on December 5, 2023 
by the Belarusian Institute of System Analysis and Informa-
tion Support of the Scientific and Technical Sphere, I demon-
strated on the screen engineer Unitsky’s hands immersed  
in life-giving humus and told the story of how once a paparaz-
zi photographed Sergei Rachmaninoff’s hands, with which 
the composer covered his face to avoid being photographed.  
However, one brilliant editor published this photo with the cap- 
tion “Hands that are worth millions”. And I said in my lecture 
about A. Unitsky’s hands, “Hands that are worth billions.” Today 
I assert that they are worth much more and more.

Part 2. 
Set of Articles Presented at the Conference
With respect and attention I have worked through  

all the materials of the collection and find the results they 
present interesting and useful, which convincingly show 
the continuous progress in engineering and research activi- 
ties of A. Unitsky’s companies in the paradigm that I described  
in the first part of the review.

Best wishes to the author and his followers!

Review
by Michael Orloff,
Doctor of Engineering Sciences, Professor, 
General Director and Scientific Supervisor  
of the Modern TRIZ Academy,  
(Berlin, Germany)

Dear colleagues, in this review I have focused on the ple-
nary report of A. Unitsky without belittling the importance 
of other materials provided in the collection. I think that 
the grounds for my decision are clear from the following.

Part 1. 
ENGENIUM. The World as an Engineering Project
In 2010, in the preface to my book “Modern TRIZ ”*1, Ana-

toli Unitsky wrote, “I see it as a great challenge for each 
of us, readers, to realize through TRIZ and together with TRIZ 
the beauty and miracle of creating something new – neces-
sary, effective, harmonious, unexpected, amazing and inspiring! 
The miracle of inventing the future.” The same words, with their 
deepest meaning, I address today to Anatoli’s engineering, 
sociopolitical and philosophical report, which is published  
in this collection. 

I addressed an extensive analysis to the author, and  
for the accompaniment of the collection, the significance  
of A. Unitsky’s reflections can be formulated more briefly.

1. The fundamental topic raised by the author is the re-
thinking of the role of engineering in the perspective of hu-
man evolution. The result of such rethinking scientist Unitsky 
sees in the idea of elevation of moral ideal and imperative 
in the activity of engineering community, in the necessi-
ty of engineering transition from relatively neutral status  
to active organizing and even leading position in relation  
to the social order.

* Orloff, M. Modern TRIZ / M. Orloff. – New York: Springer, 2012. – 449 p.

Engineering is postulated convincingly to be the leading 
planetary institute of management based on the fundamen-
tal humanitarian values of existence and the goals of just or-
ganization of life on Earth, on the paradigm of the uncondi-
tional significance of each individual, on the primordial ideas 
of infinite preservation of human civilization in irreconcil-
able opposition to eschatological phantasms, on the con-
cept of constructive transformation and further improve-
ment of the world, which is inherent in the profound ideas 
of socialism, in opposition to the misanthropic and suicidal  
realities of modern capitalism. 

A. Unitsky’s ideas  
cannot be disparaged.  
The author proves the value  
of his concepts by actual  
engineering creativity 
and by the results  
which already reveal the outlines  
of his proposed future  
for human civilization.
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The idea of non-rocket near space industrialization 
has been being discussed for years. When I heard about this 
concept for the first time, I was stunned by its uniqueness 
and shocked by the courage and originality of approaches. 
In terms of physics such a project can really be implemented, 
although it will obviously take decades of hard work. 

I appreciate the possibility to learn more about the works 
by Belarusian scientists and representatives of the inter-
national science and engineering community which were 
presented at the VI International Scientific and Technical 
Conference.

The articles of the collection cover different areas 
that should be investigated in order to get close to prac- 
tical exploration of near space by alternative way. The fol- 
lowing topics are among them: analysis of technical as-
pects of the General Planetary Vehicle (GPV) creation, 
the GPV takeoff and landing complex on the ocean, anti- 
meteoroid protection of the GPV, technology for construction 
of the GPV land sections, methods of crop cultivation in near 
space, application of legal norms to the GPV construction  
and operation, etc.

This collection just like the materials of the previous 
conferences contains variety of ways to implement the most  
ambitious ideas. Thus, there are new principles of organization 
of people’s life on Earth, in particular, settlements along the sup-
ports of the GPV overpass. In general, the main concept im- 
plies transition from crowded megacities to horizontal residen-
tial complexes providing healthy and comfortable conditions  
for life without having any impact on the environment. 

There is no doubt that physicists, chemists, mathe-
maticians, engineers and others concerning about the fu- 
ture of humanity are interested in the results achieved. 
But, to my opinion, the main part of the presented col-
lection is a comprehensive research by Anatoli Unitsky,  
 “INGENIUM”. This is a summary analysis of millennial histo-
ry of the human civilization development and its interaction 
with nature. The passed path is now clear and understood 
to many. The prospect of the near future is sad and even 
tragic. It is known that in recent decades the environmen-
tal problem has worsened, herewith, the proposed solutions 
and their results are disappointing. Under these conditions  

The work by A. Unitsky  
is a systemic scientific justification 
of an alternative way 
of the civilization development 
for its successful, healthy  
and prosperous existence.  
This task is economically  
feasible just now.

the ideas by engineer Unitsky are extremely relevant. The au-
thor of the “INGENIUM” report sets out a vision of the transfor-
mations in a reasoned and clear manner, these actions are re-
quired to save humanity and planet Earth – its cradle and home. 

The work by A. Unitsky is a systemic scientific justi-
fication of an alternative way of the civilization develop-
ment for its successful, healthy and prosperous existence.  
This task is economically feasible just now. Large states (USA, 
China, Russia, etc.) collectively spend much more financial 
and material resources on so-called operating expenses  

(transport, industrial and agricultural production, military 
purposes). That is why implementation of the great idea – 
the non-rocket industrialization of near-space – first of all 
requires political will and interest as well as the ability  
to negotiate and work together. 

I think that the materials of the VI International Scientif-
ic and Technical Conference “Non-Rocket Near Space Indus-
trialization: Problems, Ideas, Projects” which are presented 
in the collection will be useful to all responsive and intelligent  
people.



Dear readers,

The present collection was prepared based on the materials of the VI International Scientific and Technical 
Conference “Non-Rocket Near Space Industrialization: Problems, Ideas, Projects”, which was held on October 7–8, 
2023 in Maryina Gorka (Republic of Belarus).

This edition covers the results of a year’s activity of scientists, designers, engineers, who work on the im-
plementation of the global uSpace geocosmic program. Each of the projects presented in the collection is be-
ing realized and tested at proving grounds in Russia, Belarus and the United Arab Emirates. Near space indus-
trialization, transfer of harmful industry to near-Earth orbit is the only possible way to preserve the planet’s 
ecology as well as to solve socio-economic problems of our time, designed to ensure a decent future for up-
coming generations. Only by carrying out industrial exploration of the near space, we will be able to make a full-
scale expansion into space, open access to inexhaustible resources for human civilization and create a basis 
for the development of science and technology.

The uSpace program brings together leading developments in a wide range of scientific disciplines that de-
scribe various aspects of human presence outside Earth, unique research and know-how in the field of space, 
innovative modes of transport, industry, biotechnology, sociology and philosophy, which are of interest and value 
to the scientific community worldwide.

The global nature of the program implies the possibility of active participation of professionals from all 
spheres and directions, provides an efficient communication for joint creative activity for the benefit of all 
humankind. 

Every day we are bringing the most ambitious space exploration project closer to implementation. 
You can join the uSpace program now.

Please send your feedback, wishes and suggestions to the following address: conf@ecospace.org.

Conference Organizing Committee,
Editorial Board of the Collection of the Conference Materials

aet.space Facebook YouTube
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