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AnoTtanisg. CTaTTs NpUCBsSYEHA MONEPETHLOMY aHAII3y JUHAMIKH €KOCHCTEM B MIPOEKTOBA-
HUX 130JIbOBAaHUX [103a3€MHUX MPUMIIIEHHAX. METOI0 JOCTIKEHHS € IPOBEACHHS MpeIiMiHApHO-
rO CHCTEMHOTO aHaJli3y CYKIIECIHHOI AMHAaMiKH (CaMOPO3BHUTKY) €KOCHCTEM, IO (OPMYIOTHCS Y
IIPOEKTOBAHUX I'€PMETUYHMX I03a3eMHHUX 00'ekTax. s 1poro Oysi0 BUKOHAHO TaKi 3aBJaHHS:
imeHTudikais Ta XapaKTepUCTUKA KIIFOYOBUX KOMITJICKCIB €KOJIOTIYHUX (akTOpiB (a0i0OTHYHHX Ta
aHTPOIIOT€HHMX), 110 JACTEPMIHYIOTh (DYHKIIIOHYBAHHS €KOCHUCTEM Y NPOEKTOBAHMX I103a3€MHHX
130JIbOBAHUX CEPEJOBHINAX; OMUC OCHOBHUX 010r€OXIMIYHUX MOTOKIB (€HEpris, peuoBrHa) Ta 0io-
TUYHOTO OOMiHY (Mirparisi OpraHi3MiB), 110 MiATPUMYIOTh TOMeocTa3 abo 1HIIIIOIOTh 3MiHHU B €KO-
CHUCTEMax IPOEKTOBAHUX M03a3eMHUX OO'€KTIB; MPOTHO3 JOMIHAHTHUX BEKTOPIB €KOCHCTEMHOI
JMHAMIKU (HaIpsIMKiB CyKILecii) Ta OI[iHKa pU3UKIB iXHHOI'O HEKOHTPOJIHOBAHOTO. Byno BcTaHOB-
JIeHO, 110 Oy/1b-sK1 3aceleHl no3a3eMHi1 00'€eKTH (KUTIIOBI Ta poOOUl MOAYII1) MOTEHIIIHO PyHKIIi-
OHYIOTh SIK 3aKpHUTI €KOCHCTEMH 1 MiAMOPSIKOBYIOTHCS 3aralbHUM 3aKOHOMIPHOCTSIM €KOCHUCTEM-
HO1 AuHaMiku. JIyig 1HIIiamii eKOCUCTEMHOIO (PYHKIIIOHYBaHHS KPUTUYHO HEOOXIZHI JBI YMOBH:
HasBHICTh JKEpena eHeprii Ta MPHUCYTHICTh MOMYJALiH aBTOTpOodiB (30KpeMa XeMOTPOpHHX
Ta/ab0 GoTOTpOHUX Opra”i3MiB), 3AATHUX 3A1MCHIOBATH MEPBUHHY ACUMUIAIIIO Ta aKyMYJISIIIIO
i€l eneprii. [Ipy mpoekTyBaHH1 130JbOBAHUX MO3a3€MHUX CEPEIOBMIL, MPU3HAYCHUX JUIS TPUBaA-
joro nepeOyBaHHs JIOAUHUA a00 KyJbTUBYBaHHS O10JOTIYHUX BHUIB, HEOOX1/IHO BpaXOBYyBaTH BU-
COKY HMOBIpPHICTh IXHBOI HEMHUHYYOi €KOCUCTEMHOI TpaHchopMmariii. 3rifHo 3 eaado-auHaAMIYHOO
KJacuQiKali€r, eKOCUCTEMH OUIBIIOCTI 130JbOBAHKUX MM03a3€MHUX MPUMILIEHb XapaKTEPU3YIOThCS
HaHIKYMMU €HEPreTUUYHUMH PIBHSAMH 3 IOKAa3HUKAaMHU JWHAMIKH, 10 HE MEPEeBHILYIOTh OJUH
6an. BUHATOK CTaHOBIISATH JIMIIE T1 CEKLi, SIKI LIJIECTIPIMOBAHO BUKOPUCTOBYIOTHCS AJIsl €KCIIepH-
MEHTAJIBHOTO 200 YTHIIITAPHOTO KYJIBTUBYBAaHHS POCIMH (OlopereHepaTHBHI CUCTEMH KHUTTe3a0e-
3neuyeHHs). [l 3amycky aBTOT€HHOI CyKIecii (CaMOPO3BUTKY €KOCUCTEMH ) HEOOX1THUI KOMILIEKC
CTaOUIbHUX YMOB JIOBKIUJUIA, 1110 320€3M€UyI0Th MOMJIMBICTh IIEPEXOLY 10 HACTYIMHHUX CYKLECITHUX
CTaJliif, a TAKOXX HAsBHICTh BUJIB-eAM(IKaTOPIB, M0 (HOpMYyIOTh OiolieH03u IuX cTaaiil. HeBuko-
HaHHS [MX BUMOT NMPHU3BOJUTH /10 3yNUHKUA CAaMOPO3BUTKY, KIaCH(pIKOBAHOI K KaTacTpoQiuHui
KIIiMaKc ABTOT€HHA JMHAMIKA €KOCHCTEM Y KHUTIOBHX Ta CIYKOOBHX MOJIYJISX IM03a3€MHHX CTaH-
il € HebGaXaHOIO Ta CTBOPIOE PU3MKH IS LITICHOCTI cucteMu. OHaK, BOHA MOXKe OYTH LIHHOIO
Ta KEPOBAHOIO y MPUMIIIEHHSIX, € MJIaHYEThCS KyJIbTUBYBAaHHS OpPraHi3MiB 3 yTHIITapHOIO (610-
pereHepaTUBHOIO YU MPOJIOBOIBYOI0) METOIO.
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Introduction. Today, there are some reasons for optimism about humanity's progress in
space colonization. In the middle of the 20th century, there was a leap from the interest of groups
of enthusiasts and the reflections of intellectuals to large practical projects. The stimulus was new
technical capabilities associated with the improvement of missile weapons and the propaganda
competition between the democratic West and the totalitarian East. Over time, the opposing sides
realized that excessive militarization of space to achieve a certain military advantage gives less ef-
fect than similar investments in ballistic missiles and aviation. There was a transition from the rap-
id colonization of space for the purpose of propaganda and military advantages to the competition
in reconnaissance systems using satellites, spacecraft and space stations. After the collapse of the
Soviet bloc, many countries lost interest in active colonization of space. Many ambitious projects
seemed to be closed forever. Changes occurred in the second decade of the 21st century. They
were associated with three events. Firstly, technologies for reusable launch vehicles have emerged,
which have made it cheaper to deliver cargo beyond the planet's surface. Secondly, space has be-
come a highly competitive and highly profitable business, which has attracted significant private
investment in its development. It is not only about telecommunications and security. An important
aspect of modern exploitation of the capabilities of spacecraft is also the use of GIS monitoring.
And finally, the third factor has been the awareness of the importance of the Moon as an important
source of resources beyond the Earth, or a transshipment base, or a place for their primary pro-
cessing.

The issue of colonizing the Moon has become particularly popular given the likely and exist-
ing need for *He. Helium-3 is extremely important due to its unique properties, which make it key
in several high-tech industries, especially in energy. The main significance of Helium-3 lies in its
potential use as an ideal fuel for thermonuclear fusion. The fusion reaction of Helium-3 with Deu-
terium is aneutronic (or "clean"). It produces very few high-energy neutrons - dangerous by-
products that make the reactor walls radioactive. Instead, the reaction releases protons that can be
used directly to generate electricity, greatly simplifying the reactor design and minimizing radioac-
tive waste.

Helium-3 is indispensable in research requiring ultra-low temperatures. It is used in special
cryogenic devices (dissolution refrigerators) to achieve temperatures close to absolute zero (mil-
likelvins, or thousandths of a degree above absolute zero). Also, at these temperatures, Helium-3
exhibits unique quantum properties, becoming a superfluid, which is critical for the study of quan-
tum mechanics. This isotope is indispensable for the construction of neutron detectors. Helium-3
has a high absorption cross section for thermal neutrons, which makes it a key component of neu-
tron detectors. These detectors are used in security systems, monitoring nuclear reactors, and for
detecting nuclear materials (for example, in customs services). Helium-3 is a byproduct of the de-
cay of tritium and is found on Earth in trace amounts. However, the solar wind has been bombard-
ing the Moon for billions of years, leaving significant reserves of Helium-3 in the lunar regolith.
This makes the Moon a potential major source of this fuel for future fusion power, which is one of
the motivations for lunar exploration.

Currently, there are five major space agencies in the world and their countries that are most
actively involved in the development and exploration of the Moon. The United States is the leader
thanks to the Artemis program, which is the most ambitious of the current initiatives. Its goal is to
return astronauts to the Moon (for the first time since Apollo), create a permanent base on the sur-
face, and a lunar space station "Gateway". It includes the following missions: Artemis I (success-
ful unmanned lunar orbit), Artemis II (crewed orbit), Artemis III (landing on the Moon). Private
companies (SpaceX, Blue Origin, and others) and international partners are actively involved in
the work. The main opponent of the United States in politics and economics, the PRC, is also try-
ing not to lose its leadership in the lunar race. China has one of the most consistent and successful
lunar exploration programs, known as Chang'e. Its goal is to land on the Moon, deliver lunar soil
to Earth, and establish a permanent International Lunar Research Station (together with Russia).
Key missions are Chang'e-4 (the first-ever landing on the far side of the Moon) and Chang'e-5 (the
successful delivery of lunar soil samples). India, Japan, and the European Union join the top five.
India is the fourth country to successfully land a spacecraft on the Moon, demonstrating the rapid

80



development of its space technology. This was done as part of the Chandrayaan-3 mission — a suc-
cessful soft landing and operation of the Pragyan rover in 2023, which became the first landing in
the area of the Moon's south pole. Japan succeeded in 2024, becoming the fifth country to make a
soft landing (SLIM mission — a successful demonstration of high-precision landing (sniper landing
technology)). The European Union (ESA) is participating as an active partner in the Artemis mis-
sion. ESA provides service modules for NASA's Orion spacecraft and plans to provide modules
for the Gateway station, and European astronauts will participate in future Artemis missions. Other
countries are also working in this direction: South Korea launched the Danuri orbiter, Israel and
the UAE had unsuccessful attempts to land the Beresheet and Rashid Lunar Rovers. Today, about
40 countries, including Ukraine, have formed a consortium to explore the Moon.

Despite all efforts, various organisms constantly enter the environment of extraterrestrial sta-
tions and begin to behave in a similar way to terrestrial conditions. They multiply. Evolve and
form their own ecosystems. Spontaneous terraforming of the environment occurs. However, these
ecosystems are not typical for Earth and do not necessarily shift environmental conditions towards
those optimal for humans. They often lead to damage to experimental organisms, threaten the
equipment, atmosphere of the stations, and also the life and health of its inhabitants themselves.
Today, all this is considered as a problem of individual organisms or occasionally as a problem of
their groups. For example, four strains of gram-negative rod-shaped bacteria Methylobacteriaceae
were found on the ISS. Researchers were interested in their phylogeny and evolution, which is also
of great importance during space expansion. However, the possible roles that these bacteria will
play in extraterrestrial ecosystems have not been discussed often. These soil bacteria can be bene-
ficial when growing crops here. However, their evolution does not stop, and they can change their
functions in newly formed ecosystems. Today, more than 55 species of microorganisms are con-
stantly found on the ISS alone. Among them, Aspergillus, Penicillium, and Cladosporium are dan-
gerous for other living organisms and some types of materials. The distribution and adaptation of
these organisms, as well as their reproduction and evolution, depend not on one or several factors,
but on the environment as a system. This makes an ecosystem approach to assessing the environ-
ment of extraterrestrial spaces and the dynamics of their biota an urgent task.

Purpose and objectives of the study. The purpose of the study is to conduct a preliminary
systematic analysis of the dynamics of ecosystems of designed extraterrestrial isolated spaces. In
accordance with the purpose, the following tasks were set:

1) To describe the main complexes of ecological factors in the ecosystems of designed extra-
terrestrial isolated spaces.

2) To describe the main flows of energy, matter and biota passing through the ecosystems of
designed extraterrestrial isolated spaces

3) To predict the most important vectors of the dynamics of ecosystems of designed extrater-
restrial isolated spaces

Main material. Nowadays, even among professional ecologists, a somewhat simplified and
therefore incorrect view of ecosystems and their dynamics prevails. The reasons lie in the histori-
cal path that ecology has taken as a science. It originated in the field of geography (biogeography
and landscape science) and biology (botany and zoology). Since 1910 (the Third International Bo-
tanical Congress, Belgium), botanists have dominated fundamental ecology, despite the fact that
this term was first proposed by the German zoologist Ernst Haeckel (1866). Zoologists use exclu-
sively the environment or type of ecosystem in which the organisms they study are found. It is
thanks to such descriptions that the concept of habitat appeared in applied ecology (ecososology).
Geographers have focused on their scientific problems, mentioning some ecological aspects, but
they do not use the concept of ecosystem. They use the concept of landscapes, in which individual
components of natural complexes are simply listed, and do not form a system with emergent prop-
erties. Since the first meeting of the Club of Rome (1968), ecology has been declared responsible
for the problems of humanity's relations with the environment. However, these problems were far
from environmental issues. They were social, political, economic, psychological and engineering.
Therefore, engineers began to be included in the ranks of ecologists who prefer simple engineering
solutions without taking into account the holistic and systemic properties of ecosystems. When a
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problem arises with changes in the indicators of an environmental factor, they do not think that this
is a change in the ecosystem that will give a holistic response as a single whole. They offer simple
and at first glance effective solutions. It is not fashionable to talk about the consequences of these
solutions. Few people talk about the disappearance of rare species in conditions of strict conserva-
tion, the problems with drying up rivers in Australia after attempts were made to plant riparian for-
ests on their banks, and many failed projects for the reclamation or restoration of natural ecosys-
tems. Here on Earth, nature often corrects our mistakes, which often harm the environment, but do
not pose a mortal threat to humans. In isolated ecosystems of extraterrestrial spaces, such a mis-
take can cost not only the health but also the lives of settlers. The main problem is that when we
move certain organisms to extraterrestrial spaces, we forget two important provisions of the theory
of ecosystems. First, in each ecosystem, self-organization processes occur, which affect the pro-
cesses of their dynamics. Second, each living organism is actually a set of interconnected organ-
isms. In order to obtain a pure culture of organisms, a lot of effort must be made. This is practical-
ly impossible to do with complex multicellular organisms, especially with humans. No matter what
disinfection measures we use, each astronaut carries with him a huge world of organisms associat-
ed with him. The same thing happens when plants or animals are transferred here for scientific or
utilitarian purposes. All these organisms, as research shows, are beginning to form unique ecosys-
tems in extraterrestrial environments, developing in accordance with the theory of ecosystem dy-
namics.

A somewhat debatable issue is whether these premises can be considered ecosystems and
whether an organism with organisms associated with it will also be an ecosystem. The author of
the term ecosystem, A. Tansley, considered it a dimensionless unit, which allowed even a drop of
water to be considered a separate ecosystem. This approach completely eliminated the practical
possibilities of using the ecosystem approach. This approach was the cause of many failed projects
and environmental disasters caused with “good intentions”. In short, its definition sounds like a
system of physical, chemical, and biological processes. Such an overly general definition became
one of the formal reasons for ignoring the term ecosystem in a number of countries. Its opponents
argued that an ecosystem could also be a drop of water with several organisms inside, and such an
object cannot reflect all the processes that occur in biosystems of this level of organization. The
prominent ecologist Raymond Lindeman in 1942 clarified the concept of an ecosystem and identi-
fied the main directions and methodological foundations of its study. He wrote about the ecosys-
tem as a complex system, outlined in space and time and encompassing organisms and their envi-
ronment (“a system of physical-chemical-biological processes occurring within a certain space-
time unit of any rank™) [7]. The spatio-temporal binding of the ecosystem brings it closer to the
concept of geobiocenosis, but does not impose restrictions due to the presence on the Earth's sur-
face. Thus, the ecosystem of A. Tensley is a structural-functional system within which we can ob-
serve complete, completed cycles of energy-substance circulation. Therefore, neither a drop of wa-
ter nor a piece of bark can be an ecosystem. For this, it is necessary to have not a pair of intercon-
nected species, but several populations that accompany the energy flows from its source.

Eugen Odum divided ecosystems into four groups according to energy sources: natural un-
subsidized (e.g. meadows or forests), natural subsidized (e.g. caves), natural with anthropogenic
subsidy (e.g. agroecosystems), and artificial (e.g. buildings or manned spacecraft). Regardless of
the origin of energy, they all have a set of populations that consume it and transmit it through
trophic chains. Therefore, if you place all the necessary populations in a drop of water in order to
consider it an ecosystem, it will have a volume of several liters. Another feature of an ecosystem is
its ability to self-develop up to a climax state. At the same time, a group of isolated organisms that
is not part of the ecosystem will simply die out after reaching a certain state, while the ecosystem
can exist as long as its energy source exists.

To what type can we attribute isolated ecosystems of extraterrestrial spaces? There are
weaknesses in E. Odum's classification, as well as in some of his other ecological classifications.
They are the ones that prevent us from establishing the position of ecosystems of extraterrestrial
spaces for the first time. For example, when he classifies environmental factors, he distinguishes
three groups: abiotic, biotic, and anthropogenic. However, the anthropogenic factor is no different
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from other biotic factors. Any human action has analogs in wildlife. Yes, they differ in scale or
certain specifications, for example, in the rate of production of new chemicals, but this difference
does not change the common essence of the processes. He falls under the same influence of popu-
lar social movements of the 70s of the twentieth century when he divides ecosystems into groups.
In fact, in any artificial ecosystem, we will observe the same processes as in a natural one with an-
thropogenic subsidy. The only difference is in the ratios between energy sources. However, despite
this ratio, they still remain ecosystems of the same type. Both in the first and second groups, there
will be a strong anthropogenic impact, but also natural processes that will wait for their moment. It
is to this type that the ecosystems of extraterrestrial spaces will belong.

The main source of energy in such ecosystems will be human activity. This is the human
body itself, the food it consumes and stores, as well as other substances it uses or the light it gener-
ates. If such a space station has access to sunlight, it will behave like a typical natural ecosystem,
provided that it contains stable groups of producers-phototrophs, available for absorption by con-
sumers and reducers. According to the position in the edapho-dynamic classification, the ecosys-
tems of isolated extraterrestrial spaces are at the lowest energy levels. Their natural dynamics in-
dex does not exceed 1 point. The exception is those rooms, parts of which are used to grow plants
for experimental purposes or for food. Here the dynamics index can rise to 3-4 points. In order for
autogenic succession (self-development) to occur, several conditions must be met. First, it is nec-
essary to have a set of environmental conditions that make it possible to transition to the next stag-
es of autogenic succession. Second, species are needed that form the biocenoses of ecosystems of
these stages. When we talk about similar processes on the surface of our planet, we mean, first of
all, edaphic conditions. They relate to the chemical and aggregate state of the soil or other sub-
strate, its moisture regime, and susceptibility to endoecogenesis. The process of syngenesis in-
volves the appearance of species that, combining into biocenoses, ensure the existence of a larger
biomass of producers. If these conditions are not met or it is hindered by a set of external factors,
then the self-development of ecosystems stops and they enter a state of catastrophic climax. In
most cases, such a state is desirable for residential and working premises of extraterrestrial sta-
tions. It is desirable that the stop occurs as close as possible to the zero point of self-development.
However, in reality, the station substrate and the substances contained in it contribute to the devel-
opment of some living organisms that we unintentionally carry with us. If this suite of organisms
includes autotrophs that have a sufficient amount of energy within the isolated room, then the for-
mation of a spontaneous ecosystem is inevitable. The probability of its emergence and self-
development increases with the increase in the number of settlers and the intensity of their contacts
with the ground or other stations.

The situation is different with rooms for growing plants. Three different options for this pro-
cess are proposed: aeroponics, hydroponics, and growing on modified regolith. Spontaneous eco-
system dynamics here can be both harmful and beneficial. Decomposers, consumers, and competi-
tors of cultivated plants can cause harm. On the other hand, these spontaneous natural processes
can lead to a more efficient and less costly transformation of regolith into fertile soil. In this case,
the sequential introduction of certain seeds and animals over a certain time will lead to the for-
mation of fertile soil. Over time, if the extraterrestrial settlement expands, there will be a need for
the presence here not only of agroecosystems. They can also provide the necessary technical and
pharmaceutical substances, purify the air, and play the role of a place for recreation or psychologi-
cal rehabilitation. For such a case, it is necessary to bring autogenic succession to the forest stage.

Conclusions. Any inhabited extraterrestrial premises have the potential to be typical ecosys-
tems that develop in accordance with the theory of their dynamics. For a premises to form an eco-
system, it needs an energy source and autotroph populations (chemotrophs and phototrophs) to ab-
sorb that energy. When designing isolated extraterrestrial premises intended for human habitation
or cultivation of living organisms, one should take into account the high probability of their trans-
formation into typical ecosystems. According to the position in the edapho-dynamic classification,
ecosystems of isolated extraterrestrial premises are at the lowest energy levels with a dynamics in-
dex below 1 point. The exception is those premises, parts of which are used to grow plants for ex-
perimental purposes or for food. To start autogenic succession, it is necessary to have a set of envi-
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ronmental conditions that make it possible to transition to the next stages of autogenic succession
and the presence of species that form the biocenoses of the ecosystems of these stages. If these re-
quirements are not met, the self-development of ecosystems stops in the form of a catastrophic
climax.

The autogenic dynamics of ecosystems of isolated extraterrestrial stations is undesirable for
their living and working spaces, but may be useful for those where it is planned to grow organisms
for utilitarian purposes.
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