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The article discusses the problem of finding theoretical foundations for terraforming. At the same time, the meaning of the concept
of terraforming expands beyond its narrow understanding as environmental changes on other planets. The research aims to improve
and unify the theory of ecosystem dynamics and increase the efficiency of reclamation methods and natural vegetation restoration. The
purpose of the study is to develop theoretical foundations for various terraforming procedures. Following the goal, the following tasks
are set: to give a general definition of the terraforming process from the standpoint of astroecology and to determine the theoretical
basis for the classification of terraforming procedures. The research materials are standard geobotanical descriptions made in the place
of restoration of vegetation after disturbances in the period from 2004 to 2024. Descriptions are made using route-expedition
and stationary methods according to standard methods. The resulting standard geobotanical descriptions are classified according to
the principles of the Brown Blanke ecological and floristic school. In the course of the research, the process of terraforming was
considered for the first time in a broad context and its existing procedures were classified. The obtained results can be used during
the development of reclamation algorithms, restoration of settlements after violations, and in the process of space exploration. As
a result of the study, it was established that terraforming is a local or global change in the environment of the planet or an artificial
structure, which shifts the indicators of environmental factors to the optimum of the human ecological spectrum. Terraforming
corresponds to evolutionary and successional changes in ecosystems. Initially, it is an allogeneic succession that can, under favorable
conditions, trigger autogenic and evolutionary processes. The basis for the classification of approaches to terraforming is the spatial
characteristics of the territory where it occurs and the controllability of its processes by man. Key words: anthropogenic transformation,
space expansion astroecology.

Teoperuuni ocHoBH KJaacupikauii meToniB TepadopmyBanns. Xom’sik I.B., Ounmyk LII., Bacunenko O.M.

VY crarTti 00roBoproeThCs mpodiiemMa MOUIyKy TEOPETUYHUX OCHOB 1Uisl TepadopmyBanHs. [Ipu mbomy, cMuci HOHATTS TepadopMy-
BaHHS PO3IINPIOETHCS 38 MEXKI HOTO BY3bKOTO PO3YMiHHS, SIK 3MiHH HaBKOJIMIIIHEOTO CEPEIOBHUINA Ha IHIINX IUTaHeTaxX. JloCmimKeHHs
HarpaBJICHE Ha BJOCKOHAJICHHS Ta YHi(iKaliio Teopii JUHAMIKH €KOCHCTEM, a TAKOXK Ha ITiJIBUIIEHHS ¢()EKTHUBHOCTI METOJIIB PEKyIIb-
THBALil Ta BIZIHOBJICHHS [IPUPOHOI POCIMHHOCTI. METOr0 TOCIIIKEHHS € PO3pO0Ka TEOPETUYHNX OCHOB JUISl PI3HUX HPOLEAYp Tepa-
(dopmyBaHHS. BinmosigHo 10 MeTH OCTaBIICHI TaKi 3aBIaHHS: JaTH IIUPOKE BU3HAYCHHS Mpolecy TepadopMyBaHH 13 MO3MILIH acTpo-
€KOJIOTIi Ta BU3HAYUTH TEOPETUUHY OCHOBY JJIs Kitacudikauii nmpoueayp tepadopmyBanHs. Matepianamu J0CITIDKSHHS € CTAaHAAPTHI
reo0O0TaHIuHI OMKCH 3pO0JIeH] B MiCIli BIIHOBJICHHS POCIHHHOCTI MICIs MOpylieHs B nepion i3 2004 mo 2024 poku. Onwrcu 3po0iieHO
MapIIpyTHO-eKCIEUIIIHHIMI Ta CTAI[lOHAPHUMH CIIOCOOaMH 3a CTaHAAPTHUMH MeTomukamu. OTpuMaHi cTaHAapTHI reo0OTaHIvHI
onucH KiIacu(ikoBaHO 3TiAHO 13 MPHUHIMIIAME eKoJloro-(iopuctuHoi mkonu bpayn branke. Y mporeci goCmiKeHHS BOEpILIE poO3-
IISTHYTO Tpoliec TepadopMyBaHHs B IIMPOKOMY KOHTEKCTI Ta 3[iiiCHeHO kiacudikariio 11 icHyrounx npoueayp. OTpumani pesynsratu
MO)KHa OyJie BUKOPHCTOBYBATH il 4ac PO3POOKH aJITOPUTMIB PEKyJIbTHBALi, BITHOBICHHS OCEJHII Micisl HOpPYIIEeHb Ta B MPOLEC]
OCBOEHHSI KOCMOCY. Y pe3ynbTari JOCIiHKESHHS BCTAaHOBJIEHO 10 Tepad)OpMyBaHHS — Ii¢ JIOKJIbHI a00 1100aibHi 3MiHU cepeoBHIna
IUTaHeTH a00 IITYYHOI KOHCTPYKIIi, SIKi 3MIIIYIOTh TIOKa3HUKH EKOJIOTIYHUX (DAKTOPIB O ONTHMYMY €KOJIOTTYHOTO CHEKTPY JIOAUHH.
TepadopMyBaHHs BiAIIOBia€ SBOMOLIKHUM Ta CyKIECIHHIM 3MiHaM B ekocucTeMax. CriouaTky BOHO € aJOreHHOIO CYKIIECIEr0, sKa
MOJXKE 32 CIIPUSTIIMBUX YMOB 3aITyCTHTH aBTOTCHHI Ta eBOMIOLHHI nporiecu. OcHOBOIO JuTsl Kiacuikaii migxoais 10 TepadopMyBaHHs
€ IIPOCTOPOBI XapaKTEePUCTHKU TEPUTOPIi, & BOHO BiI0YBa€ThCS Ta KEPOBAHICTIO HOTO MPOIECiB JIIOANHOI0. Kn70u06i ciosa.; aHTPOIIO-
TeHHA TpaHC(POPMAIlist, KOCMiUHA EKCITaHCisl, aCTPOEKOJIOTIs.

Introduction. Statement of the problem. When we
talk about the practice of terraforming, we often see it
as a perspective of the distant future. However, this is
the story of our past and present. Terraforming is often
understood as the transformation of another planet into
one that will be as close as possible to our home planet
[1]. Already in this definition, it is laid down that we
understand terraforming very closely. However, we will
never get a copy of our planet, in which we will have
a combination of a complete set of biogeocenous eco-
systems or biomes of the Earth. We will have new eco-
systems, some of which will only slightly resemble the
ones we are used to. There will be areas that have not

terraformed and completely new ecosystems that have
no analogues on our planet. The main thing that we will
achieve is a functional exobiosphere, which will allow
us to function relatively comfortably and safely in the
natural environment of the planet. So, in a broad sense,
the concept of terraforming is a change in the environ-
ment with the approximation of the indicators of its fac-
tors to the optimum of the human organism [2].

The human body evolved in certain environmental
conditions and as a result, adapted to it. Its ecological
tolerance is somewhat wider under the condition of the
primary range, but not enough to explain the global settle-
ment of humanity on the surface of the planet. This was
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achieved by changing the conditions of the microenviron-
ment. From clothing and the use of fire to housing and
the manufacture of tools — all these changes in the envi-
ronment are directed towards its optimal primary condi-
tions. Thus, man from the beginning of his history chose
expansion using local terraforming of the habitat as one
of the main evolutionary advantages [3]. In our time, the
practice of building housing, landscape design of settle-
ments, changes in agricultural land, creation of objects of
a nature reserve fund, or recreational infrastructure, like
the construction of space stations outside our planet, is
terraforming in the broadest sense of the word.

However, despite thousands of years of practice, we
make mistakes all the time when doing terraforming.
This, first of all, is connected with the pressure of earthly
chauvinism, born from the frequent forgiveness of our
mistakes in the short term from the side of earthly eco-
systems. When we move on to more clearly defined tasks,
such as the reclamation or restoration of ecosystems, the
creation of space stations, or experiments like "Biosphere
2", we understand how superficial and incomplete our
theoretical knowledge is. This leads to excessive irra-
tional costs, on individual tasks of terraforming, and the
inability to overcome environmental crises and risks dur-
ing the development of outer space [4].

Research relevance. The study of the theoretical
foundations of terraforming is relevant at the national
and international levels. Due to the tough military con-
frontation with the terrorist country, Ukraine faced the
difficult task of restoring the elements of the environ-
ment affected by hostilities. In the conditions of a critical
shortage of finances and technical means, we are forced
to carry out the procedures of restoration ecology as
efficiently as possible [5]. Also, the high efficiency of
such actions should be in the process of assimilation of
outer space, which has become more active recently. It
is impossible to achieve such efficiency without devel-
oping the basic theories of terraforming. In connection
with this, the research carried out in this direction is
extremely relevant.

The connection of the author's work with impor-
tant scientific and practical tasks. Our research is
aimed at improving and unifying the theory of ecosys-
tem dynamics, as well as improving the effectiveness
of methods of reclamation and restoration of natural
vegetation.

Analysis of the latest research and publications.
From the point of view of astroecology, terraforming is a
type of allogenic dynamics of ecosystems [4]. However,
it includes elements of the evolution of ecosystems,
as a result of the transfer of invasive species of trans-
formers beyond their ranges with the formation of new
ecosystems. Also, during terraforming, there are auto-
genic processes, when transferred species independently
transform econiche packages. In other words, we have
a combination of allogenic and autogenic successional
processes against the background of anthropogenically
activated evolution of ecosystems. On the one hand,

according to its energy-dynamic characteristics, this
is a typical successional process, but in essence, each
link of the successional chain is a new ecosystem that
corresponds to the definition of evolution. When this
process takes place within the boundaries of the Earth
and involves aboriginal species, it will be a classical suc-
cession. When this occurs outside the terrestrial natural
environment or the introduction of edifiers is used, then
this is classic ecosystem evolution.

The process of terraforming combines syngenesis,
when species coordinate coexistence within a certain
ecosystem, and endoecogenesis, when their life activity
changes the abiotic environment [6]. These changes will
accumulate until a certain critical limit is reached, when
the econiches will be restructured with the formation of
another ecosystem.

The task of terraforming is such changes in the envi-
ronment that shift it to the optimal values of most factors
of the human ecological spectrum. Based on the evolu-
tionary history of man, it will be the environmental con-
ditions in tropical savannas immediately after the end
of the rainy season. These conditions cannot be created
even on the entire surface of our planet. That is, these
changes will be local.

The fact that humman was able to go beyond the
borders of his original area was realized thanks to local
terraforming [7]. Humans began to make clothes, build
houses, and use fire and hunting tools. These are all also
examples of local terraforming. On a larger scale, man
most often spontaneously changed his environment,
which often led to the depletion of resources, and as
a result, the extinction of certain tribes or the stimula-
tion of their further migration. There are also examples
of terraforming that is positive for hunting tribes. For
example, in North America, certain tribes have struggled
with reforestation because bison and other populations
of animals are more numerous on the prairies.

Highlighting previously unsolved parts of the
general problem, to which the specified article is
devoted. Nowadays, local terraforming is carried out
within premises or settlements, during the restoration of
plant cover disturbed by production or natural disasters.
Also, such a demand arises during space exploration. At
the same time, there are risks for extraterrestrial aborigi-
nal biota that may not withstand competition with terres-
trial species and dangers for astronauts living on space
stations [8].

Scientific novelty. For the first time, the process of
terraforming in a broad context was considered and its
existing procedures were classified.

Methodological or general scientific significance.
The results of the research can be used during the devel-
opment of reclamation algorithms, restoration of habitats
after breaches, and in the process of space exploration.

Purpose and objectives of the study. The purpose
of'the study is to develop theoretical foundations for var-
ious terraforming procedures. Following the goal, the
following tasks are set:
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Give a broad definition of the terraforming process
from the standpoint of astroecology

Determine the theoretical basis for the classification
of terraforming procedures

Create a preliminary classification of terraforming
procedures

Materials and methods of research. The research
materials are standard geobotanical descriptions made in
the place of restoration of vegetation after disturbances
in the period from 2004 to 2024. Descriptions are made
using route-expedition and stationary methods accord-
ing to standard methods [9]. The resulting standard
geobotanical descriptions are classified according to the
principles of the ecological and floristic school of Braun
Blanke using the «Turbowegy» program [10]. Indicators
of environmental factors were determined by the syn-
phytoindication methods using the «Simargl» software
package [11].

Presentation of the main material. Scientific clas-
sification of natural objects or functions is not a simple
sorting of them by a set of features. Classification is still
a research and forecasting tool. A well-made classifica-
tion can overtake scientific theories that existed at the
time of its creation. A great example is the Mendeleev-
Meier classification of chemical elements. Thanks to
her, it was possible not only to predict the existence of
unknown elements but also to reconcile the position
with the quantum theory of the placement of electrons,
which was discovered half a century later.

The classification of different types of terraforming
is difficult to build based on a minimum of fundamen-
tal features. Therefore, in order to cover all varieties
of terraforming in the broad sense of the word, we are
forced to choose several signs. They are related, first of
all, to the spatial characteristics of the territory where
terraforming takes place, and the controllability of the
processes by humans. As for the latter, we should divide
all its types into two groups: spontaneous and planned
processes. Life is ubiquitous and resilient enough for
extreme travel. Within the limits of our planet, all its
surface everything is saturated with its representatives,
so as soon as the edaphic and climatic conditions allow
it, life quickly settles on its own in unoccupied territory.
To keep its resettlement under control, you need to con-
stantly spend a lot of resources. The same thing happens
outside the natural part of the biosphere. Despite our best
efforts to sterilize spacecraft, terrestrial organisms con-
stantly penetrate them and spread through space. This is
especially noticeable in manned spaceships and stations.
Therefore, regardless of where we are going to carry out
terraforming and how we will do it, its spontaneous pro-
cesses will act in parallel.

The presence and possibilities of spontaneous terra-
forming processes allow us to plan our actions taking this
into account. In this regard, we can only change the abiotic
conditions without deliberately settling selected groups of
living organisms on the territory; to populate the biota and
not interfere in the course of its settlement, syngenesis and

endoechogenesis; combine changes in the abiotic environ-
ment with the cultivation of certain groups of biota.

Terraforming can be carried out both in individual
local areas or in a conditionally closed space, and in
open spaces, even on the scale of the entire planet. In
this regard, we can distinguish a number of localities
according to their scale and area (table 1).

Table 1
Examples of localities were selected for
terraforming, which were classified using features
of area and scale

Examples of localities were
selected for terraforming

Clothes, space suit

Type of localities

Environment of one
organism.

Group environment

Earth vehicle, spacecraft, space
station compartment

A house, a residential area, a space
station, or a fragment of a natural
tract.

Quarry, natural tract, local
biocenous ecosystem

Local

Tract.

Several tracts are interconnected,
such as the headwaters of a river
with the catchment basin of the
source from which it begins

A large, relatively uniform area of
the planet's surface

The whole planet.

Landscape

Biome

All-planetary

When we talk about different approaches to terra-
forming, which differ among themselves in terms of
spatial characteristics, we must understand that their
isolation is conditional, relative, and incomplete. Even
from the space station, representatives of the biota will
penetrate into the environment. And we have to admit
that there is a non-zero probability that they will find
a breeding ground for themselves. This probability
depends on two factors — the proximity to the optimum
indicators of the factors of this environment and the
amount of biota that goes beyond the zone for terraform-
ing. In our planet's conditions, this regularity is perfectly
illustrated by the use of invasive species of transformers
(for example, Robinia pseudoacacia) for reclamation or
other hydromelioration works. That is why, when using
any terraforming method, we must take these risks into
account and reduce their probability [12].

On the other hand, the principle of interpenetration
of biota and abiotic components between neighboring
ecosystems is a guarantee of their more sustainable
existence. For example, these are forest strips around
agroecosystems, green areas in urban development, or
swamps surrounded by forests near the source of the
river. Therefore, when carrying out terraforming in order
to obtain the necessary environmental conditions in a
certain local area, it is desirable to influence the neigh-
boring areas connected with it ([13]).
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Main conclusions. Terraforming is a local or global
change in the environment of the planet or an artificial
structure, which shifts the indicators of environmen-
tal factors to the optimum of the human ecological
spectrum.

Terraforming corresponds to evolutionary and
successional changes in ecosystems. Initially, it is

an allogeneic succession that can, under favora-
ble conditions, trigger autogenic and evolutionary
processes.

The basis for the classification of approaches to ter-
raforming is the spatial characteristics of the territory
where it occurs and the controllability of its processes
by man.
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