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ExoJioriuna 0e3nexa mo3azeMHHUX NOCEJIEHD

SECURITY OF ISOLATED EXTRATERRESTRIAL SETTLEMENTS: AN
ECOLOGICAL APPROACH

Khomiak 1.V.
Doctor of Biological Sciences, Professor of the Department of Ecology and Geography of the Ivan
Franko Zhytomyr State University, Zhytomyr, Ukraine

To increase the volume of the text by approximately 30% while maintaining an academic tone and
high level of detail, I have expanded the discussion on historical contexts, technological specificities (such
as ISRU and the Sabatier process), and the physiological and psychological challenges of extraterrestrial
habitation. This version provides a more profound analysis suitable for a comprehensive scientific
publication.The Evolution and Typology of Extraterrestrial Anthropogenic Systems: From Enthusiastic
Vision to Ecosystem AutonomyThe trajectory of human extraterrestrial activity, spanning from early
twentieth-century speculative fiction to the threshold of permanent lunar habitation, follows a distinct
phasic progression. This development is not merely technological but is profoundly determined by shifts in
the underlying technological substrate, global economic drivers, and prevailing socio-political paradigms.
The initial phase, which could be termed the era of «theoretical romanticism,» was built upon the purely
visionary concepts of isolated enthusiasts. Figures such as Tsiolkovsky, Oberth, and early science fiction
writers provided the intellectual spark, yet their limited resources restricted their output to complex
mathematical formulas, rudimentary conceptual modeling, and preliminary designs that often seemed
technologically unachievable. A pivotal transformation in this paradigm occurred in 1926 with Robert
Goddard’s successful launch of the first liquid-fueled rocket in Auburn, Massachusetts. While this vehicle
reached a meager altitude of 12.5 meters, it fundamentally proved that liquid propulsion — a key to orbital
flight — was technically feasible, marking the definitive transition from abstract speculation to the realm of
experimental ballistics.This experimental phase continued in parallel across multiple nations. By 1937,
Goddard’s improved L-series rockets demonstrated significant progress, achieving vertical altitudes of 2,5—
3 km. Concurrently, in Germany, Wernher von Braun began experimenting with his A-2 (Agregat-2) series,
reaching 2.2 km above the island of Borkum in 1934. In the USSR, Sergei Korolev and the GIRD group
launched the GIRD-09 rocket in 1933, reaching 400 meters, with later models achieving 1.5 km.

The context of the Second World War radically catalyzed rocketry, transforming it from a niche
scientific pursuit into a prioritized strategic industry, primarily driven by the Third Reich. Von Braun’s
subsequent A-4 (V-2) project, though designed as a weapon, became the first man-made artifact to cross

the Karman Line (100 km), reaching an apogee of 188 km during vertical tests in 1944.



This event established the necessary aerospace engineering foundation for overcoming the
stratospheric barrier and entering the space vacuum.Following the war, the capabilities demonstrated by
the V-2 were coveted by Allied powers, initiating the «Space Race» within the broader context of the Cold
War. Space exploration during this period was inherently political; early milestones — such as the 1957
launch of Sputnik 1 and Yuri Gagarin’s 1961 orbital flight — were valued primarily for their propaganda
impact, demonstrating technological and ideological superiority to the opposing bloc. Scientific objectives
often played a secondary role to national prestige. This phase, however, concluded with the collapse of the
USSR and the formal end of the Cold War, leading to a decade of reduced funding and international
cooperation, exemplified by the ISS program. The contemporary era is defined by a distinct
commercialization and the introduction of reusable carrier systems, primarily driven by private entities such
as SpaceX. This transition has led to a strategic pivot: while ambitious public-facing projects, such as the
rapid colonization of Mars, were initially used as powerful tools for attracting public attention and investor
capital, the primary vector of space programs has now shifted pragmatically and decisively toward lunar-
centric development.This modern «Lunar Race» focuses on the Moon not as a final destination, but as a
strategic hub for resource extraction and future deep-space exploration, utilizing the concept of In-Situ
Resource Utilization (ISRU). Proponents and financiers are targeting specifically the Moon’s potential
reserves of Helium-3 for fusion energy, titanium extraction from ilmenite, and rare metallic deposits
(cobalt, nickel, platinum-group elements) brought by meteorites. Establishing production facilities on the
lunar surface or in orbit would allow for manufacturing that is prohibitively expensive to conduct on Earth
due to the cost of lifting heavy materials into orbit. The impending deployment of permanent infrastructure
within the NASA-led Artemis framework is essential for validating these ISRU technologies and creating
a sustainable off-Earth manufacturing base.From a comprehensive systems analysis perspective,
extraterrestrial objects can be categorized based on their degree of thermodynamic and biological isolation
and their integration with the surrounding environment.

We can define Type I systems as those typical of current orbital stations: hermetically sealed
environments with minimal internal autonomy. While these stations employ Sabatier reactors to regenerate
a portion of their oxygen and water, the methane byproduct of this reaction is currently a waste product that
must be removed. To increase Type I autonomy, a more scientifically robust approach would involve
integrating bioreactors utilizing methanotrophic bacteria, such as Methylococcus capsulatus, to synthesize
edible biomass. Alternatively, methane could undergo catalytic pyrolysis to produce valuable materials like
carbon nanotubes, silicone, or polyvinyl chloride polymers. Type II systems, situated on planetary surfaces
such as the Moon or Mars, utilize their local mineral base (regolith) as the primary resource for constructing
larger internal volumes. These stations can develop quasi-closed cycles by leveraging regolith as a growing
medium and the station’s size to provide buffers, thereby organizing autonomous food production and

essential material synthesis. Type III systems represent the theoretical horizon of fully autonomous
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planetary biospheres, achieved through comprehensive terraforming. However, within our Solar System,
this remains a distant future prospect: Venus is too hot for terraforming, and Mars is too cold, lacks an
atmosphere capable of blocking cosmic radiation, and has dangerously low gravity.Ultimately,
transitioning to a permanent human presence on either the Moon or Mars requires replacing the traditional
anthropocentric «factor control» model, which relies on adjusting simple indicators, with a sophisticated
ecosystem approach based on ecological niches. An isolated extraterrestrial station must be conceptualized
not merely as a habitat, but as a complex, self-sustaining consortium. In this ecosystem, humans must be
integrated into a system of trophic (feeding) and topical (spatial) relationships with plants, fungi, and
microbiota that are inextricably linked for survival.

The station’s design must zoning internal space to create diverse niches for organisms grown for
food, fuel, materials, and mental comfort, while simultaneously regulating against harmful species that may
thrive in an enclosed environment. Social ecology must also be accounted for, ensuring that the station’s
stable social dynamics align with the Dunbar number to prevent psychological maladaptation. The most
significant and persistent abiotic challenge remains gravity. Low gravity, on the Moon is g=1.62 m/s?
(16.5% of Earth’s), and on Mars g=3.71 m/s* (38% of Earth’s), compromises human health over the long
term and inhibits many vital processes in Earth-adapted organisms. Therefore, extraterrestrial systems must
either function on limited, rotational shifts (approximately 2 years) or necessitate the construction of giant,
rotating, centrifugal systems to provide artificial gravity, maintaining human physiological stability and
off-Earth sustainability.

References

1. Cockell C. S., Green D. A., Caplin N. [et al.]. BioMoon: a concept for a mission to advance
space life sciences and astrobiology on the Moon. Discover Space. 2024. Vol. 128, no. 1. Art. 5.

2. Duri L. G., Caporale A. G., Rouphael Y. [et al.]. The potential for lunar and martian regolith
simulants to sustain plant growth: a multidisciplinary overview. Frontiers in Astronomy and Space
Sciences. 2022. Vol. 8. Art. 747821.

3. Khomiak I. V., Onyshchuk I. P., Vasylenko O. M. Theoretical basis of classification of
terraforming methods. Ecological Sciences. 2024. No. 4 (55). P. 234-237.

4. Khomiak I., Onyschuk I., Khomiak O. Analysis of the relevance of astroecological research.
Exonoriuni Hayku. 2024. Ne 2. C. 35-38.

5. Khomiak I., Vasylenko O. Using the rules of natural recovery of ecosystems for the process
of revegetation and terraforming. Ekologia i racjonalne zarzadzanie przyroda: edukacja, nauka i praktyka :
materialy z miedzynarodowej konferencji naukowo-praktycznej (Lomza — Zytomierz, 15.11.2023 r.).

Lomza : MANS w Lomzy, 2023. Cz. 1. S. 199-203.



6. Liu H., Yu C. Y., Manukovsky N. S. [et al.]. A conceptual configuration of the lunar base
bioregenerative life support system including soil-like substrate for growing plants. Advances in Space
Research. 2008. Vol. 42, no. 6. P. 1080—1088.

7. Nelson M., Hawes P. B., Augustine M. Life systems for a lunar base. The Second Conference
on Lunar Bases and Space Activities of the 21st Century : proc. conf. Houston : NASA Johnson Space
Center, 1992. Vol. 2.

8. Onyschuk 1. P., Khomiak I. V. The use of the complex action of environmental factors in the
process of space colonization. Ecological Sciences. 2022. No. 3 (42). P. 107-110.

9. Romano D., Di Giovanni A., Pucciariello C., Stefanini C. Turning earthworms into
moonworms: Earthworms colonization of lunar regolith as a bioengineering approach supporting future
crop growth in space. Heliyon. 2023. Vol. 9, no. 3. Art. e14344.

10. Imyx P., Xom’sak . B. BrumB pi3HUX TUITIB JTaHIIA()THUX €KOCHCTEM Ha IMCHUXOEMOLINHHY
cdepy monunu. CyuyacHi npobiaemMu eKojIorii Ta reorexHosorii : 30. Hayk. mp. XXuromup : Bun-so XKATY,
2011. C. 223.

11. Imyk P, Xom’sax 1. B. PiBeHbp NCHXIUYHOI aJanTOBAaHOCTI JIIOAMHU B PI3HUX THIAX
nanamadTHUX exocucteM. bionoriuni mocmimxenHs — 2011 : marepianu Il Hayk.-mpakT. KoH(]. s
MOJIOIUX Y4eHUX Ta cTyaeHTiB. XKutomup : Bun-so XK1Y, 2011. C. 19.

12. Xom’ssk I. B. BimHOBIIOBaHa €KOJIOTiSE Ta aCTPOCKOJIOTIA: CTaJIMA  PO3BHUTOK.
Corioexonoriuni npoOneMu KojoHi3alii kocmocy Ta Tepadopmanii. Marepianu VIII JKuromupcebkoro
acTpoekoJoriqyaoro ceminapy (14 6epesns 2025 p., M. XKutomup). XKuromup : Buna-Bo XKV im. I. dpanxka,
2025. C. 48-52.

13. Xom’sk I. B. I'moGanbHi ekonoriyHi npoOieMu 3 TOUKH 30py acTpoekosorii. Exomoriyni
Hayku. 2021. Ne 6 (39). C. 154-157.

14. Xom’sik O., Xom’sik 1. [ToxsiiiHa kopHucTh acTpoekosorii. ETnyHi Ta exonoriudi nmpodiemu
KOJIOH13aIli1 KOCMI4HOTO TIPOCTOPY : 30. T€3 JOMOBIIEH HayK.-IIPAKT. CeMiHApy CTYJCHTIB Ta actipaHTiB (16
6epesns 2024 p.). Kutomup : Bun-so XV im. I. @panka, 2024. C. 11-21.

15. UYepnsiera O. I1., 3onenko 1. C., Jlemenko JI. €., Xom’sx 1. B. BigHoBneHHs mpupogHOi
POCIMHHOCTI Ha MOPYILIEHUX E€KOTONax — OCHOBAa /s TepaTpaHchopMaliiHuUX Mojenei. YKpaiHCbke
[Tomicest: mpobieMu Ta TPEHAM Cy4acHOTO PO3BHUTKY : Marepiaiu Il Bceykp. Hayk.-mpakT. koH¢. HixuH :
HAY im. M. Toromns, 2022. C. 56-59.

16. lamonina M. 1., Xom’sk 1. B. Teparpancdopmariiiinuii moTeHIian npeAcTaBHUKIB POLY
ocokoBi (Carex) B mporeci pekynbruBaiii. CydacHi mpooiemu exosnorii : Te3u X VIII Bceykp. Hayk. on-line
KOH(. 3100yBaviB BHIIOi OCBITH 1 MOJIOAMX y4eHHX 3 MikHAp. ydacTio (06 xoBTHS 2022 poky). Kutomup

: dKutomupceka nomitextika, 2022. C. 101.



TeopeTu4yHa acTPOEKOJIOTisI

YK 903.21"632":551.583.7:523.31-327(477.42)

THE INFLUENCE OF COSMIC CYCLES ON THE SPATIAL LOCALIZATION OF
UPPER PALEOLITHIC SITES OF THE SLOVECHANSKO-OVRUTSKYI RIDGE

Nenyuk D.O.

Student of the specialty "E2 Ecology" of the Ivan Franko Zhytomyr State University

Khomiak I.V.

Doctor of Biological Sciences, Professor of the Department of Ecology and Geography of the Ivan
Franko Zhytomyr State University, Zhytomyr, Ukraine

In the contemporary epoch, the precision of paleoclimatic forecasting has transcended academic
curiosity to become a cornerstone of global ecological security. Despite the exponential trajectory of
technological sovereignty, modern civilization remains fundamentally tethered to the stability of planetary
ecosystems, exhibiting a vulnerability strikingly analogous to that of Upper Paleolithic Homo sapiens.
Investigating the causal nexus between long-term orbital oscillations—specifically Milankovitch cycles—and
the distribution of Pleistocene settlements does more than reconstruct anthropogenic history; it establishes
a high-resolution diagnostic framework for assessing current civilizational resilience. By integrating paleo-
data with the analysis of ancestral survival strategies, we can model human responses to environmental
crises with greater predictive accuracy. Consequently, the retrospective study of ancient communal
persistence serves as a critical instrument for the development of robust ecological protocols in an era of
rapid climatic flux.The reconstruction of Late Pleistocene ecosystems across the Central and Eastern
European periglacial zones is extensively represented in the current literature. International and regional
scholarship has generated a robust corpus of data concerning the habitats of the Last Glacial Maximum
(LGM), particularly during the Valdai (Weichselian) glaciation (~24,000—18,000 BCE). Research indicates
the emergence of a specialized periglacial forest-steppe, a biome dominated by cold-adapted "mammoth
fauna" (Markova et al., 2002). Advanced paleoenvironmental restorations have utilized isotopic signatures
of oxygen and carbon extracted from megafauna dental enamel to achieve granular insights into historical
thermal regimes and moisture availability (Szymanek, 2012).

In the Ukrainian context, scholars such as Matviishyna and Doroshkevych (2013, 2017) have
meticulously analyzed the formative conditions of archaeological strata in Western and Central Ukraine,
notably at the Doroshivtsi III site. These inquiries emphasize the socio-technological adaptations of

Gravettian populations, detailing how shifting environments dictated innovations in subterranean dwelling
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construction, resource economization, and the osseous processing of hard animal tissues (Wilczynski et al.,
2024).

However, a significant analytical gap persists regarding the Slovechansko-Ovrutskyi Ridge,
particularly the Zhelon, Klinets, and Kelembet localities. Historically, archaeological investigations in this
region, most notably by D.Ya. Telegin, were primarily typological and lithic-centric. While these surveys
confirmed the presence of specialized megafauna hunters within loess-like loams, they failed to delineate
the direct causal relationship between astronomically-driven climatic cycles and localized settlement
patterns. Previous research has not adequately addressed how global orbital forcing manifested within the
specific geomorphology of the ridge. Specifically, the mechanisms of microclimatic selection remain
obscure: the rationale for inhabiting promontory-oriented slopes, the influence of varying insolation on
hydrological stability (particularly at the Bolonka River headwaters), and the precise ways in which
astronomically-induced aridization triggered socio-economic transitions at this specific locus (Khomiak et
al., 2022).

The primary objective of this study is to elucidate the impact of multi-scale climatic fluctuations on
the developmental trajectory, functional logic, and spatial migration of Upper Paleolithic communities
within the Slovechansko-Ovrutskyi Ridge. The object of inquiry is the Zhelon site (and its adjacent
localities), analyzed as a human habitat under the pressure of unstable environmental parameters. The
subject involves the evolutionary characteristics of the site’s spatial localization under the influence of
global orbital forcing. We seek to determine the correlation between thermal shifts and the specific
utilization of the ridge’s topography as a wind and thermal buffer.To achieve these goals, we employ a
multi-proxy ecological reconstruction method. A critical component of this involves the analysis of a
specific bio-marker recovered from the Bolonka River area: the proximal epiphysis of a Rangifer tarandus
L. (reindeer) tibia. This specimen exhibits unequivocal evidence of anthropogenic processing, including a
percussion impact below the fracture line and a medial incision, likely executed for the extraction of high-
caloric bone marrow and fats. This find serves as a definitive biological proxy for the southward expansion
of subarctic conditions and allows for the precise mapping of the faunal environment surrounding these
Cro-Magnon populations.Furthermore, we utilize paleoclimatic databases to correlate the occupational
phases of the Zhelon site with the specific phases of Milankovitch cycles—analyzing changes in orbital
eccentricity and axial precession to quantify the duration and intensity of cooling events.

The most granular results are derived from stratigraphic and sedimentological analysis. In the
vicinity of the Bolonka River, we observe a dynamic succession of sediments characterized by layers
containing pyrophyllite fragments. The riverbed currently rests upon pink Ovruch quartzite outcrops with
pyrophyllite inclusions. The stratigraphic profile where the fossil was recovered indicates either significant
horizontal migration of the paleochannel or its periodic desiccation over a 40,000-year interval.Detailed

investigation of these geological rocks will clarify how archaeological layers were preserved during the
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Valdai glaciation and, more importantly, how the specific relief of the Slovechansko-Ovrutskyi Ridge
functioned as a geo-protective "refugium." This topographic barrier likely provided essential shelter from
katabatic winds and optimized solar gain, creating a viable microclimatic niche amidst a harsh periglacial
landscape. Ultimately, this research aims to transform our understanding of the ridge not merely as a
location of lithic finds, but as a complex, astronomically-modulated habitat where prehistoric humans

navigated the precarious balance of civilizational survival.
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Hmurepuyk E.C.
crynent 336a-Exon
JKutoMupchKoro ep:kaBHOTO yHiBepcHTeTy iMeHi [Bana dpanka,

M. JKuromup, Ykpaina

AKTHBI3a1isl TPOrpaM JOBTOTPUBAJIOIO repeOyBaHH JIIOAUHU Ha MicsIi 3yMOBIIIO€ HEOOX1THICTh
CTBOpPEHHS C(ECKTUBHUX aBTOHOMHHUX CHCTeM kHTTe3a0be3rmeueHHss. CydacHI KOCMIYHI iHIIIaTHBU
CTPSIMOBAaHI He JIMIIIE HA KOPOTKOYACHI eKCIenIIil, a i Ha HopMyBaHHS MOCTIMHUX AOCTITHUIBKUX 6a3. Y
TaKMX YyMOBax OCOOJIMBOTO 3HAa4YeHHs HaOyBae€ OpraHizaiis JOKaJbHOTO BHUPOOHUIITBA MPOAYKTIB
XxapuyBaHHs. JocTaBKa Mpo10BOJIbCTBA 13 3€MJIl € EKOHOMIYHO 3aTPAaTHOIO Ta TEXHIYHO OOMEKEHOI0, TOMY
BUKOPHCTAHHS MICIIEBUX PECYpCIB PO3IIIAJAETbCSA SIK KJIIOUOBUH MPHUHLUI 3a0€3MEUYECHHS €KOJIOTTYHOI
0e3meku Mo3a3eMHUX MoceneHb. ONHUM 13 HAaWUMNEpPCHEKTHBHILIMX PECYpCiB € MICSYHUI peromr —
MOBEPXHEBUI IIap MyXKUX YIaMKOBHX MOPIJ.

MicsiuHMiA  peroyliT  yTBOPHUBCS  BHACHIIOK  0araTOMUIBSIPJIHOTO  BIUIUBY  METEOPHUTHOTO
GoMOapyBaHHS Ta KOCMIUHOTO BHBITpIOBaHHS. MOTo TOBIIMHA KOJIMBAETHCA BiJ KiIHKOX METPiB Ha
PIBHHHAX JI0 IECATKIB METPIB y pailoHaxX CTapoJaBHIX KpaTepiB. 3a rpaHyIOMETPUYHUM CKJIAJIOM PETOJIT
IPeCTaBICHUH MUIONOIOHUMU Ta MIIAHUMHU (PPaKIiMU 3 TOCTPOKYTHOIO (DOPMOIO YaCTHHOK. XiMIUHUH
CKJIaJ] BKJIIOYA€ OKCHIM KPEMHIIO, allFOMIHIIO, KajbIlil0, MarHito, 3aji3a, THTaHy Ta IHIII MiHEpaJbHI
CHONYKU. TakuM YUHOM, DPErojiiT MOTEHLIHHO MoXe OyTH JKEepeloM Makpo- Ta MIKpPOEJIEMEHTIB,
HEOOX1THHUX JJI1 POCTY POCIIHH.

BopaHouac peroiT NpHHIMIOBO BiAPI3HAETHCS BiJ 36MHHUX IPYHTIB. BiH HE MICTUTH OpraHiqHoOl
pPEUYOBUHU, TYMyCy, MPHUPOJIHOI MIKpOOIOTH Ta CTPYKTYpPHHX arperariB, ki (hOpMyIOThCS B yMOBax
010JI0T19HOT JiTLHOCTI. BiACyTHICTH KOMOiMHOT (hpakilii 3HWKY€E HOTO 3AaTHICTh YTPUMYBATH BOJIOTY
MOXKUBHI pedyoBHHU. Kpim TOro, BUCOKa aOpa3uBHICTh YACTUHOK MOXKE MOIIKO)KYBATH KOPEHEBY CUCTEMY
POCJIMH, a HasBHICTh NMEBHUX ()OPM METaJiB 3[aTHA COPUYMHATH TOKCUYHUHN BIUIMB. YCe€ 1€ 3yMOBIIOE
HEOOXITHICTh KOMITJIEKCHOI MOAM(DiKalii peroiiTy nepea Horo BAKOPUCTAaHHSIM Yy CUTBChKOTOCTIOIAPChKUX
UJISAX.

ExcriepumeHTanbH1 JOCIIKEHHS, MPOBEIEHI 13 3aCTOCYBAaHHSAM CHMYJISIHTIB MICSYHOTO TPYHTY,
MiATBEP/KYIOTh MOXKJIMBICTh TPOPOCTAHHS Ta PO3BHUTKY MESKUX POCIWH y HITYYHO MiATOTOBICHOMY
cyocTpati. 30KpemMa, Moka3aHo, 110 JI0/laBaHHs OpraHIYHMX KOMIIOHEHTIB, KOMIIOCTOBAaHUX BiJXO0/iB 2060
O10JIOTIYHO aKTUBHHUX PEYOBMH 3HA4YHO TMOKpamlye (i3HUKO-XiIMiYHI BIACTHBOCTI CEpEIOBHUIIIA.
[lepciekTMBHUM HampsMoM € (GOpMyBaHHS HITYYHOI MIKpOOI1OTH, 110 BKJIIOYAE a30TQiKCyrodl OakTepii,
MIKOpH3HI TpUOM Ta IHII MIKpOOpPraHi3MH, 3[aTHI 3a0e3MeuyBaTi MiHEepali3alilo OpraHigHUX PEIToK i

,[[OCTyHHiCTB MOKUBHHMX €JIEMCHTIB.
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OpnHuM 13 BapiaHTIB BUKOPHCTAHHS PETONITY € HOro iHTerparis B TiAPOMOHHI a00 aepornoHHI
CHCTEMH SK MEXaHIYHOI OCHOBH JUI 3aKpIIUICHHS KOPEHIB. Y TaKOMY BHIIAQJKY >XHBJICHHS POCIHH
3MIACHIOETBCS 33 PAaXyHOK KOHTPOJBOBAHUX MOXUBHUX PO3YHMHIB, IO JO3BOJSIE PETYIIOBATH
KOHIIEHTpAIlil0 MaKpo- Ta MikpoeneMeHTiB. [ToaiOHI cucTemu Bxke anpoOoBaHi Ha OPOITATLHUX CTAHINIAX 1
MOXKYTh OYTH aJanToBaHI 0 YMOB MicsiuHOI 0a3u. BukopucTaHHS perosity sK CKJIaJ0BOi 3aMKHEHOTO
OlopereHepPaTUBHOTO ITUKITY JTI03BOJISIE 3MEHIIIUTH 00CSITH MaTepialiB, Kl TOTPIOHO JOCTABIATH 13 3€MIIi.

BaxnuBuM acnekToM € 3a0e3MedeHHs eKOoJoriyHoi Oe3meku Takoro miaxomy. HeoOximgHO
KOHTPOJIIOBAaTH piBE€Hb MOTCHLIHHO HEOe3MeuHUX MAOMIIIOK, PEryjIioBaTh KHUCIOTHICTH CyOCTpaTy,
3aro0iraTv HAKOIMYEHHIO TOKCUYHUX CHOMYK. Y 3aMKHEHUX CUcTeMaX 0CcOOJIMBOI yBaru norpedye GanaHc
MK  pPOCIMHAMM, MIKpPOOpraHi3MaMu Ta  JIIOJWHOIO. BIigxoaum  JKUTTENISUIBHOCTI  MOXYTh
BUKOPHCTOBYBATHCSI MICJsl BIANOBIAHOI MEPEPOOKU SK JKEPENIo OpPraHiuHUX PEYOBHH, (POpMYIOUU
LUPKYJIALII0 OI0TeHHUX eJIeMEHTIB. TakuM YMHOM CTBOPIOETHCS MOJIENb HMITY4YHOI €KOCUCTEMH, 3AaTHOL
(GYHKIIIOHYBaTH B yMOBaxX 0OMEXKEHUX PECYpCIB.

Kpim arporexHiuyHUX IMepeBar, BAKOPUCTAHHS PETOJIITY Ma€ CTpaTeTriuHe 3HAYCHHS I PO3BUTKY
KOCMIYHOI 1H(]pacTpykTypu. DopmMyBaHHS MICIIEBOI peCypcHOi 0a3u 3MEHIIy€ 3aleXKHICTh Bl 3€MHHUX
MIOCTABOK, ITi/IBUIIYE aBTOHOMHICTh TIOCEJICHHS Ta 3HIKY€E PU3UKH, TIOB’A3aHi 3 epeOosIMH JIOTICTHKH. 3
€KOJIOTIYHOT TOYKM 30py II€ BIJANOBIJA€ MPHUHLUMUIAM CTAJIOr0 BHKOPHCTAaHHS pECYpCiB HaBiTh Y
[103a3€MHOMY CEpEI0BUILLI.

OTKe, MiCTYHHIA PETOITIT MOYKE PO3TIISAATUCS SK ITEPCIIEKTUBHA MiHEpaJIbHA OCHOBA JJISI CTBOPEHHS
IITYYHOTO arpocyocTpary B yMOBax I03a3eMHHUX MocejieHb. lIpore ioro ehexTuBHE BHUKOPHCTAHHS
MOJKJIMBE JIUIIE 32 YMOBH (hi3MKO-XiMiuyHOT 00poOKH, OionoriyHoi Moaudikamii Ta iHTerpanii B 3aMKHEH1
cucTeMu xuTTe3abe3nedeHHs. [lonanpini 1ocmikeHHs MaloTh OyTH CHPSAMOBAHI Ha €KCIIEPUMEHTAIbHE
BHUPOIIYBAaHHS PI3HUX KYJIBTYp Y CHMYJSIHTaX PErojiiTy, ONTHMI3allif0 CKJIaay Ol0JOTiYHUX J100aBOK 1
PO3pOOIICHHS TEXHOJIOT1H JOBFOTPUBAIOTO (PYHKIIOHYBaHHS MITYYHUX EKOCHCTEM Y KOCMIYHMX YMOBAX.
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Dry meadows represent a critical yet increasingly fragile anthropogenic edaphic complex within the
landscape mosaic of Ukrainian Polissia. While often perceived as primordial components of the regional
environment, their contemporary physiognomy is fundamentally a product of long-term co-evolution with
human economic activities. Historically, these ecosystems were maintained through traditional pastoralism
and systematic haymaking, which inhibited the natural successional transition toward shrubland or forest.
However, a radical paradigm shift in land-use strategies—characterized by large-scale hydro-technical
drainage, agricultural conversion, and subsequent land abandonment—has initiated a profound
destabilization of these habitats. Currently, dry meadows serve vital ecosystem functions, including the
maintenance of pedological fertility, regulation of hydrological regimes, and the preservation of stenotopic
floral assemblages. Despite their significance, they remain among the most susceptible biomes to
anthropogenic forcing, necessitating a rigorous scientific reassessment in the context of accelerating climate
change and intensified economic pressure.

The scholarly discourse surrounding the anthropogenic transformation of Polissia’s vegetation
cover is extensive, with significant contributions from researchers such as Khomyak (2018), Danko (2023),
Opytsius (2020), and Yatsyk (2018), alongside collective syntaxonomical studies by Dubyna et al. (2022).
These inquiries have established a baseline for understanding floral dynamics, the proliferation of adventive
species, and the general trajectory of vegetation under human influence. Nevertheless, the existing literature
remains fragmented, often overlooking the nuanced interaction between regional geomorphological
features and global climatic fluctuations. There is a notable lacuna in comprehensive research that
synthesizes floristic, coenotic, and landscape-level approaches to evaluate the long-term consequences of
post-agrarian successions. This study seeks to address these gaps by analyzing the vectors of anthropogenic
impact, assessing the degradation of coenotic diversity, and outlining strategic imperatives for the

restoration of xeric meadow ecosystems.
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Geographically, these meadows are primarily localized within the Main and Small Polissia—
specifically across the Zhytomyr, Rivne, and Volyn administrative regions, and partially extending into
southern Chernihiv. They typically occupy elevated mesorelief positions between paludified depressions
or riparian corridors. These "islands" of fertility are characterized by high mineral availability but are prone
to rapid desiccation (Khomiak, 2018; Danko, 2023). The primary catalyst for their degradation was the
extensive drainage reclamation of the late 20th century, which disrupted the established hydro-isohypses
and initiated a replacement of characteristic hygrophilous and mesophilous meadow species with
xerophytic or eurytopic taxa. Furthermore, the plowing of virgin meadowlands and their subsequent
abandonment has led to the formation of secondary successional communities that bear little resemblance
to the original phytocoenotic structures.

The cessation of traditional grazing (extensification) represents a secondary but equally potent factor
in ecosystem transformation. In the absence of moderate zoogenic pressure, xeric meadows undergo rapid
"shrubification" (autogenic succession), whereby open herbaceous spaces are colonized by ligneous
species, leading to a loss of specialized heliophilous flora. This process is exacerbated by landscape
fragmentation—the bisection of meadow massifs by infrastructure and urban expansion—which reduces the
resilience of isolated populations and impairs gene flow. A definitive marker of these modern shifts is the
aggressive expansion of invasive stenotopes, such as Solidago canadensis and Ambrosia artemisiifolia.
These adventive taxa effectively outcompete native species in disturbed niches, leading to a
homogenization of the floral composition (Oitsius, 2020). This simplification is further accelerated by
pyrogenic factors; frequent anthropogenic fires degrade the soil organic layer and favor the dominance of
a few fire-resistant, unpretentious species at the expense of rare and specialized biodiversity.

Effective conservation of Polissia’s xeric meadows requires a holistic integration of legislative
protection and active ecological management. While the Law of Ukraine "On Flora" provides a formal
framework, practical enforcement often falters in the absence of designated protected status, leaving vast
tracts vulnerable to uncontrolled plowing or drainage. Future strategies must prioritize the restoration of
traditional management regimes—such as controlled mowing and rotational grazing—while simultaneously
employing a landscape-level approach that accounts for the inter-biocoenotic links between meadows and
surrounding forest-mire complexes (Yatsik, 2018). In conclusion, the anthropogenic transformation of dry
meadows in Ukrainian Polissia is a multidimensional process manifesting in diminished taxonomic richness
and reduced ecosystem stability. Identifying and preserving the few remaining low-impact "refugia" is not
merely a scientific priority but a fundamental requirement for the restoration of regional biodiversity and

the mitigation of anthropogenic environmental simplified landscapes.
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Hygrophilous tall-herb macro-communities and riparian-marshland ecotones function as
indispensable structural nodes in the maintenance of landscape-level ecological equilibrium and the
preservation of specialized floral biodiversity. Within this complex vegetation mosaic, the Scirpetum
sylvatici association serves as a quintessential representative of paludal-meadow systems and acts as a high-
resolution bio-indicator for environmental oscillations. The investigation of the successional and
fluctuating dynamics of these coenoses remains a fundamental priority due to their inherent susceptibility
to extra-biotopic forcing. These communities function as sensitive sensors for hydrological disturbances;
even negligible shifts in the groundwater table or the duration of vernal inundation are rapidly translated
into structural modifications within the phytocoenotic architecture. Consequently, the diagnostic analysis
of such associations facilitates the detection of anthropogenic or climatic transformations at their nascent
stages. The Scirpetum sylvatici Ralski 1931 association is particularly indicative in this regard, as it
occupies strategic ecotones at the confluence of mire complexes, wet meadows, and alluvial floodplains. It
provides a niche for a distinctive assembly of obligate hygrophytes, thereby defining the floristic integrity
of the biotope. In the contemporary epoch, the scientific relevance of these studies is amplified by two
converging vectors: the accelerating aridization of continental climates, which induces atypical
hydrological stresses, and the pervasive abandonment of traditional agro-pastoral practices, such as
haymaking, which triggers complex demutation processes and alters the physiognomy of floodplain
landscapes.

A critical synthesis of previous geobotanical literature reveals that scholarly attention has primarily
concentrated on the taxonomical classification and static description of the floristic composition of tall-
herb communities. Studies concerning geobotanical zoning have meticulously mapped the spatial
heterogeneity of plant cover, elucidating the patterns of its formation across disparate physiographic
regions. In particular, research into the topological differentiation of vegetation has demonstrated the
intricate mosaicity of hygrophilous phytocoenoses and their profound dependence on micro-topographic
ecological gradients (Didukh, 2024). Furthermore, specific inquiries into the functional role of individual

taxa, such as species of the genus Epilobium, highlight their association with saturated substrates and their
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utility as early-warning indicators of moisture regime shifts (Fedoronchuk, 2021). Despite this rich
methodological foundation—rooted in the classical and modern works of Didukh, Rozenblit, Fedoronchuk,
Klimovich, and European scholars like Hajkova and Hajek—there remains a critical knowledge gap
regarding the autonomous dynamics of Scirpetum sylvatici in the absence of direct anthropogenic
intervention. The existing data environment often fails to distinguish between transient inter-annual
fluctuations driven by meteorological variability and long-term, directional successional trends.
Furthermore, the mechanisms of internal self-regulation and the thresholds of ecological stability for this
association remain insufficiently theorized, complicating the accurate prediction of its future trajectory
under shifting climatic regimes.

The present study aims to integrate extant scientific datasets with original long-term observations
to elucidate the natural dynamics of the Scirpetum sylvatici Ralski 1931 association. By shifting the focus
from a static sociological object to a dynamic systems approach, we analyze how the phytocoenotic
structure reorganizes in response to fluctuating hydrological inputs. The association typically flourishes in
river floodplains and the peripheral zones of mire systems, characterized by the overwhelming dominance
of the hydro-macrophyte Scirpus sylvaticus. This dominant species generates a substantial annual biomass,
creating a stable micro-environment for a specific assembly of hygrophilous and meso-hygrophilous
associates. The projective cover and vitality of these species directly correlate with the local hydro-isohypse
levels. Inter-annual variability within the floristic core, which includes genera such as Carex, Juncus, and
Epilobium, demonstrates the high ecological plasticity of the association. However, this plasticity is
increasingly tested by the cessation of economic utilization. The accumulation of undecomposed organic
litter (dead biomass) fundamentally alters the sub-canopy microclimate, often suppressing heliophilous
specialists and leading to a reduction in alpha-diversity (Didukh, 2024). Conversely, the periodic emergence
of vacant ecological niches allows for the introduction of pioneer species, reflecting a remarkable structural
adaptability.

Analysis of the compositional changes within the Scirpetum sylvatici association suggests that they
are predominantly fluctuating in nature rather than successional. Seasonal and inter-annual elevations in
groundwater promote the vigorous expansion of hygrophytes, whereas prolonged dry periods facilitate a
temporary increase in the proportion of mesophilic taxa. Such shifts are adaptive responses to cyclical
environmental variability and do not necessarily signify an irreversible successional transition (Hajkova,
2007). Comparison with Central European analogs confirms that while the ecological niches of this
association are remarkably consistent across continental gradients, the specific pace of dynamic processes
is dictated by local land-use history and macro-climatic trends. The trajectory of these meadows is governed
by a tripartite interaction of factors: the hydrological regime, characterized by the amplitude of groundwater

"pulsation"; internal biotic competition, where the vigorous growth of Scirpus sylvaticus may occasionally
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outcompete its associates; and anthropogenic forcing, specifically the presence or absence of systematic
haymaking.

In its natural state, the Scirpetum sylvatici association exhibits a robust capacity for self-regulation,
although sustained departures from its moisture optimum can eventually initiate a transformation of the
coenotic structure. Due to its inherent mosaic architecture, the association functions as a biological buffer,
facilitating the coexistence of disparate ecological groups and ensuring landscape-level resilience. This
ecotone function is critical for biodiversity preservation, as evidenced by the inclusion of such communities
in the official protection lists of Ukraine (2020). Ultimately, the natural dynamics of Scirpetum sylvatici
manifest as a perpetual recalibration of species dominance and spatial organization. Short-term inter-annual
fluctuations must be distinguished from the long-term "thickening" of the dominant, which might limit
diversity, or the regeneration of the floristic core following the restoration of moisture conditions.
Understanding whether a detected change represents a temporary meteorological response or a permanent
successional shift requires multi-decadal monitoring. Only through such longitudinal observation can we
develop adaptive management strategies that preserve the nature conservation value of these hygrophilous

tall-herb systems amidst an increasingly unpredictable global climate.
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Nowadays, when the number of space explorations is increasing, the question of the life of people
and other living beings of the Earth on other planets (especially on the Moon) is increasingly being studied,
the task of ensuring our livelihoods there is very important. Studies have already shown that we can grow
some crops (such as garlic, onions and others) on imitation of lunar regolith. But there is no information

about how ecologically plastic and vegetatively active species can spontaneously spread. The relevance of
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the research is to identify the ability of resistant plants to colonize extreme substrates, in order to use this
model in the future to predict the chances of forming such colonies on extraterrestrial substrates.

Description of aspects of the problem that are not sufficiently studied: although research on the topic
of growing various plants has increased, there are many unexplored moments. Today, the following
research tasks are relevant:

. The behavior of ecologically plastic and vegetatively active plants, such as Elymus repens
and similar species, has hardly been studied.

. The long-term viability of such plant communities on such regolith imitations, as well as the
possibility of performing repeated cultivation cycles on the same regolith.

o The behavior of such species under the condition of adding additional fertilizers to the
composition of lunar regolith imitations

o The behavior of such species under changes in various climatic conditions, such as the
amount of moisture, light temperature and under the condition of competition with other species.

o The quality of the species’ spread and the growth rate of this species compared to other
substrates.

The aim of the study is to experimentally compare the germination and initial growth of Elymus
repens on a control substrate (sand) and on an imitation of lunar regolith in order to assess the possibility
of its spontaneous spread in regolith-like conditions.

To achieve this goal, the following tasks are planned:

1. To set up an experiment on growing Elymus repens on a control substrate (sand) and imitation of
lunar regolith.

2. To investigate the germination rates of Elymus repens seeds in control and experimental
conditions.

3. To compare the initial growth rates of plants on different substrates.

4. To assess the influence of a regolith-like substrate on the condition and development of plants.

The study was carried out using experimental, comparative and statistical methods. The main
method is a laboratory vegetation experiment aimed at assessing the germination and initial growth of
Elymus repens on different types of substrates.

First, we had to create a lunar regolith simulator (we took the ETL-1 model as a model), and take
sand, which served as our control substrate. Next, we had to put these substrates in small trays (a total of
11 for each substrate) and then plant Elymus repens in them, and then within one month from the moment
of planting, monitor how this species germinates on each substrate. In parallel with this, we had to measure
it and record these indicators for further assessment of the growth rate, and of course maintain all the

necessary conditions so that the chances of germination of this species were higher.
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Let’s move on to the results: out of 11 trays with a lunar regolith simulator, only 4 sprouted, which
is only 36.36%, while on the control substrate, sprouted on 5 trays — and this is 45.45%. But at the same
time, the total length of all individual individuals is higher on the experimental substrate, namely 56.3
centimeters, while on the sand - 33.8. It follows that the average growth of one individual is also higher on
the experiment - 5.12 centimeters, while on the control - 3.07, which demonstrates a higher growth rate on
the lunar regolith.

Conclusions

Elymus repens can germinate on models of lunar soil, and show quite good results.

The spread on the simulator turned out to be slightly worse than the control, but at the same time
other indicators, such as growth rate, average height of the individual prevail on the experimental substrate.

And most importantly, we found out that theoretically this species can be used as a model for
predicting the formation of artificial plant communities in extraterrestrial conditions.

Prospects for future research. This research has prospects, and they are very good, because there is
much to explore. As noted above in the section “Description of aspects of the problem that are insufficiently
studied”, you can try to compare the simulated lunar substrate with others that exist on Earth, place them
in different conditions to understand what effect temperature, humidity, and the amount of light have on

each of the substrates. Try to plant several species in one area to study their competition.
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Wet meadows of Ukrainian Polissya are an important structural element of the natural and semi-
natural landscapes of the region. They are formed in conditions of excessive or sufficient moisture, with
close groundwater levels and periodic flooding of river floodplains. Such ecosystems perform a number of
ecological functions: they support regional biodiversity, regulate the water balance of territories, contribute
to the accumulation of organic matter and stabilize the soil cover.

In the second half of the twentieth century, significant areas of wet meadows of Polissya underwent
drainage melioration. The change in the hydrological regime caused a transformation of the floristic
composition and structure of plant communities. In modern conditions, additional factors of influence are
the cessation of traditional haymaking, a decrease in livestock grazing, fragmentation of territories and the
spread of adventitious species. All this necessitates a comprehensive ecological and coenotic analysis of
the wet meadows of the region.

Meadow vegetation of Polissya has been studied in the works of domestic botanists and
phytosociologists. In particular, the works of D. Dubina et al. (2022) highlight the issue of anthropogenic
transformation of vegetation, I. Khomyak (2018) analyzed the dynamics of flora in conditions of land use
change. At the same time, wet meadows as a separate object of ecological and coenotic research remain
insufficiently systematized.

The purpose of the study is to establish the ecological and coenotic features of wet meadows of
Ukrainian Polissya and determine the current trends in their transformation.

The material was collected on the basis of standard geobotanical descriptions using the Brown-
Blanquet scale to assess the projective cover of species. Ecological and phytocenotic analysis, methods of
comparison and generalization, as well as elements of the synphytoindication approach to assess moisture
conditions were applied.

Wet meadows of Ukrainian Polissya are represented mainly by groups of the classes Molinio-
Arrhenatheretea and Phragmito-Magnocaricetea. Their floristic composition is dominated by
mesohygrophytes and hygrophytes, in particular Carex acuta, Carex nigra, Juncus effusus, Molinia
caerulea, Deschampsia cespitosa, Filipendula ulmaria. Sedge and grass species that form a dense
herbaceous stand play a significant role.

The coenotic structure of wet meadows is characterized by mosaicism, which is due to microrelief
and different degrees of moisture. In depressions, sedge-mixed herbaceous groups with a dominance of

hygrophytes are formed, while on elevated elements of the microrelief the proportion of mesophytic species
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increases. The vertical structure of the herbaceous stand is usually two- or three-tiered, with a clear
separation of dominants.

As a result of the drainage of territories, there is a decrease in the proportion of hygrophytes and
gradual xerophytization of the vegetation cover. The cessation of haymaking contributes to the
accumulation of litter, a decrease in species diversity and the development of shrub vegetation (Salix spp.,
Betula pubescens). Thus, succession processes lead to a change in meadow phytocenoses towards shrub-
forest communities.

A separate problem is the spread of adventitious species, in particular Solidago canadensis and
Ambrosia artemisiifolia, which displace native species and simplify the structure of communities. This
reduces the stability of ecosystems and changes their functional characteristics.

Wet meadows of Ukrainian Polissya are characterized by significant floristic and coenotic diversity,
which is determined by the hydrological regime and soil moisture conditions. Modern transformation
processes are associated with land reclamation, changes in traditional nature use and invasive species.
Preservation of these ecosystems requires the restoration of regulated haymaking, control of the

hydrological regime, and the implementation of long-term monitoring.
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Mesophytic meadows of Ukrainian Polissia are an important component of the natural ecosystems
of the region, which are distinguished by a high level of biodiversity and play a significant role in
maintaining ecological balance. They are formed under conditions of moderate moisture, on fertile soils,
and are traditionally used by humans as hayfields and pastures. However, over the past centuries, and
especially in the 20th—21st centuries, these ecosystems have undergone significant changes due to various
forms of anthropogenic impact. Research into the anthropogenic dynamics of mesophytic meadows of
Polissia is relevant for assessing the current state of natural complexes and developing measures for their
protection and restoration.

General characteristics of mesophytic meadows of Polissia. Mesophytic meadows of Ukrainian
Polissia are distributed mainly in river valleys, on terraces, watersheds and poorly drained plains. They are
characterized by a mixed grass-cereal community dominated by species such as meadow fescue (Poa
pratensis), timothy grass (Phleum pratense), red fescue (Festuca rubra), meadow clover (Trifolium
pratense), and others. Meadows perform important ecosystem functions: regulating water regime,

preventing soil erosion, supporting pollinators, and preserving the plant gene pool.
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Main factors of anthropogenic impact. The anthropogenic dynamics of mesophytic meadows of
Polissia is determined by a complex of interrelated factors, among which agricultural use, land reclamation,
urbanization, recreational pressure, and land-use changes are the leading ones.

Traditional haymaking and moderate grazing of livestock have historically contributed to the
maintenance of species diversity of meadow ecosystems. However, the intensification of agriculture has
led to excessive grazing, frequent haymaking, and the application of mineral fertilizers, which causes the
impoverishment of the floristic composition, the displacement of rare and sensitive species, as well as the
dominance of a few competitive plants.

Land reclamation and transformation of the hydrological regime. One of the most powerful factors
of the anthropogenic transformation of mesophytic meadows of Polissia has been land reclamation, in
particular the drainage of swampy, and excessively humid areas. The massive construction of drainage
canals in the second half of the 20th century changed the natural hydrological regime, which led to a
decrease in the groundwater level and the gradual degradation of meadow communities. As a result,
mesophytic meadows are replaced by drier phytocenoses or their transformation into secondary shrub and
forest formations.

The expansion of settlements, the construction of roads, the creation of industrial zones, and
recreational areas also negatively affect the state of mesophytic meadows. Trampling of vegetation, soil
and air pollution, and unauthorized landfills cause fragmentation of ecosystems and a decrease in their
stability. Meadows located near large cities and tourist routes are especially vulnerable.

As a result of the reduction or complete cessation of traditional use of meadows (haymaking,
grazing), successional changes occur, which are manifested in the overgrowth of areas with shrubs and
woody vegetation. Such secondary succession changes the structure of ecosystems, reduces the area of open
meadows, and leads to the loss of specific meadow species of flora and fauna.

The anthropogenic dynamics of mesophytic meadows of Ukrainian Polissia has a number of
negative ecological consequences: a decrease in biodiversity, soil degradation, disruption of natural
biogeochemical cycles, a decrease in ecosystem services. At the same time, these processes are partially
reversible provided that scientifically substantiated management and protection measures are implemented.

To preserve mesophytic meadows of Polissia, a combination of environmental and rational
economic approaches is necessary. Important measures are the restoration of traditional forms of extensive
land use, regulation of grazing and haymaking, restriction of land reclamation works, creation of nature
conservation areas, and environmental monitoring. Raising the environmental awareness of the population
also plays a significant role.

The anthropogenic dynamics of the ecosystems of mesophytic meadows of Ukrainian Polissia is a
complex and multifaceted process, reflecting the interaction of natural and socio-economic factors. The

current state of these ecosystems indicates the need for an integrated approach to their preservation and
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rational use. Preservation of mesophytic meadows is an important task not only for the Polissia region, but

also for the entire ecological security of Ukraine.
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OCOBJIMBOCTI MMPOPOCTAHHSI HACIHHS JIBOJOJBHUX BYP’SHIB HA IMIMAIIIL
MICAYHOT O PETI'OJIITY

JlaGencekuii 10.0.

Crynent cnenianbHocTi 101 Exonoria XXuromupcbskoro nepxaBHOTo yHiBepcuTeTy iMeHi IBana @panka
Xom’sik [.B.

JlokTop OiomoriuHux Hayk, mpodecop kadempu exoisorii ta reorpadii KuToMUpPCHKHI Hep:kaBHUI

yHiBepcureT iMeH1 IBana @panka m. XKutomup, Ykpaina

Ha cporomni KocMiuHI JOCHIIKEHHS Bce OUlblle TMOEIHYIOTHCS 3 aCTPOEKOJIOTTUHUMU
JOCITIDKEHHSAMH. ACTPOEKOJIOTISI B CBOIO YEPry MOEAHYE B COO1 €KOJIOTi0, O10JI0TiI0 Ta KOCMIUHI HAyKH.
OpHuM 13 KJIIOYOBHX 3aBJaHb ACTPOCKOJIOTTYHHMX OCIHIIKEHb € TOMIYK MOMJIMBOCTEH O010J0TIYHOTO
OCBOEHHSI Ta PEKYJIbTUBAIII] IHEPTHUX CYyOCTPATiB 103a3€MHOT0 IMTOXOKEHHS, 30KpeMa MiCSIYHOTO PETOJIITY
(Khomiak, Onyschuk, Khomiak, 2024). Pociuuu € KIt040BUM €IeMEHTOM B (hOpMyBaHHI MOTEHIIHHUX
CUCTEM XKHUTTe3a0e3meueHHs Ta Teparpanchopmariitaux moaeneit (Khomiak, 2021). Tomy gocmimxeHHs
3/1aTHOCTI HaciHHSA Oyp’SHOBMX BHUJIB J0 IPOPOCTaHHS B YMOBaxX, MaKCHUMaJlbHO HaOIMKEHUX [0
MICSTYHOTO CEPEIOBHIIA € JTOCUThH aKTYaJIbHUM.

B ocranni poku Bce Oiiplie i OuIble HAYKOBUX Hpalb MPUCBSIYYETHCS BUBUCHHIO IHTAHHS
BUKOPHUCTAHHS POCJIMH JJIsl IPUPOAHOTO BiTHOBJICHHS Ta (POPMYBaHHIO CTa01IbHIX €KOCUCTEM B ITpoLiecax
pekynpTuBalii ta Teparpanchopmarii. (Khomiak, Vasylenko, 2023). IlpoBoaunucek TOCTIAXEHHS POl
KOMILIEKCY a0i0THYHUX (akTOpiB ( CBITIIO, TEMIIEpATypa, BOJOTICTh Ta iHIII ), y pOIeci KOJIOHI3alii Ta ix
BIUIMB Ha pociuHHi opranizmu (Onyschuk, Khomiak, 2022). € e okpeMi poOOTH, sIKi BUBYAIN TUTAHHSI
TeparpaHchopMalifHOMY MOTEHIIaly Pi3HUX TaKCOHIB, B OCOOJMBOCTI 3TaKOBUX Ta OCOKOBHX BHUJIIB, a
TaKOX iX 3/IaTHICTh BITHOBJIIOBATHCH Ha MopymieHux ekoromnax (Chernyayeva et al., 2022). ITapanensHo 3
[IMM MHUTaHHS TPOPOCTaHHS JBOJOJBHUX Oyp’sHIB, B TOMY YHCII 1 060N 061101 HA 1MITalil MICSYHOTO

PETONITY 3aIUINA0THCS MAJIO0CIIKSCHUMHU.
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HenoctaTHp0 BUBYEHUMH IUTAHHAMHU € OCOOJMBOCTI HPOPOCTAHHS IBOJOJIBHMX Oyp’sHIB B
€KCTpEeMaJIbHUX YMOBAaX, /i€ MOBHICTIO a00 Maii’e BIJICYTHS OpraHidKa peuoBUHA, 1y>Ke 0OMEKEH1 TOKHUBHI1
pedoBuHU. TakoX BiACYTHI €KCIEpUMEHTANIbHI JIaHI MO0 MPHUIATHOCTI JBOJOIBHUX OYyp sHIB J0O poJi
MOHEPHUX BHIIB Y MOYATKOBHX (ha3ax aCTPOCKOJIOTIYHOI pEKYIbTHBALII].

MeTtoro JaHOrO JIOCHIAKEHHsI 3’ACYBaHHS OCOOJMBOCTEH INPOPOCTaHHSA HACIHHS JIBOJOJIBHUX
Oyp’siHIB Ha imiTamii micsgHoro perosity. st mocsireHHST maHoi MeTH OyJI0 TOCTaBJIICHHO HACTYIIHI
3aBJAHHS:

¢ 3aKJIacTH TaOOPATOPHUI EKCTIEPUMEHT 3 MPOPOIIYBaHHS HACIHHS JBOIOJIBHOTO Oyp’siHy j0601u
015101 Ha KOHTPOJIBLHOMY CyOCTpaTi Ta iMiTallil MICAYHOTO PETOITY;

® 3MIHCHUTH CIIOCTEPEKEHHS 32 CTAHOM HACIHHS Ta MOSIBOIO CXOAIB YIPOJOBK EKCIIEPUMEHTAIBHOTO
nepiogy

¢ OIIHUTH PE3yIbTaTH EKCIIEPUMEHTY Ta 3[aTHICTh HACiHHSA Jo0omu Ou101 70 TPOpPOCTaHHS B
KOHTPOJIBHUX YMOBAX 1 Ha iMITallli MiCSIYHOTO PETOJIITY.

JlocnmiKeHHS TPOBOAWIOCH 3 BUKOPHCTAHHSAM EKCIIEpUMEHTaldbHOro Merony. O0’exTom
JocTipKeHHsT 0yno HaciHHs Jioboau O6inoi Chenopodium album L.). Byno 3aknaneno mo 20 T0TOUKIB 3
KOHTPOJIBHUM cyOcTpaToM ( micok ) Ta imitauii micsuHoro peroiity ETL-1. Jlami 3xicHunu nocis no 3-4
HACiHHS B KOXXHOMY JIOTOYKY, SIKi CaJUIU B pi3HI YacTUHU. Takox MOCiB 3/A1MCHIOBABCS 32 OJHAKOBHX
YMOB TeMIlepaTypu Ta 3BoJIO>keHHs. [licas 1poro BiOIyBalOCh CHOCTEPEKEHHS 3a IMOSBOIO CXOAIB Ta
¢bikcyBalli TOKa3HUKH IPOPOCTAHHS.

B xoxi excnepumeHTy He Oyiio 3aikCOBaHO HpOpOCTaHHS J1000aM 01101 aHi HEe Ha MICKYy (
KOHTPOJILHUI cyOCTpar ), aHi Ha iMiTaIlii MiCAYHOTO PETOJITY, 10 TOBOPUTH HaM PO HASIBHICTh YHUHHHUKIB,
SIK1 OOMEXHIIA 00 YHEMOMIIMBIIIA IPOPOCTAHHS HACIHHS.

MoXIMBUMH TpUYHMHAMH MOKE€ OyTH CTPYKTypa CcyOCTpary, BOJOTOEMHICTh Ta JIOCTYIHICTh
MOKMBHUX €JIEMEHTIB, SIKI € KPUTUYHHUMHU [JIs TIOYATKOBUX eTamiB oHToreHedy pociuH (Onyschuk,
Khomiak, 2022), a6o x nepeOyBaHHsI HACIHHS y CTaHI ITMOOKOI0 CIOKOIO JIJIsl BUXOJLY 3 SIKOTO HEOOX1/IH1
cnieniigHi YMOBHU ITPOPOCTAHHS.

Ha ocHOB1 oTpuMaHUX pe3yJIbTaTiB B XO1 €KCIIEPUMEHTY, MO’KHA CKa3aTH, 10 ABOJIOJIbHI Oyp’sTHH,
B ocobmmBocTi Chenopodium album MaroTs 0OMeXeHHs B 3JaTHOCTI POPOCTAHHS HA TIOYATKOBUX €Tarax
acTPOEKOJIOTIYHOI pekyibTuBanii. KirouoBumu ¢Qakropamu ctamu ¢i3ioNoriyHMil CTaH HACiHHSA Ta
KOMIUIEKC a0loTMYHMX (akTopiB cepenoBuiia. MoxXy MOpPEeKOMEHAyBaTH CHpPSAMYBaTH IOAAJbIII
JOCIIJKEHHsI Ha BJIOCKOHAJEHHS METOAMKH EKCIIEPUMEHTY Ta IOIIyK ABOAOJBHUX BHJIB 3 BHIIUM

a/IanTalliifHAM TIOTEHIIIAaIOM JI0 iHEpPTHUX CyOCTpaTiB.

Cnncox BUKOPHCTAHMX JIZKepet.

31



1. Khomiak I. Global environmental problems from the point of view of astroecology //
Exonoriuni Hayku. —2021. — Ne 6 (39). — C. 154-157.

2. Khomiak 1., Onyschuk I., Khomiak O. Analysis of the relevance of astroecological research
// Exonoriuni Hayku. — 2024, — Ne 2. — C. 35-38.

3. Khomiak I., Vasylenko O. Using the rules of natural recovery of ecosystems for the process
of revegetation and terraforming // Ekologia i racjonalne zarzadzanie przyroda: edukacja, nauka i praktyka
: materialy miedzynarodowej konferencji naukowo-praktycznej (fomza — Zytomierz, 15.11.2023) / pod
red. Z. Sharlovych, J. Lisowski, R. Romaniuk. — Lomza : MANS, 2023. — Cz¢s$¢ 1. — S. 199-203.

4. Onyschuk I. P., Khomiak I. V. The use of the complex action of environmental factors in the
process of space colonization // Ecological sciences. —2022. — Ne 3 (42). — P. 107-110.

5. Yepnsiera O. II., 3onenko 1. C., Jlemenxo /. €., Xom’sik 1. B. BigHoBieHHs mpupoaHOi
POCIMHHOCTI Ha MOPYIIEHUX E€KOTOMax — OCHOBa AJis TeparpaHchopmaliiftHux Mmozeneit // YkpaiHCbke
[Tomiccst: mpobaeMu Ta TPEHAM CydacHOTO PO3BUTKY : MaTepianu 11 BeeykpaiHChkoi HayKOBO-TTPaKTHIHOL

koH(pepenuii. — Hokun : HAY im. M. T'orons, 2022. — C. 56-59.

32



ExoJiorist BinHOBJIeHHSA

BIOINDICATION METHODS FOR ASSESSING THE SAFETY OF WORKING CONDITIONS
IN ECOLOGICAL RESTORATION AREAS
Tsyrpita Ya.
Student of the specialty "101 Ecology" of the Ivan Franko Zhytomyr State University

In the study of the safety of working conditions in ecological restoration zones, the analysis of
biological indicators of the state of the environment is of key importance, since they reflect the integral
impact of the environment on the human body even under stable meteorological and microclimatic
parameters. Field observations in closed rooms show that at a temperature of 18.3-20.3 °C and a relative
humidity of 53—-56%, the biological component of the environment changes much more dynamically than
physical characteristics, forming an early signal of potential risk. Quantitative measurements of total
microbial air pollution record a decrease in contamination from 1818 CFU/m? to 455 CFU/m? after the
integration of the biological factor, as well as a further increase in the indicator to 1667 CFU/m? on the 10th
day, which confirms the wave nature of biological processes. In the context of occupational safety, this
means that biological indicators are suitable for dynamic monitoring of the state of the environment and
related changes in the well-being and performance of personnel, which affect the quality of work
performance in the conditions of ecosystem restoration (Bordyug, 2023).

The theoretical principles of bioindication in the study of occupational safety should be considered
through comparison with instrumental measurements that reflect the state of the environment locally and
at a specific point in time, while bioindication records the integral effect of influences through the reaction
of living organisms. This approach allows assessing the consequences of the action of dust, acid impurities,
heavy metals and other pollutants in spatially heterogeneous conditions of ecological restoration. For
occupational safety practice, bioindicators perform the function of spatial differentiation of danger,
ensuring reasonable zoning of working areas. At the same time, the method requires taking into account
the limits of applicability associated with seasonality, microclimate and resistance of organisms, which
determines the criteria for selecting bioindicators and indices for interpreting results in the categories of
occupational safety (Mykhailenko, 2021).

The context of ecological restoration zones as an environment of increased danger for workers should
be disclosed through a combination of technogenic load and limited access to territories, which complicates
classical control and increases the risk during sampling. In the conditions of post-war impact, agricultural
soils require special attention, where the control of toxicants has not only environmental, but also
occupational safety significance due to inhalation contact with dust and aerosols. Methodologically

indicative is the approach to the control of lead, cadmium and zinc taking into account the risks of mining,
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when the assessment of contamination is carried out indirectly through biological data carriers. The use of
toxicant accumulation coefficients in flower pollen collected by bees outside hazardous areas demonstrates
the ability of bioindication to simultaneously maintain informativeness and reduce personnel exposure,
which is fundamentally important for assessing the safety of working conditions in ecological restoration
zones (Razanov, 2025).

The selection of groups of bioindicators in the study of the safety of working conditions should be
formed as a system of mutually complementary "sensors" of the environment, where each group reflects
different mechanisms and time scales of the biological response to pollution. For labor protection, the
greatest value is given to indicators that allow localizing areas of increased danger, ensure the
reproducibility of measurements and spatial comparability of results. In this context, entomoindication is
distinguished by its applied effectiveness, since the reaction of insects manifests itself at the population and
morphological levels and reflects the accumulation of pollutants and the action of stress factors. In the
mosaic structure of restoration zones, the use of clear metrics, such as the number and size of nest
formations and morphometric indicators of individuals, creates a basis for spatial assessment of the
biological response, which is correlated with the conditions of work and the risk profile for personnel

(Kratko, 2025).

Table 1. Selection of groups of bioindicators for assessing the safety of working conditions in

ecological restoration areas

Bioindicator Environmental Example of | Criteria in the field Relationship
group signal indicators with occupational
safety
Phytoindication Chronic stress and | Coverage, Medium sensitivity, Zoning of dust
pollution asymmetry, simple selection and contact risks
growth
Lichenindication | Air quality Species High sensitivity, | Assessment of
composition, easy selection respiratory load
gradients
Entomoindication | Anthropogenic Morphometry, | High sensitivity, | Detection of "hot
pressure nests standard metrics spots", correction of
PPE
Microbial Biocontamination | Microbial Very high Sanitary
indicators number, sensitivity, measures, ventilation
biofilms protocols

The design of field and industrial research in ecological restoration zones should be designed so that
observation points reflect the real conditions of work and at the same time ensure spatial comparability of
data. Representativeness is achieved through a network of locations along the impact gradient, connecting
work routes and control areas within one landscape unit. In the lichen-indication scheme, this allows you

to move from a descriptive assessment to a spatial profile of air quality based on species differences in
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epiphytic lichens. The key methodological conditions are the standardization of substrates and exposures,
seasonal synchronization and repeatability of records, which ensure the correct interpretation of spatial
differences as a consequence of anthropogenic load, rather than random variation (Lytvynenko, 2023). The
interpretation of bioindication data in the occupational risk assessment system consists in the transition
from fixing a biological signal to indicators that support management decisions. Within the framework of
a risk-based approach, these data are used to classify working conditions and select proportionate
engineering, organizational, and individual protection measures. The integration of bioindicators into the
model for managing working environment factors makes it possible to justify the type and mode of use of
PPE, regulations for staying in hazardous areas, and the time organization of work, turning bioindication

into a tool for early warning and reducing occupational risk (Zhurbenko, 2025).
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JTAHAMIKA YTPYIIOBAHBb IIAHOBAKTEPII HA MATMATHYHHUX CYBCTPATAX
SAAK MEXAHI3M IEPBUHHOI TEPATPAHC®OPMAIIII
HNemugenko K.O.
CrynenTka crierianbHocTi «Exomnorisy JXuToMupchKoro nepx«aBHOTro yHIBEpCUTETY iMeH1 IBaHa
®paHka
Xom’sik I.B.
JlokTop GiosoriyHuX HayK, npodecop kadenpu ekoorii Ta reorpadii KutoMupcbkoro

JiepKaBHOTO yHiBepcuTeTy iMeHi IBana @panka M. XKuromup, Ykpaina

Y cyuyacHOMYy CBITI TNpPOTHO3yBaHHS €KOCHUCTEMHHMX TpaHchopmaliii HaOyBae KpUTUYHOIO
3Ha4YeHHs. He3Baxaroun Ha TEXHOJIOTIYHHI MTPOTPEC, MU 3THIIAEMOCS 3aJICKHUMU BiJl QyHIaMEHTaIbHUX
010JIOT1YHUX MPOIECIB TaK caMo, AK 1 MEepII MBI OpPraHi3Mu, IO OMAaHOBYBajHM cyxoiiur. Komm mu
PO3IIISIIAEMO €KOJIOT1I0 BITHOBJIEHHS, TO 3a3BHYail (POKycyeMOCs Ha BEJIMKHX 00’ €KTax — Jicax 4M JIyKax,
MPOTE CIIPABXKHS PEBITANI3AIS «MEPTBOTO» CyOCTpaTy MOYMHAETHCS HA MIKpOpiBHI. BuBYEHHS TOTO, K
YIpyNOBaHHS I[ilaHOOAKTEP1il KOJOHI3YIOTh MarMaTU4H1 MOPOAH, HE IPOCTO MOSCHIOE MEXAHI3MH CYKIIECIT,
a W J03BOJIAE€ TMO-HOBOMY IOAMBHUTHUCS Ha CTpaTerii BWKMBAHHS JKUTTS B EKCTPEMAIbHUX YMOBaX.
PeTpocniekTuBHUI aHAali3 TOTO, SIK Il MIKPOCKOMIYHI «iH)XE€HEpH» TPaHC(HOPMYIOTh KaMiHb, € KIIOUOBUM
THCTPYMEHTOM JI PO3POOKH CYy4aCHUX CTpATeTrii peKyJIbTUBALli TPOMUCIOBUX MyCTOK KUTOMUPIIMHH.

[Tpobrema peKOHCTPYKIIT MEPBUHHUX €KOCHUCTEM Ta BUBUCHHS CTpAaTETid MPOIYIEHTIB IIHPOKO
BUCBITJIIOETHCS B HAYKOBIH JliTepaTypi. BiTUM3HsIHI Ta 3aKOPIOHHI JOCTIITHUKN BUKOHAIHN 3HAUYHY POOOTY
31 300py AaHuX mpo JiTodineHi yrpymoBanus. 3okpema, mpaii [. FO. Kocrikosa (2006) netansHO OMUCYIOTh
PI3HOMAHITTS BOJIOPOCTEH CKENbHUX BIJCIOHEHb, a 3akopaoHHI Bueni (Biidel, 2016) ycmimHo
PEKOHCTPYIOBAJIN POJIb «O10JIOTTYHHUX IPYHTOBHX KIpOK» Yy cTabimi3allii 1erpagoBaHuX MOBEPXOHb. Y CBOIO
4yepry, HaykoBa Imkosa npodecopa I. B. Xom’sika (2012) npornoHye po3risiaaTd i MPoLUecH Kpi3b MPU3MY
Teparpanchopmallii — aKTUBHOTO IIEPETBOPEHHS €KOJIOTTYHOTO POCTOPY OpraHi3MaMHU-eKCIUIEPEHTaMH.
ITpoTe, He3BaXkarouM Ha INIMOOKHMH aHAJI3 MaJeOeKOCHCTEM Ta 3arajbHUN OMHMC albroaopH, MUTAHHSI
MPSIMOTO BIUIMBY JMHAMIKH IIaHOOAKTEpid HA CTaH MarMaTHYHUX CyOCTpaTiB y MEKax HAIIOro PETioHy
4acTO 3aJIMIIAETHCS JIMIIE Ha PIBHI 1HBEHTapU3allii BUIIB.

VY MoeMy IOCIHiIKEHH] s MparHysia BUATH 32 MEXi MPOCTOTO OIMHUCY 1 30CEPEIUTHCS Ha TOMY, K
came 3MIHIOEThCS «OONMUYUS» CTOSHKU JKUTTS Ha KaMeHi MmiJl BIUIMBOM dYacy Ta KiiMmary. MarmatuyHi
MOPOJM HAILIOTO Kpald — TPaAHITH Ta KBAPUHUTU — € if€aJIbHUM TMOJITOHOM JJisi BUBYEHHS €BOJIOLIL
CepeoBHIla ICHYBaHHs. BUBUa0UM XapaKTepUCTUKY ITi€T €BOJIOIIT, MU 6aYUMO, SIK TI100aIbH1 KJIIMaTHYIH1
KOJIMBAHHS Ta JIOKAIbHA apUAM3allis 3MyITYIOTh MIKpPOOPTaHi3MH 3MiHIOBATH CBOIO CTPYKTYDY.

Jns  po3yMiHHS MeXaHi3MIB 1i€i TpaHchopMmalii MH 3aCTOCYBaJlM METOJA  EKOJOTT4HOL

pexoHCTpyKIii. Hacammepen moBa ie mpo aHaini3 O1OMIIBOK y crenudiyHUX JIOKAIisAX, HAIpPUKIIA,
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mo0JIM3y BUTOKIB ManuXx pidok Kuromupuau (Xom’sk Ta iH., 2022). Tyt mianoOGakTepii BUCTyNarTh
IpSIMUMH O10JI0TTYHUMHU MapKepaMHu CTIMKOCTI ekocucTeMu. Hall01abI KOHKpETHI pe3yIbTaTH Ja€e aHaji3
crafgiii kononizamii. Ha mepmiomy etami Mu cmocrepiraeMo mosiBy BuaiB poxny Gloeocapsa. Tlin
MIKPOCKOIIOM BOHHM BUIJISIalOTh SK KIITHHM B IMOTY)XKHUX «CKadaHApax» — CIM30BUX 4YOXJaX, LIO0
3axXMILAKOTh iX BiJ NMAJTIOYOro COHLM Ta aediuuty Bosnoru. Lle mioHepu, uMe 3aBAaHHSA — 3a4eluUTHCA 3a
TOJINYA KaMiHb.

Pazom i3 TUM, KPUTUYHO BXKJIMBUM € MOMEHT IOSIBH a30T(IKCYIOUMX BHJIB, TaKHX K Nostoc
commune. Ha Mo10 IyMKy, Lie mepesioMHa (a3a B €KOJIOTii BiIHOBJIEHHs. 3MaTHICTh 3aCBOIOBATH a30T
npsMO 3 aTMoc(epH MepeTBOPIOE 111 YyTPyNOBaHHS Ha aBTOHOMHI CTaHMLI{ UTTe3abe3neueHHs. Bouu He
IIPOCTO ICHYIOTh, BOHU 3MIHIOIOTh XIMiIO cyOcTpaTy. Mu crocTtepiraeMo AMHaAMIYHY 3MiHY: OpraHidHi
KHUCJIOTH, 110 BUJLISIOTHCA MIKPOOpraHi3MaMu, BUKIIMKAIOTh O10JI0T4YHY KOPO31i0 I'PaHITy, CTBOPIOIOYH B
MIKpPOTPILMHAX [IapU TPAIPYHTY.

3pi3 TakuX «MIKpO-apXeoJIOTIYHHX» IapiB MiJl I[iaHOOAKTepialbHUMU MaTaMU JEMOHCTPYE, K
penbed KpsKy CITyTyBaB 3aXUCTOM IS KUTTSI. My 0aunMo, K y pO3IIETMHAX MK KBAPITUTHUMU OJIOKaMU
HAaKOIMYYEThCS MepIlia opradika. B moganpuioMy BaskiauBO OUIBII JOKIAIHO JOCTIIUTH II0 CTpaTUrpadiro
BIJIKJIaJICHb, a/KE 1€ JI03BOJIUTH 3 CYBaTH, AK (DOPMYIOTHCS YMOBH Ul HACTYIHUX JJAHOK — MOXIB Ta
numaiiHukiB. TakuM 4WHOM, MajeHbKa O10IUTIBKA Ha XKMTOMHUPCHKOMY TPaHITI CTa€ MOJEIUIIO BEJIUKOT
pectaBpanii NpUPOAM, IOBOASYM, IO CTpATEris BHKMBAHHA 3aK/IaJa€TbCi Ha CaMOMY IOYaTKy

CYKIECITHOTO LUIAXY.
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