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IJIEHAPHE 3ACIJJAHHS

[{opoky 6 JUCTOIAIA B1/I3HAYAETHCS
MixHapoguuii JeHb 3amoOiraHHs  eKcIUTyaTtarlii
JOBKULIA TiJT 4ac BIHMU Ta 30pOMHUX KOHQIIIKTIB. 3a
iHimiatuBn OOH y 1medt neHb B yChbOMY  CBITI
3ragyroTh WIKOAY, 3aBAaHy JOBKULIIO 30pOHHUMU
KoH(ikTamMu. 3pyHHOBaHI €KOCHUCTEMM 1 BTpayeHi
OPUPOAHI PECYpPCH YacTO 3aJMIIAIOThCA B  TIHI
OCHOBHOi 01au — 3aru0eni Joned Ta pyiHYBaHHS
INTERNATIONAL noceyieHb. bingbine TOro, aepxaBu, W0 3a3HAIU

DAY FOR PREVENTING

THE EXPLOITATION OF ENVIRONMENT
o WARLAND ARGED CIONFLI('?T arpecCilt 3aJiMmarTbeCda CaM Ha CaM 3 HpOﬁJIGMOIO

e EER IRt N SPYﬁHOBaHOF (¢ I[OBKiJ'IJ'ISI, B SAKOMY Tpe6a
HaJIarosKyBaTu HOPMaAJIbHC KUTTA.

Po3ymitoun ycro BaXJIMBICTh Ta CKJIAJHICTh 3a7adl 30€peKCHHS Ta BiTHOBJICHHSI
noBkiuist, Ha kKadenpi exosorii ®EBIT Oyno mpoemeno I MixkHapoaHy HayKoOBO-
TeopetnuHy Ta npukiaaHy koHdepeniio «BIIHOBJIEHHSA EKOCUCTEM, SKI
IMOCTPAKIAJIM BHACJIIJIOK BOEHHHUX JIiM: VYKPAIHCBKI TA
€BPOIIEMCHKI BUKJIHUKHW. REDMO-2024». CnisopranizatopamMu KoH(epeHIii
Buctynuiu [Ipupogununii yuisepcutet Jlrobmina, Ilonema, Acormalis npodecioHanis
noekuis PAEW, HEK «VYkpenepro» ta HIIIl «IliBHiuae Ilomumns». Biakpus
mieHapHe 3aciganHs Cepriiit THATIOK — npopekrop 3 HayKOBHX IOCHIIKEHb Ta
TpaHchepy TexHoJoriit HamioHanbHOr0 aBiamiitHOTO YHIBEPCUTETY.

3 BiTAJIBHUMHU CJIOBaMH 10 ydacHuKiB 3BepHyiuch Prof. Andrzej] WOZNIAK,
Uniwersytet Przyrodniczy w Lublinie, Poland, Ta Prof. Chijioke C. IKOKWU, The Ivy
League Leadership Academy, Nigeria. BaxauBicTh JaHOTO 3aX01y IMIAKPECIUIN TAKOXK
npeactaBuuku IIporpama Po3zsutky OOH — Ipumna IIOKOTHUJIBCBKA Tta OJgbra
CIOTIKOBA. Hauansnuk HaykoBo-gocmigHoro Bimmaiay HIIIT "IliBaiune Iomimms"
I'aauna ITAHBKOBCBKA Big3Haumiia BaKJIMBICTh HAYKOBO-IOCTIAHOI poOOTH, sSKa
3a0€3IeUnTh YCIIITHE BIAHOBICHHS MPUPOJTHUX CHCTEM.

[Inenapne 3acimaHHs BIAKPHB CBOEIO JOMOBIIII0 TPO CKIAAHICTH OIIHKHU
3aJIMIIKOBOTO  3a0pyAHEHHS  BHOYXOHEOE3NMEYHMMH  TPEIMETaMH  IPEICTaBHUK
['onoBHOTO yTpaBIiHHSA MPOTHUMIHHOI AiSUTBHOCTI, IIUBUTHHOTO 3aXHCTY Ta €KOJOTIYHOT
oesnekn Minoboponu maiviop BuaagucinaB JAYJIAP. ComiasbHHI acleKT BOEHHHX
peamii Ykpainum mmpoko mnpencraBmia y cBoiii gomnosimi Ouaena BJIIHKOBA -
naykoBulisa Institute of Dendrology, Polish Academy of Sciences, Kérnik, Poland ta
BuKiagayka JlyranchbKoro HarmioHanpHOTO YHiBepcutery iM. Tapaca IlleBuenka.
[TpuHIIMTIN PO3BUTKY OCBITH 3 (POKycoM Ha (popMyBaHHS KOMIIETEHTHOCTEH y cdepi
VOpPaBIiHHS KPU30BHUMH CHUTYaIlisIMH B JIOBKULII TpEACTaBWIA Yy CBOiM JIOMOBIII
Jogmuaa PAMYYK -~  maykoBums 3 IHCTMTyTy — arpoekosorii  Ta
npuponokopuctyBanas  HAHY. F0zep JOBPOBOJIbCBKHUM, 3acrymHuk
HavyajabHUKa BiiicbkoBO1 Kadenpu HAY 3 HaBuanbHOI Ta HayKOBOi POOOTH — HAYAIBHUK



REDMO-2024
National Aviation University
Kyiv, Ukraine

REDMO-2024
Hauionanvnui agiayintnuii ynieepcumem
Kuis, Ykpaina

HaBYaJIbHOI YaCTMHHW, HAroJOCUB Ha HEOOXIAHOCTI MIAroToBKM (axiBIiB 3i
creniani3anie€lo y IOBOEHHOMY BITHOBJIEHHI, pO3MiHYBaHHI Ta BiAOY0B1 TEPUTOPIM.

[IpencraBieni Oynu 1 mepii pe3yjbTaTH 3aCTOCYBaHHS HOBITHIX METOMIB IS
OLIIHKY 3MI1HU €KOCUCTEM, 110 B MEPCHEKTUBHI MOKYTh CTaTH OCHOBOIO JIJIS TIJIaHYBAHHS
BiZHOBICHHS TIPHPOJHHX KoMIekciB, — Mukoaa JIYBCbKHM, Haykosuii nentp
aepOKOCMIYHUX Jociimkens 3emii HAHY.

BTiM, nOBO€HHE BIJHOBIICHHS BApTO PO3TJISAJATH 1 SK BIKHO MOKJIMBOCTEH IS
BIIPOBA/PKCHHSI MPUHIUIIIB CTAJOr0 PO3BUTKY Ta MPUPOJHO OPIEHTOBAHUX PIIICHb HA
BUpPOOHULITBI Ta y MicbkoMy rocrnojapctBi. Ilpo me imuocs y nonosiasx Mapii
JIOIMYIIAHCBKOI, ekciepra Acoriamnii npodecionaniB goBkuuis PAEW, Ta
Katepunn BACIOTUHCBKOI, Hauionansuuii yHiBepcuter «Oechka HOTITEXHIKA.
[Ipo BaxIMBICTH 30€peeHHs MOBKULIS B KOHTEKCTI BIJHOBJIEHHS IMPOMMCIIOBO-
€HepreTHYHoro cexktopy kpainu BucioBuiack 1 'anna AKMUMEHKO, excnepr 3
oxoponu aoskiuist HEK "Ykpenepro".

OcraHHsI I0TIOB1/Ib TUICHAPHOTO 3aciiaHHs Oya mpejacraBieHa ctyneatamu HTYY
"KuiBcekuil monmitexHiyHuil iHCTUTYT M. Iropst Cikopcskoro — Kupuinom TAIIOJIOM
ta €aizaBeroro KUSHUIEI), sxi 3acBiguuiM BiIJaHICTh MOJIOJI IIHHOCTSIM
30epeKeHHs Ta BIAHOBJICHHS JOBKULIS y MOBOEHHIN KpaiHi.

Ha mintpumky poOOTH 13 3ay4eHHS] MOJIOJI /1O BiTHOBJICHHS JOBKULIS BUCTYIHJIIA
rocTsl 3aX0Jy, HE3MIHHUM ydYacHMK KoH(epeHII Kadeapu eKoJorii Ta MpeIcTaBHUK
naptHepcbkoro 3BO — Auaina HEKOC, npodecop XapkiBChKOro HamiOHaJIbLHOTO
yHiBepcutety iM. B. H. Kapa3ina.

Ha 3aBepmiennst menapHoro 3aciganus Tamapa Y /IAP, 3aBigyBauka kadenpu
exonorii HAY, nmoaskyBana yciM ydacHHKaM 3axoJy Ta BHUCIOBMJIA CIOJIIBAaHHS Ha
HACTYIHY 3yCTpi4 Y O4HOMY (popMaTi y MOBOEHHIH BIIbHIM YKpaiHi.
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PREFACE

Ukraine: environmental and ethical challenges of today
*Dudar T.V., Saienko T.V.

National Aviation University, Kyiv, Ukraine

dtv.nau@gmail.com

Abstract. The worldview reflects the degree of our adequacy to the surrounding reality, its ecological
assessment, the state of our and public health, as elements of nature, and an inadequate worldview
leads to a decrease in moral and ethical potential, the disappearance of the concepts of honor,
conscience, responsibility, weakening of the influence of education, science, culture, a healthy
(naturally harmonious) way of life. The expediency of the transformation of the system of upbringing,
education, thinking of people, especially young people, to anticipating and predicting the future is
indicated; the confirmed role of environmental education, noosphere education for the conscious
implementation of the Laws of Nature, the provisions of the Pedagogical Constitution of Europe, the
Code of New Civilization, where awareness of the ecology of the soul, the inner world of man, the
spiritual sphere in general, leads to a harmonious, environmentally safe, nature-compliant existence
and development.

Keywords: environmental education; pedagogical education; noosphere education; noospherogenesis;
outlook potential of the individual; intellectual development, spirituality.

Introduction. After more than two years of war, we can say for sure, without exaggeration:
Ukraine is in the center of attention of the whole world thanks to the stability, courage, and
professionalism of the soldiers of the Armed Forces of Ukraine. The country suffers from shelling, the
loss of the economy, infrastructure, the flower of the nation - young patriots who have been defending
their country from the Russian invasion for 10 years. At the same time, Ukrainians are confident in
Victory and are actively thinking about the future! They are closely connected with Nature, aware of
their place in the Universe, created according to the program of the Creator (generating center - gecen)
(Bugayev, 2020). This network is wave and wave Mechanics states that we are able to influence the
World, manage our development by making Choices through the definition of Goals, and harmonize
our progress. The goal of the country is to preserve itself as an element of the anthroposphere; the goal
of the nation is to carry its national idea; the goal of the elite (real) is to reflect the will of the nation,
the people and their hopes, belief. The vector of the movement will depend on the dominance of
honest people devoted to the national cause. The people of Ukraine desire justice in the distribution of
natural wealth, profits, spiritual and physical flourishing, conscious freedom, creative expression of
will, an optimally modern, scientific, traditionally balanced system of upbringing and education, health
care for noospheric development with ecological thinking, consciousness, worldview, ethics, culture in
general (Bugayev et al., 2023).

Thus, Ukraine joined a new planetary process that began with the Age of Aquarius, where a
new, "spiritual person”, new relations in society for the prosperity of morality and rights should be
formed; establish a new socio-cultural process with a new management mechanism, a system of
political, state power under the leadership of national highly professional elites of high culture, a new
noospheric worldview that reflects the synthesis of science and religion, which was dreamed of by the
enlighteners of the past, in particular G.S. Skovoroda and V. I. Vernadsky. On this basis, the ideas of
G.S. Skovoroda echo the teaching of V.I. Vernadsky about the noosphere and noospherogenesis, in
which the academician indicates the transformation of man into a "powerful geological force" that
changes the planet and the nearby Cosmos with the "power of thought" (Saienko & Dudar, 2023).
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Research analysis. A person lives in the World of waves and is, first of all, a wave structure,
and only then the atomic-molecular and carbon-oxygen structure of his biobody - the space suit of the
soul. The basic law of the wave environment (the Law of Resonance) is reflected in the ancient
proverb "As you shout, you will receive such an echo”, that is, communication concerns the moral
sphere, ethics - the core of human health (Bugayev, 2020). At the same time, 3 strategies are
implemented, based on: 1) deception, lies and violence; 2) freedom, respect and love; 3) "reasonable
egoism™ - a mixed form. Currently, a critical mass of new people is accumulating in society, after
which there will be a leap to a new state and understanding of the World. Unfortunately, modern
education does not always ensure the harmonious development of the individual, providing only
professional training for specific social activities. It is spirituality that "makes” a person a person,
civilization - a humanity, educates a personality in the dimensions of a social ideal (Andrushchenko,
2021). Higher education, in particular, should be based on the processes that will determine the image
of the 21st century: globalization, ethno-renaissance, digitalization, the development of qualitatively
new technologies, the formation of a world culture: reasonable limitation of consumption and
mechanization.

Noospheric education should form such consciousness, thinking, worldview, which will
contribute to the transition of the individual and society to a new level of existence generated by the
Creator, that is, it is necessary to teach how to live in the World of feelings and relationships, to ensure
not only the hygiene of the body, but also of the soul: to understand parents, friends, other people, to
navigate the flow of life, where we depend on each other, on the planet, the Cosmos, even the
Universe. Thus, it is proposed to build the foundation of conscious intelligence, turning to spiritual
truth (Genon, 2020). At all times, participation in arts and culture served as a basis for creativity and
emotional development of the individual. Artistic images preceded a new wave of scientific progress,
created a kind of phantom - a hologram - of the future material embodiment. It is necessary to
implement disciplines that form a system of values, moral guidelines, the choice of priorities, educate
stability, moderation, honesty, openness, responsibility, respect for nature, love for people, the
principle of "do no harm", develop creative potential, form a transition from linear ideas to
multidimensionality, removing the barrier between living and non-living, knowledge of universal
Laws and Principles.

Among philosophers and scientists, the prevailing opinion is that humanity independently directs
its development, but this idea is a consequence of the assumption that the planet is a dead body. This is
not true at all! The planet, as a powerful living self-organizing system, determines the evolution of
humanity and directs its development as one of its elements.

Presentation of the main material. As long as man was weakly organized, was in harmony
with nature and did not go beyond the ecological laws of the biosphere, he allocated little energy to the
fund of the planet. Due to glaciation in the process of geodynamic reconstruction of the Earth, the
planet hardened humanity, rejecting its gene pool and memory pool, and in the last phase of the
development of the anthroposphere, it formed the state-civilization process (SCP), the carrier of which
became the European race. The result of SCP was the increased work of the left hemisphere of the
brain and related logical thinking, the emergence of writing, the awakening of other areas of the brain
that are "sleeping™ during the functioning of only sound language, and responsible for planning and
constructing the future. SCP arose on the eve of the expansion of the planet, provoking ideas of
domination, violence, aggression over people, the biosphere, the planet, squeezing more negative
energy through wars, slavery, oppression. It, like mold, began to spread throughout the planet,
absorbing and destroying tribes and ethnic groups, transforming them into nations. If the patrimonial
process gave birth to ethnogenesis, then SCP is natiogenesis, where a nation is a collection of
ethnically heterogeneous groups of people, co-organized into a single entity by the power of the state.
Relations between people in the nation are, first of all, state and territorial-legal. The classic example
of a nation is the United States of America, which is ethnically heterogeneous but cemented by a single
state law, a single territory, and a single government. Also modern Britons: whose various ethnicities
(Picts, Scots, Britons, Gauls, Angles, Saxons, Danes, Normans, etc.) melted in a single state cauldron
for two thousand years until they formed as the British nation.
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SCP created a single human population, a society with a single noosphere. In this he was helped
by two others: the cultural-religious process (CRP) and the scientific-technical process (STP), which
the SCP conquered. Modern globalization, the Internet, terrorism, world religions, banks, transnational
corporations are the consequences of the three mentioned processes, and SCP has become the main
factor in shifting social energy to the negative, as the number and power of wars, violence, and
destruction have increased. This fundamental fact turned out to be so common that it goes unnoticed
by science.

The result of culture is the acquisition of new knowledge and technologies for successful
adaptation in the surrounding natural environment. But knowledge is formalized, objectified, that is
become dead, which leads to a deterministic, fatalistic attitude to the World, as external to the
individual. But the World is alive: it vibrates, trembles, constantly changes, does not coincide with its
artificial model. For a person to successfully survive in the world, the degree of correspondence, or
the coefficient of truth of our knowledge to reality itself, must be at least 97-98%. To stay "on the
pulse” of Being, it is necessary to abandon old knowledge and stereotypes. In general, the result of
culture is the transformation of the individual/ethnic group and its environment. The individual must
transform at the same speed as his place in nature, and at the end of the cycle, outpace it in order to
withstand the blows of a new environment, a new wave of transformation. Who does not change dies!

The pre-Christian faith of our ancestors — heathen, ethnic - was just like that, they considered
themselves grandchildren of God, not slaves who constantly ask “give, give, God" (Lozko, 2023). It is
quite impartial to read the Gospel and understand what G.S. Scovoroda did (Saienko & Dudar, 2023),
what is the purity and quality of the church egregor, which contributes to intolerance, narrow-
mindedness, inquisition, and religious wars. Today it is necessary to realize that the transformation of
the World begins with one's own change. This is intelligence, spirituality, because by transforming, we
are heading into the future, creating it. Without changing, we sink into the past, freeze, ossify and die.

Conclusions. The purpose of life is to rejoice in it, to create new things, expanding the living
environment, to do everything so that the truth wins. Science, having turned into a world "religion”,
also contributed man-made "fruits” in the same direction with even greater destructive power.
Violence, aggression, disharmony are increasing in all spheres of human activity. Modern music, art,
architecture, and medicine have become carriers of human pathologies and diseases. The
disharmonious state of the environment supports the conditions leading to genocide on a global and
regional scale. It is worth increasing holiness, spirituality (high-frequency spectrum of oscillations).
Ukrainians, an ancient nation that has been fighting for independence and freedom for centuries, today
suffer the most from injustice, violations of international right, treaties, criminal actions of a defiant
neighbor and internal enemies. They heroically and sacrificially resist the universal evil, protecting
other peoples from the same fate with their lives and are ready to accept the majestic mission of the
center of crystallization of the new World with a bright, noospheric progress, setting an example of
stability, indomitability, the power of the divine spirit of Truth.
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Cexkuis 1. IPAKTUHKA CYYACHOI'O EKOJIOI'TYHOTI'O
MOHITOPUHI'Y

JAucTaHuiiiHui OiOiHAMKATOPHUA MOHITOPUHT
BOJHMX 3anacis
Anapeesa H. 10.

Yopromopcoxuti nayionanvHutl ynisepcumem imeni Ilempa Moeunu, Muxonais, Yxpaina

astronataa@gmail.com

Remote bio-indicator monitoring of water resources
Andrieieva N.

Black Sea National University named after Petro Mohyla, Mykolaiv, Ukraine

astronataa@gmail.com

Abstract. Recreational activities on the Black Sea islands require large reserves of fresh water at the
beginning of summer, which can be accumulated in winter by using powerful wind energy to run
desalination plants. Purified water must be accumulated and stored in large volumes and at a quality
that meets sanitary standards. The author has developed a composite multilayer filter for coarse and
fine liquid purification for fresh water treatment. It is recommended to organize a system for
monitoring the quality of the liquid during the period of absence of people on the island using the eco-
marker method through using aquatic organisms. The system is based on video surveillance of them,
the results of which are remotely subjected to computer analysis of the state of this liquid. The
technical result in the proposed device is achieved by taking a silhouette image and comparing it with
a model of a hydrobiont, followed by its automatic calculation according to the nomograms of L.L.
Chislenko and species identification. Nomograms are based on determining the body weight of the
aquatic organism, which is a sign of prosperity or decline in the vital processes of microorganisms.
Maintaining the indicators within the normalized values is performed remotely automatically or with
direct human intervention. The device provides signal information about deviations in the indicators
and warns of the need for intervention.

Keywords: island territory, water supply, remote monitoring, stenobionts (hydrobionts).

Beryn

[IpupomooxopoHHa Ta pekpealiiHa JiSUTBHICTE OpraHiyHO OO0 €JHAHI HAa YOPHOMOPCHKUX
OCTpOBax Ta IIIBOCTPOBAX, sKI € HEBII'EMHOIO CKJIQZOBOK YyKpaiHChbkoro IlpuyopHOmOp’s.
XKurrre3abe3neueHHss KypOPTHO-TYPUCTHYHOI AaKTUBHOCTI Ha OCTPOBAaX JOIYCKAIOTHCSA JIMIIE 3
3aCTOCYBaHHAM INPUPOAOOLIAJHUX 3ax0AiB. TypUCTHYHHMI CE30H Ha OCTPOBaX BH3HAYAETHCS
HaIUIMBOM BIANOYMBAIOYMX Ta MEPCOHATY B JITHIN MepioJ] Ta MaJIOYUCENBHICTIO (200 IX BIICYTHICTIO)
B3MMKY, 110 € THIIOBUM JUIsl YKPaiHCBKUX KypOpTiB. AKyMYJIOBaHHs Ta 30epiraHHsi eHeprii, BOJH,
IIPOBI3ii, MaTepiaiiB TOIIO, € OCHOBHOIO CTPATETIEI0 JTITHBOTO KUTTe3abe3neueHHs octposa. [loctiitHo
BUPIIIYIOThCS MHUTAHHS MPO PO3MIPH 3amaciB, X TPAHCIOPTYBAHHS (JIOCTaBKM) Ta MiATPUMKY SKOCTI
npu 30epiraHHi npoaykry. OOciIru akymysiabOBaHMX PECYpCiB MOBHHHI 3 HAJUIMIIKOM IEpEBUIYBaTH
BUTpPATHI 00CATH MPOJYKTY Ha MOTPeOH CIIOKMBAYa Ta BIAMOBIIaTH HOPMATUBAM SKOCTI.

Exocucrema ocCTpiBHOT TepuTOpii — 1€ BIAKpUTa cHCTeMa, SKa 3HAaXOAMTbCA B MeKax
BEJIMKOPO3MIPHOTO TPUPOAHOTO KOMIUIEKCY Mops. OOcAriB  BiTporemopecypciB B  akBaropii
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YKpaiHCBKUX YOPHOMOPCHKUX OCTPOBIB IIIKOM JOCTATHBO JJISi BUPILICHHS BCiX MUTaHb BHYTPIITHHOTO
€Hepro3abe3rneyeHHs 3 ypaxyBaHHSAM NOTpPeO Ha OMPICHEHHS MOPCHKOI BOAM METOJIOM 3BOPOTHOTO
ocmocy (AuapeeBa, 2024). B ociHHbO-3MMOBHI1 TIEPi0/1, KOJIH BiTPH OCOOJUBO CHIIBHI, a JIFOACH HEMae,
MOTY>KHOCTI BITPOTE€HEPATOPIiB JIO3BOJISIOTH OTPUMYBATH 3HAYHI OOCATH ONPICHEHOI BOIH, aie
cniokuBadi BinCyTHI. Ouuniieny Boay HeoOXiTHO aKyMyJOBaTH 1 30epiraTv B 3HaUYHUX oOcsArax Ta 3
BiJIOBiHOIO CAaHITAPHUM HOPMAaM SIKicTIO. I BUKOPHCTaHHS IOYHETHCSA OZPA3y 3 MOMEHTY IIOYATKY
CE30HYy BIAMOYMHKY, KOJIU CYIHOM 0 TEPUTOpPI MOXE MEePEeMICTUTHCS 3HauyHa KUIBKICTH JIIOJCH 3
MOTIUTOM BEJIMKUX 00CATiB ompicHeHOi Boau. [Ipornecu mepemimeHHs Ta GuIbTpamii piiMHA B3UMKY
CHCTEMHO BHKOPHCTOBYIOTh €HEprilo, sIKa 3 HaJIMIIKOM BHUPOOJSIETHCS BITPOr€HEPATOPAMH 3aBISIKH
MOTYKHUM OCIHHBO-3UMOBUMH BiTpaM. Illo 103BONsIe HE aKyMyIIIOBAaTH 3aJIMIIKHA EIEKTPOCHEPrii, a
3pasy MepeTBOPIOBATH iX 3 PO3PALY (Pi3UYHOI BEIMIMHHU B KATETOPIIO XIMIKO-010JIOTIYHUX MTOKa3HUKIB
SKOCT1 JUIs TPICHOI BOJM, Ta MIATPUMYBATH iX Ha HaJe)XHOMY piBHI. Came Taka BOJOMIATOTOBKA B
MeXaxX OCTPOBY JO03BOJIUTH JOBFOCTPOKOBO B3UMKY YTPUMYBAaTH B IOCTIMHOMY SIKICHOMY CTaHi 1 B
3HaYHHUX 00’ €Max HAWBAXJIUBIIIUHI MPOIYKT HA OCTPOBI — MPICHY BOY.

MeTtoau Ta marepiajau

BapianT 3uMoBoro 36epiratsi BOOU B P1IKOMY CTaHl MOXKJIMBO peaii3yBaTH 3 BUKOPHUCTAHHSIM
BEJIMKHUX, 3arjMOJICHUX B IPYHT, EMHOCTEH, 110 00’ €HAHI CHCTEMOIO TPYOOIPOBOJIIB Ta 3B’s3aHI 3
OTpiCHIOBauaMu, Onokamu (iapTpallii, yCTaHOBKaMHU aeparlii Tomo. Take po3TallyBaHHS yTpUMYE
CTaOlIbHUN TeMIEepaTypHUN PEXUM pIIMHM, HE 3aBaka€ BUIBHOMY IE€PECYBAHHIO BiJMOYMBAIOYHX,
MIPUXOBYE 3’€IHYBaJIbHI KOMYHIKaIlli, HE TICy€e HaBKOJUIIHIN Nanamadr. [ yHUKHEHHS, 3acTIHHUX
SIBUI] B TOBIAaX BOJH, IO 3HUXKYIOTH ii AKICTh, HEOOXiAHA TepioaudHa, ab0 TMOCTIMHA MUPKYJIISAIIISA
plAMHM 4Yepe3 cucTteMy (QUIBTPIB B MO€AHAHHI 3 IMpolecoM aepanii. J[ias AoouncTky mpicHOI BOIU
aBTOPOM pO3pOOJIEHO KOMIO3UIIHHMI OararomapoBuii piibTp rpy0Oro Ta TOHKOrO OYHUILEHHS PIAMHU
(Anmpeesa et al., 2018). ®inbTp I piAMH MIiCTUTH TpH 0a30Bi mapu: 1 — map rpy0oi OYHCTKH, IO
MICTHTh HAHOUIBII KPYITHI YaCTKWA TUTAHOBOI T'YOKH Ta HAIIOBHIOBAY Y BHTJISI YEPBOHOTO OOKCHUTHOTO
nutamy. Y HbOMY BiIOyBa€ThCs OYMCTKA BOAM BiJl MEXaHIYHUX JOMIIIOK, a TaKOXX 3HHKEHHS
KHCJIOTHOCTI 33 paxyHOK JIy>)KHUX BJIACTMBOCTEN MaTepialy HAallOBHIOBaYa, KW TaKOX BUKOHYE POJIb
reocopOeHTa, 0co0auBO €(hEKTUBHOTO JJIsi OKCHUJIIB CIPKH. 2 — IIAp-TIOTJIMHAY TOKCHHIB — 32 PaXyHOK
TOro, IO HAMOBHIOBAY Yy BUIUIIAI MIOKCHIY KPEMHIIO, 3acTOCOBaHWMW B 0a3oBiii momeni, €
€HTEPOCOPOCHTOM, BiIOYBAETHCS JOOUYMUCTKA PiIMHUA. TyT 3aCTOCOBYETHCS CYMIIl KPYMHOI Ta APiOHOT
(dpakuiii TMHTaHOBOI T'yOKH, a HANOBHIOBAY IOKpAIIy€e 3IIIJICHHS 13 CYCIIHIMHM IIapamMu. 3 — Imap
KIHIIEBOI OYHMCTKH, III0 BUKOHYE POJIb 3BUYAWHOTO BYTUIBHOTO (iabTpa 1 MICTUTH IpiOHY (pakiito
TUTAHOBOI I'yOKH JUIsl YCYHEHHSI MEXaHIYHHUX JIOMIIIOK 3 TOMEPEeIHIX IIapiB, SKIIO BOHU €. JlOMUTbHUM
€ JO0JaBaHHS OKpEeMOi BCTaBKM 3 AaKTHBOBAaHMM BYTUUISIM [UIS JOOYMUCTKU PIAMHU Y BUNAJAKY
BaXKJIMBOCTI BUCOKOTO CTYIEHSI YHCTOTH, ajie BAPTO BPAXOBYBATH MPU3HAYEHHS JOOYHUIICHOI PiIMHH,
aJ/pKe Ha BIMIHY BiJ MPOCTOTO BYT1JIJIS, aKTHBOBAHE € MOTY>KHUM COPOCHTOM, 110 Ji€ Ha MIKPOPIBHI.

[Toka3HuKHM SIKOCTI MPICHOI BOAM B IMEpioj JTOBrOTPHUBAJIOTO OCIHHBO-3UMOBOTO 30epiraHHs
MOTpeOyI0Th MOCTIHHOTO KOHTPOJIO Ta BIAMOBITHOTO pearyBaHHS Ha BigxwieHHs. OpranizyBaTu
CUCTEMY BIACTEXKYBAaHHS SKOCTI PIAMHU B TEpioA BIACYTHOCTI JIOAEH Ha OCTPOBI MOXKIJIHMBO
€KOMapKepHUM METOJIOM 32 PaXyHOK BUKOPUCTAHHS O101HAMKATOPHHUX OpraHi3MiB (CTEHOOIOHTIB), Ta
CUCTeMH JUCTAHLIHHOTO CIIOCTEPEKECHHS 32 HUMH. B sIKOCTi G101HAUKATOPIB MOXJIMBE BUKOPUCTAHHS
CHeIliaIbHO MigiOpaHuX T1IPOOIOHTIB, MAKCUMAJIBHO YYTIMBHUX JI0 3MIHH SIKICHUX MOKA3HUKIB BOJU.
BunoBuii ckian cTeHOOIOHTHUX OpraHi3MiB MiTOUPAETbCA IS BIAMOBIIHUX YMOB YKUTTS B IPICHIM
BOJl Ta YTPUMYETHCS B KOHTPOJIbHIM €MHOCTI 3 MPOTOYHOIO BOJIOIO, IIO BIAMOBiJae BUMOram ix
HOpPMaJIbHOT KUTTEAISTbHOCTI. CHUcTeMa JOTsAay Ta (ikcarlis BiIXWIEHb B IXHIil MOBEIiHIII 0a3yeThes
Ha BIJICOHATJIA/ 32 HUMH, PE3YJIbTaTH SKOTO JUCTAHIIHHO OOpOOISIOTHCS MPUKIATHUM MPOTPaAMHUM
3a0e3MeyYeHHsIM JUIsi KOMIT'IOTEPHOrO aHamisy crany pgaHoi piguau (AugpeeBa et al, 2024).
KOHCTpYKTHBHI MOXKIIMBOCTI MPUCTPOIO J03BOJISIOTH 30MpaTu 1H(OpMaIlito 110J10 CTaHy ripoOiOHTIB
B EMHOCTSIX Ha OCTpPOBI, a Mpoiec 0OpoOKH JaHWX BUKOHYBAaTH B MYyHKTI KOHTPOJIO Ta yHpPaBIiHHS,
po3TaloBaHOMY Ha MaTepuky. [[iATpuMKa MOKa3HUKIB B MEKaX HOPMOBAHHMX 3HAUYEHb BUKOHYETHCS
JMCTAHIIfHO aBTOMAaTH4HO abo 3a Oe3mocepenHboi ydyacTi moauHH. [Ipo BiIXWIIEHHS MOKa3HUKIB
MIPUCTPIN HA/la€ CUTHAJIBbHY 1H(QOpPMAIliI0 HA30BHI, Ta OMEpeKae PO HEOOX1IHICTh BTPYUYaHHS.
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Pe3yabTaTn Ta 00roBOpeHHsi. ABTOPOM 3alPONIOHOBAHO MPHUCTPIi Ui BUSHAYEHHS BUIOBOTO
CKJIaJly TiIpOoOIOHTIB, MIO MiJBHIIYE IOCTOBIPHICTH BHU3HAYEHHS ICTOTH, JO3BOJIUTH MPAIIOBATU 3
MaJIOPO3MipHUMU BOJHUMH OpPraHi3MaMu, MMOKPALLye MBUIKICTH 11eHTH(]iKaLii CHITyeTHUX 300paKeHb
3 MEPCOHAIBHOI0 XapaKTEPHOIO O3HAKOI OKPEMOro BOJHOTO OpraHizMy. TexXHIYHUH pe3ynbTar B
3aMpONOHOBAHOMY MPHUCTPOI, TOCATAETHCS IIISIXOM 3HATTS CHIIyETHOTO 300paKeHHS Ta CIiBCTAaBICHHS
3 MOJEIUII0 TiApoOiOHTAa 3 TMOAANBIINM aBTOMATHYHUM OOYMCIIEHHSM HOro 3a HOMOIrpamMaMu
JIJI. Yucnenko Ta ineHtudikamiero Buay. Homorpamu mnoOymoBaHi Ha BU3HAYCHHI MAacH Tijia
rigpo0ioHTa, 110 € 03HAKOIO MPOIBITAaHHS a00 3aHEMa Iy MPOIECiB KUTTEAISUIBHOCTI MIKPOOPTaHi3MiB.
Jlnst BU3HAUSHHSI Macu Tijla 32 HOMOTPaMOIO CIIil TIONEPEHHO BCTAHOBHUTH CEPEIHIO JOBXKHHY Tila
OprafizMy, mo AOCTKyeThes. [1oTiM 3a TaONMuUICI0 BU3HAYAETHCS TUN (OPMHU Tijla OpPraHi3My Ta
BiMOBiAHE HoMy uymcio. Hamani B 3aJieXHOCTI BiJ JOBXWHH TiUTa TigpobioHTa (s apiOHUX
oe3xpedetnux 1e monax 0,4 mm, a6o g0 0,4 MM) 3HaXoaaTh rpadiddy JiHIFO 3 HOMEPOM, IO
BiAMOBiAae (Gopmi Tilna, Ta TOYKY Ha Hii, BIAMOBIOHY JOBXHHI 0co01 (Ha oci abcmuc) 1 MoTiM
BIJMOBIIHY 1 Macy Tina (Ha oci opaunat) (Uucnenko et al., 1968). MeTtoauka 103BOJIsIE TIPOBOAUTH
oO4MCcleHHsI Macu TigpoOioHTa yepe3 00’eM Tida OpraHizMy (00CSIr OOUUCIIOETHCS 32 BUMIPSHOIO
JIOBKMHOIO, IIMPHUHOIO 1 BUCOTOIO TUIa OpraHi3Mmy, a IIUIBHICTh Tija 3a3BHYail BBaXarOTh PIBHUM
rycturr Boaw, abo 1 wmr/mm®), a Takox OOYHCIEHHS Mach O0’€KTy 3a JOBXKHHOIO Tila 3a
HOMOTpaMaMH, IO BPaxoByOTh (opmy Tina opranizmy. Lleit cmoci0, 3a HasBHOCTI BiAMOBITHUX
HOMOTpaM, HalMpOCTIMUH 1 OTlepaTUBHUM.

Homorpamu JLJI. YUucnenko po3poOisieHi s paykiB MiAKIACIB ME300OEHTOCY 1 IUIAHKTOHY.
[Tomixk uucneHHHMX BUIIB 3000eHTOCY poaumHu Gammaridae padok Gammarus pulex Bu3HaveHO
1HAMKATOPOM YHUCTOI BOJM, IO BHUJLISE MOr0 3HAYHY POJIb Y TPO(IUHUX JIAHIIOrax BHYTPILIHIX BOI.
Jlanuii miaKiac peKOMEH0BAaHO aBTOPOM B SIKOCTI O101HIUKATOPHUX €KOMapKEPiB 3aBISKH JOCTATHBO
OCLIOMY CITOCOOY HUTTSI OPraHi3MiB, BUCOKIN PENpOSyKTUBHIN 3MaTHOCTI (I€KUIbKa BUBOJIKIB Ha OJTHY
CaMKy B DIK), a TaKOX BEJUKIM KUIBKOCTI MOTOMCTBA 1 BITHOCHO TPHBAJIOMY XHTTIO. Ha OCHOBI
MOJTbOBUX Ta KAMEPAIBHHUX JOCIIKEHb BU3HAYCHO BUCOKY TOKCHKOJIOT1YHY Ta €HEPreTHYHY (DYHKIIIO

BIITYKY O3HA4YE€HHX T1POOIOHTIB Ha KOMIUICKCHY IO MPUPOAHUX Ta aHTPOMOTCHHUX YNHHHKIB (PHC.
1) (Bezsonov et al., 2016).

Yac ekcno3uuii,
aio

CmepraicTs, %

900,
%0 500

300 100
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100 T

Puc. 1. Pigenwv suoicusanmsi/cmepmuocmi ocooun Gammarus pulex 6i0 Kinbkocmi 3a0pyoHIoeaua y 00i

Jlani rigpoOiOHTH HE MOCTIHHO 3aHypeHi B IPYHTOBI IIapH, MEPIOJAUYHO MepeOyBaloTh B TOBIII
BOJIM, @ TOMY MOXYTb (DIKCYBaTHCS NMPHUIIAJOM BiJICOCIIOCTEPEIKEHHS, KU MOKa3aHO Ha KPECIICHHI
(puc. 2). nst SIKICHOTO 1 IPUCKOPEHOTO MPOLIECY MUCTAHIINHOI iMeHTH]IKAIil 0COOMHH Ta YCYHEHHS
MIOMMJIKH B HACIIIOK MPUPOIHBOI PYXJIMBOCTI T'iIpoOiOHTa, TPOMOHY€ETHCSI BCTAHOBJICHHS 301IbIIEHOT
KUTBKICTD  (ikcyrounx mnpucTtpoiB (1-6), a Takok BHKIIOYAIOTHCS CBITJIOBIAOMBAIOUI EKpaHU.
3anpornoHoBaHa KUIbKICTh MPHUCTPOIB CIOCTEPEKEHHS JI03BOJIUTH 1IEHTU(IKALII0 TOYHOTO CHUIIYETY
0ocoOMHM TipobioHTa JpiOHOrOo po3mipy, Ta BHABICHHA IHIUBIAYYMIB 3  ypaxXyBaHHAM
HUKIOMOP(GO3HUX 3MiH, MOXKIMBHUX JJIS AaHOTO BHIy. OOUMCIIEHHS B 3alpOIIOHOBAHOMY MPHUCTPOi
BUKOHYIOTBCS B PEKUMI pEaJbHOTO 4acy 3aBSIKM BHKOPUCTAaHHIO Onoka (7), IO CKJIAQNAETHCS 3

10



REDMO-2024 REDMO-2024
National Aviation University Hayionansnuii agiayitinuii ynigepcumem
Kyiv, Ukraine Kuie, Yrpaina

MOJIYJISI BiZIeOpeecTpaTopa, KUl BKIOYae ado BiAKIIOUae mporec ¢ikcallii JaHOro TiIpoOioHTa Mpu
{ioro mosiBi B 30Hi 0030py BiJeOKaMepH Ta MpH 30iry 300pakeHHs 00’ €KTa 3 CUITyeTaMU HOMOTPaM.

Indopmanis npo 30ir HAAXOAUTH BiJ PO3PaAXyHKOBOTO MOAYyJS-miporiecopa (8) 3 mporpaMHUM
3a0e3neueHHsIM, SKe MPH OTPUMaHHI 300pakeHHs TiIpoOioHTa 3icTaBise WOro 3 THUMOM (OPMH Tija,
0o0paxoBye MacoBi MOKa3HWKH Ta BU3HAYA€ YHCEIBHICTh MEBHUX OCOOMH B naHoMy 00’emi BOAU 3
ypaxyBaHHIM CIUCKY HUKIOMOP(HO3HUX 3MiH Ta BiIXWICHb (PIYKTYI0401 acCUMETpii.

Puc. 2. Ilpucmpiii ons usHaueHHst 6U006020 CKIA0y 2iopoOioHmis

Moaynb-iporiecop cucTeMH JOTJsiAy Ta (Qikcaris BIIXWJICHb B TOBEIIHIN TiApOOIOHTIB
0o0poOnsie iHpoOpMaliio BiA BiIEOHATNISANY, Ta OWCTAHIIMHO TmTepemae il Ha BIAMpAIIOBaHHS B
MaTEepUKOBHI BY30JI aHATITUYHOI 00OpoOKH 1 30epiranns nanux. Ilepenaya indopmartii 3a1iCHIOETBCS
0€3pOTOBUMH MEpeXaMHu orepaTopa MOOLTFHOTO 3B 3Ky 3 ypaxXyBaHHSIM PO3MIIIEHHS 00’ €KTIB Ha
MicreBocTi. Po3pobnenunii mpucTpiii 103BOJIsI€ BU3HAYATH IHTETPAIbHY KiJIbKICTh, BUIOBHH CKIIAJ Ta
MMATOMY Macy TiApoOioHTIB 3a Homorpamamu. [IporpamHe 3a0e3medeHHS MPHUCTPOIO BPaXOBYE
BIIXWJICHHS (IIYKTYIOUOi acCHMETpii By Ta BUTIQJKOBI, HECTIPSIMOBAHI BIIXUJICHHS BiJ OljaTepaibHOT

CUMETpii Oprai3MmiB, sIKi MOXXHAa PO3IJIANATH SK HACTIAKH “OHTOT€HETHYHOTO ITyMy~ — HEMOBHOI
3IaTHOCTI OPraHi3MiB PO3BUBATHUCS CTPOTO BU3HAUYCHUMH IUISIXaMH.
BucHoBku

1. KommiekcHa cucteMa BOJOMIATOTOBKH JJIsi PEKPEaIiiHol MisTIbHOCTI HA YOPHOMOPCHKUX
OCTPIBHUX TEPUTOPIAX HO3BOJIUTH JIOBIOCTPOKOBO YTPHUMYBATH B IOCTIHHOMY SIKICHOMY CTaHi 1 B
3HaYHHUX 00’ €MaxX HAWBAXJIMBIIIUHI MPOIYKT HA OCTPOBI — MPICHY BOAY.

2. Jlmg A0OYHMCTKM TPICHOI BOAU PO3POOJICHO KOMIIO3UIIMHHWE OaraTomapoBuii (QijabTp
rpy0Oro Ta TOHKOTO OYHUIIICHHS PIAMHHM 13 CyMiITi KPYITHOT Ta IpiOHOT GpaKIliii THTAHOBOTO MOPOIIKY 3
JOJJATKOBUM IIIapOM KiHIIEBOi BYT'JIbHOT (inbTpartii.

3. 3anpornoHOBaHO CHCTEMY BIJCTEXKYBAHHS SKOCTI MPICHOI BOAM B MeEpioj] BiIICYTHOCTI
JIOJIe Ha OCTPOBI €KOMApKEPHUM METOAOM 33 PaxXyHOK BUKOPUCTAHHS O0101HIMKATOPHUX OPraHi3MiB
(cTeHOO10HTIB), Ta CUCTEMH TUCTAHIIIMHOTO CrocTepexeHHs 3a HuMH. CrucrteMa J0risaay Ta ¢ikcaris
BIIXWJIEHb B IXHIN MOBEIIHII 0a3yeThCsl Ha BIACOHATMSAAl 32 HUMH, PE3yJbTaTH SIKOTO JUCTAHLIAHO
00pOOJISIFOThCS TPUKIIAIHUM MIPOTPAMHUM 3a0€3MEYCHHAM Ta 0€3POTOBUM IUISIXOM IEpPEIaAlOThC Ha
MaTepUKOBY 4YacTHHY. B sKOCTi 010iHIUKAaTOpPIB MOXKIJIMBE BUKOPHCTAHHS CIIELIaJbHO MiTiOpaHuX
rizpo6ioHTiB 3 poaran Gammaridae, MakCHMaabHO YyTIUBHUX 10 3MiHH SAKICHUX MOKa3HUKIB BOJIH.

CnucoKk BUKOPHCTAHHUX JAKepet:

1. Aunpeesa H., (2024). “OcTpiBHi BITpO€HEPreTUYHI KOMIUIEKCH JUI €KOJIOTTYHO €(peKTUBHOIO
KUTTe3a0e3neueHns”, Exonociuna 6esneka oOepacasu: me3u oonogioeu XVIII Bceykpaincvroi
HAYKOB0-NpaKmuiHoi kongepenyii monooux yuenux i cmyodenmis. Kuis, Ykpaina, cc. 43-45.

11



REDMO-2024
National Aviation University
Kyiv, Ukraine

REDMO-2024
Hauionanvnui agiayintnuii ynieepcumem
Kuis, Ykpaina

2. AugpeeBa H., [Tpumienos O., Cayuyak O., (2018). «bararomapoBuii KOMIO3UTHUN QLIBTP IS
pinuny», Ilamenm na xopuchy mooenv UA Ne 124362, IPC B22F3/11 B01D39/00, u 201709257,
VYkpaina, brom. Ne 7.

3. AumpeeBa H., AnekceeBa A., Kpucinceka M., Cnyuak O., (2024). «Ilpuctpiii mis
TMCTAHIIMHOI 1eHTH(IKAIil BUJOBOTO CKIAAy T1APOOIOHTIB BOJAONUMY, 3as68Ka Ha namenm Ha KOPUCH)
mooenw. /U 2024 02920.

4. Yucnenko JI., (1968). Homorpamu [uis BU3HAYCHHS Bard BOJHUX OPraHi3MiB 3a po3Mipamu i
dbopmoro Tia (MOpChKHI ME300CHTOC 1 IIIaHKTOH). Hayxa, Jleninrpan, 108 c.

5. Bezsonov Ye. Andreev V., Smyrnov V., (2016). Assessment of safety index for water
ecological system. East-Europe Journal of Enterprise Technologies, 6/10 (84), pp. 24-34.

MOHITOPUHT €KOJIOTIYHOT0 CTaHy XapKiBCbKOI 00J1aCTi 32 MeTOAAMHU
iHgekciB Ha ocHoBI HaHux /[33

Byarakos C.M., *KpacoBcbka LT,

Hayionanvhuti aepoxocmiunuii ynisepcumem im. M. €. JKykoscvkoeo «Xapkiecvkuil agiayitinuii incmumymy, Xapkie,
Vkpaina
i.krasovska@khai.edu

Monitoring of the ecological state of the Kharkiv region using index

methods based on remote sensing data
Bulhakov S., *Krasovska I.

National Aerospace University "Kharkiv Aviation Institute”, Kharkiv, Ukraine
i.krasovska@khai.edu

Abstract. Ecological monitoring has been used since the end of the 20th century to control the effects
of anthropogenic factors on the Earth's biosphere. This is a complex of monitoring the state of the
environment, the processes taking place in it. The purpose of the research is to conduct an independent
objective assessment of the state of the ecological environment using satellite environmental
monitoring. The Remote Sensing Environmental Index (RSEI) is calculated to assess the state of the
city's environment. The research used multispectral data from the Landsat 8-9 satellite and Earth
surface temperature data from the MODIS satellite. In most studies, the assessment of the ecological
environment is carried out only with the help of one remote sensing index, which can only explain a
certain aspect of ecological characteristics on the one hand, but the ecosystem is complex, dynamic,
long-term and variable in space and time, so a complex index (RSEI) was established for operational
and comprehensive measurement of the ecosystem. Ecological monitoring is an accurate, informative
and cost-effective way of studying complex ecosystems. In this work, the RSEI index of the Kharkiv
region for July 2024 was calculated. The result of the study indicates that the level of the state of the
ecological environment is quite good and exceeds the average mark by a large margin in the best
direction.

Keywords: environmental monitoring, remote sensing, space devices, ecological index.

Beryn

JU1si KOHTPOJIIO HACIiAKIB aHTPOIIOT€HHOI0 YMHHUKA Ha Oiocdepy 3emuni 3 KiHIH XX CTOMTTA
3acTocoByeThcst ekosoriunmii monitopunr (L. P. Lishchenko, 2023), skuii € KOMILICKCHUM
CIIOCTEPEKEHHSIM 32 CTAaHOM JIOBKILISA, 30KpeMa KOMIIOHEHTIB MPUPOIHOTO CEpEeIOBUIIA MPUPOTHUX
EKOJIOTIYHHUX CHUCTEM, 33 POLIECaMu, 10 BiAOYBAIOTHCS B HUX. MOHITOPUHT POBOISTH 33 JOTIOMOTOFO
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Ha3eMHHX Ta ACPOKOCMIYHHX CIIOCOOIB.

VY naHOMy IOCHIKEHHI PO3TISAAEThCA CYNMyTHUKOBHI €KOJOTiYHUI MoHiTopHHT. Lle cucrema
CIIOCTEpEKEeHb, 300py Ta 00poOKH, mepenadi Ta aHamily iH(opMallii 3 METO BHUPOOJIECHHS HAyKOBO
OOTPYHTOBAaHHMX PEKOMEHJAIIHN JUIs NMPUHHATTS e(pEeKTUBHUX YHpPaBIIHCHKHUX pimeHb. CyTTIO IIbOTO
METOIy € TeMaTHYHHUI aHaji3 300pakeHb, OTPUMAHHX KOMIUIEKCAMHU MPHJIAAIB PI3HUX YaCTOTHHUX
Jiara3oHiB, BCTAHOBICHHX HAa KOCMIUHMX amapatax. [laHi i3 CydaCHHMX CYHMYTHHKOBHX YTPYIIOBaHb,
OCHAIIIEHUX HIMPOKUM CIIEKTPAIBFHUM Jialla30HOM 3HOMKH, paJioMeTpamH, I03BOJISIFOTh OTPUMYBATH
pi3HOOIUHY TeodizuuHy iH(QOpPMAIIO0 JUIS OI[IHKA HABKOJHUIIHBOTO CEPEIOBHINA Ta 3aroO0iraHHs
eKOJIOTIYHUM KaTakiizMaM. BiH € HaiOuIbmI TOYHMM, (iHAHCOBO BHTIJHMM Ta iH(GOPMATHBHUM
croco0oM. 3a KibKa AECATKIB POKIB y JOCHIKEHHI Ta MOHITOPHUHTY €KOJIOTIYHHX HPOOJIEeM CTaBCs
CTPUOOK, IO JIO3BOJISIE MIMPOKO BHUKOPHCTOBYBATH METOJIM JUCTAHIIITHOTO 30HAYyBaHHS y BUBYCHHI
eKoJIoriyHuX mporeciB. CyImyTHHKOBI JaHi, ki (paxiBIi BUKOPUCTOBYIOTh Ul aHAJi3y IIUX IPOIIECIB,
CTaJIM IOCTYMHIIIUMU 1 YUCICHHIIIUMHU, HIX OY/Ib-KOJIH.

MeToro MOCHIDKEHHS € TPOBEACHHS HE3aJIeKHOI 00’ €KTHBHOI OIIHKK CTaHy €KOJOTIYHOTO
CEpellOBUINlA 13 3aCTOCYBAaHHSM CYIYTHHKOBOTO €KOJIOTIYHOTO MOHITOpUHTY. [l OIIIHKH CTaHy
JOBKULIISL MICTa pO3paxoBYeThesl ekojoriunmid ingekc (Hangiu Xu et al., 2019) awucranuiitnoro
3ouayBaHHs (RSEI).

Metoau Ta matepianu

VY JochipkeHHI BHKOPHUCTAHO MYJIBTHCIEKTpalbHI JaHi cymyTHuka Landsat 8-9 Tta mami
TeMIepaTypu 3eMHoi moBepxHi 3 cymytHrka MODIS.

VY O1IBIIOCTI JOCTIHKEHB OIIHKA €KOJIOTIYHOTO CePEAOBHINA MTPOBOIUTHCS JIUIIIE 34 JOTIOMOTOF0
OJTHOTO 1HJEKCY JWCTAHIIMHOTO 30HAYBaHHS, SIKH MOXKE JIMIIE MOSICHUTH 3 OJHOTO OOKY TIEBHHH
aCIIeKT EKOJIOTIYHMX XapaKTepPHCTHK, ajleé €KOCHCTeMa IIe CKJIagHa, JWHAMidHa, TOBrOTpHBaja Ta
MIHJIUBA Y TIPOCTOPI Ta Yaci, TOMy HEO0OX1THO BCTAHOBUTH KOMIUICKCHUH 1HJEKC ISl OTIEPATUBHOTO Ta
BCEOCSHKHOTO BHMiproBaHHs ekocuctemu (Zhen Lei, 2023). Imgexc RSEI (Risk-Screening
Environmental Indicators) BUKOpPHCTOBYEThCS SIK MOJENb OLIHKKA €KOJOTIYHUX pu3nKiB. Llew iHaeKc
MOBHICTIO 0a3yeThbcsl Ha JaHWX AWCTAHI[IHHOTO 30HIyBaHHS. Horo OyJI0 3aCTOCOBAHO ISl OIIIHKH
eKoJIoTIYHUX yMOB y MicTi @dywxoy, Kurtait. Pesynmpratn mokazamm, mo RSEI moxe edexTtuBHO
BHUSBIISITU 3MIHU SIKOCTI JOBKUIIS Ha perioHaibHOMYy piBHI. Ilicis 1mporo iHaekc OyB HIMPOKO
3aCTOCOBAHMM y KUTBKOX PETiOHAX ISl BUBYCHHS IHTETPOBAHOI'O €KOJIOTIYHOTO CTaHy perioHy. [Haekc
RSEI € xommiekcHUM 1HAEKCOM, SIKUH (DOPMYETHCS MIJISAXOM 00’ €THAaHHS YOTHPHOX 1HIUKATOPIB JUIS
BHU3HAYCHHS EKOJIOTIYHOI sIKOCTi perioHy. Llumm iHauKaTopamMu BHUCTYHAKOTh 3€JICHb, BOJIOTICTb,
CyXicThb Ta Teruio. BiH po3paxoByeThCs 3a JIOMIOMOIOK JaHWX JUCTAHIIHHOTO 30HIYBAaHHS 1
BH3HAYAETHCS (DYHKITIETO, KA 3aJICKUTh BIAMOBITHO 10 YOTUPHOX KOMITOHEHTIB, KOTpi OyJid 3a3HauYeH1
paHie:

RSEI = f (Greennes, Wetness, Dryness, Heat), (1)

VY piBHgHHI 3eneHicTh npenacraBiieHa iHaekcoM NDVI, skuii € iHAEKCOM a1 BUMIPIOBaHHS
T'YCTOTH 3€JICHOI MacH Ta CTaHy POCIUHHOCTI:

Npy] = ME - RED )
NIRE + RED

ne NIR — BizOutTs y OmkHbOMY iHQpadepBoHOMY Aiama3oHi cnekTpa; RED — Binbutrts y yepBoHOMY
JianasoHi CIIeKTpa.

Bonoricts npeacraBnena inaekcom Boisorocti rpynty WET, a came mis penpe3eHTaTUBHOCTI
LBOTO  1HJAEKCY JUIs  BOJIOTOCTI, BUKOPUCTOBYEThCS ~ MOIU(IKOBaHUN  JudepeHuiioBaHuN
HopMati3oBaHuM BoaHu# iH1ekc MNDWI a5 BuaiieHHs BOIHUX 00’ €KTIB HA TEPUTOPIi iHTEpecCy:

WET = 8, BLUE + 8, GREEN + [, RED + B, NIR+ B, SWIR 1+ B, SWIR2, (3)

GREEN — SWIR1
MNDWI = ——————, (4)
GREEN + SWIR1

ne RED — BinbutTs y uepBoHoMy niana3oni cnektpa; GREEN — Binburrs y 3eneHomy aianma3oHi
cnekrpa; BLUE — BinbutTs y cunboMy aiana3oi cnekrpa; NIR  —  Bigbutts y  GIMKHbOMY
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iHppayepBoHOMy aianazoHi criektpa; SWIR 1 — BigOUTTS y KOPOTKOXBHJIBOBOMY iH(pauepBOHOMY
niama3oHi criektpa; SWIR 2 — BiIOUTTS Y KOPOTKOXBHIILOBOMY 1H()PauepBOHOMY Jliara30Hi CIEKTPa;
fi — mapaMeTpu CMyT.

CyxicTh mpenacTaBlieHa HOPMali30BaHMM AU(PEPEHLIHHUM 1HIEKCOM 3a0yJOBH Ta TIPYHTY
NDBSI, skuii € kommosutom iHAekcy 3abymoBu IBI, mo mpexacraBise 3a0ymoBaHy TEpUTOpItO, Ta
iHekcy rpyHty Sl, mo npeacTaBiisie TOIy MOBEPXHIO IPYHTY:

1BI — 51
NDESI = ———, ®)
Temnmo mnpexacraBmeno ingekcom LST, sxmii  BimoOpakae TemmepaTypy IOBEpXHI,
BHKOPHCTOBYIOUH J[aHI PO TEMIEpaTypy NoBepxHi. Po3paxyHOK iHIEKCYy MMOIaHO HUKYE:
Lo — LSTaay +LSTmigne (6)

=

neLST day, LST night — 1000BMiT Iiama3oH mpo mpu3eMHy Temmnepatypy 3 cymyrauka MODIS.

Pe3yabTaTn Ta 00roBopeHHs

[Ticas oTpuMaHHs YOTHPHOX 1HJIEKCIB AUCTAHIIITHOTO 30HyBaHHs JIJIsl OOpOOKHU Ta TeHepyBaHHS
RSEI BuxopucroByBaBcs MmetTon «Awnamiz ['omoBuux Kommonent» (PCA). Ileii meron Buaanse
HAJJIMIIKOBI J1aHl, 30epirae KiIr4oBY 1HQOpPMAII0 MPO OCOOIMBOCTI Ta YHHUKA€E BIUIMBY JIIOJICBKOTO
daxTopy Ha pe3yastatu (Tahir Ali Akbar et al., 2022).

OCKIJIbKM OJIMHUIIl BUMIPIOBAaHHS YOTUPHOX 1HJEKCIB HEOJHAKOBi, OyJ0 HOpPMali30BaHO LI
ingexkcn mepen oOuucineHnHsM RSEI 3a metomom PCA. Ilicna wopmamizamii 3HaueHHs: RSEI
3HaXoauThCs B Mexkax Bim 0 go 1, 1 yum Ommwkue 3HaueHHs RSEI go 1, Tum kpama sKicTh
ekosoriyHoro cepenosuiia. [ 3pyunoro npencrtasienHs 3mian RSEIL 3po6neno kiacudikariito 3a
1’ iThbMa piBHAMM (Tabmuus 1).

Tabnuys 1. Knacugixayis snauens inoexcy RSEI

PiBenn

Tloranmit

He3zanoBinsHuii

Cepenniit

Jo6pwuit

BiaMinuui

IinHicTh

0-02

02-04

04-0.6

0.6-0.8

08-1

Pesynbratn po3paxoBanoro inaekcy RSEI 3rimno orpumanoi kinacudikarii BimoOpakeHO Ha pucC.
1 Ta po3moin 3eMenb 3a IUIOMISI0 B IPOLICHTaxX y Taduuii 2.

Tabnuys 2.Pisni posnodinenns niowi 3a indexcom RSEI

PiBensn TToranwuii HesanosinpHuit Cepenniit Jo6puii BigMinuui
[Toma (%) 0.7 9.6 452 29,8 14,7
BucHoBxku

Exomnoriunuii MOHITOPHHT SBJISIE COOOK TOYHUH, iHGOpMATUBHUI Ta (DIHAHCOBO BWI1IHUM
CHOCIO JOCHI/DKEHHSI CKJIAJHUX CKOCHUCTeM. MeTol JOCIHIPKEHHS 3aCHOBAaHUM Ha CKIIAJI0BOMY
exosioriunomy injgekci RSEl, saxuil Bkimtowae B cebe woTupu iHAMKAaTOpa. BiH po3paxoByeTbes
BUKOPUCTOBYIOUH JIMIIE JaHl JUCTaHI[IHHOrO 30HIyBaHHS 3eMii Ta 3abe3neuye 00’ €KTHBHOIO
OLIIHKOIO CTaHy €KOJIOTIYHOI0 cepeioBHIIa JOCTiKyBaHol TepuTopii. B nauiit po6oTi O6ymno 3pobiaeHo
po3paxyHok innekcy RSEI XapkiBcpkoi oOmacti 3a ymnens 2024 poky. Pesynbrar gociimkKeHHS
BKa3ye Ha Te, 10 PIBEHb CTaHy €KOJIOTIYHOIO JOBKUUIA JIOCUTh TapHHUM Ta NEpeXOAuTh BIIMITKY
cepeIHbOro 3 0araToro mepeBaroro y Haiikpamty cropony. Lleit iHaekc Mae gomomaratu BHUPOOISATH
HAYKOBO OOTPYHTOBaHI PEKOMEHJALT JUlsl MPUUHATTS €(pEKTUBHUX YNPaBIIHCBKUX pillleHb B 00JacTi
MOHITOPUHTY €KOJIOTTYHOI'O CepeIOBHILA.
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Air quality analysis using remote sensing data
Volynska T.

National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, UKraine

e-mail: t.o.volynsjka@student.khai.edu

Abstract. The problem of assessing the quality of atmospheric air based on indirect signs is
considered. Fine particles PM2.5 are considered as the main source of pollution. Then, the indirect
sign of air quality is the pollution of snow cover (SC). An algorithm for assessing the quality of SC
based on Earth remote sensing data is developed. Using the example of the Dnipropetrovsk region, the
problem of analyzing SC is solved. The obtained data are compared with open data from the site
https://waqi.info/.

Keywords: fine particle concentration, snow cover, normalised difference snow index,
Dnepropetrovsk Region

Beryn

OmHuM 3 BaXJMBIIIUX €JIEMEHTIB HABKOJMIITHHOTO CEPEAOBHINA € aTrMochepHe TMOBITPSI.
3abpyaHeHHs aTMocdepu € cepiHo3HOI0 EKOJOTIYHOI MPOOJIEMOI0, Ika HETaTUBHO BIUIMBAE HA YMOBHU
KHUTTS Ta 370POB’S HACEJICHHS, HAa EKOCHCTEMH 1 PO3BUTOK CLIBCHKOTOCTIOAAPCHKUX KYIBTYD,
MPU3BOIUTH JI0 HECTIPHUATIMBUX EKOJOTIYHMX HACHIIKIB TaKUX SK 3aKUCICHHS TIPYHTY Ta BOJH,
ro0anbHE MOTEIUTIHHS, BUCHAXKEHHS 030HOBOTO IIAPY TOIIO. SKICTh MOBITPS MOCTIHHO MOTIPIIYETHCS.
Ile moB’s3y10Th, HacCaMIIEpe/, 31 3pOCTAHHSAM KOHIICHTpaIlii IpiOHOIMCIIEPCHUX YaCTUHOK abo PM2.5
(Koster & Viterbo, 2014).

PM2.5 — me TBepHi YaCTUHKH PI3HOMAHITHOrO (i3MKO-XIMIYHOTO CKJIaay: BiJ PI3HUX KHCJIOT
(miTparis, cynbdaTiB), 10 IEMEHTAPHOTO BYTJICIIO, BAXKKUX METAIIB, YACTHHOK TOPiJI, BOJIU Ta JIHOAY
niamerpoM MeHm HiK 2,5 MkMm. JDkepenamu PM2.5 € TtemnoenekTpocTraHiiii, aBTOMOOUIEHUN
TPAHCIIOPT 1 BaHTAXIBKH, MIANPHEMCTBA 3 HadTOmepepoOIeHHS Ta BUPOOHUIITBA IIEMEHTY, MOXKEXKI,
IIAJT BiJ] IOpIT 1 OyAiBHMIITBA, CLICHKOTOCIIOAPCHKI omepaitii, 6o#osi aii Tomo (Liu et al., 2023).

UYwucaeHHI JOCTIKCHHS, 30KpeMa, IPOBEJCHI ATEHTCTBOM 3 OXOPOHM HAaBKOJIAIIHBOTO
cepenoBuina CILA, miaTBepKyIOTh NIKIJTUBHIA BIUTHB APIOHOIUCIICPCHUX YaCTHHOK HA JUXAJbHY Ta
CEepIEBO-CYJMHHY cHUcTeMHu. JloBrorpuBasie ab0 HaBiTh KOPOTKOTPHBAJE BIMXAHHS I[MX 4YacTOK
BUKITMKA€E 3alalibHI MPOIECH B JICTCHSX, SIKi TMOIIMPIOIOTHCS Yepe3 KPOBOTIK, BIUIMBAIOTh HA POOOTY
cepus Ta CyAMH, HiABUIIYIOTh PU3UKH 1H(DApKTy, 1HCYIBTY Ta cepieBoi HepocTaTHOcTi. KpiMm Toro,
CHCTEMaTHYHI OTJISIA TTOKa3yI0Th, 0 PM2.5 cripusifoTh pO3BUTKY aJIepriYHUX 3allajieHb, X BBAXKAKOTh
OCHOBHOIO MpHuHHOK ajepriunux peakmiii (Koster & Viterbo, 2014; Liu et al.,, 2023). Vci ni
00CTaBUHU MOTPEOYIOTh PO3POOJIEHHS Ta BIPOBAKEHHS BiJMNOBIAHMX 1HCTPYMEHTIB OIIHIOBAHHS
SIKOCTI MOBITPS 1 METO/IIB, CIIPIMOBAHUX Ha i1 MOJIIIIEHHS.

Metoau Ta marepiaaun

CydacHe 3aKOHOJAaBCTBO MO SIKICTh MOBITPS, 30KpeMa €BpONEHChKUX KpaiH, MOOyI0BaHO Ha
NPUHLMIAX, 110 B KOXKHIM KpaiHi CIliJi IPOBOJUTH OLIHIOBAaHHS PIBHIO 3a0pYJHEHHS MOBITPS PI3HUMHU
JOMIIIIKAMHU 33 JOMOMOTOI BHUMIpPIOBaHb, MOJICNIOBAHHS Ta IHIIMX EMITPUYHUX METOiB. SIKIo
BHU3HAYEHI PIBHI BHII 3a I'PaHUYHI ab0 IUIbOBI 3HAueHHs (BPAaxXOBYIOUM CTaHIAPTH 3 SIKOCTI),
HEOOXIJJTHO peaii30ByBaTH MPOrpaMu MO 3a0e3MEUSHHIO JTOTPUMaHHs sKocTi moBiTps (Ckok Ta iH.,
2023). Ha anp, B YKpaiHi B yMOBaX BOEHHOI'O CTaHy peai3allis HUX MPHHIUIIB 1 (hiHAHCYBaHHS
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€KOJIOT1YHUX JIOCII/IKEHb, a TAKOK YIPOBA/PKEHHS HOBITHIX TEXHOJIOTIH y raiy3i MOHITOPHHTY SIKOCTI
MOBITPSL € CyTTeBO oOMexxeHMMH. Lle B KoTpe MiAKpeciIoe HEeoOXiTHICTh MOJEpHi3alii cucteMm
KOHTPOJIIO Ta MiJBUIIEHHS €(pEeKTUBHOCTI MOHITOPHHTY 33Ul 3a0e3MeUeHHs HAJCKHOI SIKICTh KUTTS
HaceJICHHsI Ta MiHIMi3allii eKOJOTTYHUX PU3HKIB [yIs ioro 310poB’s (Ckok Ta iH., 2023).

Hanni nucraniiiiHoro 3ouayBanHsa 3emui (JI33) Bce wacTimie cTaroTh CydacHUM €(EKTUBHUM
IHCTpYMEHTOM Uil OLIHKH 3a0pyJHEHOCTI arMochepu, HANpUKIIal, IIITXOM MOHITOPHHTY CTaHy
CHIroBOro MOKpuBY. CHITOBHII MOKPHUB — 1€ MPUPOJHIIA COPOCHT, SKiii HaKomu4ye Ta 30epirae ciian
3a0pyIHEHb, II0 POOUTH WOTO HIHHUM 00’ €KTOM JUIs OLIHIOBAHHS PiBHS aHTPOIOI€HHOI'O BIUIMBY Ha
HABKOJIMIITHE CEPEIOBUINE. AKTYaIbHICTh JOCHIKCHHS 3a0pyIHEHHS CHIFOBOI'O TOKpHBY HaOyBae
0cO0MMBOTrO 3HAYEHHS B yMOBaxX CyYaCHHMX EKOJIOTIYHHMX BHKJIMKIB, TOB’S3aHUX 13 3a0pyJHEHHSIM
atMochepu Ta HOro BIUIMBOM Ha JOBKULIA. OIiHIOBaHHS 3a0pyJHEHOCTI CHIFOBOIO TIOKPUBY 3a
naauMu J[33 MOke cTaTh aTbTePHATHBOIO CTAI[IOHAPHUM CTaHI[ISIM MOHITOPHHTY ITOBITPs, OCOOIMBO B
yMOBax 0OMEKEHOr0 OI0JKETY Ta JOCTYITY J0 TEPUTOPIN uepe3 O0HOoBI ii.

OnuiHIOBaHHS CTaHy CHIFOBOI'O MOKPUBY IMPOBOJAATH 3a 1HIEKCOM HOPMAaIi30BaHOI Pi3HHULII CHITY —
NDSI (Normalized Difference Snow Index).

NDSI — inzmekc, sIKMii BHKOPHCTOBYIOTH JUIS BH3HAYCHHS HAsBHOCTI CHITOBOTO IOKPHBY Ha
CYIIyTHUKOBUX a00 aepOKOCMIYHMX 300paKeHHSAX, 110 OTPUMAaHO Ha OCHOBI Koe(ilieHTa
B1/100pa’keHHS MOBEPXHI 3eMJIl SIK HOPMaIi30BaHy PI3HUIIO MK CIEKTPAJIbHUMU CMyTaMU 3€JIEHOTO
(Green) 1 KOPOTKOXBHIIbOBOTO 1H(pauepBoHoro (SWIR).

NDSI 3acHoBaHMI Ha pi3HHUIII B NOTJIMHAHHI CBITJa B KOPOTKOXBUJIHOBOMY 1H(pauepBOHOMY i
3eJIEHOMY Jllala30HaX eJeKTPOMAarHiTHOrO CHEKTpYy. 3a3HauyuMo, IO € TEeBHI CKJIaJHOCTI B
nemrdpyBaHHs CHICOBOTO MOKPHUBY, /DK€ Ha 3HIMKAaxX HOro CKJIAAHO PO3PI3HUTH Bia xmap. Ale €
0COOJIMBOCTI:

- CHIT € 1oOpe BiAOMBHUM y BUJIMMHUX YaCTHHAX €JIEKTPOMArHITHOTO CIIEKTPY;

- CHII Ma€ BHCOKY IOTJIMHAIOUY 3aTHICTh y ONKHINA iHQpauepBoHil a00 KOPOTKOXBUILOBIN
iH(payepBOHI YaCTHUHI CIIEKTPY.

Taxum unaOM, iHIeKC NDSI po3paxoByroTh Ha GOpMyIIOH0:

NDSI = (Green — SWIR)/(Green + SWIR)
a0o0 1t maHuX 31 cymyTHuKa Sentinel 2L2A
NDSI = (B03 — B11)/(B03 + B11),

ne Green — miana3oH BUAMMOTO 3€JIeHOro crekTpy abo B03 — mianazon momxuuu xBuii 0,53 — 0,61
MkM, SWIR — niana3oH KOpOTKOXBHIILOBOTO iH(GpadepBOHOTO criekTpy abo B1l — ngianmazoH MOBKUHH
xBuai 1,55 — 1,75 MxMm.

JIist OIIIHIOBAaHHSI CHIFOBOT'O TOKPUBY 3a CYNMYTHUKOBHMHU 3HIMKaMH BUKOPHUCTAEMO MPOTPaMHE
3abe3nedyeHHs ArcGIS, mo nmae 3Mory knacudikyBaTH €JIeMEHTH 300pakKeHHS 3HIMKY 3a IEBHUMH
O3HaKaMH Ta CTBOPIOBAaTH HaBYaJbHI BUOIPKM JaHUX 1 (ailim CUTHATYp VIS IIJIbOBOTO aHai3y
€JIEMEHTIB 3HIMKY.

Binomo, 1o 3navennss NDSI 3Haxomutbes B aianasoi [-1; 1], mpu 4omy #MOBIpHICTh HassBHOCTI
CHITY mMpomopIiiiHa ToMy, Hackiibku 3HaueHHs mikcenss NDSI 6muspko 1. 3a nmx ob6craBuH
chopMyeMO HACTYIIHI IpaBuiia AemU(PYBaHHS CHITOBOT'O MMOKPHUBY:

- YUCTHH cHIr: Ha 3HIMKY 3HaueHHs NDSI1>0,4;

- 3a0pyaHeHuit cHir: Ha 3HIMKY 3HadeHHss 0<KNDSI<0,4 mpu NDSI[-1; 1];

- TepuTOpis 6€3 CHIrOBOro MOKPUTTA: Ha 3HIMKY 3HadeHHs -1<NDSI<O0.

TakuM yuHOM 3’SIBISIETHCS MOXJIHMBICTH 32 CTAHOM CHITOBOT'O MOKPUBY (SIK COPOEHTY) poOUTH
BHCHOBKH OO SIKOCTi TIOBITPS, aJ)ke YHCTUN CHIT CBIIYUTH MPO HE3HAUYHY KOHIIEHTPAIII0 YaCTHHOK
PM2.5, ta HaBmaku — 3a0pyAHEHUIl CHII MIATBEP/UKYE HU3BKY SIKICTh MOBITPS, HAsBHICTH B HBOMY
ATy Ta BENUKOI KoHIeHTparii vactunok PM2.5 (Koster & Viterbo, 2014; Cxok Ta iH., 2023).
Pe3ynpTati Ta 0OrOBOpEeHHS

Jlns miaTBepKeHHS c(OpMOBaHMX BUCHOBKIB 1 BH3HAUEHHS IX JOCTOBIPHOCTI PO3IJISIHEMO
MIPHUKIIAJl 3aCTOCYBAHHS PO3POOICHOT0 METOMIY JUIsl OLIIHIOBAHHS SIKOCTI MOBITps J{HIMpomneTpoBChKOi
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o0IacTi, sika € OJHI€I0 3 HANOLIBII ypOaHI30BaHMX 1 MPOMMUCIOBO PO3BHHEHUX oOjacTeil YkpaiHu
(Ckok Ta iH., 2023). Sk BuXigHi qaHi po3riasHeMo naHi [[33, orpumani 3i cynytauka Sentinel-2 (L2A)
3a ponomororo cepicy EO Browser, mo € gyactunoro nporpamu Copernicus, METOIO SIKOi € CIIPUSHHS
CTBOPEHHIO INI00ATLHOT0, MOCTIHHOTO Ta JIETKOJOCTYITHOTO JDKEpeNna CynyTHUKOBHX nanux (Sentinel
Hub. EO Browser).

VYpaxoByroun MOAiOHICTh CHITOBOTO MOKPUBY A0 XMap O0COONMBY yBary IijJ 4yac BUOOPY 3HIMKY
NPUALICHO MOKAa3HUKY XMapHOCTI (i1 BiZicoTok Bka3aHo He Ouibin 10%).

JInst 0OpoOKM ¥ aHalli3y 3aBaHTa)KCHO JIBAa CYNYTHHKOBHMX apXiBHI 3HIMKH pi3HHX jaaT (puc. 1),
OCHOBHI ITapaMeTpH SKUX HaBeJeHO B Tab. 1.

09.02.22 2022.02.05 09,00 - 2022.62.05 7368, Sacind 2 L2A, True cako

Puc. 1. Kocmiuni 3nimxu mepumopii J{ninponempogcovroi oo

a — 3Himok 6i0 16.02.2020; 6 — 3uimox 6io 05.02.2022

Tabnuys 1. Xapaxmepucmuxu cynymHuKo8Ux 3HIMKI8 mepumopii 00CIi0xCeH s, AK 0xcepend UXIOHUX OaHUX

XapaKTeprCTHKA 3uiMoK 1 3HiMOK 2
CynyTHHK Sentinel-2 L2A Sentinel-2 L2A
JlaTa, yac OTpUMaHHS 16.02.2020, 8:46:40 05.02.2022, 8:46:17
Tum 300pakeHHsI True Color True Color
XMapHICTh 0,5% 0,0%

Jlis mopaneIioro TMOPIBHSHHS Ta JAETajJbHOrO aHamily 3a0pyJHEHOCTI CHITOBOTO MOKPUBY
JIHIIpOTIeTPOBCHKOT 00JI. BUKOpHCTaHO mporpamuuii mpoaykt ArcGIS Desktop 10.8, 3a momomororo
SIKOT'O TPOBEACHO 00POOKY BXITHUX MaTepialiB y TaKii MOCIiIOBHOCTI:

Etan 1. ®irypHa oO0pi3ka BXIIHUX pacTpiB 3a MeXaMH aJMIHICTPAaTUBHOTO KOPJIOHY
JIHITpOneTpOBCHKOT 001,

Eran 2. Po3paxynok NDSI.

Eran 3. ABroHomHa kiacu@ikalis KOCMIYHUX 3HIMKIB 3a piBHeM NDSI 3 mnonpaigbmmm
HAaBYaHHSM.

Etan 4. KomnonyBaHHs KapTorpadiyHuX Mojeneil nociikyBaHoi TepuTopii (3a pi3HUMH
JlaTaMM) 3 HAHECEHHSM MEX CHIFOBOT'O MOKPUBY BiAMOBIAHO /10 piBHIO NDSI.

Etan 5. Po3paxyHOK mJiomii Juis KOXXHOT KaTeropii CHiXKHOro nokpuBy. @opMyBaHHS BUCHOBKIB.

PesynbraTit 00po0OIeHH BUXITHUX JaHUX JUIsd J{HIMponeTpoBChKOi 00J. HaBeAEHO Ha puc. 2 1 B
Tabm. 2.
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Puc. 2. Kapmoepaghiuna mooenv po3nodiny crico6o2o nokpugy no mepumopii /[Hinponempoecekoi 00.

a — 3Himok 6i0 16.02.2020; 6 — 3uimok 6io 05.02.2022

Anamizytoun Tabn. 2, 3a3HAYUMO, L0 MOTPIIIHICTh JAHUX, OTPUMAHHUX 3a pe3yJbTaTaMH
00po0OJIeHHST KOCMIYHUX 3HIMKIB, cKiIaaae 3,65 %.

[TopiBHIOIOYM OTpUMaHI JaHi, MO>)KHA 3pOOUTH HACTYITHI BUCHOBKHU:

- 3araJibHa TUIOIIA CHIroBOoro nopuBy B 2022 p. ckiana 56,5 %, mo maibke Ha 30 % meHte 3a 1110
mionty y 2020 p. (moma cHirosoro mokpoy y 2020 p. nopisaioe 24605,91 xm?);

- ruromia 3abpyaHeHoro cHiry B 2022 p. 30umpmmiack Ha 426,65 xkM?, fioro mosnst B 2022 p.
301mpmmiacs Ha 24,9 % 1 mocsrna 78,8% mnopiBHaHO 3 2020 p, Xxoua 3arajibHa KUIBKICTh CHITY
3MEHILNJIACh;

- ruroma yuctoro cHiry B 2022 p. 3menmmiacs Ha 7659,67 xkm? 1 ckinama Bcboro 21,2 % Bin
3arajibHOI TUIOIII CHITY.

TakuM 4YHMHOM, CIIOCTEPITaEMO TMOTIPIICHHS SKOCTI CHITOBOTO TIOKPHUBY Ta 30UIBIICHHS
3a0py/IHEHb, HE3BAKAIOUN HA 3arajibHe 3MEHIIICHHS KIJTbKOCTI CHITY.

Tabnuys 2. I[Tiocymkogi pe3yniomamu ananizy cHi206020 nokpugy 3a apxisnumu snimkamu 2020 i 2022 pp.

o ) Pik 3HIMKY
KisbKicHI XapaKTEpHCTHKN CHITOBOTO ITOKPUBY 2020 2022

S [Tnoma, kM2 11 341,98 3682,31
Homns uucroro cHiry, % 36,88 11,97

3aGpy et cair IMnoma, xkM? 13 263,93 13 690,58
Hons 3abpyaneHoro cHiry, % 43,13 44,52

HesacHixena TepuTopis Mo, ki’ 6 144,80 1337782
Hons He3acHbKeHOT TepuTopii, % 19,98 43,50

OtpumaHi JaHi KOPENIOIOTHCS 3 JaHUMH, M0 BigoOpakaloTh piBeHb 3a0pyIHEHOCTI
aTMOC(epHOro MOBITPs 3a IHPOPMALIIE0 CTALIOHAPHUX CTAHIINA MOHITOPHHIY MOBITPSI, PO3TAILIOBAHUX
Ha Tepuropii JHinponeTpoBchKoi 00I1. (3a qaHuMHu caiity https://waqi.info/). Hanpukian, apxiBHi naHi
npo nokazHuku PM2.5, orpumani 3a 3umoBuii mepiog 2020 i 2022 pp., € AOCUTh BHUCOKHMH. 3a
crangapramu BOO3, Oe3neunuii piBenb PM2.5 He mnoBuHeH mnepeBuuryBatd 15 MKr/m® 3a
cepeiHb01000BUMHU 3HaYeHHAMU. Y 2020 pori MakcHMalbHI MOKa3HUKU gocsranu 87.52 MKr/m®, a'y
2022 pomi — ax 178.75 MKr/M?, 110 3HaYHO MEPEBUILLYE OE3MEUH1 MEXI.

BucHoBku

OTpumani pe3ynbTaTH AOCIIPKEHHS MiATBEPIXKYIOTh e(EeKTUBHICT 3acTocyBaHHs Metoais /(33
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UL aHaii3y piBHA 3a0pynHEHHA MAOBKULIA. Bukopucranus nanux JI33 no3Boisie oTpuMyBaru
TUTOIIMHHI TTOKAa3HUKH JUIS BEIMKHUX TEPUTOPIH, 110 3a0e3reuye KOMIJICKCHE PO3YMIiHHS €KOJIOT1YHOi
cutyarlii. Y TO# ke Jac, OpiEHTYIOUHCh HAa TOYKOBI JaHi, 30KpeMa MOoKa3HuKu PM2.5 3 BiIKpuTHX
JDKEpel, MU OTPUMYEMO iHGoOpMaIlito, Mo BigoOpakae cTaH 3a0pyTHEHHS JHIIE IS OKPEMHUX MICT
abo minsHOK. TakuM uymHOM, BUKOpUCTaHHS MaHuX JI33 y moe€aHaHHI 3 TOYKOBUMH MOKAa3HHKAMHU
CTBOPIOE MOJXKJIMBOCTI JJIsi OUTBII JETATbHOTO Ta IIUPOKOMACHITAOHOTO aHali3y 3a0pyJHEHHS
JOBKUUISA, IO € BOKIUBUM JUIS PO3POOIICHHS €(PEeKTUBHUX €KOJIOTIYHUX CTPATETiil.

B pesynbraTi mpoBeneHoi poOOTH OTpHMaHO iH(OpPMALilO, SKa MOXE CTaTH OCHOBOIO JUIS
MOJAJBIINX HAYKOBHX Ta EKOJIOTIYHUX JOCHIKCHb 1 JO0MoMaraTd B PO3pOOJICHHI 3aX0JiB II0JO0
MOKPAIIEHHS SKOCTI TIOBITPS BiMOBITHO 0 MI>KHAPOJHUX CTAHIAPTIB 1 IPaBUIL

PobGotry BuKOHaHO 3a miaTpuUMKH MiHicTepcTBa OCBITM 1 Hayku YKpaiHu (mep:KaBHHMA
peectpartiitni Homep mnpoekty 0122U002298) 3a nganuMu PerioHanbHOro IIEHTPY KOCMIYHOTO
MoHiTopuHTy 3emuti "CrnoboxaHuHa" .
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MeToa npocTopoBoro anaJizy aegopmariii pycia
PiYOK 32 KOMOIHOBAHMMHU JTAaHUMHU
Janmuna C. 10., *Ilonopo:xko K. /1.

Hayionanvnuii aepoxocmiunuti ynieepcumem im. M. €. JKykoscvkoeo «Xapxiecokuil agiayiiHull iHCmumympy,
Xapxie, Yxpaina

e-mail: k.d.buriak@student.khai.edu

Method of spatial analysis of riverbeds deformation
using combined data
Danshyna S., *Podorozhko K.

National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, Ukraine
e-mail: k.d.buriak@student.khai.edu

Abstract. The article is devoted to the description of a method that combines the results of satellite
image interpretation of the river basin with archival and available cartographic materials of the
Siverskyi Donets River basin. The processing and analysis of cartographic materials and images of the
territory to determine the dynamics of the riverbed is described. The analysis of spatial changes in the
Siverskyi Donets riverbed revealed significant changes in the structure of the river system. The use of
spatial data and GIS methods confirmed their effectiveness in identifying the most vulnerable areas
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and predicting future changes. In order to preserve the ecological balance, it is recommended to reduce
anthropogenic impact, control economic activities in the coastal zones, and implement environmental
protection measures to restore the natural state of the river.

Keywords: mapping, remote sensing data, archival cartographic materials of the territory, channel
deformations

Beryn

Boani pecypcu BimirparoTe BUpIIIaNbHY poJIb y 0OaraThbOX NpoIecax, SKi BigOyBalOThCS B
MIPUPO/II, B 3a0€3MEUCHHI KUTTS JIFOJIUHU. AJie Ha CYy4aCHOMY €TaIli BCE TOCTPIIIOK CTae mpobdiaema ix
paioHaIbHOTO BUKOPUCTAHHS, OCKUTBKU AiSUTBHICTD JIOAMHU B €M0XY HAyKOBO-TEXHIYHOTO TPOTPECY
MPU3BOJUTH JI0 TOTIPIIAHHS SKOCTI BOJAW, PEKUMIB PIUKOBOIO CTOKY, IMEPETBOPIOE OaraTo pidok Ha
KaHaJM, JIaHIIOTH BOJOCXOBHII 1 CTaBKiB, OPMY€ TPaHCIIOPTHI apTepii TO[o. 3pocTaroye eKoJIOTiuHe
HaBaHTA)XEHHS 3arPOXKy€ PIYKOBUM CHCTEMaM YChOTO CBITY: BHACHIIOK IHTEHCUBHOTO BUKOPHUCTAHHS
BOJHMX PpECypCiB 3MIHIOETbCSI HE TUIBKM KUIBKICTb BOAM, a W CKJIaJ0BI BOJHOTO OanaHcy,
TAPOJIOTIYHUM PEXUM BOJIHUX 00’ €KTIB, iX AKICTh. PO3yMiHHS pylIiHHUX (aKTOPIB, 1110 BIIMBAIOTh HA
reoMop(doyoriyHl 3MiHM, Ma€ BHUpIMIAIbHE 3HAYEHHS, a/PKE BOHM BHM3HA4YalOTh TI MPOOJIEMH,
BHPIIICHHS SIKHUX CTa€ OCHOBOIO BOJJOOXOPOHHOT AISUIBHOCTI, pallioHAILHOTO BUKOPUCTAHHS M OXOPOHU
BonHKX pecypciB (Herpobuyk, 2024; Amanambu & Mossa, 2024).

InTencuBHA TOCTOMapChKa MISUTBHICTH B OaceifHi piuok, 30Kpema 3a0yjoBa MpUOEPEKHUX 30H,
3MIHU T1IPOJIOTIYHOTO PEKUMY Ta CLITBCHKOTOCTIONAPCHKOTO OCBOEHHS 3€MeNb, BIUTUBAE Ha (hi3MUHUN
CTaH PIYOK, MPU3BOISYM JI0 CYTTEBOI Medopmariii ix pycna. L{ei mpoiiec oxXorutoe mporecu aerpaaartii
Ta arrpajatlii, 1o KpUTUYHO 3MIHIOIOTh MOP(OJIOTIIO0 PIYKH, TPAHCIIOPTYBAaHHS HAHOCIB, PEKUMHU Tedii
ta 1H. Lli mepeTBopeHHs MarOTh TJIWOOKI HACHIAKUA JJIs 3arajlbHOTO CTaHy PIYKOBUX EKOCHCTEM,
BIUIMBAIOYH Ha BOJHE JOBKLLISA, O10pi3HOMAHITTS Ta CTaOUTbHICTh MpuOepekHUX 30H. KpiMm TOr0, BOHU
CYTTEBO BIUIMBAIOTHh HA HACEJICHHS, CTBOPIOIOYH MPOOJIeMH y Takux cepax, ik 60poTh0a 3 MOBEHSIMH,
BOJIONIOCTaYaHHsI, HaBiralis Ta pekpeariiina gisuibHicTs (Amanambu & Mossa, 2024).

MeToau Ta marepiajaun

VY BChOMY CBITI BIUTMB IisUTBHOCTI JIFOJWHH Ha PIUKU € TIPEIMETOM 3POCTAI0UOT0 1HTEPECY cepe
JOCITITHUKIB Yepe3 #oro HeratwBHI Hacmiakud (Amanambu & Mossa, 2024; Legleiter et al., 2016).
[IpocTtopoBuii aHami3 UX 3MiH cTa€ €PEKTUBHUM IHCTPYMEHTOM ISl TOCIIIDKEHHSI aHTPOIIOT€HHOTO
BIUIMBY Ha PIYKOBI €KOCHCTEMH Ta MPOTHO3YBAHHS MalOYTHIX €KOJIOTTYHUX 3MiH.

JlucTaHIiiiiHe 30HAyBaHHs 3a0e3euy€e HOBUH IiIX1/1 10 BEIMKOMACIITAOHOTO MOHITOPUHTY Ta €
aKTyaJlbHUM JDKEpeJIOM JaHMX, SKE J1a€ 3MOry e(EeKTUBHO BH3HAYaTH XapaKTEPUCTUKH PIYKOBUX
cucreM Ha 3HayHMX miomax (Legleiter et al., 2016). 3a ocranHi ABa AeCATHIITTS COPMOBAHO MEBHI
MIIXOAM O BU3HAYEHHS CTaHy PIvOK, IO IPYHTYIOTHCS Ha JaHUX, OTPUMAHUX 3a CYIyTHHUKOBHUMH
3HIMKaMH, ajié BOHH HE € YHiBEepCaJIbHUMHU Ta MAlOTh IE€BHI 0OMeXeHHs B BUKopuctanHi (Amanambu
& Mossa, 2024; Legleiter et al., 2016; Hu et al., 2023).

PiukoBa pnedopmaris — 1€ JAOBFOCTPOKOBHI MpoIlec 3MIHH pyclia piuKd BHACTIIOK
KOMITJIEKCHOT'O BILIMBY MPUPOIHKUX Ta aHTpororeHHux dakropis (Amanambu & Mossa, 2024). Tomy,
CIUPAIOYUCh HA HAsIBHUI JOCBIJ JWUCTAHIIIHOTO JOCTI/KEHHS PIYKOBUX CHCTEM, JUIS MiJBUIICHHS
e(EeKTUBHOCTI MOHITOPUHTY IX CTaHy Ta BHM3HauYeHHS JedOopMalifHUX MPOLECIB 3alpPONOHOBAHO
METOJI, L0 TO€AHYE pe3ylbTaTH AemudpyBaHHS CYNMyTHHUKOBHX 300pakeHb OaceliHy piuoK 3a
apXiBHUMH Ta HaBHUMH KapTorpadiyHUMHU MaTepianiaMHu I1i€i Teputopii. MeTo1 BKIIFOYA€E Taki eTamnu:

Eman 1. BusHaueHHs HEOOXiJHOTO MeEpioAy aHai3y MpOLEecy 3MIHM pycia piduKH, MOMIYK
BUXI/IHUX KOMIUIEKCHUX JaHMX 3 PI3HUX JUKepen (apxiBiB, kapTorpado-reoe3nyHux (GpoHmiB, Jxepen
CYMyTHUKOBUX JAHUX TOIIO).

Eman 2. OOpoOneHHs BUXITHUX JaHUX 3 YypaxyBaHHAM iX (opMu Ta axkTyalbHOCTI 3a
QIITOPUTMOM, HABEJICHUM Ha puc. 1.
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HasBHi apxiBHi MaTepianu

AKTyanbHi matepianu
OWCTaHLUiINHOrO 30HAYBaHHS

aTepianu B
€neKTPOHHOMY
Burnagi?

Tak

O6pob6neHHs
apXiBHWX HEernekT-
POHHMX MaTepianis

Matepianu akTyanbHi?

T O6poBneHHs O6pobneHHs
EnekTtpoHHa kapTa apxiBHUX maTtepianis aKTyanshux
pycna 3a apxiBHUMM matepianis
OaHuMm I T
EnekTpoHHa kapTta EnekTpoHHa kapTta
pycna 3a apxiBHUMMK pycna 3a akTy-
OaHuMu anbHYMK JaHUMK

v/_\ w

MoegHaHHs eneKTPOHHNX
mMaTepianiB y KOMNAeKCHyY
KapTy pycna pivku

KomnnekcHa
KapTa pycna pidku

Puc. 1. Aneopumm nonepeonvboco 00podIeHHS KOMIICKCHUX BUXIOHUX OQHUX,
Wo 6I00OPACYIONMY PYCIO PIUKU 3 PI3HUL NPOMINCOK HACy

VYpaxoByroun OCOOJIMBOCTI OTPUMAHHS BUXITHHX JaHUX, iX MOETHAHHS Y KOMIUICKCHY KapTy
pycia piuKd PEKOMEHIYEThCS MPOBOJWTH 3 BHKOpHCTaHHAM 3aco0iB ['IC-amamizy (Danshyna &
Podorozhko, 2023).

Eman 3. Ananiz orpumaHux kKaprorpadiyHUX JaHUX, (POPMYBaHHS BHCHOBKIB MO0 CTaHYy
pyciia pidky Ta MPHIIETINX BOJHUX 00’ EKTIB.

Pe3yabTaru T2 00r0OBOpPEeHHA

3 BHKOPHCTaHHSIM pPO3pOOJIGHOTO METOAY BH3HAYMMO JedopMaliiiHi Tporecu pycia
CiBepcbkoro JloHIIs, 30KpeMa AISHIN 3alljlaBH Ta MEPIIUX HAI3alUIaBHUX Tepac y padoHI ceyuina
[TerpiBchke banakiiiicbkoro paiioHy XapKiBChKOi 00JI.

SAx BuxigHi gaHi oOpaHo: apxiBHI Matepianu 1922 p. — TeoJoriyHy KapTy paloHy
c. IlerpoBckoro I3romcekoro moBiTy XapkiBcbkoi TyOepHii (puc. 2, a); cywyacHi kaptu 1985p. —
¢bparment Tomnorpadiunoi kaptu paiiony c. Ilerpicbkoro macirady 1: 200 000 (puc. 2, 6). Takox sk
JDKEpeNio akTyalbHHUX aaHux oOpano cepsic Sentinel Hub (https://www.sentinel-hub.com/), 3Biaku
3aBaHTAXXECHO aKTyaJIbHUI CYIyTHHUKOBH#, oTpuManuii 3 Sentinel-2 31.01.2024 (puc. 3).

Jl1st MOpIBHSHHSL Ta JACTAIBHOTO aHai3y aeopMalliii pyciia BUKOPUCTAHO MPOTPAMHUI IPOTYKT
ArcGIS 10.8, mo € yHiBepcaJlbHUM IHCTPYMEHTOM i TOYHOTO OOpOOJICHHS KOMILJIEKCHUX JaHHX,
30KpemMa KapTorpadiyHuX MarepialiiB 1 JaHUX JUCTAHLIMHOTO 30HAYyBaHHS 3emui. 3pyuHa (YHKIIS
ArcGIS 10.8 — monmanHsi pe3ynbTaTiB OOpOOJIEHHS y BUIJISII KOMIUIEKCHHX KapT, IO 3’ €IHYIOTh
BUXIJHI JaHi, JONOMAara€ 3HaWTH TMPHUXOBAaHI B3a€EMO3B'SI3KM MDK HUMH Ta JOCHIKYBaTH
Te0NpOCTOPOBI 3MIHH 3 BUCOKOIO TOUHICTIO; IX Bi3yallizallis CTa€ iHTYiTUBHO 3pO3YMUIOIO Ta MOJIETIIYE
3aBaanns ananizy (Danshyna & Podorozhko, 2023; Podorozhko, 2024).

Ha mnouarky o0poOneHHss naHux ix Oyno BekTOopu3oBaHO 3acobamu, siki Hagae ArcGIS,
BIJIIIOBIJTHO /10 JAeMHU(PyBaJIbHUX O3HAK BOAHUX 00’€KTiB. IIpy 1bOMy OCHOBHa yBara NnpuauIsiacs
3araBHUM AissHkaM foiauHu CiBepebkoro JliHIS, Ha SIKUX MJIAHOBUN MAIOHOK pycia Ta 3aIlIaBHUX
CTapUUHUX O03€p Ha CyYacHi KapTi BiAPI3HABCS BiJ BIIMOBIIHUX €JIEMEHTIB 3aIllaBH, IO Oyiu
KaprorpagoBani y 1922 p. SIk OCHOBY A MOPIBHAHHSA OOpaHO ENEKTPOHY TOmorpadidHy KapTy
paiiony c. [lerpiBcbkoro.
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Puc. 2. I[Ipuxnao apxisnux mamepianié pationy 00CHIONCEHHSL.
a — eeonoeiuna kapma pationy (1922 p.); 6 — monoepagiuna kapma pationy (1985 p.)

2024-01-31 00:00 - 2024-01-31 23:59, Sentinel-2 L2A, True color
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Puc. 3. CynymHnuxosuti 3HiMOK pationy 00CRiONHCEeHHs.

CTBOpEHO BEKTOpHI MIAapuW pycila pikd Ta NPWIErIUX BOJHMX 00’ekTiB. OOOB’A3KOBHM
€JIEMEHTOM BeKTOopu3allii Oylo BH3HAUEHHS pI3HUX KOJBOPOBUX TaM Uil OO’€KTIB 3a pi3HI

poku (Podorozhko, 2024).
Jlani mpoBOAMBCA eTamn MOPIBHAHHS Ta BU3HaueHHsA Aedopmaniil pycna piku. g miHiMizamii

MOXMOOK aHali3y 3HIMKIB OyJlI0 NPUHHATO pIMICHHS HAKJIACTH JBa WIapu (Cy4acHOro 3HIMKY Ta
apXiBHUX JIaHMX), TP [[bOMY 3MIHUBIIN MPO30PICTh BEPXHBOTO 3HIMKY 10 45%, 110 € ONTUMAIbHUM
JUIs JOCATHEHHS J00poi BHIMMOCTI Ta TMOpPIBHSHHSA 00’€kTiB Ha 000X 3HiIMKax. CdopmoBaHo

KOMIUIEKCHY KapTty (puc. 4).
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Yyosui nosnavcnus

[:] PYCao 3a aanmsm sitomkn 1922 p. - CYHACHE Pycao

crapuui 3a aanmnsm sitomxn 1922 p. - Cy“acHi crapuui

D KBAPTATH HACCICHHX NYHKTIB

Puc. 4. Komnnexcna xapma pycia Cieepcokozo JJonys

Ha nocnmimxyBaHux AUISHKAX criocTepiranacs 3HadyHa moBHOBOIHICT CiBepchkoro JliHIis, K BiH
OyB kaptorpadoBaHuii Ha moyaTKy XX CTOJITTS, y TMOPIBHSAHHI 13 Cy4YacHMM Horo craHom. Bifg
pO3raly’KeHUX pycell Ha JUISHI JOCTIKEHHS Ha L€ Yac 3aJMIIMBCS JIMIIE OJAWH PyKaB Ta OJHA
CTapulls, sKa 3HAXOJUTHCS Ha CTalli «BIAIIHYpPYBaHHS» BiJl OCHOBHOI'O pycjia dYepe3 Te, IIO
MPOTOYHICTh y JTAHOMY CTapUKy BITHOBIIOETHCA JIMILE M1 Yac Ay’Ke BHUCOKHX BECHSHUX IOBEHEH.
[TopiBHIOIOYM apXiBHI JJaHHI C aKTyaJIbHMMHU JAHUMHU AUCTAHLIAHOTO 30HAYBAaHHS, 3a3HAYMMO, IO
cepenns mupuHa pycia CiBepcbkoro Jlonms 3menmunacs y 1,22 pasu. Takox (iKCYeTbCs HEBEIHKE
BIIXWJICHHS PyClla PIYKH IMiJ mpaBuii 6eper (MakcuMaiabHe 3HadeHHs ~200 m).

XapakTepHOIO OCOOIMBICTIO pycila € aKTUBHE MEaHIpyBaHHs 1 IHTCHCHBHA €pO3iitHa JISUTBHICTD,
BHACIHIIJIOK $KOi MOro IJIJAHOBHUH MAIIOHOK ICTOTHO 3MIHIOETBCS. Y paliOHI JOCHIKEHHS 3a
Mopdoioriero pycna CiBepcbkoro JloHIs Ta #oro 3amiaBu (PiKCyeEMO IUISTHKY BIAHOCHO MPSMOIO
pycia, sika MPaKTUYHO HE 3MIHUIIa CBOE IMOJIOKEHHSA. SIK 1 B ONEepeAHbOMY BUIAAKY, PYCJIO HE3HAYHO
(6:mm3bK0 20 - 30 M) BigXMIHIIOCS IIiJ IpaBuii Oeper i AeIo BTPaTuio B IUPHHI.

BucHoBku

TakuMm 4MHOM, 3aPONOHOBAHUM METOJ] AOCTIKEHHS PIUKOBUX CHUCTEM Ja€ 3MOry (ikcyBaTu Ta
OLIIHIOBATH ICHYIOUHM AeopMalliiiHi mpoIecu MUIIXOM MO€AHAHHS aKTyaJlbHUX CYMYTHHKOBUX JaHUX
OaceliHy pIYOK 3 apXiBHUMH Ta HasSBHUMHU KapTorpadiyHUMH MarepiallaMd 13 3aCTOCYBAaHHSIM
cydyacHux iHcTpyMeHTiB I'IC-ananisy.

Hanpuknan, npocropoBuii ananiz nedopmartii pycna Ciepcbkoro JloHIIS IOKa3aB HassBHI 3MiHU
B CTPYKTypl pPIYKOBOi CHUCTEMHM, JaB 3MOTYy BH3HAUUTH HAWOUIBLI Ypas3nuBi JUISHKM PIYKH Ta
IIPOrHO3YBAaTH MOKJIMBI 11 MailOyTHI 3MiHU. BUsBIEHI 3MiHM PyCIOBUX MPOIECIB HE JIHMILE BIUIUBAIOTH
Ha MPUPOAHUIN TiAPOJOTIUHUIN PEXUM PIYKH, MOXKYTh 3arpoKyBaTH Ol0pI3HOMAHITTIO 1 €KOCHCTEMH,
BHUKJIMKAIOYX 3HIDKEHHS SKOCTI BOJIM, 3MiHY BOJJOOOMIHY Ta AeTpajallito MpruOepeKHUX €KOCUCTEM.

PoOoty BHKOHaHO 3a miATPUMKHM MiHicTepcTBa OCBITH 1 Hayku YKpaiHu (JepKaBHUN
peectpaniiini Homep mnpoekty 0122U002298) 3a panuMu PerioHanbHOTO HEHTPY KOCMIYHOTO
MoHiTopuHTYy 3emii "CrnoboxxaHuHa".
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CyuacHi npakTMKH Ta iIHHOBaWil B €KOJIOTIYHOMY MOHITOPUHTY
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Modern Practices and Innovations in Environmental Monitoring

Kohut Yu.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

yurbasananas@gmail.com

Abstract. The study is devoted to the analysis of modern methods and technologies of environmental
monitoring. The paper considers innovative approaches to the collection and processing of
environmental data, including the use of 10T devices, artificial intelligence technologies and big data
for a comprehensive assessment of the environment. Based on the analysis, the effectiveness of various
monitoring methods for assessing the state of atmospheric air, water resources and ecosystems in
general is determined. The results of a comparative analysis of traditional and modern methods of
environmental monitoring are presented, their advantages and limitations in the context of modern
environmental challenges are considered. Based on the results of the study, recommendations for
improving environmental monitoring systems through the integration of modern technological
solutions are proposed.

Keywords: environmental monitoring, 10T, big data, artificial intelligence, smart sensors
Beryn
ExonoriyHuif MOHITOPHMHI 3HAXOJWTHCS Ha eTami CYTTeBOi TpaHchopmalii, 10 3yMOBJIEHO

CTPIMKUM pO3BUTKOM TEXHOJOTH Ta 3pOCTalOYMMH BHMOTaMH JO SIKOCTI Ta ONEPaTUBHOCTI
eKOJIOTTYHUX JaHuX. TpaauliifHi MiAXOIU 10 MOHITOPUHTY JOBKULIA, sKi 0a3yBalUCh MEPEBAKHO HA
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NEPIOIMYHUX BUMIPIOBAHHAX Ta JIAOOPAaTOPHHUX JOCHIDKEHHSX, IOCTYIOBO JOIMOBHIOIOTHCA Ta
IHTETPYIOThCSI 3 aBTOMATH30BAHUMH CHCTEMaMHU CIIOCTEPEKEHHS, 10 3a0e3neuyloTh Oe3nepepBHUI
30ip JaHUX Y PEeXHUMI PeaJbHOro 4acy.

B ymoBax 3pocTarouoro AaHTPONOTEHHOTO HABAHTAXXEHHS Ha JOBKULIA Ta TJ00AIBHUX
KIIMaTUYHUX 3MiH OCOOJHMBOI aKTyaldbHOCTI HalOyBae BHOPOBA/KCHHS €()EKTUBHUX CUCTEM
€KOJIOTIYHOTO MOHITOPHHTY, 3[JaTHUX 3a0€3MeYUTH CBOE€YACHE BHSBICHHS Ta IPOTHO3YBAHHS
eKOJIOTIYHUX 3arpo3. MeTor MJaHOro MAOCHI/DKEHHS € aHalli3 Cy4acHHX IPAKTHK EKOJIOTIYHOTO
MOHITOPUHTY Ta OIiHKAa €()EeKTUBHOCTI BIPOBAKCHHS IHHOBALIMHUX TEXHOJIOTIH JJIsl TIOKpAIIEHHS
SIKOCTI1 €KOJIOTTYHUX CIIOCTEPEIKEHb.

MeTtoau Ta marepiajaun

CyuacHa mpakTHKa €KOJOTTYHOTO MOHITOPHHTY XapaKTEePHU3YEThCS KOMIUIEKCHUM MiAXO0J0M 0
300py Ta aHaNi3y JaHHUX MPO CTaH JIOBKULIL. B OCHOBI JOCITIKEHHS JICKHUTHh aHaNi3 e¢QEKTHBHOCTI
PI3HUX METOJIB MOHITOPHMHTY, $IKI aKTHBHO BIPOBA/UKYIOTbCS B MPAKTUKY MPUPOJOOXOPOHHOL
nismbHOCTI.  OcobnuBa yBara NpPUIUISIETbCS aBTOMATHU30BaHUM CHCTEMaM MOHITOPHUHTY, SKI
CKJIa/aloThed 3 Mepexi cmapr-ceHcopiB Ta loT-mpuctpoiB, siki 3a0e3neuyroTh Oe3nepepBHUN 30ip
JaHUX MPO KIFOYOBI MTapaMeTPH HAaBKOJIUIITHBOTO CEPEAOBHUIIIA.

KoMmoHeHToOM CyyacHOro €KOJOTTYHOIO MOHITOPHUHIY € BUKOPUCTaHHS JUCTAHI[IMHUX METOJIIB
CIIOCTEPEIKEHHS, BKJIIOYAIOYM CYMYTHUKOBI CHUCTEMH Ta O€3MUIOTHI JTalbHI amapaTt, OCHAIIEHI
CreIiai3oBaHUM  OOJIaHAHHAM JUisi 300py ekoyoriyHuX gaHux. Lli TexHomorii J03BOJISIIOTH
OTpUMYBATH 1H(OpPMAIIiIO PO CTaH BEIMKUX TEPUTOPIM 3 BUCOKOIO MEPIOJUYHICTIO Ta MPOCTOPOBOIO
PO3ITBHOIO 3/IaTHICTIO.

BrnpoBajkeHHsT CydacHUX TEXHOJIOTIH Ja€ 3MOTy PO3LIMPUTH MOXKIMBOCTI €KOJIOT1YHOrO
MOHITOPUHTY. BUWKOpHCTaHHS aBTOMATH30BAaHMX CHCTEM CIIOCTEPEKEHHS JI03BOJISIE TIiIBHUIIUTH
TOYHICTh Ta ONEPATHBHICTH, 300py MaHWX Ta 3HAYHO PO3IIUPUTH CIEKTP TapaMmeTpiB, IO
KOHTPOJIIOIOThCA. [HTErpyrouM naHi 3 PI3HUX DKEpEN, TaKWX SK: Ha3eMHI CTaHIlli MOHITOPHHTY,
JTUCTAHIIHHI CHCTEMH CIIOCTEPEKEHHSI Ta MEPEXi CMapT-CEHCOPIB, MOXKHA CTBOPUTH 3a0€3ICUEHHS
(hopMyBaHb KOMIUIEKCHOI KAPTUHH €KOJIOTTYHOTO CTaHy TEPHUTOPIH.

VY PO3BHUTKY MPAKTHK €KOJOTIYHOTO MOHITOPUHTY OEpyTh y4acTh TEXHOJIOTIl 0OpOOKH BEIUKHX
JaHUX Ta IITYYHOrO 1HTENEKTY. 3acTOCYyBaHHsS aJrOPUTMIB MAaUIMHHOIO HAaBYaHHS JO3BOJISE
ABTOMAaTH3YyBaTH TMPOIECH aHaJi3y EKOJIOTIYHHX /JaHHWX, BUSBIATH TMPUXOBaHI 3aKOHOMIPHOCTI Ta
dhopMyBaTH TPOrHO3W IMOJO0 MOXIJIMBUX 3MIH CTaHy JIOBKUUIA. BIpoBa/KeHHs TakUX TEXHOJOTIH
JI03BOJISI€ MIABUUIUTH TOYHICTh HPOTHO3YBaHHS EKOJIOTIYHHMX 3MIH 10 95% Ta CKOpOTUTH dac
pearyBaHHs Ha €KOJIOT1YHI IHIUACHTH OUIBII HIXK Ha TIOJIOBUHY.

OpHuM 13 acmekTiB Cy4acHOr0 EKOJOTIYHOIO MOHITOPHHIY € PO3BHUTOK CHCTEM DPAHHBOTO
MOTEepePKEHHS PO EKOJOTi4HI 3arpo3u. [HTerpaiiss JaHUX peajlbHOro 4Yacy 3 MPOrHOCTHYHUMU
MOJIETISIMU JIa€ 3MOTY CBOEYACHO BUSBIISATH MOTEHIIIIHI PU3UKUA Ta BXKUBATH NMPEBEHTHUBHUX 3aXOIB
JUIA 3arno0iraHHs HEraTMBHUM HacligkaM i AoBKULISA. [lpu 1boMy BHKOpHCTAaHHS XMapHHUX
TEXHOJIOT1i 3a0e3meuye OnepaTuBHUM TOCTYH A0 €KOJOTIYHUX JaHUX JUIA BCiX 3alliKaBJICHUX CTOPIH, Y
TOMY YHCII JUIS OpraHiB AepKaBHOI B, HAYKOBUX YCTaHOB Ta TPOMAJICBKOCTI.

MeToau MOHITOPUHTY:

1. KinbkicHi Ta SIKiCHI METOIU IS OLIIHKU €()EeKTUBHOCTI 3aCTOCYBAHHSI PI3HUX TEXHOJIOT1H.

2. BrumB loT-mpuctpoiB 1 cmapT-ceHCOpiB Ha Oe3nepepBHUN 30ip JaHUX PO THapameTpu
HABKOJIMIIIHBOTO CEPEIOBHIIA.

3. CTATUCTUYHUH aHaJi3 IS OIL[IHKY TOYHOCTI JaHUX, OTPUMAHKX 13 aBTOMATU30BAHUX CHCTEM.

4. CynyTHHKOBI cUCTeMH 1 O€3MIJIO0THI JIiTalIbHI anapaty Ajs 300py eKOJIOT YHUX JaHUX.

5. AnropuTMHM MAalIMHHOIO HaBYaHHS [UIi aBTOMAaTH3allii aHali3y eKOJOIrIYHUX JaHUuX,
BKJIFOYAIOYH BUSBJIEHHS 3aKOHOMIPHOCTEH Ta MPOTHO3YBAHHS 3MiH CTaHY JOBKIJUIA.

BucnHoBku

JIOCII/DKEHHS CBITYMTh PO CYTTEBY TpaHC(HOPMALIiI0 MPAKTUK €KOJIOTTYHOI'O MOHITOPUHTY Mif
BIUIMBOM CYYaCHUX TEXHOJIOTIYHMX JIOCATHEHb. BIpOBa/keHHs aBTOMATH30BAaHUX CUCTEM
CIIOCTEPEKEHHS, BHUKOPHCTAHHS TEXHOJIOTIH IITYYHOrO IHTENEKTY Ta BEJMKUX JAHUX IMiJBHILY€E
e(EeKTUBHICTh E€KOJOT1YHOTO MOHITOPUHIY Ta 3a0€3MeUUTH OUIBII TOYHY OI[HKY CTaHy JOBKIUUIA.
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Pazom 3 THM, XO04y BiA3HAUUTH, IO MAaKCHUMajbHa €(EKTHUBHICTH JOCATAETHCS NPU KOMILICKCHOMY
MiIXO1, KW TOEAHYE TPAAULIiIMHI METOIN MOHITOPHHTY 3 CyYaCHUMHU TEXHOJOTIYHHMHU PIIICHHSMHU.
Ile 3a0e3me4ynTh BUCOKY JOCTOBIPHICTh JaHUX Ta (OPMYBAaTH OO'€KTHBHY KapTHHY EKOJOTI4HOTO
CTaHy TEPHUTOPIH.

[Momanpimmii poO3BUTOK MPAKTUK EKOJOTIYHOTO MOHITOPHHTY IMOBHHEH OYTH CIpPSMOBAaHUN Ha
BJIOCKOHAJICHHSI CHCTEM OOpOOKM Ta aHaji3y OaHWX, PO3BUTOK IMPOTHOCTHYHHX MOMIJIMBOCTEH Ta
MOCHJICHHS 1HTErparii pi3HUX METONiB crocTepekeHHs. OcoOIMBY yBary CiiJl NPUALTATH PO3poOIT
CTaHJIaPTU30BAHUX IPOTOKOJIIB OOMIHY JaHUMU Ta 3a0€3MEUEHHI0 CYMICHOCTI pPI3HHUX CHUCTEM
MOHITOPHUHTY.
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Excnpec-MOHITOPMHT BiIHOBJIEHHSI PUPOIHUX €KOCUCTEM Yy JIOXKI
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Express monitoring of natural ecosystems restoration in the drained
Kakhovsky Reservoir by means of GIS analysis
Kreta D.L., * Rogozhin O.H.

Institute of Telecommunications and Global Information Space of the National Academy of Sciences
of Ukraine, Kyiv
E-mail: olexarog@gmail.com

Abstract. On June 6, 2023, the Russian occupiers blew up the Kakhovskiy HPP with the draining of
its reservoir, which is the largest in Ukraine in terms of area, and set a new task for ecosystem
monitoring - tracking the process of ecosystem restoration in its drained bed at the level of spatial
analysis. For this purpose, we use Copernicus Sentinel missions open-access satellite images, suitable
for rapid monitoring of spatial dynamics. The analysis of satellite images was performed using the
tools of the ArcGIS 10.2 Image Classification module.

To decipher the water surface and vegetation, we used a standard method using the thematic indices
NDW!I and NDVI. This approach, applied to open-access satellite images Sentinel 1 and 2, makes it
possible to quickly monitor the spatial dynamics of area distribution of the following types of
ecosystems: freshwater and semi-aquatic, meadow, forest and bare soil. A close to natural large-scale
process of floodplain ecosystems restoration with almost continuous overgrowth of forest vegetation is
observed in the absence of pressure from large herbivores and anthropogenic influence.
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This non-linear process is far from over, its seasonal dynamics is superimposed by a general tendency
to increase the area of plant communities, primarily forests. The theory states that, other things being
equal, this trend will have a shape close to the logistic curve (declining rate of accumulation of
changes). We expect further observations to confirm this. Ways to improve the accuracy of the
assessment of deciphered areas, in particular vegetation, are the involvement of satellite images
resolution and the comparison of GIS analysis results with the data of ground measurements and
observations.

Keywords: drainage of the Kakhovskiy reservoir, restoration of ecosystems, remote monitoring,
satellite images, GIS analysis.

Beryn

e nns nocsruenss uinedt «Crpaterii €C 3 6iopizHoManiTTs 10 2020 p.» nepxkasu wienn €C
Oynu 3000B’si3aH1 3/AIMCHIOBATH KapTorpadyBaHHS Ta OIIIHKY E€KOCHCTEMHHX TOCITYyT Ha CBOill
TepUTOPii. Y SKOCTI METOJOJOTIYHOI OCHOBU JJIsl TaKOi OLIHKHM, sIK 3a3HadaoTb M.B. lnbina ta A.O.
Jlonec (Inbina i Jlomec, 2023), BuKOpHCTaHO KEPiBHI JOKYMEHTH [ 7100a7IbHOTO SKOJIOTIYHOTO (OHLY,
Exonoriunoi nporpamu OOH, Pamcapcekoi konBeniii Tougo. Toai pobotu 3 xaprorpadyBaHHS Ta
OI[IHKM €KOCHUCTEMHHMX IMOCIyr B €BpoIll AaKTUBHO pO3MOYAIMUCS, MPUUOMY, JEKIJIbKa
€BPOTNEHCHKUX KpaiH BXXEe JaBHO 3AIHCHWIM CHCTEMaTHYHE OIIHIOBAHHS HAI[lOHAITBHUX
eKOoCHCTeM, cepell HuX BennkoOputanis Ta Icnanis (Po3pobnenss. .., 2019).

Ha sxanp, B YkpaiHi gani iHIIIaTUB HAYKOBIIB, MIATPUMAHUX MNPOPUIBHUMHU MDKHAPOIHUMU
OprasizalisiMu clipaBa He MIIUIA, 1 HEe JuIle 4yepe3 BilHYy 3 pd. [0 OLIHKHM €KOJIOTiYHUX MOCIYyT Ha
OCHOBI BIJIOBIIHOTO KapTorpadyBaHHS BCi€l TepuTOpli KpaiHU BUSBWIMCS HE TOTOBUMH 1JI€0JIOTTYHO
nepenyciMm B MinnoBkiyuist. BogHovac kapTorpadyBaHHS 1 MOHITOPUHT €KOCUCTEM Yy HAC TPAIULINHHO
MPAaKTUYHO 3IIMCHIOIOTHCS B 3alOBIJHMKAX, HAIIOHAIBHUX IapKax Ta Jicrocmax (B OCTaHHI
JECATUIIITTS 3 BAKOPUCTaHHAM iHCTyMeHTapis /[33 Ha OCHOBI aHaITi3y KOCMO3HIMKIB).

Tum wacom, kpyrmHOMacITabH1 O0HOBI [T OCTAaHHIX POKIB aKTyali3yBaju MUTAHHS MPAKTHYHOTO
3aMpOBaDKEHHS JTMCTAHIIMHOTO €KOCHUCTEMHOTO MOHITOPHUHTY B YKpaiHi, 0COOJMBO B pailOHax, Je
BOHHU BimOyBayics. Ha mepmomy erari TyT AONUIBHO 3IMCHIOBATH MOHITOPHMHI Ha PIBHI OCHOBHHUX
TaKCOHIB ekocucteM 3a kiacudikamiero MAES: ypOoekocucremu; arpoeKoCUCTEMH; TPHUPOJIHI
€KOCHUCTEMH; TIPICHOBO/IIHI €KOCHCTEMH; MOPChKI €KOCHUCTEMH TOIIIO.

[TimpuB pociiicekkumu okymantamu 6 uepBHs 2023 p. Kaxorcekoi 'EC i3 ocymenHsM ii
BojocxoBuma (momero 2155 kM?) MocTaBUB Nepesl eKOCUCTEMHHM MOHITOPUHIOM HOBE 3aBJAHHS —
B1JICIIITKOBYBaHsI TIPOIIECY BITHOBJICHHS €KOCHCTEM B MOTr0 OCYIICHOMY JIOKi Ha PiBHI IPOCTOPOBOIO
aHam3y.

MeToau Ta maTepiaan

My BHKOPHUCTOBYEMO 3 I[I€F0 METOK KOCMO3HIMKH BigkpurToro moctymy Copernicus Sentinel
MIsSIiONS, mpuaaTHi Ui MIBHIKOTO MOHITOPUHTY JWHAMIKH ILJIOII TOIIUPEHHS y3arajbHEHHX THITIB
€KOCHCTEM, 30KpeMa: BOJHUX (K IUIOIIa BOJHOIO A3€pKalia), CyXOJOJIbHOI POCIUHHOCTI, JIICOBHX
(JTICOBKPUTHX  IUIOMI), KaM SHHUCTO-MIIIAHUX BIAKPHUTOTO TPYHTY (TEPUTOPiid, MO30aBICHUX
POCIIMHHOCTI). BukopucTaHa THUIIOJNOTIS JWIIE HA MEPIIUH TMOIJISA 3HAYHO BIJIPI3HAETHCS BiJT
knacudikanii MAES, noBHui 30ir ciocTepiraeTbcs CTOCOBHO MPICHOBOAHUX €KOCHCTEM, a JTICOBKPHUTI
Ta Jy4HI IJIOMII MOXYTh OyTH BiJHECEHI /10 KJacy MPUPOIHUX €KOCUCTEM 3 OTJIALYy Ha iX MOHEPHICTh
B YMOBaX HE3HAYHOI TOCHOJAPCHhKOi aKTUBHOCTI Yepe3 OaratoMmicsyHe nepeOyBaHHS B 30HI 00MOBUX
Hiit. JIuine He BKPUTI POCIMHHICTIO TEPUTOPIT MOXKYTh CTOCYBATUCS TaK0X 3a0y/JOBU ypOOEKOCHCTEM.

AHali3 KOCMO3HIMKIB BUKOHAHO 13 3aCTOCYBaHHsSM 1HCTpyMeHTiB MoayJsa Image Classification
ArcGIS 10.2.

PesyabTaTn T2 00roBOpeHHs

Jns nemmdpyBaHHS 800HOI NOGepXHi BUKOPUCTAHO METOJ| 13 3aCTOCYBaHHSIM TEMAaTUYHUX
1H/IEKCIB, SIKMH MoJArae y BUKOPUCTaHHI 1HJEKCIB JJIsl MOPOTroBUX (IBTPIB, 1110 A€ 3MOTY 30UIBIINTH
KOHTPACTHICTh BOJHOI MOBEPXHI Ha TJi CyIIM (3a JOMOMOIOI0 PI3HHUIN SCKPABOCTI BOAM 1 CymIi B
pI3HUX KaHalax CyIyTHUKOro 300paxkeHHs). BnacHe Bukopuctano «Boanui» ingekc NDWI
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(Normalized Difference Water Index). Moro 3acTocoByioTh Ul BU3HAYEHHS 06 €KTiB BiIKPUTHX
BOJIHUX TPOCTOpIB (IIOBEPXOHb) Ta iX BHIUICHHS Ha CYNMyTHUKOBOMY 3HIMKY Ha TJi IPyHTY Ta
pocnuaHOCTi. NDWI pospaxoByerbest 3 Bukopuctandsam koMOiHarii GREEN-NIR (Bunumuii 3enenuit
Ta OJWKHINM 1H(QpAUYepPBOHUIN [iala30HHU), 110 JO03BOJISIE BHUSBIATH HE3HAYHI 3MIHM BMICTY BOAH Y
BojoiiMax. BHKOPUCTOBYIOUM PI3HUIIO ClIEKTpabHUX niana3oHiB NIR (OmmkHil iHPpayepBoHUil) Ta
GREEN (Bugmmuii 3enenuii), NDWI MoXe MOCHINTH «IIPUCYTHICTE» BOIAHHUX OO0 €KTIB Ha
CYIyTHUKOBOMY 3HIMKY. HemomkoM IOTO iHAEKCY € YYyTIWBICTH JO BU3HAYCHHS OYIiBEIHHHX
KOHCTPYKIIIH, 10 MOXE MPHU3BOJAMTH JO TEPEOoLiHKH Iuiomi BoaHux 00’ektiB ([HcTpykuii 3 EO
Browres).

Jns manux kocmosHiMKy Sentinel-2 L2A Bin po3paxoByerbes sik NDWI = (Band 3 — Band
8)/(Band 3 + Band 8), ne Band 3 ue Buaumwmii 3eneniii kanam (560 nm), a Band 8 — GmwxkHii
iHppayepBoHnii KaHain (842 nm). Pi3Hung MK KaHasaMHu Joromarae 30ibIIMTH KOHIEHTPAIO
300pakeHb BOJHOI MOBEPXHI HA 3HIMKY. A HOpMaii3aiis Ja€ 3MOTy M030aBUTHUCS BEIUKUX 3HAYEHBb
MIKCENIB 1 MeperTn 10 Miana3oHy 3HaudeHb Bix 1 7m0 -1, ne 1 € BomHOIO MOBEpXHEHO, a -1 — cyxum
rpyHTOM. [IpruoMy MMOKa3HHMKHM MPUCYTHOCTI POCIMHHOCTI 3a LMM IHJAEKCOM 3HA4YHO HMIXK4Yl 3a
MOKAa3HUKH BOJHUX OO €KTIB, IO JO3BOJSE JIETKO BIAPIZHUTH POCIWHHICTH BIJI BOJOWM. AJie
OymiBenbHI 00’€KTH Takok MaroTh no3utuBHI 3HaueHHSs NDWI Big 0,0 mo 0,2. YiTko BH3HAYEHI
niama3zonu 3HaueHb iHAekcy NDWI BiamoBigHi Takum kareropism noBepxonb: 0,2-1,0 — IToBepxHs
Boau; 0,0-0,2 — IligrorutenHs/3aroruienns, Bojoricth; -0,3-0,0 — IlomipHa mocyxa, He BOJHI
noBepxHi; -1 — -0,3 — Ilocyxa, He BoaHi moBepxHi. 3HIMKH cepii Sentinel-2 L2A 3abe3neuyroTh
BUJIUMUHN J1alla30H C IPOCTOPOBHM po3pizHeHHsM y 10 M Ha mikcenb. HemonikoM HHMX 3HIMKIB €
XMAapHICTh, sSKa YHEMOXJIMBIIOE Jemu@pyBaHHs BOAHOI IMOBEPXHI MiJ XMapaMmH. 3HIMKH cepii
Sentinel-1 AWS-IW-VVVH poGnsath y pagioMETpUYHOMY Jiana3oHi, XMapH JJisi HbOTO IMPO30pi.
OpHaK MPOCTOPOBA PO3IUTBHA 3JIATHICTH JUIS [HOTO Jlialla30Hy 3HAYHO MEHINa, Bix 2,7%22 mo 3,5%x22
M Ha TiKcelb. Y BHIMMOMY Jiamna3oHi BiAOMpaIuCh 3HIMKK 3 XMapHicTio <5%. YacoBuii mepion
3uiMkiB Sentinel-1 ta Sentinel-2 cranosus Big 30.06.2023 p. 10 07.09.2024 p.. [Ipruomy came 3HIMKH
Sentinel-2 cepii MSI BuKOpUCTaHO Ul BHUSBIICHHS TOYHMX KOHTYPIB BOJHOI MMOBEPXHi, OCKUIBKH
TPaHMIT PO3AUTY BOJA-TIOBEPXHS TaM YITKO BHUABISIETBCS Yy Jiama3oHi IICEBJOKOJIBOPIB 13
3actocyBanHsaM kaHaniB Band 8 (490 nm) — R, Band 3 (560 nm) — G, Band 2 (490 nm) — B (Iactpyxkitii
3 EO Browres). Pagionokariini 3uiMku Sentinel-1 3amydeno mis igeHTrdikaii BOIHOT ITOBEPXHI i
XMapaMu.

Buxopucranns kananiB Sentinel-2 cepii MSI 3 npoctopoBumM po3pizHeHHsM y 10 M mae 3mory
oJiepKaTH MOXHOKY pO3Mi3HAaHHS y 4 ra Ha KO>KHHH IiKCeNlb 3HIMKY. 3HiMKH Sentinel-1 Tunmy IW i3
PO3IUIBHOIO 37ATHICTIO 22 M Yy TIKCeNl JAar0Th MOXUOKY pO3Mi3HAHHSA OJIM3BKO 25 ra Ha KOXHUU
mikcenb. B pesynbTari nemmdpyBaHHS 3a3HAUYCHHUX KOCMO3HIMKIB OyJM OTpUMaHi KOHTYPH Ta
BHM3HAUEHA IUIOIIA BOJHOI MOBEPXHI Ha TepuTopii KoimuiHbOro KaxoBchkoro BojocxoBuila Ta ii
OIIHKM Ha pi3HI gath, Tabn. 1. JlemmdpoBaHa mioma BOJHOI IMOBEPXHI BKIIOYAE 3A€OLIBIIOTO
TEPUTOPIIO TOJIOBHOTO pycia p. JHINpo, 1110 BiAHOBUIIOCS, Ta HOBOYTBOPEHUX 3aIIABHUX 03€D.

Tabnuya 1. Pospaxosana naowa i yacmka 800H0i nogepxti 6 medcax Kaxoscokozo sodocxosuwa y 2023-24 pp.

Hara I'lC-ominku [Tnoma, km? % BiJ JoaBapiiHOT TUTONTI
1 | 01.06.2023 2155,0 100,00
2 |30.06.2023 325,8 15,12
3 | 18.10.2023 370,9 17,21
4 | 01.01.2024, 3umoBa MeXIHb 267,53 12,41
5 1 31.03.2024, ik Bogomins 1462,19 67,85
6 | 10.05.2024, Bogomniyuis cragac 785,19 36,44
7 | 25.05.2024, Bogoniaig cagace 706,55 32,79
8 |09.07.2024 305,73 14,19
9 | 23.08.2024, miTHSI MEXIHD 167,48 1,77
10 | 07.09.2024 220,93 10,25
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Haiimenmma mroma BOAHOTO J3epKaia y JoOxi ocyiieHoro KaxoBChKOTO BOJOCXOBHIIA
crocTepiranacs B JITHIO MeXiHb mocynumBoro 2024 p. (menme 8% Bix HOTo IUIOmii) Ta B 3UMOBY
Mexiub 2023-2024 pp. (12,1%, na 1.01.2024 p.), a HaitbinbIIa — y nIepio] BecHssHOTO Bogomniuist 2024
p. (monax 67%, ua 31.03.2024 p.). Uepes nosodi mpomose JiTo 2023 p. Toxi Oyia MpaKTHYHO BiICYTHS
niTHS MexXiHb. [lani Tabm. 1 3aranom 3acBiIuyrOTh, IO Ha OCYMIEHI TepUTOPIi BITHOBUBCS ONM3BbKHNA
0 TPUPOJHOTO BOJHUN PEXKUM CE30HHO 3aTOILIIOBAHOI 3aIulaBHOI Tepac (3amiaBu). YMOBHO
MPUITYCKAEMO, IO TUIONIA BJAacHE MPICHOBOJAHUX E€KOCHCTEM ChOTOJHI BIIHOCHO cTalimizyBamacs B
niama3oni 8-13%, a HamiBBOJHUX (CE30HHO 1 MEPIOJUYHO 3aTOILTIOBAHUX) — 55-60% (Bix 3arambHOI
TUTOIII JIOXkKA OCYIIEHOTO BOJOCXOBHIIA). TOOTO MaeMO OIiHKY MOMIMPEHHS TPbOX OCHOBHHUX O10TOIIIB:
BOJIHOTO, HAITIBBOJJHOT'O 1 MEPEBAYKHO CYXO0IBHOT0, 3aTOITIOBAHOTO JIAJIEKO HE KOXKHOTO POKY.

st nemmdpyBaHHs apeanie pociunHo2o nokpugy (1 OIIHKH CTaHy HOTo BereTarlii) TpaauiiitHo
BUKOPUCTOBYIOTH BereTatupHuii innekc NDVI. Moro 3auenns BapiroroTh y aianasoni Bia -1,0 1o 1,0,
Jie HeraTMBHI 3HAY€HHS, HalyacTillle BKa3ylOThb Ha HAsBHICTh XMap, BOJAHOI MOBEpPXHI YM CHIry, a
3HaueHHs, OJMU3bKI /10 HYJs — Ha cKelll yu orojieHUH rpyHT. [yxe Husbki 3HaueHHs NDVI (0,1 1
MEHIIIE) MOXKYTh OYTH IOB’s3aHI 3 HAsABHICTIO HE BKPUTHUX POCIMHHICTIO CKEJSICTUX AUISHOK, MICKY
abo cHiry uu micbkoi 3a0yaoBu. Cepenni 3Hauenns (Bix 0,2 go 0,3) cBig4aTh nMpo BUSBIECHHS JYKIB 1
HU3HMKUX YarapHHKiB, a BUCOKI 3HaueHHA (Bix 0,6 mo 0,8) — niciB momMipHOro abo TPOMIYHOIO MOSICIB
(Tactpykuii 3 EO Browres).

BiamoBigno, nemmdpyBaHHS KOHTYPIB 6CIX MUNi@ HA3EMHOI pOCIUHHOCMI HA PI3HI JaTH B
IpoLeci MOHEPHOT0 3apOCTaHHS TEPUTOPIN KOMMITHEOro KaxoBChbKOro BOAOCXOBHUIIA OYII0 3/11HCHEHO
3a BereratuBHUM iHAekcoM NDVI, maxom Bu3HadenHs mikcenis 13 3HadeHHsM NDVI Big 0,2 o 1 ta
BUMIpIOBaHHAM Iutomi Takux mikcemiB 3acobamu ArcGIS 10.2. Take 3nauenns NDVI 3aGe3neuye
BpaxyBaHHs 1 JEpPEBO-KyIIOBOi, 1 TpaB’sIHOI POCIMHHOCTI Yy CTaHl BereTamii 13 NPOSKTHBHUM
MOKPUTTSM TOBepxHi mmia Heto y 50% (To06To 1 po3piKeHuX, 1 CYIUIbHUX JYKiB Ta JTiciB). Pesynpratn
KapTOMETPUYHOI OIHKKA BCi€l BKPHUTOI POCIMHHICTIO IUIONNI 3a KocMo3HiMKamu Sentinel-2 L2A
HaBezeHl B Ta0iI. 2.

30UIbITIEHHsT TUTOII, BKPUTOI BCIMa THUIIAMHU POCJIMHHOCTI y CTaHI Bererarii, BiJ0yBayioCs
MOCIiIOBHO YoTupu Micsii 2023 p. (HaOLIbIIMM TEMIIOM y JIMIHI-CEPITHi) 1 B KOBTHI MEPEBUIINIIO
73% (Bim momi cyxozony). Ilpuyomy mocymimBa moroja, 10 BCTaHOBWIACA Yy APYTii IMOJOBHHI
BEpECHS — y MepIIii monoBuHi )OBTHS 2023 p. He mMpu3BeNa A0 3aCUXaHHs 1 3SMEHIIICHHS TIIOMT1, BKPUTOL
3€JICHOI0 POCIUHHICTIO (IMOBIPHO Uepe3 MOCTIMHE HAaIXO/DKCHHS BOJIOTH 3 TPYHTOBHM CTOKOM JIHirpa).
ITo Tomy Bereraris MOCTYNOBO MpUINTMHUIACS W 10 Oepe3Hs 2024 p., HACTaB MepioJi 3MMOBOIO CIOKOIO.
HoBuii BecHsiHUI C€30H 3aKpiNUB MO3MII, JOCATHYTI MHHYJIOIO POKY, a BITKYy 2024 p. ruioma mija
POCIHMHHICTIO TPOAOBXKMIIA 3pOCTaTH M Ha MOYATKy BepecHs nepeBuimia 88,5% (BiJ IO CyX0I0Iy).
ko # 1poro poky OyJie Bosora 1 TeIuia OCiHb, BKPUTa POCIUHHICTIO IIONIA IMOBIPHO IPOJIOBXKHTH
3pOCTaTH, X0 1 3HAYHO TOBUIBHIIIIE.

Tabnuys 2. I'IC-oyinka (8 nepuiomy HaOAUINCEHHT) OUHAMIKU RIOHEPHO20 3APOCMAHHS MEPUMOPIT OCYULEH020
Kaxoscvroeo sodocxosuwa écima munamu pocaunnocmi y 2023-2024 pp. (L>NDVI10,2)

. 2 % BIJ BCi€l UIONIi % 3a BUKIOUEHHSIM

JlaTta oLlIHKK IImoma, xm . .. )

BOJOCXOBHILA TIJIONII BOJTHOT MTOBEPXHI
1 05.07.2023 81,85 3,80 4,59
2 19.08.2023 707,64 32,84 39,66
3 18.09.2023 1168,38 54,24 65,55
4 18.10.2023 1307,33 60,69 73,32
5 25.05.2024 1311,48 60,86 90,54
6 09.07.2024 1604,58 74,46 86,77
7 23.08.2024 1668,55 77,43 83,95
8 07.09.2024 1713,38 79,51 88,59
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CTOCOBHO TEpUTOPIAIBLHUX TEHCHIIM MOUIMPEHHs 3apOCTaHHs, TO Ha MOYaTKy rmpouecy (JIUIeHb
2023 p.) He3HayHa IUIOLIA 3apOCIUX JUISHOK (hiKCyBajacsi 3AeOUIBIIOrO Y MMIBHIYHO-CXIJTHIA Ta
niBoOepexHii 1eHTpanbHii (Ol M. EHepromap) wyacTmHax KOJMIIHBOTO BOjxocXoBHIIa. HactymHoro
Micsrs BiOy0cst BUOyXOBE 30UIBIIECHHS TUIONII 3apOCTaHHs, 0COONHMBO Yy MiBHIYHIM yacThHI KOHCHKUX i
bazaBmynpkux IIaBHIB Ta y HEHTPAJIbHINA YaCTHHI KOJMIIHBOTO BojgocxoBuina. Bocenn 2023 p. 306epircs
panine chopMOBaHHI TepuTOpiadbHUA po3moaul. Hatomicte BiuiTKy 2024 p. BiH 3MiHUBCS 1 HaOyB
BiTHOCHO OJTHOPITHOTO XapakTepy MaiKe CyLIIbHOTO 3apOCTaHHS OCYIICHOT IIJIOMI].

Pi3HMIE MDK TUIOIIAMH OCYIIEHOTO CYXOJOJy Ta 3apOCiOI0 BCiMa THUIAMH POCIMHHOCTI JIa€
OLIIHKY TOUIMPEHHS OiLsiHoK, nozbasnenux pocaunnocmi (NDVI<0,2). Ha modatky Bepectst 2024 poky
iX moma craHoBma moHan 220 km?, 10,24% Bin yciei miomi KonuuHROro Bojgocxosuma Ta 11,41%
B1JT TUTOIIII OCYIIEHOTO CYXOOIY.

3acrocyBaHHs noporosoro 3HadeHHs 1>NDVI>0,6 nano 3Mory BuzHauuTH NpUOIN3HI KOHTYPH
TUISTHOK, /1€ TITHSJIACSd TEPEBAXKHO 0epedo-Kyuwoea pOCIUHHICMb JUCTSHUX mopia. Pesynbrartu
KapTOMETPUYHOI OI[IHKH 32 IIMM TIOKa3HUKOM HaBeJIeHi B Ta0m. 3.

SIK 1 TuIoIIa BCiX THUIIIB POCIMHHOCTI, IJIOIIA AEPEBHOI POCIMHHOCTI MOCIIJOBHO 301IbIIYyBajIacs
B Mepioau Bererauli (HalOuIbIIMM TemnoM y numnHi-ceprini 2023 ta kBiTHI-cepnHi 2024 p.). B x0BTHI
2023 p. mioma JAepeBHOI pOCIMHHOCTI mepepumuia 32% ocymeHnoi moBepxHi Ta 43% Bim 1uioni,
3aifHATOl BCciMa TUMaMu pociauHHOcTi. Ha modarok BepecHs 2024 p. BOHA mepeBUIMIIA, BIAIOBIIHO,
47% 1 59%. Lle He o3Hauae, 110 AepeBHA POCIMHHICTh aKTHUBHO 3aMilllye TpaB’siHY, CKOpiIlIe 3a BCe,
TaKUM 9YMHOM OyJ10 3a(hiKCOBAHO MTOYATOK PO3BUTKY CaM€ JIEPEBO-KYIIOBOI pOCITHHHOCTI (i pOCTKH).

Pi3HuI MK MIIolaMu 3apoCTaHHS Ta JI€PEBHOI POCITMHHOCTI A€ YMOBHY OLIHKY MOIIWPEHHS
MePeBaXHO TpPaB’sTHOI POCIMHHOCTI (3ayMBHUX 1 cyxononpHuX JykiB), NDVI=0,2-0,5. Ha mouatok
ceprHs 2024 p. BOHA CTAaHOBUTH TTOHAA 689 kM2, 35,63% Bix mromi ocytreHnoi noBepxHi ta 40,21% Bix
IIONI, 3ai{HATOT BciMa TUIIAMHU POCIMHHOCTI. [i yacTka 3MEHIIy€eThCs.

Tabnuys 3. I'IC-oyinka Ounamixu 3apocmaHnts 0epeeHoI0 POCIUHHICIIO HA MepUumopii 0CyuerHo2o
Kaxoecvko2o sooocxosuwa y 2023 p. (1L>NDVI>0,6)

Hara IInomia, % B11 BCi€T IUIONII % 0e3 ol % BIJ IUIOII BCi€l
OLIIHKH KM? BOJIOCXOBHIIIA BOJIHOT MMOBEPXHi POCIMHHOCTI
1 | 05.07.2023 18,92 0,87 1,06 23,12
2 |19.08.2023 158,71 7,36 8,90 22,43
3 | 18.09.2023 470,41 21,83 26,38 40,26
4 |18.10.2023 573,52 26,62 32,16 43,87
5 | 25.05.2024 705,84 32,75 48,73 53,82
6 | 09.07.2024 864,54 40,12 46,75 53,88
7 | 23.08.2024 933,03 43,29 46,94 55,92
8 | 07.09.2024 1024,35 47,53 52,96 59,78

[IBuaKOMY TOUIMPEHHIO M MIiIHATTIO CaMe JICOBOI POCIMHHOCTI BepOOBO-TOMOJIEBHX
MOJIOZHSIKIB B JIOKI OCYHIEHOTO BOJIOCXOBHINA, KpiM (akTy 30iry B dYaci OCyIIEHHS 3 IMepioJIoM
pO3CiBaHHSI HACIHHS IIMX JEPEeB, CIPHUIIOTH 1 OUTBII JOBroTpuBali (pakTopu: BIACYTHICTH AedinuTy
BOJIOTH B 3arulaBHOMY OioTormi (mig3zemHuil ctik J{Hinpa y Horo 3aruiaBi Ta 3 OOpTiB), 30UIBIICHHS
CepelHiX TemrepaTyp 1 mepioay Beretamii (3MiHM KJIiMaTy) Ta MPaKTUYHO IIOBHA BIJICYTHICTh
rOCHOJApChKOi JisNIbHOCTI (30Ha OoioBOro 3iTKHEHHs). B pe3yinbTari crmocrepiraeMo yHiKajdbHE
SBUIE — OMU3BKUN JIO MPUPOJHOIO0 MACHITAOHMH MPOLIECC BIJHOBICHHS 3allVIABHUX EKOCHUCTEM 13
Maibke CYHIIbHMM 3apOCTaHHSM JIICOBOIO POCIMHHICTIO B YMOBaxX BiJICYyTHOCTI THCKY KpPYITHHX
TPaBOIJHUX TBAPHH Ta AHTPOIOT'€HHOT TUTpecii.

Ile#t HemiHiIHHUI mpollec Aajdeko He 3aKiHYeHHWH, Ha MOro Ce30HHY IMHAMIKY HAaKJIAJa€eTbCs
3arajibHa TEHJEHIS 10 30UIbIIEHHS IUIOIII POCIMHHUX YIpyHoBaHb, nepeaycim IiciB. Teopis
CTBEpKYE, 1110 3a IHIIUX PIBHUX YMOB L TEHJEHIIsI MaTuMe (popMy, OJIM3bKY J0 JOTICTUYHOT KPUBOT
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(3aTyxaHHS TEeMIly HaKONMWYeHHs 3MiH). OdiKyeMO, [0 MOJAJBII CHOCTEPEKECHHS MPOTATOM
HAOMMKYMX POKIB MIATBEPIATH LIE.
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1. 3 MeTor0 BUKOPHCTaHHS y CKJIAJAl JUCTAHIIHOTO MOHITOPHHTY BiJHOBJICHHS €KOCHUCTEM B
701 ocymeHoro KaxoBchbKoro BoI0CXOBHINA MH YCIIIIHO MPOTECTYBAIH METOAUKH 3 BUKOPHCTAHHIM
ignekciB. NDWI Tta NDVI, sxi 3 mouatky 1990-x pokiB cTanmu €BpOINEHCHKHM CTaHAAPTOM ISt
nemudpyBaHHS 1 BUMIPIOBAHHS BOJHOI TOBEPXHI Ta POCIMHHOCTI 3a aepo- i KOCMO3HIMKaMH
3acobamu I'IC.

2. 3acTOCOBaHUI IO KOCMO3HIMKIB BimkpuToro poctymy Sentinel 11 2 Takuii minxin gae 3mory
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Abstract. The topic of fire safety in nature is extremely relevant in the context of global climate
change and the growing anthropogenic pressure on ecosystems. The paper discusses the main causes
of forest fires, their environmental impact, and effective methods of preventing and fighting natural
fires. Particular attention is paid to the issues of state regulation of fire safety, the introduction of
modern technologies for monitoring and early detection of fires, as well as measures to raise
environmental awareness of the population. The thesis aims to develop comprehensive approaches to
reducing fire risks and protecting the biodiversity of natural areas.
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Beryn

JlicoBi Ta cTenoBi MOXKEX1 3aBJAIOTH 3HAYHOI KON €KOCUCTEMAaM, 3HUIYIOTh 010piI3HOMAaHITTS,
CIPUYMHSIOTH JAETPAAallilo IPYHTIB Ta BUKUAM NapHUKOBHX rasiB. CyudacHi KJIIMaTH4YHI 3MiHH Ta
JIO/ICHKA JiSUTBHICTD 30UIBIIYIOTh YaCTOTY Ta IHTEHCUBHICTH TaKUX MOXKeX. BincyTHICTh edekTuBHOL
CHCTEMH MOHITOPUHTY, HEHOCTAaTHS OOI3HAHICTh HACEJICHHsS Ta HEAOCKOHATICTh 3axoliB 3
po(UTAaKTUKHA CTBOPIOIOTH 3HAYHI BUKIIUKH TSI 3a0€3MIeUCHHS HAJICXKHOTO PIBHS MOKEKHOT OS3IEeKH B
TIPUPOII.

OcHoBHa yacTHHA

JlicoBi Ta IPHUPOJIHI MOKEXKI € CEPUO3HOIO 3arpo30k0 JIJIsi EKOCUCTEM 1 Olopi3HOMaHITTSA. BoHU
CIPUYMHSIOTh 3HUIICHHS BEJIMKUAX IUIONI POCIMHHOCTI, BTpaTa sIKOi MoO)Ke OyTH HE3BOPOTHOIO,
0COOJUBO /IS PiIKICHUX a00 eHIeMiyHuX BUIIB. [1okexki IpU3BOIATE 10 BTPATH

JCOBUX MAacHBIB, IO BUKOHYE BAXXJIMBY POJb y IMOTJIMHAHHI BYTJIEKHCIOTO Ta3y, TUM CaMUM
CTIpUSTIOYH 301UTBIIICHHIO BUKH/IIB TTAPHUKOBUX Ta3iB 1 MOCHJICHHIO TI00aJIbHOTO TOTETUTIHHS.

OCHOBHUMH TPUYMHAMH TPUPOJHUX TIOKEXK € SIK MpHUpOAHi (akTopu (ONMCKaBKH, BHCOKA
TeMITeparypa, 3acyxa), TaKk i aHTpomnoreHHi Jaii (Hemdalie TOBOPKEHHS 3 BOTHEM, MiINANN, JisUTbHICTH
MIPOMUCIIOBHX MigNIpUeEMCTB). Yepe3 3MiHY KIIIMaTy 3pOCTa€ TPUBAIICTh MOCYIUIMBUX TEPIOJiB, IO
MiABUIIY€ PU3UK BUHUKHEHHS 1 PO3MOBCIOLKEHHs Toxexk (Puc. 1).

[TpoGiieMa yCKIaIHIOETHCS HEAOCTATHHOIO €PEKTHUBHICTIO CHCTEM PAaHHBOTO BUSBICHHS TIOXKEXK 1
HU3BKUM PIBHEM KOOPJMHAINI MDK JE€pKaBHUMH OpraHaMy Ta HacejeHHsM. YacTo Opakye pecypciB
JUI. MOHITOPUHTY Ta HIBUAKOTO pearyBaHHS Ha MOXKEX1 y BaKKOJOCTYIHHUX MPUPOJIHUX 30HaX. bpax
OCBITHIX MPOTpaM 1 CBIJOMOTO CTaBJIEHHS TPOMAJISH 10 THUTaHb TOXKEXKHOI OE3MEeKH TOCUITIOE
po0eMy, OCKUTHKY BEJIMKA YacTKa MOXKEX CIPHUMHSIETHCS CaMe JIFOJICHKUM (PaKTopoMm.

1. ITopywenna mexnonozii

eupobnuymea
AHTPOIIOTEHHOTO _
TOXOIAKCHHS: 2. Ilopyuienta npaeun
. s excniyamayii mexsixu
1. Haemucnuti nionan ) : .
3. Biocymunicme 3acobie

2. IIpoaeumexaritnoi, ickpozacinns
[ Lol & 3 3 [

eNeKmpuUdHoi, XiMiHHOoT : _
enepzii 4. bCOKO20CHO0APCHKI

IIpHYHHH 3. Hopywenna npaeun

BHHHAKHEH noscexcHol besnexu OKpPEMHMH 0COGAMH:

HA JICOBHX
MOZKeK

1. 36ipruku epubie ma a2io,

IpHpoOAHOrO
NOXOJKeHHH:
1. Bnuckaerxa 2. Pobimuuxu

2. Camosatimanis 1c020Ccn00apcyKux
opzanizayiu

Puc. 1 lpuyunu 8UHUKHEHHS NOXCEHC

HenockoHnanicte 3akoHO0/1aBuO1 6a3u, ciadka peryisiis AisIbHOCTI B IPUPOJOOXOPOHHUX 30HAX
Ta HEBIJMNOBIJHICTh ICHYIOUHX METOIB OOpOTHOM 3 TMOXKEKaMH CYYaCHUM BHKIMKAM TLIbKH
3aroCTPIOIOTh CHUTYyalil0. B pe3ynbTari mojkexi He TUIbKHM 3aBIalOTh IIKOAM €KOJIOrii, ajle W MaroTh
€KOHOMIUHI Ta COLiajJbHI HACTIIKH, 30KpeMa ILIKOIYy J/Jsl CUIbCBKOTO TOCHOJApCTBa Ta TYypU3MY
(Puc.2).
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IcTopin ocepeakis noxex B YkpalHi

Loboea snsricrs =2 nepics 3 20 sepans 2024 no 1 2024

Ocepeaku NOXexX B YkpaiHi

o 130

1 15 e EL 12 c5pn 26 capn 9eep.

S O st

[
Puc 2. Ocepedxu nooicesc 6 Yrpaini

3axoau 11010 JiKBifalil JTicOBUX MOKekK B YKpaiHi:
YKOMIUIEKTOBAaHI JI0 IITATHOI YHCENbHOCTI OOHOB1 pO3paxXyHKH JIICONOKEKHHUX CTAHIIIM;
po3po0seH] onepaTuBHO-MOOUTI3allIMHI IUIAHU Ta IJIAaHW 3aJyY€HHs CHJI 1 3ac001B Ha BUMAJI0K
TaciHHA BEJIUKUX MOXKEXK B JIICOBUX MACHBAX;
po3pobIeHi Ta 3aTBEPKEH1 IHCTPYKIIT B3a€EMO/IIT MIXK IIPalliBHUKaAMU;
3acTpaxoBaHl JKUTTS MpaliBHUKIB Jep>KaBHOI JicoBoi oxoponu, wieHiB JIIJ[ 3a paxyHok
JCOTrOCTIONAPChKUX MIANPUEMCTB Tay3i;
cranoM Ha 01.07.2022 poky Oyno BiamrtoBaHo 5929 kM MiHepandi30BaHUX CMYT, IIPOBEIEHO
JOTJISI 32 Jit09uMH B 00’ eMi 10680 kM, MOHOBJIEHO AOPOTH MPOTUIIOKEKHOTO MPU3HAYCHHS,
Ha BHIIQJIOK TACiHHS BEIMKHUX ITOXKEX JICOTOCIIONApPCHKUMHU ITiIIPUEMCTBaMU BoJIMHCHKOTO
OVJIMI cTBOpeHO 3amac najlbHO-MAaCTUIILHUX MaTepiaiiB;
MpOo KOXEH BHUMNAAOK JIICOBOi TMOXEX1 O0JlacCHe yOpaBJIiHHA OJpazy  CIOBIIIAE
HepxaicarentctBo Ykpainu ta Y ICHC y BonuHcbkiit o6macTi.

VY Yexii 60poTh0a 3 JTICOBUMHU MOXKEKAMH 3IHCHIOETHCS Ha OCHOBI MEPEOBUX METO/IIB Ta TICHOT

CHIBMpaIll MiX PI3HUMH OpTraHi3allisiMH, BKIIOYAIOYH PATYBaJIbHI CIIYKOHW, JOOPOBUIBHI TMOXKEKHI
Opuraaym Ta BiMChKOBI migpo3aiid. Hmkue HaBemeHO OCHOBHI 3aco0uM OOpOTHOM 3 JTIICOBUMH
noxexamu B Yexii:

MOHITOPUHT Ta MPOTHO3YBaHHS: aKTUBHO BHKOPHCTOBYIOTHCSI Cy4acHI CHCTEMH MOHITOPHHTY
JUTsl BUSIBIICHHSI TIOXKE)K HA PAHHIX CTaisIX. 3aCTOCOBYIOThCS CYIYTHUKOBI 300pa)KEHHSI, IPOHH
Ta Ha3eMHI KaMepH ISl BUSIBJIICHHS 3aropsiHb.

ABsiariiiHa miarpumka: JliTaku Ta BepTOJLOTH BUKOPUCTOBYIOTHCS JIJISI OOPOTHOM 3 BETUKHUMHU
N0XKeKaMH B BAKKOJOCTYITHHX MicIsX. [X 3aCTOCOBYIOTH [l CKMIAHHS BOAM Ta XiMiYHHX
3aco0iB Ha OCEPEIKU 3aiiMaHHSI.

[ToxexHi Opuramau: JloOpOBUIBHI TMOXKEKHI KOMaHIIU, a TakoX MHpodeciiiHl pATYBaJIbHUKH
aKTHBHO 3aJy4alOThCs JIO TacCiHHA TOXEK. BOHM MaroTh chemiaabHe OONagHaHHS st
00pOTHOM 3 JTICOBUMHU MOXKEKaMH, 30KpeMa HaCOCH, BOJISTHI PYKaBH Ta CIieliaibHi TPaHCIOPTHI
3aco0u.

[Iporunoxexui Oap'epu: CTBOpeHHs chemialbHUX Oap'epiB ab0 pO3UMINEHHS TEPUTOPIil
J0rIoMarae 3yIHHUATH MOIIMPEHHs BOTHIO. []e Moe BKIIFOYaTH BUTIAIFOBAHHS KOHTPOJIbOBAHUX
JUISHOK JIiCy a00 CTBOPEHHS 3aXMCHHUX 30H 0€3 POCIMHHOCTI.

Boani pecypeu: B Uexii 3acTOCOBYIOTbCS PI3HOMaHITHI CIIOCOOM MOCTayaHHS BOAU JI0 MICIs
MOKEeX1, 30KpeMa BUKOPUCTAHHS BOJONM 1 CHEliaIbHUX pe3epByapiB.

Indopmarriiini kammanii: Yechbka BiaJa aKTUBHO MPOBOAMTH KaMMaHii 3 MiJBUIICHHS
0013HAHOCTI HAacCeNeHHs MpO MpaBWiIa IMOBEIIHKM B JICI MiJ Yac IMOCyX Ta IpO CIOCOOH
YHUKHEHHS TIOKEXK.

Jlnist BUpILLIEHHST TPOOJIEMH JIICOBUX MOXKEK BUKOPUCTOBYIOThCA Pi3HI MIAXOH, K1 BKIIOUYAIOTh
SK TEXHOJIOT14HI 1HHOBAIlli, TaK 1 MpeBeHTUBHI 3axoau. Och KilbKa I[IKaBHX 1€l Ta METOIIB
00pOTHOM 3 TOKEKAMH, SIK1 3aCTOCOBYIOTHCS B PI3HUX KpaiHax:
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— IIporno3yBanHsi Ta MOHITOpUHT: Bukopuctanus mryyHoro iHtenekty (ILI) ta cymyTHHKOBHX
JaHUX JIOTIOMAarae IependaYnuTd PH3UK TOXKEXK HAa OCHOBI KIIMATUYHHUX YMOB Ta CTaHy
pocnuHHOCTI. Hanpuknan, mnatdopmu, taki ik EOSDA, BUKOPHCTOBYIOTh TEIUIOBI KapTH JJIst
MOHITOPUHTY TEMIEPAaTYpPHUX aHOMAJIiil Ta BUSBJICHHS MOTEHLIIHHUX 30H 3aiiMaHHS.

— KonrtponroBane BunamoBanHs: Lle Meroa, 3a AONOMOror SKOTO BOTHEOOPI HABMHCHO
TIAMaTIO0Th HEBEIHKI TUISHKH JIICY B KOHTPOJILOBAHUX YMOBaX, II00 3MEHIIUTH KUIBKICTh
MAIILHOTO MaTepiany (CyXuXx T'iIoK, TpaBu). Llelt MeTox mmpoKo 3aCTOCOBYEThCS B ABCTpaitii Ta
CLIA.

— CTBOpEHHS MPOTUIIOKESKHUX Oap'epiB: Y OaraThox KpaiHaX BIPOBAKYIOTHCS 30HH 3MEHIIIEHOT
pPOCIMHHOCTI 200 "MPOTHIOXKEXKHI CMyru", MO OOMEXYIOTh IOIIUPEHHS BOTHIO. BoHH
CTBOPIOIOTHCSI IUIIXOM PO3UHIIEHHS a00 KOHTPOJbOBAHOT'O BUIATIOBAHHS HABKOJIO BaYKIMBHUX
00'eKTiB 200 HACEJIEHUX ITYHKTIB.

— ABiamiitHe TaciHHs: ABialliiHa TeXHIKa, 30KpeMa JITaKd Ta BEPTOJHOTH, MOXKE OINEPATUBHO
JOCTaBJISATH BOAY abo creliajibHl XIMIYHI PEYOBMHHM A0 BIJJAJIEHUX DAaloOHIB, /1€ BOTOHb
HEMOJKJIUBO 3aracutu 3 3emJi. Lle nomupena npaktuka B ITanii, Icnanii Ta Yexii.

— IlpociTHuIbKa AisIbHICTH: OCBITHI KammaHIii cepell HaceJIeHHs I[0/J0 MOBEAIHKA B YMOBax
MIJBUIICHOI MOXKEKHOI HEOE3MEeKH BIITPalOTh BAXKIUBY POJb. BOHM 3HMKYIOTH HMOBIPHICTh
BUHUKHEHHS TIOXKEX 4Yepe3 JIOACHKUN (DakTop, 110 € OAHIEI0 3 OCHOBHHUX INPHUYMH JIICOBUX
MOXKEXK y 6araTboX KpaiHax.

— BignoBnenns exocucreM: Ilicims mokek aKTHUBIZYIOTHCS MPOTPAMH 3 BITHOBJICHHS JICIB, IO
nepeadayae BUCAIKY JEPEB Ta 3aXOJM 3 IMIJBHUIIECHHS CTIMKOCTI €KOCHCTEM JIO0 ManWOyTHIX
MTOXKEXK.

BucHoBok

OTXe OCHOBHUMH NMPUYMHAMHU IPUPOTHUX TMOKEXK € K IPUPOJIHI (PaKTOpH, TaK 1 aHTPOIIOTE€HH1
nii. HemoctatHho €eKTHBHI CHCTEMH PaHHBOT'O BHUSBIICHHS MOXKEXK 1 HU3BKUM PIBEHb KOOPAMHAILIT
MIDXK JepKaBHUMH OpraHaMU Ta HAaCEJICHHSM.

Bpak ocBiTHIX mporpam, HEJOCKOHAIICTh 3aKOHO/ABUOi 0a3u, ciabka peryJssiist MisJIbHOCTI B
MIPUPOIOOXOPOHHUX 30HAX Ta HEBIAMOBIIHICTh ICHYIOUMX METO/IIB OOPOTHOM 3 MOKEKAMHU CydaCHUM
BHUKJIMKAaM TUILKH 3arOCTPIOIOTH CUTYAIIIIO.

BiamoBigHo, moxkexHa Oe3neka BUMara€ CHCTEMHOTO IMAXOMIy, IO BKIIOYAE K IMPEBEHTUBHI
3aX0/M, TaK 1 CydacHI TEXHOJIOT1l JJI BUSBJIEHHS Ta KOHTPOJIO MOXKEXK. BaxkmmBy poiib BifirparoTh
OCBITHI KaMIIaHii, MOHITOPUHT PU3UKIB Ta IIBHJIKA PEAKIlisS HA 3arPO3H JJIs 30€pEKEHHS CKOCUCTEM 1
MiHIMI3a1il KON,

CnuCcOK BUKOPUCTAHUX JKepeJT
1. AHamiTiyHa JOBigKa @pO MOKEXi Ta iX Hacmiaku B Ykpaini 3a 2024 p. (2024)
https://idundcz.dsns.gov.ua/
2. 3ioues C. B., Comencekuit O. M., I'ymentok B. B., Kopens B. A., (2019) Bararopiuna
JMHaMIKa JIICOBHX MOXex B Ykpaini. https://forestscience.com.ua/
3. IliBHiuHO-3axiHE MIKpPETiOHAIBHE YMPABIIHHS JIICOBOTO Ta MHCIMBCHKOI'O TOCIIOAAPCTBA.
IMoxesxi (2022), [Online], Available: https://nw.forest.gov.ua/
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Using the experience of developing a national water monitoring
system for the purposes of environmental diagnostics of soil
pollution within «hot spots» of watersheds
Mykytsei M.

Ivano-Frankivsk National Technical University of Oil and Gas, lvano-Frankivsk, Ukraine

mmtecoif@gmail.com

Abstract. The article proposes the concept of an approach to creating a procedural and analytical
framework for the organization and development of the State system of environmental diagnostics and
monitoring of soil pollution by using and adaptively transferring certain elements of national
experience to the system of implementation of the European Union's water legislation. Reorganization
of the system of environmental diagnostics and monitoring of soil (land) pollution based on an
understanding of ecological interfaces, formation of pollution risks at the level of ecosystems and
landscapes involves combining these two subsystems in the state environmental monitoring system
into a single complex. Using the positive and negative elements of the experience of establishing and
operating the main laboratories in the system of implementing state water monitoring programs will
help to avoid undesirable mistakes at the stage of implementing the soil pollution monitoring system.
In addition, given the absolute interconnectedness and unidirectionality of the goals of environmental
monitoring of water and soil as components of the environment, it is a necessary and rational step to
expand the powers and institutional capacity of the State Agency of Ukraine for Water Resources
laboratories in terms of developing the instrumental, methodological and analytical base for
diagnosing soil pollution with a wide range of pollutants. Identification of critical «hot zones» at the
watershed level with a high potential risk of impact on river ecosystems, which will be used to
diagnose soil conditions and pollution translocation, is one of the best steps to improve ecosystem
safety of land use and reduce the load of diffuse sources of pollution on aquatic ecosystems, as well as
mitigate the environmental impact of the war in Ukraine.

Keywords: diagnostics of soil contamination, water and soil monitoring, landscape hotspots, water
catchment processes, procedural and analytical support.

Beryn

Po3yminHs B3a€MO3B’S3KIB MIXK 36MJIEKOPUCTYBAHHSM 1 SIKICTIO BOJH 3 TOYKHU 30y JaHIIIAPTy €
Ba)KJIMBHUM ISl TUIAHYBAHHS Ta YNPABIIiHHS BOJOAUIAMHU Ta 3I0POBOTO €KOJIOTTYHOTrO (DYHKI[IOHYBaHHS
nanamadtie 'y Bomoxainax (Lee et al, 2009). ITepeTBopeHHs MPUPOJHUX CEPEIOBUII iICHYBAaHHS Ha
aHTPOIIOTeHH]1 JaHAWAaPTH JUIS 33J0BOJICHHS 3POCTAI0YOro MOMUTY JIFOJUHU HAa PECYpCH € OJHHUM i3
ocHOBHHUX (pakTopiB moripmenns sikocti Boau (Goldstein et al, 2012; Mello et al, 2020). Oanax
BIJICYTHICTh TMPOLIEJYPHO-aHANITUYHUX MOJMJIMBOCTEH MO0 BHSBIECHHS MIMPOKOTO MEpPENiKy
3a0py/IHIOBAYiB, Cepell SKUX YMMalia KiTbKICTh 3aco0iB 3axucty pociuH (33P), 1m0 moTpamistooTh B
I'PYHT YHEMOXKJIMBIIIOE€ 3aCTOCYBAaHHS MPOTHOCTUYHUX MoOJIeNIel BIUIMBY Ha CYMDKHI CepelOoBHUIIA:
IPYHTOBI, MiJ3€MHI Ta MOBEpXHEBI BoaM, Ta OioTy. KpiM TOro, BU3HAUEHHS XapaKTEPHUCTUK
NECTULUAHOTO Ta MOCT-NECTHIIMIHOIO, MOBOEHHOTO, MPOMHUCIOBOIO, arjOMEpalifHOro Ta IHIIMX
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KCEHOOIOTMYHUX 3a0pyIHEHb IPYHTIB 3a XapaKTepoM YTBOPEHHS a TaKOX OIIHKAa IIOB’S3aHUX
€KOJIOTIYHUX PU3HKIB € OCHOBOIO ISl YHPABIIHCHKOTO KOHTPOJIO PU3MKaMU 3a0pyAHEHUX IUISHOK.
[Hdopmaris Takoro THIy BUKOPUCTOBYETHCS JJISl TOKPALICHHS PIllICHb MO0 BUIIPABJICHHS CUTYALlil.
[TocTiiiHMII €KOJOTIYHMUN MOHITOPHUHI CTaHy Ta AIarHOCTHKA MDKCEPEIOBMIIHHMX TPAHCIOKAIN Y
3aNIeKHIN CHCTEMI «IPYHTH — BOJW» € OOOB’SI3KOBUM EJIEMEHTOM pealli3alii eKOJOTIYHOI MOJIITHKU
Iep)KaBH, J€ TIPYHT € OCHOBOIO JIAHAMA(PTHOTO Ta EKOCHCTEMHOTO  YIOPSIKYBaHHS,
(byHIaMEHTAJIbHUM IHTETPOBAaHUM KPUTEPIEM EKOJOTIYHOTO CTaHy JOBKULISA, a BOJIHE CEpPEIOBUILE
HaifuacTime 3a3Ha€ MPSIMOTrO KOHTAKTHOTO TU(Y3iHHOTO BIUIMBY. Y 0aratboXx €BpONEWCHKUX KpaiHax
MOHITOPHUHT 3/IIHCHIOETHCS HA TaK 3BaHUX «rapsaux 1uisiMax» (hot spots), 1e CTaH IPyHTIB OLIHIOETHCS
K Kpu3zoBuH. LU0 Ta NpPaKTHYHUM 3HAYEHHSIM 3alpOIIOHOBAHOTO KOHILENTY MiAXOMY MO
MOHITOPUHTY Ta Oprasizauii Il mporexypHO-aHATITHYHOI OCHOBH € HAOJIIMKEHHS TEPMiHIB OTPUMAaHHS
TOYHHUX Ta HAIHHUX aHATITUYHUX AAHUX Ui OOTPYHTYBaHHS 3aBJIaHb BiJHOBJICHHS NMPUPOIU HA THUX
TEPUTOPISAX M€ 1€ BKpall HEOOXiJAHO, 30KpeMa B MEXax 30H (TEpPUTOPii) 3 MIABHUIIEHUM PHU3UKOM
€KOCHCTEMHOT HEeOEe3MeKH.

MeTtoau Ta marepiajau

[lornsau, BHUCHOBKM Ta MPOMO3MIII aBTOpa BHKIAJEHO HA OCHOBI MIDKTEMaTU4YHOIO
OTIpAIIOBaHHS HOPMATUBHO-TIPABOBOi 0a3W, AaHAIITHYHOI 3BITHOI JIOKYMEHTallli Ta HayKOBOI
JTEpaTypy 3a HanpsSMKaMH «MOHITOPUHI BOJA» Ta «MOHITOPHUHI TIPYHTIB» B YKpaiHi. [IpoBeneHo
aHaI3 CUCTEMH IHCTPYMEHTAIBHO-TA00PATOPHOTO Ta MPOIEAYPHO-aHATITUYHOTO 3a0€3MeUeHHS st
peatizariii 3aBJlaHb Ta L1JIEH BOJHONO MOHITOPUHTY B J€pKaBi.

Pe3yabTaTn T2 00roBOpeHHs

AHnaniz 00ceidy enpoeadiicennsn 6001020 3akonooaecmea EC ¢ Ykpaini. 3 2019 poxy B Ykpaini
3aMpOBAKYIOTHCS €BPOIEHUCHKI TIIXOMU 10 3JIMCHEHHS MOHITOPHMHTY BOJI BIJMTOBIJHO JO BHUMOT
Hupextusu 2000/60/€C (BPJl). Taxkuii MOHITOPUHT 3[1HHIOETHCA BiAMOBIAHO A0 HoBOro Ilopsnxy,
3aTBepKeHoro nmocranoBoo KMV Bin 19 Bepechs 2018 poxy Ne 758, 3a monepeHbO MiArOTOBICHOIO
Ta 3aTBEep/KEHOI0 piyHOIO [IporpamMoro B 94acTHHI MIarHOCTHYHOTO Ta OIMEPAlIfHOIO MOHITOPUHTY
MOBEepXHEBUX BOJ. JIJis MacuBiB moBepxHeBuX Ta mia3eManx Boja (MIIB, MII3B) BcranoBieHo okpemi
MPOIEAYPH  NIarHOCTUYHOTO, OIEPaIiiHOTO, JOCTIIHUIILKOIO MOHITOPHHTY Ta MOHITOPUHTY
MOpChKHX BOJ. KpiM 9iTkOoro po3moairy o00B’s3KIB MK Cy0’€KTaMH MOHITOPHHTY 0€3 1yOstoBaHHS
MMOBHOBaXKEHb. [lopsIkoM BBEJICHO HOBI MOKAa3HUKH, SIKi B YKpaiHi 10 IbOTO Yacy HE BUMIPIOBAINCH —
npiopuTeTHi, crenudivyni, rigpoMopdooriuai Tta Oiojoriuni. JloCBi BIPOBAKEHHS HOBUX IS
VYkpainu migxoiB AEMOHCTPYE, IO MOJEPHI3allisl CHCTEMH MOHITOPHHTY JOBKLUISA Ta ii TEXHIYHE
OCHAIIEHHS € CKIAJHHAM 1 TPUBAJIMM IIPOIECCOM, SKHi MmoTpeOye 3HauHmx pecypciB (Ministry of
Environmental Protection, 2023). EdekTuBHICTF I[HOr0 MPOIECY 3aICKUTh BiJ 3a0e3lMedYeHHs
HEOOXITHUX YMOB JIJIsl HOTO peajtizariii.

Ha choromni mporpec oxorieHHs MOHITOPUHIOM MacHBIB MoBepxHeBUX Boj (MIIB) ctaHOBHTH
6nmu3bpko 6 % Bim cTapTy mnepuioi 3aTBepkeHoi [Iporpamu, a MOHITOPUHI MacHBIB HiA3EMHUX BOJ
(MII3B) ne 3aiiicHioeThes. e Bkasye Ha HEOOXIHICTh MOAANBIIONO PO3BUTKY TEXHIYHOTO MOTEHIIIATY
Ta yucia jabopartopiii. Bkpail BaXIMBUM €TanoM € Ballijallis Ta Bepu(dikallisi HOBUX aHAJTITUIHHX
mpouenayp, TpaHchep METONIB HAa HOBE cydacHe oOOJaJHaHHSA, PpO3BUTOK MiXKIab0OpaToOpHOL
MOPIBHSUIBHOT MPaKTUKU Ta iH. [locTynoBe BUpIillIEHHS LUX MUTaHb COPUATAME IIBU/IIINA aKpeIuTalii
HOBUX J1abopartopiii 3a MixkHapoauum crangaptom JACTY ISO/IEC 17025:2017.

VY 4YacTuH1 A1arHOCTUYHOTO MOHITOPUHTY Ta 0aceHOBOTO CKPHUHIHTY MOTEHIaN BITYM3HSIHUX
naboparopiii moTpedye NoJaNbIIOT0 PO3BUTKY .

Ha cphorojHi MOHITOPMHI YacTKOBO 3/IMCHIOETHCS 3a 3aTBEP/DKEHUM B YKpaiHi MEpernikoM
NpIOpUTETHUX 3a0pyaHIoBaviB (Haka3 Ne 45 MiHicTepcTBa €KOJIOTIT Ta MPUPOAHUX pecypciB YKpaiHu
Bix 06.02.2017), ta 3a geskumu crenubiyHUMHE 3a0pyAHIOBadYaMu, siKi Oylu BH3HAU€HI B paMKax
pa3oBUX CKPUHIHTOBHX JOCIHI[UKeHb Yy OaceifHax J[lHicTpa, 1o mpoBoamiuck Ha 0asi IHctuTyTy
HaBKOJIMIIHBOrO cepenoBuiia Crnoayunnu, M. Kot y 2019 poni, Ta piukoBoro Gaceiiny JlHinpa —
Ha 0a3i [HctuTyT HaBkonumHboro cepenosumia (EI) Ta HamionansHoro ysisepcurety Kamomictpis B
Adinax (NKUA) ta CrnoBaibKoro HalioHaJIbHOTO HEHTPY AlOKCUHIB y bparucnasi. Indopmaris mpo
cneunpiyHi 3a0pyJHIOBaui Ta JKepena iX MOXO/KEHHS € BaXJIMBUM 1HCTPYMEHTOM /ISl OLIHKH
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BIUIMBIB, BU3HAUEHHs IIKOAW JOBKULIIO Ta po3poOsieHHs 3axoxiB 3 ii kommnencauii. Ilomamprmmit
PO3BHUTOK J1a00OpaTOPiil JO3BOIUTH 3a0€3MEUNTH MOXIIMBICTh MTPOBEACHHS aHANI3y HIMPOKOTO CIIEKTpa
3a0pyIHIOBAYIB y PI3HUX aHATITHYHUX MATPHIISIX, BKIIOYAIOYX TOBEPXHEBI1 Ta Mi3€MHI BOJIH, & TAKOXK
I'PYHTH Ta JIOHHI BiJIKJIQJICHHSI.

B cknani BiTYM3HSHHX J1a0OpaTopiid, HANPHUKIAL, MOXYTh OyTH CTBOPEHI OKpeMi BiIIIU 4u
CEKTOPH JIJIs1 BUKOHAHHS TAKUX 3aB/IaHb:

— BHBYCHHS Ta OMPAIIOBAHHS JCPKAaBHUX Ta MEPEIOBUX MIKHAPOIHUX aHATITHIHUX MPOIEAYP
IUIsl KUTBKICHOTO Ta SIKICHOTO aHami3y, MiJrOTOBKM Ta aJanTaiii Cy4yacHHX aHAJTITHYHUX METOJIB,
Bayiamii, Bepudikailii Ta KOHTPOIIO e(EeKTUBHOCTI pOOOTH TOTO YH IHIIIOTO0 METOIY Ha JOCTaTHHOMY
piBHI, BHUBYEHHS XapaKTEPUCTUK Ta OCOOJIMBOCTEH BHKOPHCTAaHHS CY4acHOTO aHAJIITUYHOTO
oOJiaHaHHS 71 PI3HOMAHITHUX I[JIeH B HAIIPSIMKY MOHITOPHHTY, TIalrHOCTUKH Ta KOHTPOJTIO;

— KOOpAMHAIii Ta TicHOI MDKIAOOpaTOpPHOI B3a€MOIi AJISi MPOBEACHHS IMiATOTOBKH XiMiKiB-
aQHAJIITUKIB O BUKOHAHHA JOCIIKEHb (BUIPOOYBaHb) y PI3HUX HaNpsIMKax 3a IOCTaBICHUMU
METOJIaMH, Ta AaHAIITUKIB MPHUPOJOOXOPOHHOI Tayly3l JUisi PO3BUTKY IPOLEIYpPHOi, HayKOBO-
METOAMYHOI 0a3u, HarpalfoBaHHS HOBUX €(PEKTUBHHMX MIBHUIKWAX METOJIB JJIsl JIarHOCTUKH CTaHy
BOJAHMX pECypciB Ta IHIIMX KOMIIOHEHIB JOBKUUIS B mnepcrnektuBl. lle 3a0esneuyBatume
HENEepepBHICTh BUPOOHUYOro Mpoliecy jadopaTopiil Ta CIPUATUME iX MOJANBIIOMY 1HHOBallIHHOMY
PO3BUTKY.

Bukopucmanna 0oceidy ona uineii nodyoosu cucmemu eKoJ102i4HOI OiACHOCMUKU ma
MoHimopunzy 3a6pyonennsa rpynmie. J|ocBin nadopaTopid B CHCTeMI MOHITOPUHTY BOJl B YKpaiHi,
MOXKE€ Ta MOBMHEH OyTH BHKOPUCTaHWI [Uid oONTuUMi3alii cTaHy Ta po30yJIOBU BCi€l cHCTEMH
€KOJIOT1TYHOTO MOHITOpuHTY. lle momomoke HYHUKHYTH He Oa)kaHUX MOMMJIOK, palliOHai3yBaTH
BUKOPHUCTAHHS Yacy, (JIHAHCOBUX PECypcCiB, PO3BUBATU PEJIEBAHTHI HANPSIMKH HAayKOBO-aHAJTITHYHOI
po6oTHu 1715t TOTpeO AepKaBU 3 ypaxyBaHHAM iXHBOI He TpocToi criermdiku. OMHUM 13 HaBaroMimmx
CKJIAZIOBUX JIOCBIly B HAyKOBIW IUIOMIMHI € BUCOKWM TOTEHINAJ JJI peajizamii ijel opraHizarii Ta
MPOEKTYBaHHS PO30YyI0BH €KOJIOT1YHOI TIarHOCTUKU 3a0pyAHCHHS TPYHTOBOT'O TIOKPUBY HAIPUKIIA] B
MEXKaxX «Trapsuux TOYOK» BOJ0300piB, IO BIAMOBIAATHME MI>KHAPOIHUM TAXO0AaM A0 I1arHOCTYBaHHS
BIIMBY MU(y3HOTO 3a0pyTHEHHS Ta YIPABIIHHS HAM.

Ha 6a3i ronoBaux saboparopiit [[ep>kaBHOT0O areHCTBa BOAHUX PECypCiB YKpaiHU MOXYTh OyTH
HarparbOBaHi BIAMOBIIHI MIAXOAU Ta €PEKTUBHI aHAITUYHI TPOIEAYPH, SIKI CTAaHYyTh HAJIHHOIO Ta
MEPEBIPEHOI0 OCHOBOIO JIJIsI €KOJIOTIYHOTO MOHITOPUTY 3a0pyAHEHHS IPYHTIB B CHCTEMI BOA0301pHUX
(6aceitHOBHMX) TIpolieciB: meAoTpaHcdepy Ta Mirpamii KceHoO10TUKIB Bia nepudepii OaceitHy, ToOTO
B1Jl BOJOJUTY 0 MpubepexHoi 30HU BOJOTOKY. KoHIlenT-Mo/enb JAHOTO MiJIXO0Jy MpEeACTaBICHO Ha
puc.l. Exonoriyauii MOHITOpUHT 3a0pyJAHEHHS TPYHTIB (3€Melb), KWW Ha pa3li HE BUKOHYETHCS €
IHCTUTYIIHHO HECITIPOMOXKHUM Ta MOTpedye aOCOMIOTHOI peopraHizallii Moxe OyTH pO3BUHEHHH came
Ha 0a3i pPO3YMIHHS MIDKCEPEJOBHMIIHUX 3B'SA3KIB, (OPMYBaHHS pHU3MKIB 3a0pyJHEHHS Ha piBHI
ekocucteM Ta JsanamadriB. [lizxonu Ta aHAMITUYHI TPOLEIYypH TPU3HAYCHI JUIsl iX BUKOHAHHS
MOXXYTh MaTH Oe3Meperniko/iHe OMepTs Ha CydyacHl J1abopaTOpHO-aHATMITHYHI Ta MOJBOBI MPAKTHKH,
BUKOPHUCTAHHS MIPHUHIIUIIB «3€J€HOT aHATITHYHOI XIMil» Ta HAOMMKEHHS aHATITUYHUX HPOLEAYpP IO
CYTI MPOLIECIB, 5K1 B1I0YBAIOTHCS B TOBKLILII.

Po30yoBa HalioHaIbHOT CUCTEMU MOHITOPUHTY JOBKULISA Ha 0a3i TAKOro KOHIENTY JI03BOJIUTH
peaizyBaTu OUIBIIICTh LIIEH CTAJIOr0 €KOJOTIYHOTO YIPAaBIIHHS 3€MJIe-Ta BOJOKOPUCTYBAHHSAM B
VYkpaini y MailOyTHbOMY, L€l 3axucTy OaceiiHiB pivoK, JIaHAMA(TIB 1 EKOCUCTEM BiJ] 3a0pyAHEHHS
Ta HAJMIPHOTO BIUIMBY PI3HUX BHJIB Ta MPAKTHK 3€MJIEKOPUCTYBaHHs, HANPUKIA] E€KCTEHCHUBHOI
CLIBCHKOTOCTIONAPCHKOI MPAKTUKU, YU HEKOHTPOJIHOBAHOTO B EKOJOTIYHOMY KOHTEKCTI PO3BHUTKY
ypOaHi3oBaHUX TepUTOpPiil (OyHIBHHMIITBA Yy MEPEAMICTSAX), MO0 Mae IHTCHCHBHHM, MOCTIMHMIA Ta
HE3BOPOTHHUH BILTUB Ha MICIIEBI €KOCUCTEMU BOJHM 1 Cylli. BHOKpeMIIEHHS KPUTHYHHUX «TapsSuux» 30H
3 BUCOKUM TMOTEHIIMHUM PU3HKOM, SIK 30H B MEXaxX BOA0300piB PiUOK MPU3HAYCHUX IS 11arHOCTUKU
CTaHy IPYHTY B YaCTHHI MI>KKOMIIOHEHTHOTO KOHTAKTHOT'O BIUIMBY 3a0pyJHEHHS € OJHHUM 13 HAAIHHUX
CHOCO0IB JOCSITHEHHS BHCOKHX IIUJIEH €KOJIOTIYHOTO PO3BUTKY Ta MOTpPeOye NETalIbHOTO HAYKOBOTO
OTIPAIFOBAHHS.
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MokpaLeHuii cTaH BHYTpilHA iHCTUTYLiiHA

peopraHisauisi, po3LlIMpEeHHA
AepPXXaBHOTO MOHITOPUHIY BOjA, NoBHOBaXeHb

na6Goparopiii B cuctemi

HanpauboBaHuii 4OCBIg
MOHITOPUHTIY BOA;

MowwupeHHs focsigy Ha rpyHTU (aganTuBHa
eKcTpanonsuis):

- afanTauis / pospobka Ta Basligauis - HanpaLtoBaHHs NpoLieAyPHO-aHaMiTUYHOI Ta CTBOpPEHHS

aHaniTMYHUX npoueayp, MeTosis; IHCTpYMeHTa/IbHO-TEXHIYHOT (MPKU1aL0BOT) OCHOBU HayKoBO-

- OCHAaLLIEeHHA Ta IHCTPYMEHTa/IbHO-TEXHIUHE | A9 A4iarHOCTUKW Ta MOHITOPUHTY 3a6pyAHEHHA aHaTIITUYHUX

3a6e3neyeHHs; I'PYHTIB B MeXax pU3nK-KPUTUHHNX 30H BOZ0360pIB; LeHTpIB

- opraHisaujsi NpoBeeHHSA AOCNIAXEHb; - PO3BUTOK Ta NiAroToBKa HayKOBO-eKCNepTHOro 3a6e3rneYeHHst

- MixxnaboparopHa B3aEmMogisi; noTeHLUiasTy ANS BUKOHaHHS Lifiei gjarHocTukm Ta AepxaBHoOro

- iHLWi HANPAMKK MOHITOPUHTY FPYHTIB. ekosiori4Horo
MOHITOPUHTY

BO/, Ta IPYHTIB

3abesneveHHs1 eKOMOoriYHol
AiarHoOCTUKN Ta MOHITOPUHTY ]
3a6pyAHEHHS I'PYHTIB

BunpasneHHA HefoNiKiB,
YA,O0CKOHaNNEeHHs

MoTo4HuiA cTaH naGopartopin
B CUCTEMi fiep)XaBHOTO
MOHITOPUHTIY BOJ,

: v

BigoKpeMeHHs Ta nogabLumnii
PO3BUTOK [BOX HanpsiMKiB

Puc. 1. Konyenm-mooens nioxody 00 cmeopents npoyedypHO-aHaIimui4Hol OCHO8U CUCEMU 0ePHCABHOT eKON02IUHOT
O0laZHOCUKYU MA MOHIMOPUHZY 3a0pYOHEHHs IPYHMIG (3eMelb) Ha 0a3i a0anmueHoi ekCmpanoayii 00ceidy 0epHca8HO20
MOHIMOPUHEY 600

BucHoBku

JlociikeHHsT Ta OLHIOBaHHSA (DakTIB HAKONMUYEHHS 3a0pyJHIOIOYMX pPEYOBUH Y TIPyHTax
BHACJIIOK Oe3MpeleIEeHTHOrO BIUTMBY CUILCHKOTO rOCNoJapcTBa, ypOaHisallii, OoioBux niif Ta iH., iX
TpaHchepy y TPyHTOBI Ta TIOBEPXHEBI BOJM TMOBHHHA IMPOBOJUTHUCH HA IMATOTOBJICHIM HaMINHIN
IHCTPYMEHTAJIbHO-TA00PaTOpHIM Ta MpoleaypHO-aHAMITUYHIA OCHOBL. CTBOpEHHS Ii€l OCHOBHU 3
BHKOPUCTAHHIM 3aIllPOITOHOBAHOTO KOHIIENTY 13 BpaxyBaHHSAM SK TO3HTHBHHX TaK 1 HETATHBHHX
€JIEMEHTIB BITYM3HSIHOTO JIOCBITYy € HEBiA €eMHUM (yHIaMEHTAIbHUM KpHUTEpi’€eM ehEeKTHBHOCTI
MaiiOyTHBOT HAIIOHAJLHOT CHUCTEMH €KOJOTIYHOTO MOHITOPMHTY B YacTHHI TONEPEIKEHHS Ta
JKBIAIT 3arpo3 moB’s3aHuX 3 Mu(dy31iHIM BIJTABOM HAa MAaCHBH MOBEPXHEBUX 1 MiA3EMHHUX BOJ Ta
3aXUCTY JOBKIJUIS IIJISIXOM ITIIBUIIICHHS PIBHS €KOCUCTEMHOI OE3MEKH TEPUTOPIi.
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IIpobaemu cy4acHOI CHCTEMH €KOJOTTYHOI0 MOHITOPUHIY B Y KpaiHi

ITanuyenko O.I'.
HEK «Ykpenepeoy, Kuis, Yxpaina
Panchenko.OH@ua.enerqy

Problems of the Modern System of Environmental Monitoring in
Ukraine
Panchenko O.H.
NPC "Ukrenergo"”, Kyiv, Ukraine
Panchenko.OH@ua.energy

Abstract. The article is devoted to the analysis of the current state of environmental monitoring in
Ukraine. The presence of innovative technologies and approaches to the assessment of the state of the
environment, as well as practical aspects of the implementation of environmental programs, are
assessed. Prospects for the development and improvement of monitoring systems are discussed.
Special attention is paid to the analysis of the effectiveness of these methods in the context of
environmental protection and sustainable development.

Keywords: environment, monitoring, analys, sustainable, innovative technologies.

Beryn

Exonoriunnii MOHITOPUHT € BaXJIMBUM IHCTPYMEHTOM JJIg 30C€pEeKEHHs JOBKLLII Ta
3a0e3medYeHHsT CTajaoro po3BUTKY. B VkpaiHi, sk 1 B 0OaraThoX I1HIIMX KpaiHax, ICHYIOTh 3Ha4Hi
BUKJIMKH, TTOB’s13aH1 3 3a0pyTHEHHSM TOBITPS, BOAM Ta IPYHTIB, 110 MOTPEOYIOTh €PEKTUBHHUX 3aXO0/IIB
MOHITOPHHTY Ta BiTHOBJICHHS.

MerTtoro 1i€l TOTOBIAI € pO3MJIsA Ta CUCTeMAaTH3allis MPUHIIUINB Ta IMIXO0IB 0 TJIaHyBaHHS 1
BMPOBA/DKEHHS KOMIUICKCHUX 3aXOJlIB 3 BIJHOBJICHHS €KOCHCTEM, a TaKOX aHali3 JOCBITYy
€BPOTICUCHKUX JepkaB y Ik cdepi. OcobnmBa yBara NPUAUIIETHCS HEOOXITHOCTI MPOBEIACHHS
MICISATPOSKTHOTO MOHITOPUHTY 3T1IHO 3 BACHOBKAaMH OITIHKH BIIJIUBY Ha JOBKIJUIA.

OcHOBHa YacTHHA

OcHOBHOI0O ~ €(DEeKTHMBHOTO  €KOJOTIYHOIO  MOHITOPHHIY  MA€CTaTH  CHCTEMAaTHUYHICTb,
KOMIUIEKCHICTh Ta HayKoBa OOIpyHTOBaHICTb. llnaHyBaHHS Ta BIPOBAHKEHHS MOHITOPUHTOBUX
3ax0/liB Ma€ CIUPATUCS Ha BUKOPUCTAHHI Cy4aCHUX TEXHOJIOT1H, TaKUX SIK JUCTaHLIWHE 30HIyBaHHS,
reoindopmariitai cucremu (I'IC) Ta aBToMaTH30BaHi cuctemu 300py gaHux. Hampuknan, Oymno 0 qyxke
e(EeKTUBHUM TO€JHAHHS TaKUX JaHHUX, SIK IHTEPaKTHUBHA KapTa MapKiB 1 3aMOBIAHHUKIB YKpaiHU
(https://wownature.in.ua/karta/)  (Puc. 1) Ta  oOHIAWiH  KapTH  EJIEKTPHYHHX  MEPEXK
(https://api.visicom.ua/uk/posts/mapofukrelektronatwork) (Puc. 2) misk c000r0 17151 MOKIHBOCTI OLIHKH
BrumBiB Bix JiHid HEK «Ykpeneproy.

3 kopnopatuBHoro nocBizy HEK «Ykpenepro» BHOpOBaKEHHS CHCTEMHU MiCISMPOEKTHOTO
MOHITOPUHTY B TOMY YHMCII 1 Ha MiJICTaBH BUMOT, SIKi BUCYBAaIOThCSI B BUCHOBKAX 3 OI[IHKM BIUIMBY Ha
JOBKULISA Al BIATBOPEHHS JEP)KaBHOI CHUCTEMH MOHITOPUHTY Ta MOHITOPUHTY MPHUBATU30BAHUX
MiJIPUEMCTB OCHOBHUX CEKTOPIB €KOHOMIKH, TaKHUX SK MPOMHUCIIOBICTb, TPAHCIOPT, €HEpreTHKa i
CLIbCBHKE TOCTIOJIAPCTBO € ONTUMAIBHUM PIIICHHSIM.
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Puc.1. Inmepaxmugna xapma napxia i 3ano8ioHuxie Yrpainu

OB EAHAMA EHEPTETINHA CICTEMA YXPARG
INTEGRATED POWER SYSTEM OF UKRAINE

Puc.2. lnmepaxmuena xapma napxie i 3anogioHuxie Ykpainu

OO00B’I3KOBUMH CKJIAIOBUMH CUCTEMHU MOHITOPHHTY €

1. MOHITOpPHHT SIKOCT1 MOBITPsi. BUMipioBaHHS KOHIIEHTpAIlil 3a0pyAHIOIOUHX PEYOBHH, TAKUX SIK
JUOKCH]] CIPKH, OKCUM a30Ty, MUJI Ta 1HII 3a0pyIHIOBaYI.

2. MoHniTopuHr sikocti Boau. OrniHka (Gi3U4HUX, XIMIYHUX 1 010JIOTTYHUX XapaKTEPUCTUK BOJHUX
pecypciB, BKIIOYAOUHM PIYKH, 03€pa, BOAOCXOBHILA.

3. MOHITOPHUHT IPYHTIB. AHali3 CKJIaay, CTPYKTypHu Ta 3a0pyJHEHOCTI IPYHTIB, a TAKOX OILIIHKa
X pOJIFOYOCTI.

4. MonitopuHr GiopizHoMaHITTS. CrocTepeXeHHs 32 3MiHAMU B YHCEIBHOCTI Ta CKJIAJi BUJIIB
¢opu 1 payHU B IEBHUX €KOCHCTEMAX.

5. Monitopunr ekocucteM. OLliHKa cTaHy Ta (yHKI[IOHyBaHHS €KOCHCTEM, BUSBICHHS 3MiH B
iXHIM cTpyKTypi Ta AMHAMILI.
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6. MoHiTopuHT KIIiMaTy. BUBYEHHS 3MiH KIIMAaTHYHUX YyMOB, BKJIIOYAIOUM TEMIIEpaTypy,
BOJIOTICTh, OTIA/IU TA 1HIII TApaMETPH.

7. MOHITOPHHI BHKOPHCTAaHHS TNPHUPOIHUX pPECypciB. AHami3 e(pEeKTHBHOCTI BUKOPUCTAHHSA
pecypciB (J1iciB, BOAHM, KOPHCHUX KOTAJIWH) Ta IXHHOTO BIIUBY HA JTIOBKIJUISL.

8. MowniTopunr BinxoziB. OmiHka 00cATIB Ta CKJIagy BIiIXOiB, a TAKOXK €(PEKTUBHOCTI IXHHOTO
YIpaBIiHHA 1 TEpEPOOKH.

9. MOHITOPUHT €KOJIOTIYHUX PHU3MKIB. BUSBICHHS 1 OLIHKA MOTEHIIHHUX EKOJIOTIYHUX 3arpos,
TaKuX K 3a0pyAHEHHS, epo3is, CTUXiiTHI JrXa.

10. MoHiTOpHHT ypa3nuBUX eKocucTeM. CIIOCTEpEeKEHHS 32 CTAHOM €KOCHUCTEM, SIKI IiITar0ThCS
BHCOKOMY PHU3HKY, Hanpukia, wetlands, ripcbki paifoHu, 30HU 3 BUCOKUM piBHEM 3a0pyAHEHHS.

BaxumBicTh 371iICHEHHS MICISIPOSKTHOTO MOHITOPUHTY TOJISTA€E B OLHIII BIUTMBY HPOEKTIB, 110
peali3oBYIOTh IUIAHOBaHY MiSUTBHICTh MIAMPUEMCTB HA JIOBKUDIS Ta MOXJIMBOCTI 1 HEOOXiIHOCTI
YCYHEHHSI HEraTUBHHUX HACHIAKIB y pa3l BUSBICHHS HeepEeKTUBHUX 3axoiB. (OOOB’SI3KOBICTh
MIPOBEJICHHS! MOHITOPUHTY MPOTSIrOM BU3HAYEHOTO MEpIoay MICIs 3aBEpLIEHHS MPOEKT €HEB1IEMHOIO
BUMOIOI0 MI0JI0 MICIASIPOEKTHOr0 MOHITOpUHTY. Hapasi Bke ICHYIOTh MNPUKIAAU YCIHIIIHOTO
MICISIPOEKTHOTO MOHITOPUHTY IPOEKTIB 3 OYyJIBHULITBA JOPIT Ta MPOMUCIOBUX 00 €KTIB, A€ OyJo
BUSIBJICHO Ta yCYHYTO HETAaTHBHI BIUTMBH Ha JTIOBKIJLIS.

Takox cTpaTeriyHO BaXKJIUBHUM Ui 30€pEKEHHSI TOBKIJUISL IEP>KaBH € IUIaHyBaHHS Ta peaii3alis
3axX0J/liIB 3 BITHOBJIEHHs ekocucteM. J[lns 1mporo HeoOXiIHO MPUAUIUTH yBary po3poOimi — Ta
BMPOBAKEHHIO BIJHOBJIIOBAJTLHUX 3aXO0/1IB, a TAKOXK MOHITOPUHT iX €(EKTUBHOCTI.

VYkpaina € ygacHukoMm Ounbine HiX 50 MDKHAPOJHUX KOHBEHIINA Ta Yroj, 1 Ileé BUMarae Bij HEl
MIATBEP/UKEHHS. JJOCTOBIPHOCTI 1HQOpMAIii W00 CTaHy HaBKOJUIIHHOIO CEpEeJOBHINA, SKa
BUKOPUCTOBYEThCSI Ta HEOOXigHA JUIsi MPOTHO3YBaHHS Horo 3MiH. ToMy IiCHyko4a cucTema
MOHITOPUHTY, y TOMY YHCIl 1 Ui OLIHKM TPAaHCKOPJOHHOTO 3a0pylHEHHS, Ma€ PO3BUBATUCH 3
BpaxyBaHHSAM €BPOINEHCHKUX BUMOT.

O06’exTuBHA 1H(OpMaILs MPO CTaH HABKOJMIIHHOTO MPUPOJHOTO CEPEIOBHINA BIUIMBAE HE
TUIbKM Ha OO ’€KTHBHUN MOHITOPUHT JOBKULISA ayne 1e ¥ (GopMye TONITHKY MJIs PO3BUTKY
HaIllOHAJLHOT €KOHOMIKH, 3a0€3MEeUCHHS KUTTEMISUIBHOCTI HACEJICHHS Ta HANpPsSMKH 3 OXOPOH1 HOro
3mopoB’si. Ciijl 3ayBaXWTH, IO 3 4Yacy OTPUMAHHS HE3QJICKHOCTI YKpaiHW HEOOXIIHUX 3yCHIIb
CHpPSMOBAHUX Ha 30€peKEHHS, PO3BUTOK Ta BAOCKOHAJIEHHS JEpP)KaBHOI CHUCTEMH MOHITOPUHTY
JTOBKULISL HEOOXITHUX 3YCHUJIb HE JIOKJIAAIOCh, Yepe3 MOCTIHI eKOHOMIYHI TPYAHOIIAMH 1 OIO/KETHI
oOMexeHHs. B3aeM03B 30K MK YCTaHOBaMH 1 MIHICTEPCTBAMHM, SKi BIJMOBITAIOTH 32 MOHITOPHHT
JOBKULIS He Hayaro pkeHuid. [lomimmuty skicth 1HGoOpMallii Ta iCHYyr04y 3BITHICTB, IO MOXe OyTH
BUKOPHCTAaHA I BKa3aHUX IMOTpeO IyKe CKIATHO dYepe3 IOCTiHHI 3MIHM Ta peopraHizaiii, 110
B110yBalOThCS MIHICTEPCTBAX 1 BIJOMCTBAX.

VY nanuii yac He MPOBOJIUTHCS HAIECKHUN MOHITOPHHI BIUIMBY HA HABKOJMILIHE CEPEIOBHILE
MIPUBATU30BaHUX MIANPUEMCTB OCHOBHUX CEKTOPIB €KOHOMIKH, TAKUX SIK IIPOMUCIIOBICTh, TPAHCIIOPT,
€HEepreTHKa 1 CUIbChKE MOCIOAapCTBO.

[IpoGnemu [lepkaBHOT cucTeMU MOHITOpUHTY MOBKiLIA (MOHITOpHHT...., 2023 p).:

e BincyTHicTh npouenypu GpopMyBaHHS 3alUTY Ha 1H(OPMALIIIO €KOJIOTTYHOTO MOHITOPUHTY Ta
BIJICYyTHICTh a00 X HHM3BKUH pIBEHb BUKOPUCTAaHHA iH(opMalii JepaBHOI CUCTEMU MOHITOPHHTY
JOBKULIS JUIs IPUMHSTTS YIPaBIIHCHKHUX PIllICHb.

e Huspkuil piBeHb KOOpIMHAII{, B3a€MOAIl Ta KOMYHIKaIii MK Cy0’€KTaMu JIep>KaBHOI
CUCTEMH MOHITOPHUHTY.

e 3acrapiyia MaTepiabHO-TEXHI4YHa 06a3a Jiep>KaBHOT CUCTEMU MOHITOPUHTY

e HenockoHamicTh Ta HEY3TOKEHICTh MK LEHTPAIbHUMH OpraHaMH BHUKOHAaBUYOi BIaau
periaMeHTiB MPOBEJICHHsI COCTEPEKEHb 32 CTAHOM JIOBKIJLIS

e HeoOxinHICTb neperyaay (ONTUMi3allii) po3MilIeHHs MOCTIB CIIOCTEPEKEHb.

e Hecraua kBani]ikoBaHUX Ta MOTUBOBAHUX KaJPiB.

e 3acTapilicTh 3aKOHOJABCTBa YKpaiHM B cdepi MOHITOPUHTY JIOBKULIS Ta HU3bKHH piBEHb
fioro amanTarii 10 Bumor J{upextus €C.
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e Henocratne ¢iHaHCyBaHHS JepXKABHOI CHUCTEMH MOHITOPUHTY 3 JIEPYKABHOTO OIOKETY
VYKpainu Ta HEAOCTATHE 3ayYSHHS KOIITIB 3 iHIINX pKepes (piHaHCYyBaHHS

e BiacyTHICTP €IMHOTO pecypcy, IO Hagae IOCTYN 10 NEPBUHHUX ITaHUX MOHITOPHUHTY
JOBK1JIJIS, arPEeroBaHUX 3 PI3HUX JHKEPEI.

OnHi€r0 3 TOJOBHUX IPOOJeM SIK JepKaBHOI CHCTEMH MOHITOPHHTY IOBKUIIS, TaK 1 BiacHe
CUCTEMH TPHPOJIOOXOPOHHOTO YIIPABIIHHSA € BiJCYTHICTh 200 X HEHAMIWHICTh B3aEMO3B'S3KY MiK
HUMH. lle € KOpIHHOI NPUYMHOIO HEePEKTHBHOCTI JEPKABHOI CHUCTEMH IPUPOJIOOXOPOHHOTO
YIpaBJIiHHA, a/pKe BOHA abo K HE morpedyBajia MOHITOPHHIOBOI iH(popMarii, abo x moTpedyBana ii
JUI HAJI3BUYAHO OOMEXKEHOI KUTBKOCTI 3aXOMiB (HANMPUKIAA, JJIs MiAroToBKU JIOMOBIII TIpO CTaH
HaBKOJIMIIHBOTO TIPHUPOIHOTO cepenoBuiia). [linroroBka 3aKk0OHOAaBYMX 1 MPABOBUX AKTIB, JIEPKABHUX
[UTBOBUX MPOTrpaM, IHOIOI PEryJSATOPHOI Ta periiaMeHTyod4oi iHdopmamii He Opajia 3a OCHOBY
BUKOPHUCTAHHS JIAHUX MPO CTaH MOBKULIA. [H(opmariiiHi moTpedbu ymnpaBiiHHS MPUPOTOOXOPOHHOIO
rajy33io 10 1boro yacy He BuBueHi [Iporpamu moniTopunry MO3, riipoMeTeoposioriuHoi ciyxou,
JlepBoareHTCTBa, Ta IHIMIMX CYO'€KTIB €KOJOTIYHOIO0 MOHITOPUHIY 3aJMIIAIOTHCS HE3MIHHUMU
nporsaroM 30-50 pokiB, 3MICTOBHa YacTHHA BKa3aHUX BIJOMYUX MPOrpaM MOHITOPHUHTY TEX HE
3MmiHIOBajachk. B Ykpaini He po3poOmsuinck CTpaTerii MOHITOPUHTY JOBKULIS, siIKi O Opajiu 3a CBOIO
OCHOBY BM3HaueH1 1H(popMaIiiiHl noTpeOu ynpaiiHHS, xoua B KpaiHax €C Taki cTpaTerii € 3BU4HOI0
MPaKTHKOIO 1 OHOBJIFOFOTHCS KOXHI 1110 5 - 6 pokis. (ILleBuyxk, 2011)

Buxopucrtanus 10CBiy €BpomeWchbKUX JepkaB, Takux sk Himeyunna ta Higepnannwy,
JIOTIOMAara€e TMiABUIIATH €()EKTUBHICTh BITHOBIIOBAIBHUX 3ax0diB. OIS MPaKTHK €KOJOT14HOTO
MOHITOPUHTY B €BpOIIi MOKAa3ye, MO YCHIIHI MporpamMu 0a3yloThCsl Ha IHTETPOBAHOMY MIIXOl, 1110
BKJIFOYA€ yYacTh TPOMAJCHKOCTI, BUKOPHCTAHHS TEPEIOBUX TEXHOJOTIM Ta MIKIWCHIUTIIIHAPHUN
niaxia. [lopiBHSHHS MiAXOMIB Ta pe3yJbTaTiB MOKa3ye, 10 €BPONEHCHKI KpaiHW TOCSTIM 3HAYHHUX
YCHIXIB y 3HIKEHHI PIBHS 3a0pyJHEHHS Ta BIJIHOBJIEHH1 €KOCHCTEeM. BIpoBa/KeHHsI €BpPONENHChKUX
CTaHIApTIB B YKpaiHi CHOpPUATAME TMIABUIICHHIO €(QEKTUBHOCTI E€KOJOTIYHOTO MOHITOPHHTY.
(HamionansHa...., 2008).

CyTT€eBOIO NEPEIIKOAOI0 Ul PO3BUTKY Ta YyAOCKOHAJIEHHS CHCTEMH MOHITOPHHIY B YKpaiHi €
Opak criemiajibHO MpU3HAYeHUX (IHAHCOBUX pecypciB. Uepe3 e Ha CHOTOAHINIHIN JEHH TEXHIUHE
oOnagHaHHS CTajo0 3acTapuiuM 1 moTpeldye oHOBIeHHA. /[ edekTrBHOTO 300Dy, aHAII3Y Ta OOMIHY
JAHUMU HEOOX1HO BIIPOBA/DKEHHS Cy4aCHUX KOMIT IOTEPHUX CHUCTEM.

[{ro mpobieMy MOXHA BUPIMIWATH, 30UIBIIMBIIA JOXOJW BiJl EKOJOTIYHOTO TMOJATKy Ta
KOMIICHCAI[IN BiJ MiAMPUEMCTB 3a 3aBAaHi 30uTKHU. L1 KomTu moBuHHI OyTH HANpaBJICHI Ha PO3BUTOK
CHCTEMH MOHITOPHHIY HAaBKOJIMIIHBOI'O CEpEAOBUILA Yepe3 CHeliaibHy Oro/keTHy mporpamy. Lle, B
CBOIO Yepry, CIOHyKaTHMe 3a0pyAHIOBAyiB 3MEHINYBAaTH ILIKI[UIMBI BUKUIM Ta CKUJH, CKOPOUYBATH
KUIBKICTh BIAXOMIB 1 paIliOHAJIbHIIIE BUKOPUCTOBYBATH MPUPOJIHI PECYPCH.

Takox HEOOXITHO 3aKOHOJABYO BCTAHOBUTH, IO MiANPHEMCTBA, MISUIBHICTH SKHX MOXE
MOTIPIINTHA EKOJIOT1YHY CHTYallifo, MOBHHHI PETryJsIpHO MOHITOPUTH CBI BIUIMB Ha JOBKULISA Ta
aBTOMATUYHO Iepe/iaBaT OE3KOIITOBHY 1H(POPMAIIiIO A0 HAI[IOHATBFHOI CUCTEMH MOHITOPUHTY.

BucHoBku

PerynsipHuil ekoJIOTIYHMH MOHITOPUHI Jy’K€ B@XKJIMBUHM U1 3aXHCTy HABKOJIUIIHBOTO
Cepe/loBHUILA Ta CTAJOr0 PO3BUTKY. BHKOpHCTaHHS Cy4acHUX TEXHOJIOriH 1 JxocBiny €Bponu
JOTIOMAarae 3pOOMTH MOHITOPUHT OUThII eeKkTuBHUM. [licis peanizalii MpOEKTIB e MOHITOPUHT Ma€e
CTaTH MOCTIMHOIO CKJIaJI0BOI0 POOOTH.

Jlis  TOKpalieHHs CHCTEMH €KOJIOTIYHOIO MOHITOPHUHTY B YKpaiHi MNOTpiOHO Ouiblie
BUKOPHUCTOBYBAaTH Cy4YacHI TEXHOJOIil Ta MOKpAaIIUTH CIHIBOPAIl0 MDK pPI3HUMHM BiJIOMCTBaMH.
BripoBaykeHHS €BpONEHCHKUX CTaHIAPTIB 3pOOUTH MOHITOPUHT €(PEKTUBHILINM 1 COPUATHME CTAIOMY
PO3BUTKY KpaiHH.

3 ypaxyBaHHSIM YCbOTO BHIIE3a3HAYEHOTO MOKHA 3pOOHUTH 3arajibHUH CTpaTeriyHuii
BHCHOBOK — Ypsity YKpaiHU HEOOXiTHO CTBOPUTH Ta 3a0e3MeuuTH (PyHKIIIOHYBaHHS HOBOI Cy4acHOi
iHpacTpykTypu HamioHanbHOi cucTeMH €KOJIOTIYHOT0 MOHITOPUHTY JOBKIJUISA HA 3acajax iHTerparii
00’€KTOBHX, BIIOMYMX 1 PEriOHAIBHUX CHCTEM Y €IUHY CHCTEMY, YJOCKOHAJIUTH YCli CKJIaJ0Bi
€JIEMEHTH JIII0Y0i CHUCTeMHU (3arajbHUi, KpuU30BUI Ta (OHOBMI MOHITOPUHTH) 1 JIOTIOBHHUTH ii
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MiJCUCTEMOI0 TPOMAJICHKOTO MOHITOPUHTY IOBKIJUISA, TMOJIMIIATH SKICTh MISJIBHOCTI CHCTEMHU Ha
OCHOBI CyYacHHX 1H(pOpPMaLIHHO-KOMYHIKaIIHHKX TexHomorii. (OcHOBHI...., 1998).

CnucoOK BUKOPHCTAHHUX JKepelt

1. https://mepr.gov.ua/wp-content/uploads/2023/02/Monitoring-Green-Paper_15_02_2022.pdf

2. OcHOBHI HampsIMH JIEP>KABHOI MOMITUKKA YKpaiHU y Tady31 OXOPOHH JOBKLUISL, BUKOPUCTAHHS
MIPUPOJTHUX PECYPCiB Ta 3a0e3reyueHHs eKoJoridHoil Oe3meku / 3arBeppkeHo [loctanoBoro BepxoBHoi
Pamu Yxpainu Big 5 6epesns 1998 poky Ne 188/98-BP. K., 1999. 92 c.

3. HamionanpHa eKoJIOTiYHA TOJNITHKAa YKpaiHu: owiHka i ctpateris po3BuTky. K.: ITPOOH,
2008. 184 c.

4. euyk FO.B. Ilomituka po3BUTKY comio-ipupoanux cuctem. K.: I'eompunt, 2011. 112 c.

Leveraging Remote Sensing and GIS for Monitoring Land-Use
Dynamics and Environmental Management

Pavliukh L., *Ratushniuk L.
National Aviation University, Ukraine

lesia.ratushniuk02@agmail.com

Abstract. Remote research methods are crucial to humanity’s ongoing efforts to address global
challenges such as climate change, natural disasters, deforestation, and urbanization. The significance
of remote sensing and monitoring extends to even the smallest regions, where they offer a level of
precision and consistency that traditional fieldwork might miss. In agriculture, for instance, remote
sensing can monitor soil moisture levels and crop health, ensuring that farmers can optimize water
usage and prevent crop failures. Similarly, in conservation efforts, remote sensing helps monitor
deforestation and wildlife populations in hard-to-reach areas, providing real-time insights that guide
preservation strategies. Remote sensing data and GIS were used to map affected areas, helping rescue
teams prioritize their operations and quickly deliver aid to the most devastated regions. This data-
driven approach significantly improved the efficiency of disaster response, demonstrating the life-
saving potential of these technologies. In conclusion, the integration of remote research methods into a
wide range of fields showcases their effectiveness in both large-scale and localized applications. These
technologies provide critical insights that enhance preparedness, improve resource management, and
prevent disasters, proving that their importance to humanity will only continue to grow as they become
more sophisticated and widespread.

Keywords: land-use dynamic, sentinel-2 imagery, environmental monitoring, cloud-masking
algorithms, sustainable development

Introduction

Fastivska region, located in the Dnipro Upland in western Kyiv region, covers 897 km? and had a
population of 30,700 in 2018. The administrative center is Fastiv. The climate is moderately
continental, with warm summers and cold winters. The average temperature is +6.7°C, ranging from -
6°C in January to +2°C in July, with extremes from -33°C to +38°C, which can affect crops. The frost-
free period lasts about 160-170 days, and the growing season runs from mid-April to late October.

The region receives an average of 560 mm of rainfall annually, peaking in June and July, but
often experiencing dry spells in August, impacting agriculture. Winters see snow depths of 10-22 cm
and frequent rain, which can create an ice crust harmful to crops. Humidity peaks in fall and winter at
80-85%, with occasional dry spells. Despite a positive moisture balance, high evaporation can lead to
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droughts. Each season has distinct conditions, with unstable springs, warm summers with heavy rains,
mild autumns, and mild winters with thaws and snowfalls.

Methods and Materials

The Dynamic World satellite dataset provides researchers and decision-makers with precise,
near-real-time monitoring of land-use and land-cover (LULC) changes using Sentinel-2 L1C imagery.
Updated every 2 to 5 days, it tracks environmental shifts in forests, farmland, urban areas, and water
bodies.

With detailed classification across nine land cover types — such as water, trees, crops, and built-
up areas — the dataset uses advanced cloud-masking algorithms to ensure reliability. It captures fine-
scale changes by assessing probabilities for each land cover, though some regions may be harder to
classify with certainty.

This tool is invaluable for studying ecosystem changes, deforestation, and climate impacts. It
also supports urban planning, agricultural management, and conservation efforts, empowering users to
make informed decisions for sustainable development and environmental protection. After some
manipulation in program ArcGIS we can receive reclassified picture. After we will convert this picture
to polygons and calculate area of each type of cover.

Fig. 1.1 Reclassified picture (2022) Fig. 1.2 Reclassified image translated into polygons

Results and Discussion

Considering the speed of successions caused both artificially and naturally. We can calculate the
surface coverage area of the Fastiv district, to improve the visibility of the dynamics of change.

Using these indicators, we can assess how landscape intensity shifts and identify patterns. For
instance, in 2017, a decline in forest and grass cover corresponded with an increase in wetlands.
Conversely, when tree cover expands, wetlands tend to decrease.

The reduction in forest and grass cover likely alters hydrological conditions, allowing more
surface water to accumulate, forming wetlands. This might be due to factors like reduced rainfall and
increased soil erosion, which impact water runoff patterns.

In contrast, increased tree cover enhances soil water absorption and evaporation, reducing
surface water and consequently shrinking wetlands. The deep roots of trees improve soil structure and
its water-holding capacity, minimizing wetland formation.

The classification of land cover types is essential for understanding ecosystems and managing
landscapes in northern Ukraine. Each of the nine land cover types plays a unique role in ecosystem
health and sustainability:
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Table 1. Area covered by each of the landscapes (ha)

Years Water Trees Grassland Wetlands ﬁ;e:}kale Shrut;z/shru Buildings | Barren land

2016 1777,62 67394,8 13418,5 146,888 58142,8 8881,69 21803,4 986,436

2017 1759,22 60799,7 5712,64 314,571 75072,9 7076,58 21860,6 771,040

2018 1774,84 69619,3 9583,16 157,609 64743,4 5104,56 22160,5 223,567

2019 1760,04 63237,7 10115,9 97,6562 64386,9 11725,3 21660,8 382,051

2020 1728,03 62396,6 10738,2 181,097 68423 4212,81 22086,5 102,431

2021 1762,17 63203,1 9441,45 146,805 73381, 3364,27 21913,2 145,545

2022 1642,89 62460,6 10722,8 187,024 71575,4 5055,73 21487,6 234,985

2023 1790,97 62837,3 10357,7 154,971 714554 3626,76 22615,2 477,757

Geographic Information Systems (GIS) can play a critical role in managing and regulating
various land cover types to enhance environmental sustainability and ecosystem health. Here’s how
GIS can help regulate these areas:

1. Water bodies (rivers and lakes): monitor water quality, track riverbank erosion, assess flood
risks, and manage water resources for human use and aquatic ecosystem health.

2. Tree cover (forests, forest strips, and city parks): track deforestation and afforestation, plan
reforestation projects, monitor biodiversity, and manage urban green spaces to optimize air quality and
heat reduction.

3. Grass cover: map grassland health, assess soil stability, regulate grazing areas, and monitor
water runoff and carbon sequestration potential.

4. Wetlands: identify wetland boundaries, monitor water levels, assess flood regulation
capabilities, and protect biodiversity by mapping sensitive species.

5. Plowed land: monitor crop health and yields, manage irrigation and soil erosion, plan crop
rotation strategies, and optimize land use for sustainable agriculture.

6. Shrubs and bushes: map vegetation types and distributions, plan conservation efforts for
wildlife habitats, and monitor soil stabilization in varied landscapes like hedgerows or forest edges.

7. Buildings: manage urban expansion, optimize land use for infrastructure planning, and assess
the environmental impact of built environments, such as heat islands or air pollution.

8. Bare lands: monitor soil erosion, plan land restoration or rehabilitation projects, and assess the
ecological potential for replanting or afforestation efforts.

Conclusions

By using GIS to map, monitor, and analyze these land cover types, we can develop informed
strategies for conservation, sustainable land use, and disaster mitigation, ensuring the resilience of both
natural ecosystems and human communities.

The integration of remote sensing and GIS technologies has become indispensable for modern
environmental monitoring, allowing for comprehensive analysis of global challenges like climate
change, deforestation, and urbanization. These tools provide precise, real-time data on land-use and
land-cover (LULC) dynamics, as seen with the Dynamic World satellite dataset. Researchers can track
environmental changes in forests, farmlands, and water bodies with updates every 2 to 5 days, enabling
quick responses to environmental shifts. GIS applications help manage and regulate various
landscapes, from monitoring water bodies and forests to optimizing agricultural land and urban
planning.

In Fastivska region, for instance, these technologies help track landscape transitions, such as how
reductions in forest and grass cover lead to increased wetlands, or how expanding tree cover reduces
wetland areas due to improved soil water absorption. By leveraging these tools, policymakers and land
managers can make informed decisions to promote sustainability, conservation, and disaster mitigation
efforts. The ability to monitor ecosystems in real time ensures that both natural environments and
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human activities can coexist while maintaining ecological balance. As these technologies evolve, their
role in guiding global and localized environmental strategies will continue to grow in importance.
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of the Chernobyl Exclusion Zone
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Abstract. The main principles of the structure of the environmental monitoring’s system of the
Chernobyl Exclusion Zone are shown. They consist of the complex automation of all processes related
to the collection, accumulation and maintenance of the various information and ensuring its further
processing on the basis of the modern information technologies. Information about the contours of
fires of different types and the density of radionuclide contamination of the territory will allow to
estimate the content of radionuclides in the fuel material and the resulting surface specific volumetric
activity of radionuclides for different types of fires, as well as the expected effective radiation doses of
firefighting participants and the radiological danger of secondary atmospheric transfer of radionuclides
to nearby areas to the territory fire.

Keywords: environmental monitoring, Chernobyl zone, satellite system, fire, Earth remote zoning.
Beryn

3pocTaHHs aHTPOIIOT€HHOI'O BIUIMBY Ha JOBKULIS MPU3BOJMUTH 10 30UIBIICHHS KIJIBKOCTI aBapii
Ta EKCTpEeMaJbHUX MPHUPOJHHUX SBUIL: TOXKEX, IMOBEHEW, yparaHiB Tomo. TpaauuiiHuili crnocid
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OTpUMaHHS 1H(OpMALi PO CTaH MOKEKOHEOE3NEUYHNX O0'€KTIB 1 HABKOJIMIITHHOIO CEPEIOBHUIIA, 10
3MIIACHIOETHCS. HA3eMHUMH CITY’KOaMu, He 3aBKIU 3a0e3neuye HeoOXiHY ONepaTHBHICTh OHOBJICHHS
naHuX. TexXHIKO-eKOHOMiYHa TMoTpebda CTBOPEHHS CHUCTEMH JHCTAaHIIMHOTO  E€KOJOTiYHOro
MOHITOpUHTY YOpHOOMIBCHKOI 30HM 3 METOI HaJaHHSA HeoOximHoi iHpopmamiiiHoi 0a3u BxKe
JOBEZICHO JIOCBIZIOM CBITOBOTO CIIBTOBApUCTBA. 30HAa BiAYYXKEHHA 1 30Ha OE3yMOBHOTO
(00OB'SI3KOBOTO) BijACeNeHHS (Jaji — 30HA BIOUY)KEHHS) € 4YacTUHOIO TEPHUTOpii, IO 3a3Haia
HaOLIBIIOTO PaioaKTUBHOTO 3a0pyAHEHHS BHACIIIOK YOpHOOMIBCHKOI KaTacTpodu, 3 0COOIHUBOO
(bopMOr0 yIpaBIiHHS, 3€MIJIi SIKOi BUBEJIEH] 3 rOCToapchkoro odiry. Hait0inpm BUCOKI piBHI TYCTHHU
3abpyamenns 2Sr, ¥'Cs, 2824py i 2%'Am rtepuropiii cmocrepiratothes y OmmkHii 30-TH
KUJIOMETPOBiH 30HI BimM4yKeHHs, 65% SKOi HUHI BKPHUTO JIiCAMH, B SIKMX MEpEeBaXae COCHA 3BHYAiiHA
(64%) 1 Gepesa (23%).

Ha 2024 pix y 30HI BiguyXeHHS OQimiiiHO 3a(iKCOBaHO Maike MIBTOPH THUCAYI MPUPOIHUX
MOKEX PIZHOTO THUIY, BAXKKOCTI 1 MaciTadiB, 110 3aBAAI0Th 3HAYHOTO 30UTKY JIFOJMHI Ta OTOYYIOUOMY
i cepenopuily. HeraruBHUMM paialliiHUMH HACIiJKaMU JIICOBUX TOXEX € TOTIPIIEHHS 3aXHUCHUX,
BOJIOOXOPOHHUX Ta IHIIMX KOPHUCHUX BJIACTUBOCTEH JIICY, 3HHUIIEHHS KOpUCHOI (ayHH, 3arubenb
MacHBIB KOLITOBHUX IOPiJ JAEpEB, MEpPEepUBaHHS MPUPOAHOTO IMPOLECY JICO- 1 I'PYHTOYTBOPEHHS,
pasioakTHBHE 3a0pyJHEHHS MPUJIETJIMX HACEJIEHWX IYHKTIB Yy pe3yjbTaTl MEpPEeHOCY pPaTlOHYKIIIIB
MPOAYKTaMH 3TOPSIHHS, 3a0pyTHEHHS PIK, 03€p YHACIIIOK 3MMBY Y HUX IPOJAYKTIB 3rOpsiHHS, 3aru0einb
CUTECHKOTOCTIOIAPCHKUX KYJIBTYp TOIIO. TOMY € my)Ke BaXIMBUM SIK PETEbHE BUBYCHHS IHOTO
MIPUPOTHOTO SBUILA, TaK 1 1Or0 MOHITOPHHT.

Metoau Ta marepiajau

l'onoBHa MeTa CTBOpPEHHSI CHUCTEMH €KOJIOTIYHOTO MOHITOPUHTY 30HHM BITUYXKEHHS 1
HABKOJIMIIIHBOMY CEPEIOBHILI MOJIArae y KOMIUIEKCHIM aBTOMaTu3allli BCIX MPOILECIB, MOB'SI3aHUX 31
300poM, HAKOMHWYEHHSM 1 BEIEHHSM pI3HOMAHITHOI peecTpauiiHol iH(popMalii Ta 3a0e3neyeHHi
MOXJIMBOCTI 11 TIOJ1aJIbII01 OOPOOKM HAa OCHOBI CydacHHUX 1H(OpPMAIIHHUX TEXHOJOTIH. 3aCTOCYBaHHS
KOCMIYHHMX 3HIMKIB BHCOKOI PO3IUIBHOI 3JaTHOCTI Ta Cy4YacHUX IMPOTPAMHUX 3ac00iB 0OpOOKH,
BUKOPHUCTAHHS MOOUTPHUX KOMIUICKCIB JIO3BOJISIIOTH OTpUMaTH 1HGOpMAII0 Npo HaA3BUYAKHI
CUTYyalIlil, CTBOpUTH 0a3y JaHUX 3 NU(PPOBUX TEMATUYHUX KAPT 1 CTATUCTUYHHUX JAHHUX PI3HOTO PIBHI.
B mepcrektrBi Moke OyTH CTBOpEHa €JIMHA aBTOMATH30BaHA CHCTEMa YIPaBIiHHSA, M0 Oyne
OXOIUTIOBATH BC1 JIAaHKM YyMOPABIIHHS MOHITOPHHTOM, $SKa JO3BOJISITH TMIABUIIUTH SKICTh 1
OTIEPATUBHICTh €KOJIOTIYHOTO MOHITOPHHTY.

OpHMUM 3 MEepPCIeKTUBHUX METO/I1B IPOBECHHS MOHITOPUHTY € TUCTaHIIIHMM, 110 0a3yeThCs Ha
OCHOBI KOMIUIEKCHOT'O BHUKOPUCTaHHS KOCMIYHHMX cUCTeM crioctepesxkenHs (Cupopenko Ta iH., 2017;
A3zapoB Ta iH., 2016; 3amynait 1 A3apos, 2017). CboromHi icCHy¥OTh TpH CynyTHHKOBI cuctemu GPS,
GLONAS 1 GALILEO, MOXJIHMBOCTI SKHX CTajJd OCHOBOIO I KOMIUIEKCHOI'O €KOJIOT1YHOI'O
MOHITOPUHTY TEpPHUTOPI Ta MpOrHo3yBaHHA 1ii craHy. CucrtemMa MOHITOPHHIY TOBHHHA B
iHdopmaIiiHOMY TUTaH1 3a0€3MeUYnTH OpraHizaiilo HeoOX1THUX 1H(GOpPMAIIHHUX MOTOKIB (KOCMIYHUX
3HIMKIB) Ta MOKPAIIUTH CIIOCTEPEKEHHS 32 OCHOBHUMHU TIpoliecaMu y TexHocdepi i 6iocdepi.

3 BUKOPHUCTAHHSM KOCMIYHHMX 3HIMKIB MOXXHa OTPUMYBAaTH i1H(OpMAIIO LI0JI0 MOHITOPHHTY
JCOBUX, TOP('STHUX 1 CTENOBUX IMOXKEK, CTAHY POCIMHHOCTI 1 BOJHOI MOBEPXHI HA MEBHUX TEPUTOPIAX
13 3HAYHUM TE€XHOT'€HHUM HABaHTA)KEHHSM 13 3MiHAMH CIEKTPAIbHUX XapaKTePUCTUK, AUHAMIKH 3MiH
JiciB, BOAOWM Ta OIOpI3HOMAHITTA, BIACTEKEHHS MepeopMyBaHHA OeperiB BOAHHMX apTepiil Ta
y30epexoksi MOPiB, MOHITOPUHTY 3MiH IUIOINI 3BAJIMIN, PO3MIpiB Kap'epiB, MOHITOPUHIY MAaBOJKIB Ta
MiATOIJICHb HAa CBOET TEPUTOPIi Ta TEPUTOPIT CYMDKHUX JepxaB. Bukopuctanus kocMigHoi iHdopmaiii
JIMcTaHIiiHOro 30HayBaHHa 3emu (nami — JI33) ans 3abe3nedeHHss MOTped J1ICOBOIO IOCIOAApPCTBA
3MIACHIOETHCS 32 TAKUMH OCHOBHUMH HAIPSIMKaMU: KOHTPOIb 3a 3HUIIEHHSIM JICiB (30€37iCeHHsIM),
iHBeHTapu3allis Jicy (BHU3HAYEHHS THUIMIB JICOHACA/JKEHb 1 JOMIHYIOUMX IOpiJ, OIliHKa 3araciB
JicoMaTepialliB, BAMIpIOBaHHs 3arajibHOI IJIONII 1 KUIbKICHA OLlIHKa OioMacH, kapTorpadyBaHHs JICiB,
BUSIBJICHHSI 3HAYHUX IMOLIKO/DKEHb JIICOBUX MAacHUBIB (OLlIHKAa ILIKOJM, 3aBJIaHOi JIICOBUM MacHBaM,
BHUBYCHHS BOJHOTO PEKUMY JIICOBUX MAaCHBIB), JICIBHUITBO (BUSBICHHS OE3KOHTPOIBLHUX BHPYOOK
micy, BUpYOHOI AWHaMIKH; KOHTPOIb YpPaKCHHsI JEPEeB KOMaxaMU Ta TNECTUIHMJAMU; BUSBICHHS 1
CIIOCTEPEKEHHS JIICOBUX MOXKEXK, KOHTPOJIb 32 IMOCAIKaMH JIepEB Ha MICIi MOIMIKOKEHUX TOILIO).
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Pe3yabTaTn T2 00roBOpeHHs

CucrtemMa MOHITOPHHTY TOXEX Y 30HI BiTU4y>KEHHS PO3IIIAJAETHCS SK CUCTEMA CIIOCTEPEKEHb,
300py, 00poOKu, mepenayi, 30epeKeHHs Ta aHali3y 1HGOpMaIil MPO MOKEKHHUN CTaH, MPOTHO3yBAHHS
foro 3MiH 1 pO3poOKM HAayKOBO OOIPYHTOBAaHMX PEKOMEHJANIH JUIs NPUHHATTS pILIeHb PO
3armo0iraHHs HETaTHMBHUM BIUIMBOM Ha JOBKUUISL Ta JOTPUMAHHS BUMOT TEXHOTEHHO-EKOJIOT14HOT
Oe3mekn. 3a JIOTOMOTOI0 CHCTEMH EKOJOTIYHOTO MOHITOPHHTY 30HH BiJUY)KEHHS BHSBIISIOTHCS
KPUTHYHI CUTYyallii, BUAUIAIOTECS KPUTHYHI YNHHUKH BIUIMBY Ha JIOBKULIS W HAWOUIBII YyTJIMBI JI0
AHTPOTIOTEHHOT'0 BILTUBY elieMeHTH ekocucTeM (CuIopeHko Ta iH., 2015).

JUnisi NpUAHSATTA pamioHAIBHUX YNPaBIIHCHKUX PIlIEHbh HEOOXIAHOI YMOBOKO € HasBHICTD
AKICHOTO TeJIeKOMYHIKaliifHoro (iHpopmaniiHoro) 3a0e3nmedeHHs 3a ITUHAMIKOIO Pi3HOMAaHITHHX
MOKa3HHKIB, IO XapaKTEPU3YIOTh MOKEKHUA CTaH 30HU BiYYKEHHS 1 HABKOJIMIIHBOTO CEPEIOBHUIIIA.
JIMCTaHIIITHAI €KOJIOTIYHUH MOHITOPUHT Y Cy4acCHOMY PO3YMiHHI MOXHA PO3TIISAATH K aHATITHIHO-
iH(popMaLlliHy TEJIeKOMYHIKALIiHy CHCTEMY, IO OXOIUIIOE€ PI3HI HANpsSMU: CIIOCTEPEXKEHHS 3a
MOKEKHUM CTAaHOM 1 YMHHUKAMHU, SIKI BIUIMBAIOTh HA OKPEMi €JEeMEHTH JTOBKULIA, OILIHKA Ta aHalli3
CTaHy BCIX CKIIQJIOBUX JIOBKLJUIS, IMPOTHO3YBaHHS MPOTHBIIOKEKHOIO CTaHy 1 HaBKOJHIITHHOTO
Cepe/IoBMILlA Ta OLIHKM 1X Oe3MeyHOoro craHy, 3a0e3ledyeHHs HayKoBO-1H(OpMalIiHOT HIATPUMKU
MPUMHSATTS yIPABIIHCHKUX PILLIEHb.

AepOoKOCMIYHI CUCTEMHU CIIOCTEpEKEHHs 3eMill 3a0e3MeuyroTh OTpUMaHHs 1HpopMalii 6e3 Kol
HEMOXJIMBE BUPIMICHHS PI3HOMAHITHUX COIIAJIbBHO-EKOHOMIYHUX Ta MPUPOJOOXOPOHHHUX 3aBJIaHb.
[TepeBaramMmu KOCMIYHHX METOMAIB JOCIIHKEHHS 36MHOI IIOBEPXHI € MAaCIITAOHICTh OTJISI Ty, MOXKJIMBICTh
OTpUMaHHS TJ100aIbHOI 1 JIOKaIbHOI 1H(POpMaIlil PO IPUPOJIHI i FOCIOAAPCHKI 00'€KTH, PETYISIPHICTD
CHOCTEpEKEHHs 3eMJll SIK CUCTEMH JUIsl Kpalloro po3yMiHHS TJ100aibHUX MPOLECIB, TPOTHO3YBAHHS 1
MiHIMi3allil HECHPUATIMBUX HACTIAKIB MPUPOJHUX 1 TEXHOTEHHUX SBUIN Ta KaracTpod. Bucoka
OTEPaTUBHICTh 1 MOMJIMBICTH poOOTH 3 iH(OpMaLi€ y pealbHOMY MaciiTabdl 4acy J03BOJIIOTH
BUpPIIIYBAaTH OCOOMMBO aKTyajdbHI HHHI 3aBJaHHS €KOJIOT1YHOro MoOHITOpHHTY. bimsbko 80%
IHIUKATOPIB CTaHy IOTEHI[IHHO HeOe3MeYHHX O0'€KTIB 1 HABKOJHWIIHBOTO CEPEJAOBHINA MOXYTh
BH3HA4YaTHUCs 3a JornmoMororo iHpopMmaiii /[33. ['onoBHUMEU CydacHUMH TEHICHIIAMH po3BHUTKY JI33 €
PO3MIMPEHHST 3aJly4eHHS MarepiaiiB TINepCHeKTpabHOI 3WOMKH (10 COTHI KaHajiB) BHCOKOIi
T€OMETPUYHOI 37aTHOCTI (10 1 M) B ONTUYHOMY, TEIUIOBOMY 1 paiOXBHUILOBOMY Jiama3oHax s
BUPIIICHHS MUTaHb PAIliOHAJILHOTO MPUPOJOKOPUCTYBAHHS Ta CTBOPEHHSI MIKHAPOJHUX YIPYIOBaHb
KOCMiUHMX arapaTiB J[33 mis migBUIieHHS MEepiOAUYHOCTI 1 3HIDKEHHS BapTOCTI pOOIT 3 KOCMIYHOTO
MOHITOPUHTY MOKEKHOTO CTaHy Ta €KOCHCTEM 3 METOI0 OINEPATUBHOIO BUSBICHHS M MPOrHO3YBAaHHS
MPUPOJIHUX 1 TEXHOTCHHUX KaTacTpO(, EKOJOTIUYHUX 1 KIIMAaTHYHUX 3MiH.

Bci 1i HanpsiMu Ta YMHHUKH 00'€THY€ 3arajibHa npoliaemMa po3poOKU Ta BIIPOBAKEHHS CUCTEMU
JTUCTAHLIMHOIO EKOJIOTIYHOI'O0 MOHITOPUHTY 3eMil B 1HTepecax IONepeKEeHH HaJ3BUYaHUX
CUTYyaIlill TEXHOTEHHOT'O Ta MPHUPOTHOrO XapaKTepy. YMpaBIiHHS IpoIecoM oOMiHy iH(opmaliew y
MepeXi CHCTeMHU JTUCTaHILIMHOIO MOHITOPUHTY MOKe OyTH PO3JUJIEHEe Ha YIpaBIiHHS 1HTEHCHUBHICTIO
nepeaHuX Mo Mepexki iHGopMaliiHUX MOTOKIB 1 pO3MOMALT IUX MOTOKIB mo mepexi. IIponexypu
KepyBaHHs 1HTEHCUBHICTIO iH(OpMalliiHUX MOTOKIB MOBUHHI 3a0e3reuyBaTu (PyHKIIIOBAaHHS MEpexi
0e3 MepeBaHTAXKEHb 32 PAaXyHOK KOMIIPOMICY MIDXK 4YacoM JOCTaBKU iH(opmaiii Ta 0OMEXEHHIM
Tpadiky. B 1miboMy pasi po3pi3HAIOTH yNpaBiiHHS 1HTEHCHUBHICTIO, L0 BXOJUTH Yy MEPEXY IOTOKIB,
chopMoBaHUX By3namMu Mepexi. Pozmoain iHdopManifHuX MOTOKIB MO Mepexi 31iCHIOEThCs a0 Ha
OCHOBI YIPaBIIIHHA CTPYKTYPOIO MEPEXOK (XapaKTepUCTHKaMH KaHaiiB), abo 3a JIOMOMOTrOr0
yHOpaBIiHHA HUIAXamMu (MapuipyTtamu) mepefadi iHdopmaiii mo Mepexi 0e3 3MiHM ii cTpykTypu. B
3araJlLHOMYy BHIAJIKy YNpaBJIiHHS IpolecoM oOMiHy iH(opMali€ero y Mepexi Moxe OyTH MpHB's3aHe
70 TPOIEAYpU MapLIpyTU3allii TUIBKH 32 TMOPIBHSHO HEBEIMKUMHU IHTEHCHUBHOCTSIMH, 11O BXOJATH Y
Mepexy iHpopMariiHux notokiB. [lin yac 30iMbIIeHHS IMX IHTEHCHUBHOCTEH BUHHUKAE MOXJIHMBICTD
MEePeBAHTAKEHHSI MeEpeki, BHACIIJOK 4YOro 3'ABISETHCS HEOOXIAHICTH B OOMEXEHHI MOTOKIB
iHpopmanii. s 133 3a3Buuail BUKOPUCTOBYIOTHCS JiBa OCHOBHMX THIIM CYINYTHHKIB: F€0CTalliOHapHi
1 nossipHOoOpOUTANbHI. SIKIOo nmepuri MTy4Hi cynmyTHUKH 3emii (nani — [IIC3) nocriiiHo 3a0e3nedyBanu
OrJIsiT OMHIET 1 Ti€l K YaCTWHU TUTaHETH, 30epiraloyM He3MiHHE TMOJIOKEHHsI II0J0 MEeBHOI TOYKHU Ha
€KBaTOpi, TO JPYri, IO 3HAXOAATHCS Ha OPOITI, MJIOLUIMHA SIKOI MPUOTU3HO MEPHEHIUKYJSPHA 0
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IUTOIIMHU o0epTaHHs 3emili, yepe3 MeBHHUH Mepio]] 4acy (TpUBATICTh 3aJICKHUTH BiJ IIUPHHU CMYTH
orismy IIC3) BUSBISAIOTHCS HAA 33JaHUM PalilOHOM CIIOCTEpPEXKEHHs. 3HIMalbHa anaparypa /133, mo
BCTAaHOBJICHA HA CYNYTHUKY, MOXE TMpaIfoBaTH y YOTUPHOX OCHOBHHUX Jliala3oHax:
yIbTpadioneTOBOMY, BUIUMOMY, iH(pauepBOHOMY Ta MIKpPOXBMJIbOBOMY. TUIBKM Yy LUX OONACTIX
CHEKTpY 3eMHa atMocdepa mpo3opa Ui eNeKTPOMArHITHUX XBHIIb. Y BUIMMOMY Jiara3oHi JaTYUKH
pPEECTPYIOTh BigOMTE BiJl 3€MHHX MOKPUBIB COHSYHE BHIIPOMIHIOBAHHS, IO NPOWIUIO dYepe3
atMochepy. B iHdpauepBoHOMY miama3zoHi MpeBatOE BIIACHE TEIUIOBE BUIPOMIHIOBAHHS IMOBEPXHI
3emii. Y MIKpOXBHIJIBOBOMY Jiana3oHi BHUKOPUCTOBYIOTh BJIACHE BHIIPOMIHIOBAHHS IUIAHETH abo
BiIOWTI CHTHANM INTYYHHUX JDKEpesl ONMPOMIHEHHS, BcraHOBIeHMX Ha Ooprty HIC3. MoximBocTi
amapaTypy JUCTAHIIMHOTO 30HIYyBAaHHS Y PI3HUX CIICKTPATBHHUX Jiala30HaX iCTOTHO PO3PI3HSIIOTHCS:
ONTHYHI JTAIOTh HAWOLIBII SKICHI, 3BUYHI JUIsl CIIOCTEpirada KOJIhOPOBI 300pakeHHS 3 BHUCOKOIO
PO3IUTBHOIO 3/IaTHICTIO, CHHTE30BaH1 3 IEKUIBKOX MOHOXPOMATHUYHHX 3HIMKIB. [H(ppadepBoHY 3HOMKY
MO)XHa TPOBOJUTH y TEMHHI 4ac J00M, CHOCTEpIraloud TeMIIEpaTypHI aHOMaJil MOBEpXHI, a IS
CHelU(pIYHUX BHIIAJKIB 30HAYBaHHS y MIKPOXBUJIBOBOMY [li1alla30HI HE € MEpeIIKOJI0I0 HaBITh
XMapHUH OKPHUB.

HaliBaxnuBiliuMu  XapakTepucTUKaMM  (POpMOBAaHOrO 300pak€HHS € MpOoCcTopoBa Ta
paaiomMeTpuyHa (SCKpaBiCHa, TeMIlepaTypHa) pO3JUIbHI 3/JaTHOCTI 3HIMaJIbHOI amaparyp.
[IpoctopoBa po3naiibHA 3MATHICTH 3JIEKUTH BIJ JOBXHWHHM XBUJII TPUHHSATOrO BUIPOMIHIOBAHHS,
niametpa 00'ekTuBa (y pasi pagioOKaIIIfHOIO CIIOCTEPEKEHHS — PO3MIpPIB anepTypu aHTEHH) 1 BUCOTH
opOitu. PagiomeTpuuHa po3AUIbHA 3/1aTHICTh BH3HAYAETHCS, HAcCAMIEpe[, MHUPUHOI JUHAMIYHOTO
Jiana3oHy BHKOPHUCTOBYBAHOTO JaTyhka, TOOTO KUIBKICTIO PIBHIB JUCKpETH3allii, BIANOBIIHUX
MePEXOIy BiJ ICKPABOCTI aOCOTIOTHO «IOPHOTO» J10 «Oimoro». Cucrema AUCTAHIIIHHOTO MOHITOPUHTY
MMOBUHHA BpPaxOBYBAaTH OCOOMMBOCTI amaparypd aepoOKOCMIYHOIO MOHITOPHHTY. OCKUIBKU
AaepOKOCMIYHMN MOHITOPHHI — YHIKajJbHa 1HQOpMalliiiHa cucTema, 3a J0IOMOTOI0 SIKOi MOXYTh OyTH
JIETKO OTPUMaHi yCEpeIHEHI 3a BEIMKWM MaciiTabaMm (y MpocTopi 1 B 4aci) iHTeTrpajabHI O3HAKH Ta
XapaKTePUCTUKU €KOCHCTEM.

Came aepoOKOCMIUYHHN METOJI € OCHOBHHH Yy BHINICHHI 3aBJIaHHS CTEXKEHHS 3a JUHAMIKOIO
AQHTPOIIOTEHHUX 3MIH B E€KOCHCTEMax Ha BENUKHX Iwtomax. Jlms 1miei mMeTH, KpiM cremiaJbHUX
CYMYTHHKIB 1 CymyTHUKOBUX cucteM («Meteop» 1 «Meteop-Ilpupona»), a Takox crBopeHnx B «EA»
(Earts Resources Technology Sattelite), «SKYLAB» 1 «LANDSAT», MOXyTb 3aCTOCOBYBAaTHUCS
Oe3MiJIoTHI, JITaKoOBi, aepocTtaTHi 3acobu Ttomo. [lim yac opranizaiiii €KOJOTIYHOTO MOHITOPHHTY
HaJXOIUTh 1H(OpMaIlis PO CTaH JICIB, CUTLCHKOTOCIIOIAPCHKHUX YT1/ib, IPO POCIMHHOCTI HA CyIIIl Ta
PO CE30HHI 3MiHM iX CTaHy, PO BUSBJICHHS MOTCHIIMHUX MOXEKOHEOS3MEUHUX AUISTHOK Ta TePUTOPii
KpaiHu 1 B3JI0BX KOPJOHIB, MPO CTaH 3€MHOI MOBEpPXHI (IPYHTOBOMY IOKPHBI, MOPYIICHHS 3€MHOI
MOBEPXHI y pe3yibTaTi aHTPOMOIe€HHOI MisJILHOCTI, €pO3IMHUX Ta ypOaHI3aliHUX Mpolecax), Mpo
3a0pyaHeHHs aTMocdepy paiioaKTUBHUMHU MTPOLIECaMH 3TrOPSHHS TOILIO.

B aepokocMiYHOMY MOHITOPHHTY, B OCHOBHOMY, BHKOPHUCTOBYIOTHCSI IIaCUBHI METOJAU
BuMiproBaHHs. Cepe] HUX HaOUIbIIEe MOMIMPEHHS OTPUMaB METO/ 6araTo30HaNbHOI BieoiH(popmarii
(mami — B3B), mo oTpuMyeTbcs 3 BUKOPUCTAHHSIM CIELiajbHUX MPUIAiB — cKaHepiB Tumy MSS
(multispectral scanners), sikuii npaittoe y 4 cmyrax sunpomintoanus: 0,5-0,6; 0,6-0,7; 0,7-0,8 1 0,8—
1,1 mxm. Leit cmoci6 orpumanns iHpopMallii, B OCHOBHOMY, BHKOPHUCTOBYETHCS Ha CYITyTHHKaX
CIIOA. B3B-3HIMKM NEpCHEKTHMBHO BUKOPUCTOBYBATH JUIsI BHU3HAYEHHS CTYHEHs 3a0pyIHEHOCTI
atMocepy NWIOBUMHU Ta aepo30JbHUMHU YacTKaMu. Jljig mpenu3iiiHuX CHeKTpaJbHUX 3HOMOK
BUKOPHUCTOBYETHCSI BUIIPOMIHIOBAHHS Y Jllana30Hi JOBXKUH XBUIIb, III0 HAJIEXKATh 10 BIKOH MPO30POCTi
aTMocdepu. YibTpadioneToBe BUIIPOMIHIOBAHHS 3 JIOBXXMHaMHM XBWIb Kopotuie 300 HM Juid Takux
3MOMOK HE€ BHMKOPHCTOBYETHCS, OCKIJIBKM BOHO MPAKTUYHO IOBHICTIO MOIVIMHAETHCS aTMocheporo.
Bugume BUIpOMiHIOBaHHSA JIETKO TPOXOOUTh uepe3 arMmochepy 3emisli 1 TOMy 3  YyCHIXOM
3aCTOCOBYETBCS Y CHEKTPalbHUX 3HOMKax, Tak caMo K 1 BUIPOMIHIOBaHHS y OJMKHIN oGusacTi, ki
YacTille BChOI'O BHKOPHCTOBYIOTH JUISI BUBYEHHS MPHUPOJHHX pECYpCiB 1 CTaHy HPHUPOTHOTO
Cepe/loBMINA, BHJIUICHHS AaHTponoreHHux edekri. Jlns 0ararouiibOBOro 30HIYBaHHS 3pY4YHUIN
miarnazoH oOsacTi 8—15 MKM, OCKIJIBKM TYT NPAaKTUYHO BiJICYTHE MOTJIMHAHHS B aTMocdepi, a TaKoX
TEIJIOBHM Ta paauouanazoH. B mioMy miHHICTH iH(pOpMaLii Ipo MiACTUIBHI MOBEPXHI 1 aTMOChepy
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3aJIeKUTh BiJl MPaBMIIBHOCTI BHOOPY Jiana3oHiB JOBXWH XBWIb. CyKYyIHICTh BUBHAYEHUX NPU IIBOMY
XapaKTePUCTHK (TeMIlepaTypa 3eMHOI MMOBEPXHi, TUIOMIA, III0 BKPUTA JIiCaMHU TOIIO), @ TAKOK HEOOXiaH1
TOYHICTh, MEPIOANYHICTH i OTJISAOBICTH BUMIPIOBAaHb BUKOPHUCTOBYIOTHCS JUIL OOIPYHTYBAHHS BUMOT
no iHpopmamii CcHUCTEMH MOOUIBHOTO E€KOJIOTIYHOrO MOHITOpHHTY. [, HapemTi, HeoOXixHi
iHpOpMaiiiHi MOXKJIMBOCTI KOHKPETHOI arapaTypH, 110 BCTAHOBIIOETHCS HA KOMIUIEKCAX KOCMIUYHOT'O
MOHITOPUHTY (IIPOCTOPOBA 3[IATHICTH, PaIiOMETPUYHA TOYHICTh, CIICKTPAIbHI Jiama30HHu, OTJIsAI0BICTh
Ta MEpIOAMYHICTD 3HOMKH), a TaKOX JHUHAMIYHI XapaKTEPUCTUKUA LUX KOMIUIEKCIB (B OCHOBHOMY,
KOOpJMHATH 1 BHUCOTA) BHU3HAYAIOTHCS HA €Tami pPO3pOOKM BHUMOT 10 TMEPBHHHOI iH(Opmarii
JMCTAHIIITHOTO 30HIyBaHHSI.

B cBoro uwepry, KiHIEBI cnoxuBadi iH(GOpMALii IIOJO0 EKOJOTIYHOrO MOHITOPHHTY 30HHU
BiT4Y>KEHHS JIO3BOJISIIOTH C(POPMYIIFOBATH BUMOTH JI0 HEOOXITHHX MaTepialliB CIIOCTEPEKEHHS, IO
Oe3rmocepelHbO TOB'SI3aHI 3 TEXHIYHUMH XapaKTepUCTHKaMH OOPTOBOI amaparypd MOOUIBHUX
KOMIUIEKCIB (HampuKiIad, MpOCTOpOoBa 3IaTHICTh ab0 CHEeKTpajibHI Jlama3oHd 30iraroThCs 3
0araTo30HAJILHUMHM XapaKTEepPUCTUKaMU HasBHUX MPWIAAIB JUCTAHIIHOIO 30HAYBaHH:). Takum
YUHOM, 3'ABJIIETHCS MOXJIMBICTh CTBOPEHHS reoiH(popMaliifHOT CUCTEMU MOHITOPHUHTY MOXKEX Y 30H1
BIIUY>KEHHSI, IO JI0O3BOJIUTH BiJOOpakaTH MOKEKHUM CTaH 1 CTaH HABKOJMIIHBOTO CEPEIOBHUINA Y
peanbHOMY Yaci (puc. 1).

Ananiz ganux J133 m03BoJis€ TPOBOJUTH MOHITOPHHI 1 OIIIHIOBATHM HACHIJIKH TOXKEK 32
CTYIIEHEM ITOIIKO/KEHHSI POCIMHHOTO TIOKPHUBY 1 IPYHTY. PO3paxyHOK IIbOro MOKa3HHUKA MPOBOAUTHCS
3a KOCMIYHMMHU 3HIMKAMH Ha OCHOBI aHaJi3y B3a€MO3B'SI3KY MIDK CTYNEHEM MOIIKO/HKEHHS
POCIUHHOCTI, SIKHH MO)KHA BCTAHOBHUTH Y pealbHUX yMOBax (CTyMiHb JedoJialii 1 BCUXaHHs JepeB) 1
CHEKTPAJIbHUMU XapaKTePUCTUKaMH (KaHaJaMH) 300paKeHHSI.

i
Chernobyl

Puc. 1. Cynymuuxoguil ekono2iyHuLl MOHIMOPUH2 NOHCEHCHOI 0OCAHOBKU Y 30HI 8i0YYIHCEHHS
nasxono Yopuobunvcorxoi AEC y keimui 2020 poxy

BucHoBku

TakuM 4YHMHOM, OCHOBHI IPHMHIMIIM CTBOPEHHS, OpraHi3amii Ta BIPOBA/KCHHS CHCTEMH
€KOJIOT1TYHOTO MOHITOPHMHTY 30HM BIIYY>KE€HHS MOJATAIOTh y HACTymHOMY: 1) 3'eqHaHHS, 1HTerpauis i
KOOpJMHAIIS HasBHUX JEP>KAaBHUX, BIIOMYHUX 1 raly3eBUX cUCTeM 300py mepBUHHOI iH(oOpMarlii mpo
HABKOJIMIIIHE CEPEeIOBUIIEC Ha €IMHINM OpraHi3alliiiHii Ta HayKOBO-METOIWYHII OCHOBI; 2) ONTHUMI3allis
MaTepianbHUX 1 (PIHAHCOBUX BHUTpPAT HA CTBOpPEHHS, (YHKIIIOBaHHS 1 BJOCKOHAJEHHS CHCTEMHU
KOHTPOJIIO HAaBKOJIMIIHBOTO CEPENOBUINA; 3) Y3rOMKEHHS 1 CyMICHICTh 1H(GOpPMAIIHHUX TMOTOKIB Y
CHCTeMI Ha OCHOBI 3aCTOCYBAaHHS €IMHOI KOOPAMHATHO-YacOBOi CUCTEMH, BHUKOPHUCTaHHS €IUHOI
cucteMH Kinacudikamii Ta KoayBaHHs, (GOpMaTiB 1 CTPYKTypU AaHUX; 4) HeHTpali3alis AOCTyIy A0
iHpopmanii dYepe3 MDKHApOAHI iHGOpMaIiifHI Mepexi 3 MaKCUMaJIbHUM pPO3LIMPEHHSM CIIUCKY
KOpUCTYBayiB; 5) 3a0e3MeueHHs] MDKHAI[IOHAIBHOTO XapakTepy IUI00aJbHOro reoiHpopMaliifHoro
MOHITOPUHTY, HE3aJIE€KHOT0 BiJl pO30DKHOCTI Jep)>KaBHUX KOPJOHIB 3 ME&KaMU €KOCHUCTEM.

[HpopmaLis mMpo KOHTYpH MHOXKEK PI3HUX THUIIB 1 T'YCTHHHM PaAiOHYKIIHOTO 3a0py/HEHHS
TEepUTOpii J103BOJUTH OLIHIOBATH BMICT PaJIOHYKIIJIB y MaJlbHOMY Marepiaii 1 0oOyMOBJIEHY LMM
MPU3EMHY IUTOMY 00'€MHY aKTHUBHICTb PallOHYKIIIIB 32 PI3HUMH TUIIAMH TTOXKEXK, a TAKOXK OUiKyBaH1
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Environmental quality control at an oil refinery
*Chaika A.G., Hilov V.V., Poltoratska V.M.

Prydniprovska State Academy of Civil Engineering and Architecture, Dnipro, Ukraine

chaykada2901@gmail.com

Abstract. The text discusses the essence of quality control, its role in production processes, and its
significance for enterprises. Quality control is defined as a means of verifying the compliance of
products with technical requirements, as well as an important element of the enterprise's quality
management system. It is emphasized that effective quality control ensures product competitiveness
and allows for resource savings. Additionally, the impact of implementing automated management
systems, such as Laboratory Information Management Systems (LIMS), on improving data reliability
and production efficiency is described. The text highlights the relationship between quantitative and
qualitative production indicators and the need for their timely collection for optimal enterprise
management, particularly in the oil refining industry.

Keywords: quality control; product; production; oil refining plant.

Beryn

KoHTponb sKOCTI MNpoAyKuii € OJHUM 13 KIIOYOBUX AaCIMEeKTiB [iSUIBHOCTI OyJb-SKOTO
BUPOOHMYOIO MIANPHEMCTBA, OCKUIBKM BiH O€3MOCEpeHbO BIUIMBAE€ HAa KOHKYPEHTOCHPOMOXHICTB,
e(eKTUBHICTh BUPOOHUIITBA Ta BIAMOBIIHICTh MPOAYKIiT pUHKOBUM BuMoram. OcoOIMBO aKTyalbHUM
€ TMUTaHHS SKOCTI Ha MiANPHEMCTBaX HadTomepepoOHOi raiysi, Je BiJA TOYHOCTI 1 HaAIHHOCTI
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KOHTPOJIIO 3aJeKUTh HE JIMIIE EKOHOMIUHUHM YycmiX, ane W Oe3lmeka TEeXHOJIOTIYHMX NpOIECiB Ta
€KOJIOT1YHA CTIHKICTh. Y LBOMY KOHTEKCTI BIPOBA/UKCHHS Cy4acHUX 1H(QOPMALIHHHX TEXHOJOTIMH,
TaKuX sK abopatopHi iHpopmaniiiHi cuctemu (LIMS), cTae BakauBuM GakTOpOM TiIBHILEHHS SKOCTI
KOHTpOJto. JlaHWii TEKCT poO3rJsiiae OCHOBHI MIAXOMM [0 KOHTPOJIO SKOCTi, 30KpeMa Ha
HaTOMEepEepOOHHUX MMiAMPUEMCTBAX, 1 MiJKPECIIOE BAXKIUBICTh IHTErpamii SKICHUX 1 KUTbKICHUX
MOKA3HUKIB JJIs1 ONTHMAJIBHOTO YIIPABIIiHHS BUPOOHUIITBOM.

MeTtoau Ta marepiajau

VY pocnimpkeHHI BUKOPHUCTOBYBAIMCS PIZHOMAaHITHI MiAXOAM IO aHAi3y Ta KOHTPOJIO SIKOCTI
MIPOAYKIIii, 5IKi 3aCTOCOBYIOTHCS HAa BUPOOHUYNX MIANPHEMCTBAX, 30KpeMa B HaTONepepoOHiii ramysi.

Jlnist BUPIIICHHS! €KOJIOTIYHUX MPOOJIEM aHATi3yBaINCs MaTepiajiy, MOB'sA3aHi 3 TEXHOJIOTTYHUMU
mporecamMu nepepoOkn HadTH, a TaKOXK JaHl Tpo BIUIMB BUPOOHHWIITBA HA HABKOJUIIIHE
cepenoBuine.Ilix KOHTpoIIeM SKOCTI pO3yMi€ThCS TEPEBipKa BiIMOBIIHOCTI KIIBKICHMX YH SIKICHUX
XapaKTepUCTUK NPOAYKIII 4YM TMpolecy, BiJ SKOI 3al€XKHUTh SKICTh HPOAYKIii, BCTAHOBJICHUM
TeXHIYHUM BHMoraMm. KOHTponb SKOCTI MNpOAYKIl € CKJIaJOBOIO BHUPOOHMYOrO Mpolecy 1
CHpPSIMOBAHUN Ha MEPEBIPKY HAJIIMHOCTI y Hpoleci i BUTOTOBJIEHHS, CIIOXKHBAHHS YU €KCILTyaTalii.
CyTb KOHTPOJIIO SIKOCTI MPOJYKIUi Ul MIANPUEMCTBA IMOJSIrae y OTpPUMaHHI 1H(opmauii mpo cTaH
o0'ekTa Ta 3ICTaBJIEHHI OTPUMAaHUX pE3YJbTATIB 13 BCTAHOBJIEHMMH BHMOI'aMH, 3a(PDIKCOBaHUMH Yy
KPECIIeHHSX, CTaHAapTax, IOTOBOPAaxX IMOCTABKH Ta iHIIHUX JOKyMeHTax. KOHTPOJb SKOCTI He3aJeKHO
Bl JOCKOHAJIOCTI 3aCTOCOBYBAaHHUX IIbOIO0 METONWK TMepeadadae MmepeayciM BIAAUICHHS XOPOIIMX
BUpOOIB BiJ MOraHux. 3BHUYAIHO, SKICTb BHpPOOY HE MIJBUIIYETHCA 3a PaXyHOK BUOpaKyBaHHS
HEAKICHUX. SKICTh MPOAYKINI HAJEKUTH 10 HAMBAXKJIMBIMIKNX MOKA3HUKIB JISIBHOCTI MMIAMPUEMCTBA.
[TigBuIeHHS SAKOCTI MPOAYKLIi 3HAYHOIO MIPOI0 BU3HAYa€ BUIKUBAHHS IIIIIPUEMCTBA 33 YMOB PUHKY,
TEMIIM TEXHIYHOTO MpOrpecy, BIPOBAHKEHHsI 1HHOBALIM, 3pOCTaHHS €(PEKTUBHOCT! BHPOOHHUIITBA,
€KOHOMIIO PeCypCiB, 110 BAKOPUCTOBYIOTHCS Ha MIiAMPUEMCTBI. [[0CTyNOBO SKICTh CTa€ BU3HAYATIHHOIO
YMOBOIO TIpM BHOOpI TOBapiB Ta TIOCIYT, BIAMOBiAHE 3a0e3medeHHs HOro HEMOXJIHMBE 0€3
(dbyHKIIOHYBaHHS €()EKTUBHOT CUCTEMU YIPABIIIHHSA SKICTIO, OJHUM 13 HAWBAXKJIMBIIITUX €JIEMEHTIB SKO1
€ KOHTPOJIb.

KonTponp sxocti B macmTabax MiAMPUEMCTBA TOKIAIEHO HAa IEHTPAJIbHY CIIYKOYy KOHTPOJIIO
SIKOCTI, 10 (PYHKITIH SIKOTO BXOIATH PO3pOOKa SKICHUX MOKA3HHMKIB MO BCIX BUJAX MPOAYKIIii, METOIIB
MEPEBIPKH SIKOCTI Ta TOPSJAKY TMPOBEIACHHS BUMPOOYBaHb, aHANI3 pEKIaMallii Ta MOPSIOK ix
BpEryJIIOBaHHs, 3'ICyBaHHs NMPUYMH BUHUKHEHHS Ne(eKTiB Ta yMOB iX ycyHeHHs. Ciyxk0a KOHTpPOIIO
3MIMCHIOE CBOIO JISUTBHICTH y TICHOMY KOHTAKTI 3 BIAMOBIAHUMH CIOy>K0aMH Yy BHUPOOHHUUX
BUIIIJICHHSAX, @ TAaKOX 13 3aBOJICBKMMH CIIy)KOaMU KOHTPOJIIO SKOCTI (200 BiAiIaMH TEXHIYHOTO
KOHTpoJIt0). lleHTpasibHa Ciy)0a KOHTPOJIIO MOXKE 3IHCHIOBATH IEPEBIPKY SKOCTI CUPOBHUHU Ta
MarepiajiiB, TEXHOJIOTIYHOrO IMPOIIECy, OpraHi3allii KOHTPOJILHUX BHIIPOOYBaHb, IPABUI MIPHUHMaHHS,
10 3aCTOCOBYIOTHCSI 3aBOJICBKOIO CIIYKOOK SIKOCTI a00 BIIUIOM TEXHIYHOTO KOHTPOJIO, a 1HOMI ¥
BHOIPKOBO TIEPEBIPUTH SKICTh MPOMYKIIiI, IO BXXE MNPOWIIIA TEXHIYHUH KOHTPOJb. OmHIEIO 3
HaWBaXMMBIMKX (YHKUIA LEHTPaIbHOI CIYKOM KOHTPOIIO € IUTAHYBAaHHS Ta KOOpPIWHAIlS BCi€i
pobotu y chepi 3ab6e3neueHHs SKOCT1, BCTAHOBJICHHS HEOOX1IHUX 3B'A3KIB MK CIYKOaMH KOHTPOJIO
SAKOCTI y BUPOOHMYMX BIJAUICHHSAX MiANPUEMCTB. Yepe3 MLEHTpalbHy CHIY>KO0y KOHTPOIIO
3MICHIOETHCS IIEHTpaTi3allisl yIpaBIliHHS y cepi BIOCKOHAIECHHS IKOCTI mpoaykiii (Erymos, 2006).

[TigBuIIeHHST BUMOT IIOAO SIKOCTI MPOAYKIii, HEOOXiAHICTh TOBHOI'O BUKOPUCTAHHS CHUPOBHHHU
IIpH 1epepoodlli Ta MIMPOKE 3aCTOCYBaHHS 1H()OPMALIMHUX TEXHOJIOTIH MPHU3BEIO 10 MOSIBU HA PUHKY
HOBOT'O KJIaCy aBTOMAaTH30BaHUX CHUCTEM YIpaBIiHHsS — JaboparopHux iHdopmaniiinux cuctem JIIMC
(LIMS — Laboratory Information Management System). CucremMu IbOr0 Kiacy MpU3HAYEHI HE JUIIE
U1 OTIEPaTUBHOTO HaJJaHHA JJabopaTopHOI iH(popMalii 3 SIKOCTI, ajie i A yIpaBiIiHHSA caMuM Oi3Hec-
MPOLIECOM KOHTPOJIO SIKOCTI, IO CYTTEBO MiJABUILY€E JOCTOBIPHICTh JAaHHUX Ta, K HACTIAOK, JO3BOJIIE
MiBUIYBAaTH €()EeKTUBHICTh BUPOOHUIITBA.

Bumorn n0 miABHIEHHS SKOCTI MPOAYKIii HaTOmepepoOHUX MIANPUEMCTB AUKTYIOTHCS
Cy4YaCHUMHM PUHKOBHMHU BIJIHOCHHAMH, $KI 3MYIIYIOTh MiAMPUEMCTBA 3aCTOCOBYBATH TMOPSA 13
[[IHOBUMHU METOJIaMU KOHKYPEHTHOI O0OpOTHOM Ta Taki HEI[IHOBI METOIM KOHKYPEHIIii, sIK Mi{BUIICHHS
AKOoCTi nmpoaykuii. OnHUM 13 (PaKTOpiB, 110 BIUIMBAIOTH HA 3HAYYLIICTh KOHTPOJIO SIKOCTI, € TaKOX
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HAsBHICTh JIEP)KABHUX Ta Tally3eBMX HOPMATHBIB Ha TMPOJYKIiIO, IO BHITycKaeTbcs. OcTaHHE
0COONMBO TPUTAMaHHO TepepoOHMX ramy3eid. [loka3HWKHM SKOCTI CHpOBWHH, HamiBpaOpUKaTiB Ta
rOTOBOI TMPOJYKIi, K MpaBWJIO, TICHO TMOB'S3aHI 3 KIUIBKICHUMU TIOKa3HHUKaMH BHUPOOHHUIITBA.
[Tpuknazom B3aeMO3aleKHOCTI KUTbKICHUX Ta SKICHUX MOKa3HUKIB y BUPOOHUIITBI MOXKe OyTH Biroma
npaniBHUKaM HadTorepepoOHOi MPOMHUCIOBOCTI 3aJIeKHICTh KUTBKOCTI MPOIYKTIB HapTONmepepoOKH,
OJIep’KyBaHUX Ha TEXHOJIOTIYHMX YCTaHOBKax (BiZOOpiB), BiJ SKICHUX IMOKA3HUKIB LUX MPOIYKTIB.
B3aeM03B'130K KiJIbKICHMX Ta SKICHUX MOKAa3HUKIB y BUPOOHUIITBI MOXKHA MPOCTEKUTH MPAKTHYHO
IUIS. BCIX NPOMHUCIOBUX MianpueMctB. EdekTuBHe ympaBimiHHA BHPOOHUIITBOM BHMAara€ HasBHOCTI
JOCTOBIPHHUX JAaHUX MPO KiIBKICHI Ta SKICHI MOKa3HUKH BUPOOHMIITBA, MPH IBOMY BAXJIHMBO, 100 iX
OyJ0 oTpuMaHo y HeoOXiaHi1 TepMiHH. JIOCTOBIPHICTh Ta CBOEYACHICTh OTPUMAHHS JaHWX BIUIMBAE HA
MPaBUIBHICTh TPUUHATTS pillieHb. Bce me Hajae BENMKOTO 3HAYEHHS Oi3HEC-TPOIecy KOHTPOIIO
sikocti poaykuii (KpuBopyuko, 2013).

[Toka3HUKM SIKOCTI, MOPSAJ 3 KUIbKICHUMHU TOKa3HHUKaMU BUPOOHMIITBA, BHUKOPHUCTOBYIOTHCA
OaraTbMa ciy’k0aMu NIANPUEMCTBA HAa BCIX e€Tanax YIpaBiiHHS BHUPOOHUIITBOM (IJIAaHYBAaHHS,
KOHTPOJIb Ta aHali3 IUIaH-(aKkT) Ta HAa BCIX €Tanax TEXHOJOrIYHOIo LHMKIY (BXIIHUH KOHTPOJb
CUPOBHMHHU Ta MaTepiajiB, OINEpaliiHUA KOHTPOJb, KOHTPOJIb TOBAapHOI MPOAYKLIi). Y cydacHHX
3aco0ax ONTUMAIBHOTO TUIAHYBAHHS BUPOOHHUIITBA 3aCTOCOBYIOTh MaTE€MaTH4HI MOJEINI JHIHHOTO
MporpaMyBaHHsA, IO I[IUPOKO BHUKOPHCTOBYIOTh JaHI MPO 3aJEKHICTh KUIBKICHMX TOKA3HUKIB
BUpPOOHUIITBA BiJl MOKAa3HUKIB SIKOCTI MPOAYKTIB Ta BiA mapaMeTpiB (yHKIIOHYBaHHS BHUPOOHHYUX
MOTYyXHocTel (pexuMiB poboTH). s moOyaoBM MaTeMaTHYHHUX Mojesiell BUpOOHUITBA MOTpiOHA
HasIBHICTb BEJIMKOi KUIBKOCTI B3a€EMOIOB'S3aHUX (AaKTUYHMX JaHUX Ta iX HACTylmHA CTaTHCTUYHA
0o0poOKa. 3BiJICK BUIUIMBAE, IO AJI ONTUMAJIBHOIO IUIAHYBAaHHS BUPOOHUIITBA HEOOX1THO HE MPOCTO
HAaKOIUYyBaTH JIaH1 MMPO SKICTh MPOAYKIIi, ajle HAKOMUYYBaTH X 13 B110OOpakeHHAM 3aJI€KHOCTEN Bij
KUTbKICHUX XapaKTepUCTHK Ta TEXHOJIOTTYHUX ocoOiuBocTel BUpOOHHITBA. lle nae MOXIMBICTH
YIOCKOHAJIIOBATH MaTeMaTHYHI MOJIENIl BUPOOHHUIITBA Ta €(EKTUBHO KePyBaTH BUPOOHHUIITBOM.

Ha Bcix eramax nadrToBumoOyBaHHs (Bif BHUIOOYTKY, BIAAUICHHS Ta3iB 1 BOJU, 30epiraHH:,
TPAHCIIOPTYBAHHS /10 TIEPEPOOKH) BiIOYBAETHCS 3a0pyAHEHHST aTMOC(hEpH, TPYHTIB 1 BOTHUX O0'€KTIB
Hadroro Ta ii mpoaykramu ((heHonoMm, OEH30JI0M, TOITYOJIOM, €THIOBUM edipom Tormio). Perionu, ne
BHI00yBatOTh Ha(Ty, 3a3HAIOTH 3a0pyJHEHHS BOJOWM, OCKUIBKM HadTa MOXKE IepedyBaTH Ha
MOBEPXHI y BHUTJISAI TUIIBKH, eMyJbCii a00 B po3unmHeHOMY cTaHi. lle HeraTMBHO BIUIMBAa€E Ha SIKICTh
BOJIM, a TAaKOXX Ha puOHE TOCMOAAPCTBO, OCKUIHKM HAaBITh HEBEIWKA KUIBKICTh HA(QTOMPOIYKTIB HA/Ia€
pubi HENIPUEMHOTO CMAaKy 1 3amaxy, a BeJIMKa KOHIIEHTpaIlis MPU3BOAMTH a0 ii 3arubeni. OCHOBHI
JpKepena 3a0pyJHEHHS BOJAOWM — II€ PO3JMBH 3 HA(TOCXOBHIII, aBapii Ha TPyOONPOBOAAX, 3aTi3HHUHI
NIEPEBE3EHHS Ta 3MUB 3a0pyIHEHb 3 IPOMHUCIIOBUX TEPUTOPIM.

Uepe3s TepMiuHy OOpOOKYy BYIVIEBOJHIB BHIUISIOTBCS  KAHIIEPOTE€HHI PEYOBUHHU, IO
3a0pyIHIOIOTh JOBKULISA 3a BIJICYTHOCTI HAMIMHUX IPUPOJOOXOPOHHHUX CcHUCTeM. [l BUpiICHHS
€KOJIOTIYHUX TPOoOJIeM HEOOX1THO:

- MogepHizyBath  BUpOOHMYI  KOMILJIEKCH,  BIPOBA/UKYIOUM  HOBITHI ~ €HEpro-  Ta
pecypcosbepiraroui, 6e3BiIX0AHI TEXHOJIOTII 1 BITHOBIIOBaHI J)Kepesa eHeprii.

- BcranoBUTH e(EeKTUBHUI €KOJIOTIYHMM KOHTPOJIb HaJl HAayKOBO-AOCIIAHUMHU poOoTamy,
MPOEKTyBaHHSAM, OydIBHULITBOM 1 (YHKIIOHYBaHHSIM TEXHOT€HHUX OO0'€KTIB JUIsl yNIpaBIiHHI
HaBaHTAXKEHHSIMU Ha JOBKULIS 1 pallioHAILHOI'O BUKOPUCTAHHS PUPOJAHUX PECYPCIB.

- [IpoBectr kiacudikaiiro perioHiB YKpaiHu 3a piBHEM TEXHOTCHHO-EKOJIOTIYHUX HAaBAaHTAKCHB
1 CTBOPUTH BIAMOBiAHI KapTH.

- Po3po6uty MeTo0I10Ti10 JUIsl OLIIHKY €KOJIOTTYHOTO PU3UKY BiJl TEXHOT€HHUX 00'€KTIB.

- CTBOpPUTH CHCTEMH MOHITOPUHTY Ul KOHTPOJIO HajJ 00'€KTaMU MPOMMCIOBOCTI, €HEPTreTHKH,
TpaHCHOPTY, OyAIBHUIITBA Ta CUILCHKOIO TOCIOJapCTBA.

BucHoBok

CropsIMOBaHICTh BJOCKOHAJICHHSI YMHHOI CUCTEMH KOHTPOJIO SIKOCTI MPOXYKIl MOBHHHA OyTH
Takow, mo6 Oyno 3abe3neueHo i1 (YHKIIOHYBAaHHS Ha OCHOBI PEAJbHOTO MEXaHi3My YIPaBIiHHA
AKICTIO, 30pIEHTOBAHOI'O HAa BHUIOTOBJIEHHS KOHKYPEHTOCIPOMOXKHOI MpPOAYKILii, IO BiAMOBiJIA€
BHMOT'aM HasiBHHX Ta MOTEHIIMHUX Oy/iBETHHIX 3aMOBHUKIB.
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Modelling of the Biophysical Condition of the Steppe Zone in Ukraine
Using Google Earth Engine
* Lubskyi M., Khyzhniak A., Orlenko T., Golubov S.
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Kyiv, Ukraine
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Abstract. Against the rising effects of global climate change on vulnerable biomes, including steppes,
aridization risks, biodiversity loss, and transformation of steppes into semi-deserts and deserts
increases. In Ukraine, an additional negative factor affecting the steppes is military operations.
Therefore, today, an important task is to monitor critical biophysical indicators that can indicate the
ecosystems condition and perform its multi-criteria assessment, which would consider all indicators'
impact. Today, a wide variety of geospatial products are obtained based on continuous and long-term
global satellite monitoring, which allows the implementation of such geospatial assessments and
identifies the most vulnerable areas of the studied territory. The Google Earth Engine cloud geospatial
data processing platform is precious for this, as it is not only a platform for developing geospatial data
processing algorithms but also an aggregator of a large number of geospatial products. The platform
also allows the processing of large data sets for significant areas without spatial restrictions imposed
by tiles of single satellite images. This paper describes implementing a methodology for assessing the
biophysical condition of the steppe landscape-climatic zone based on selected biophysical indicators.
For a comprehensive assessment of the state, the Analytic Hierarchy Process, which includes a
preliminary evaluation of the contribution of each indicator to the assessment, has been used. The
results revealed the areas of the Ukrainian steppe most vulnerable to adverse climatic conditions.

Keywords: climate mitigation, biophysical condition, geospatial product, cloud data processing,
geospatial monitoring, modelling, analytic hierarchy process,

Introduction

Aridization and desertification are some of climate change's main negative landscape
manifestations. These are deviations from the norm of key climatic characteristics, including
atmospheric temperature, precipitation, wind characteristics, and solar radiation levels. Additional
factors that negatively affect the state of territories are direct landscape changes: deforestation,
urbanization, agriculture, development of hydrological networks, etc.

The steppe landscape and climatic zone is a vast plain area in the south and east of Ukraine,
covering approximately 40% of Ukraine’s total area, with more than 80% of the steppe zone being
agricultural land and subject to anthropogenic pressure. This territory is vulnerable to several natural
and anthropogenic challenges that disrupt the stability and increase the vulnerability of the region's
ecosystems, leading to their degradation or destruction.

Thus, the urgent task of developing a methodology for multi-criteria assessment of the Ukrainian
steppe zone condition to identify the most vulnerable areas based on long-term satellite monitoring of
key biophysical indicators and methods for their integration arises.

Methods and Materials

The study area within which the modelling was implemented covers the regions that fully or
partially belong to the Steppe zone: Odesa, Kirovohrad, Mykolaiv, Dnipropetrovsk, Zaporizhia,
Donetsk, Luhansk regions and the Autonomous Republic of Crimea.
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Since the study area is quite large, waiting for a low spatial resolution from 250 m to 9000 m is
enough to implement the model. As for the indicators, the most significant features of the Earth's
surface and the lower atmosphere that affect the condition of the selected territory were selected
(Lubskyi et al., 2024): average daily temperature within the vegetation season, average soil moisture
within the vegetation season, average value of the normalized differentiated vegetation index (NDVI)
during the growing season, classification of the Earth's surface presented as Land Use/Land Cover data
(LULC), total annual precipitation, total annual irradiance.

Table 1. List of the Ukrainian steppe zone condition indicators and the correspondin

geospatial products

Indicator

Geospatial product

Covering period /
spatial resolution

Monitoring criterion

Land surface
temperature

MOD21C2.061 Terra Land Surface
Temperature and 3-Band Emissivity 8-Day L3
Global 0.05 Deg CMG (and the corresponding

product acquired by Aqua satellite)

2001 p. — until now
/1000 m

Mean day temperature
within the May—
September period

Soil moisture value

SPL3SMP_E.005 SMAP L3 Radiometer
Global Daily 9 km Soil Moisture

2015 p. — until now
/9000 m

Mean soil moisture value
within the May—
September period

MOD13Q1.061 Terra Vegetation Indices 16-

2015 p. — until now

Mean NDVI value within

NDVI value Day Global 250m (and the corresponding the May—September

. . /250 m -

product acquired by Aqua satellite) period
MCD12Q1.061 MODIS Land Cover Type 2001 p. —2023p./
LULC data Yearly Global 500m 250 m LULC classes values
TerraClimate: Monthly Climate and Climatic 1958 p — until now / Total annual
Total precipitation | Water Balance for Global Terrestrial Surfaces, p S
4638,3m precipitation level

University of ldaho
TerraClimate: Monthly Climate and Climatic
Water Balance for Global Terrestrial Surfaces,
University of Idaho

1958 p — until now /

4638,3m Total annual irradiance

Solar irradiance

Each of the selected indicators selected to determine the steppe zone condition is a climatic norm for a
given region. As part of this study, it was determined that the indicator's value, close to the climatic
norm, is considered favourable for maintaining the ecosystems stability and, accordingly, a low
vulnerability level for this specific indicator. Five levels (stability classes of the landscape-climatic
zone) were analytically determined, which manifests the ecosystems’ vulnerability level, depending on
the corresponding indicator range value.

Each indicator's vulnerability levels (from 1 — low vulnerability to 5 — very high vulnerability) are
divided as follows. (for the solar radiation — the norm is 1150-1250 kW - h/(m? - year), while for the
Crimea the climatic norm can reach 1400 kW - h/(m? - year) (Tiwari, 2016). However, such irradiance
levels facilitate unfavourable conditions for the vegetation cover. It contributes to maintaining an
increased both land surface temperature (LST) and the lover atmosphere temperature. For the LST —
the norm is 22-29 °C, and for the level of precipitation — the norm is 400-700 mm per year
(Baytsar, 2012). When the precipitation index decreases relative to the established norm, and the LST
and solar radiation level exceed the norm, the level of vulnerability increases. For the NDVI
coefficient and the soil moisture index, when they decrease, the vulnerability level increases. For the
classification data, the selected land surface classes are distributed according to their biophysical
vulnerability (for example, forests and water surfaces have the lowest vulnerability level, and bare
eroded soils —the highest).

For a comprehensive geospatial assessment of the studied territory condition, it is necessary to
summarize all indicators into a single value. For this purpose, the Analytic Hierarchy Process (AHP)
has been used. The decision-making problem analysis, when applying the hierarchy analysis method,
begins with constructing a hierarchical structure that includes the goal, criteria, alternatives, and other
factors affecting the assessment result. The next stage of the analysis is the determination of priorities
that represent the relative importance or superiority of the constructed hierarchical structure elements
using the pairwise comparison procedure. Dimensionless priorities provide an opportunity to compare
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heterogeneous factors reasonably. AHP is a theory of pairwise comparison assessment, where Saaty
relative importance scale from 1 to 9 is used to compare parameters with each other, where 1 — the
compared alternatives have the same importance, and 9 — the importance of one indicator totally
exceeds the importance of the other (Saaty, 1990).

Preference matrix has been constructed for each element of the model at all hierarchy levels.
According to the preference scale, pairwise comparisons of lower-level elements were made, and the
consistency coefficient (CR) between the preferences of the model elements was determined, which
should not exceed 0.1. At the next stage, for each pairwise comparison matrices, the components of the
matrix's eigenvector were calculated, and normalization was performed.

Table 2. Pairwise comparison matrix for thematic layers*

Priority
LST SM NDVI | LULC PR SR CR
(rank)
LST 1 1 5 6 1 1 23,5% (2)
SM 1 1 1 2 0,33 2 16% (4)
NDVI 0,2 1 1 3 0,2 0,25 8% (5) 0,088
LULC | 0,17 0,5 0,33 1 0,17 0,25 4,4% (6)
PR 1 3 5 6 1 1 28,4% (1)
SR 1 0,5 4 4 1 1 19,7% (3)

Note: LST is land surface temperature, SM — soil moisture, NDVI — normalized difference vegetation index, LULC — land
surface classification, PR — average annual precipitation, SR — average annual irradiance, CR — consistency coefficient.

The results show that the judgment matrices used in the analysis were reasonably consistent and
accurate (CR 0.088). A pairwise comparison approach was used to integrate the thematic layers
according to their associated weights. The AHP found that precipitation has the highest priority in
determining vulnerability to climate change with a weight of 0.284, followed by land surface
temperature (0.235), solar radiation (0.197), soil moisture (0.16), NDVI (0.08), and land cover and
land use type (0.04).

The resulting data, which presents the degree of vulnerability to climate change in the studied area in
the current study, was generated using the following equation:

VCC = NDVI_,; x NDVIg,, + PR.,; X PRg,; + LSTg,,; x LST,; +

1
+SM ey X SM ey + LULC,; x LULC,; + SR, X SRy, @

Cwi

where NDVI1 is the normalized vegetation index, PR is the average annual precipitation, LST is the land
surface temperature, SM is the land surface moisture, LULC is the land surface classification, SR is the
average annual solar radiation; Cwi and SCwi represent the vulnerability class value and its weight,
respectively. The territory condition mapping (VCC) results were divided into five classes: stable,
normal, satisfactory, unstable, and critical.

We have chosen the linear regression method to assess the biophysical condition dynamics of the
studied territory's and its forecasting. This method, in its simlicity, allows us to isolate the increase in
the studied dynamic indicator from stochastic, irregular data without regular dynamic patterns. Linear
regression, in this context, provides an estimate of the linear dependence of the biophysical condition
assessment on time and can forecast the stability of the studied territory to future climatic changes.

The most common method of calculating the regression dependence is the least squares method, which
requires to evaluate the linear dependence coefficients at which the function of two variables a and b
of the form (O’Leary, 1990):

F(ab)= (v ~(a +b)) @

i=1

That means, for data a and b, the sum of the square deviations of the experimental data from the linear
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function line will be the lowest. To construct the spatial distribution of the long-term dynamics of the
obtained desertification indicators, the obtained value of the gradient of the calculated regression or the
angular coefficient is used, which, in its physical essence, represents the average annual increase in the
indicator's value.
Results and Discussion

In this work, the steppe zone condition assessment performed for nine years period (2015-2023). Next,
images present examples of resulting biophysical condition maps with the most auspicious result
(2016) and the most unfavorable (2019) conditions (Fig. 1).

30°0" 33°0" 36°0" 39°0” 30°0" 33°0” 36°0’ 39°0°

48°0’
48°0"

Territory condition Territory condition
. Stable . Stable
Normal Normal
> Satisfactory 5 Satisfactory
in Unstable tn Unstable
<+ ) <
. Critical . Critical

Figure 1. Maps with the most auspicious result (from 2016) and the most unfavourable (from 2019,) conditions

According to the obtained results, it is evident that even in favourable years, the southern part of
the steppe zone and northern Crimea are negatively affected by adverse conditions due to high
atmospheric temperatures and a lack of atmospheric and, accordingly, soil moisture. Also, a significant
contribution is made by the increase in total solar radiation reaching the southern territories. Even in
the most favourable years, conditions corresponding to a satisfactory biophysical condition in Southern
Bessarabia and central Crimea territories.

The results modelled for 2024 based on data from all previous years demonstrated the general
trends described above. The south of the Odessa region remains the most vulnerable to climate
challenges, even in conditions of sufficient annual atmospheric moisture supply as well as the central
part of the Crimean Peninsula. Another determining factor is that even in unstable conditions, river
valleys, mountainous areas, and dense forests retain high resistance to adverse conditions caused by
climatic factors. The results are demonstrated in Fig. 2.

30°0" 33°0" 36°0" 39°0’
Sl . g
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2 | ! ‘
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Fig. 2. Map of the steppe zone biophysical condition of the 2024, created using regression analysis of time series data for
previous years
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Conclusion

The most vulnerable to climate change territories, which include the Ukrainian steppe, require
detailed multifactorial research, considering seasonal extremes of the characteristics of the earth's
surface. As a result, there was a high vulnerability to climate change in the southern regions of
Ukraine, particularly the Odesa, Kherson, and Mykolaiv regions, as well as the northern part of the
Crimean Peninsula. A specific vulnerability for this region is the lack of atmospheric moisture and the
loss of potential for developing agricultural lands due to the withdrawal of water from the Kakhovka
reservoir after the destruction of the Kakhovka dam by russians. Thus, creating much more
unfavourable scenarios associated with increased aridization and steppe ecosystem vulnerability is
possible, requiring further in-depth research.
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Abstract. The agricultural sector, as an integral part of the economy, has its own peculiarities and
specifics. According to statistical data, about 20% of the working-age population works in the
agricultural sector, and it produces about 14% of the country’s gross domestic product. It becomes
clear that the importance of agriculture for Ukraine is invaluable and strategic. The most important part
of the agricultural sector, on which literally everything depends, is land, the use of which, from the
point of view of rationality, requires a better and more professional approach. The latter is caused by
the restoration of the disturbed ecological balance in the times of extensive use of land resources due
to their barbaric exploitation, which will noticeably affect the productivity not only in the current
times, but also in the periods of future generations. That is why it is necessary to take a very serious
approach to solving the

Keywords: Environmental audit, agricultural sector, audit, ecological balance.

Beryn

ArporocnosiapcTBa — BaXJIMBAa YaCTHHA HAIIOi JEp>KaBU, ajie iX BUKOPUCTAHHS y BITUM3HAHIN
ekoHoMilll  OyBae  HepalliOHAJIHHUM, TIOBEPXOBHUM, HaBITh  CTHXIMHUM.  3amnpoBaHKCHHS
arpOMEHE/DKMEHTY Ta HOBUX NUISIXIB JUIS BUPIIMIECHHS MPUPOJIOOXOPOHHHUX MPOOJieM TOTPeOyrOTh
e(eKTUBHOTO yNpoBaJKEeHHs ekosioriuHoro ayauty (EA), motpeby y skomMy, Ha mIacTs, BXKeE
YCBIIOMJTIOIOTh B YKpaiHi. lle HEHMOBIpHO KOpHCHa TIpormeaypa, IO J0NoMara€ 3MEHIIUTH
HEraTUBHMI BIUIMB Ha JOBKULIS Ta CHpPUSE PalliOHATbHOMY BUKOPHCTAHHIO 1 BIITBOPEHHIO 3€MEIbHUX
pecypciB. MeToro € 3HallOMJICHHSI Ta BUCBITJICHHS OCHOBHHX 3acajl, METO/IiB, CIIOCO0IB, aJTOPUTMIB Ta
ocoOnmuBoCTel mpoBeneHHs EA cilbChkHX 00 €KTIB Ta TEPUTOPIH, a TaKOXK MMATBEPIKEHHS
JOIUTBHOCTI HOTO YIIPOBAKEHHS 1 HAJISKHOTO 3aCTOCYBAaHHS Y JIaHii cdepi.

MeToau Ta maTepiaan

Jlnsi HAyKOBOTO OOIPYHTYBAaHHS pE3YJbTaTIiB JOCHIIKEHb CTaHy CUIBCBKHX TEpUTOPiH Ta
MiJIPUEMCTB 1 BIAMOBIAHO MOTPeOU 3MIHCHEHHS AJii HUX €KOJIOT1YHOTO ayauTy, OyJIu BHKOPHUCTaHi
METOJIM TEOPETUYHOIO Ta MOPIBHSAJIBHOIO aHalli3y HAasgBHUX JIITEPATYPHUX JKEPEN 3TiAHO Ii€l TeMH, a
TaKO0X HaBEJCHHS BiJIMOBIAHUX PE3yJIbTaTIB Ta BUCHOBKIB.

Pe3yabTaTn T2 00rOBOpEeHHS

B Vkpaini mepiri BakIMBI KpOKH 10 3actocyBaHHA EA Oyno 3pobneno y 90-x pp. XX crt.
BaxxnuBum 3axonom y po3Butky EA B Hamriil gepxkasi ctano npuitHatta 01.01.1998 p. mixHaponHux
crannaptiB ISO cepii 14000 Ha piBHI Aep)KaBHUX CTaHIAPTIB, IO PErYJIIOIOTH METOIOJIOTIYHI OCHOBH
ayJUTy €KOJIOTIYHOi AisimbHOCTI mignpueMmctB. Y 2004 p. npuiiHato 3akoH Ykpainu «IIpo
€KOJIOTTYHUH ayJuT», SKUM BU3HAYEHO OCHOBHI IOPUANMYHI Ta OpraHizaliiiHi 3acaau Horo 3/1iHCHEHHS.
B Vkpaini mupoke 3anpoBamxkeHHs EA 3HaxoauTbest y craaii GopMyBaHHS, 1 BiJl TOr0, HACKUIbKU
ychmimHuM OyZe el mpouec, 3aleXUTh e(PEeKTUBHICTh (YHKIIOHYBAHHS EKOHOMIKH JIepXKaBH.
CrpumyrounM (pakTopoM ChOTOJIHI € HEpO3BHHEHICTh MpaBoBoi 0a3u B cdepi EA Ta 3amozmueHHs
3apyO1’KHOTO JIOCBily, HE aJJallTOBAHOT0 JI0 BITYM3HAHUX peaiil.

OTxe, BOXIIMBOIO JJAHKOIO Y ()OPMYBaHHI MPUPOJOOXOPOHHOI CTpaTerii 1 Aep>KaBHOT MOJIITUKH B
rajgy3i OXOpPOHM HaBKOJHUIIHBOIO TPHUPOJHOIO CEpeAOBUINA € aJeKBaTHA OI[iHKA ICHYIOYOIO
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€KOJIOTIYHOTO CTaHy Ha BCIX PIBHSX: BiJ OKPEMOro MiJNPUEMCTBA J0 KpaiHu y Iinomy. Jlatu Taky
OIIIHKY MO)KHA 32 JoToMOororo EA.

Hlono dopmyBanns cuctemu EA CiTbCbKUX TEPUTOPIH, TO TYT HA METi CTOITh CTBOPEHHS TAaKOT'O
MeXaHi3My BUPILICHHS €KOJIOTIYHHX MPoOJeM, KU Mir OM CTaTH HEBiJ €MHOIO YAaCTHHOIO MPOIECY
(YHKIIOHYBaHHSI arpapHOro CEKTOpPY Ta CUIbCHKHX TEpUTOpiaibHUX IpoMaj]. He MeHII BaKIMBUM
3aBAaHHSM € TAaKOX JEMOHCTpAIlisi HaceJeHHIO, OpraHi3alisiM Ta ycTaHOBaM e(eKTUBHOCTI Ta
BKJIMBOCTI pealtizamii MiCIIeBOi €KOJIOTIYHOI MOJITUKA. SIKIIO OMIHWTU CTPYKTYPY, TO 3 TOYKH 30pYy
Oaratpox (haxiBiuiB anroput™ EA ciTbChKUX TEPUTOPIH MOBHHEH BKIFOYATH:

- AHami3 HasgBHOI cuTyamii 1 miadip BiAMOBIAHUX, MNPIOPUTETHUX HAMNPSMKIB, B SKUX 1
pO3moYHeThCs mporec peanizanii EA.

- BuGip Ta 0OrpyHTYBaHHS BCiX €TarliB poOOTH.

- [linroToBKAa BIAMOBITHOT'O Ta KOMIICTEHTHOTO IIEPCOHATY Ta (aXiBIliB.-

- Ominka pe3ynbTatTuBHOCTI EA, BKIIIOYarOuM 3MiHY CTaBJICHHS, TOBEIIHKM Ta TOCHJICHHS
€KOHOMIYHO]T BIJIMOBIJAJIBHOCTI 32 BIUTMB Ha HABKOJUIITHE TIPUPOIHE CEPETOBUIIIE.

- IndopmyBaHHs HaceleHHs Ta aKTUBI3alllsl y4acTi TPOMaICbKOCTI.

AyImuTopchKa TepeBipKa CKIQNAETbCs 3 TOYAaTKOBOTO OMVISIy CTaHy HaBKOJMUIIHBOTO
Cepe/IOBMINA, a TAKOXK OLIHKU Mporpam aJMIHICTPATUBHOIO YTBOPEHHS, IMOB’S3aHUX 3 OXOPOHONO
HaBKOJIMIIHBOTO MTPHPOTHOTO CEPEIOBHIIA.

Mo>xHa npeICTaBUTH OPIEHTOBHUMN NMOPSAIOK MpoBeieHHS! EA clTbChKUX TEpUTOPIN:

- IUTAaHYBaHHA ayJUTY HAa OCHOBI MOMEPEIHHOr0 aHaJi3y Ta OLIHKU MaciiTady MailOyTHIX pooiT,
a TaKO OOT'PYHTYBaHHS MPOIIEAYP, IO MAIOTh OyTH BUKOPHUCTAHI B TIpoIieci poOoTH;

- aHaJTi3 1 OIIHKA CUCTEMH OOJIIKY 1 3BITHOCTI B Taly3i OXOPOHH HaBKOJHUIIHHOTO CEPEIOBUIA Ta
BUKOPHUCTAHHS IPUPOHUX PECYPCIB;

- 301p ayAUTOPCHKHUX JI0OKa3iB 3 METOIO OILIHKHU BiAIMOBITHOCTI MISUTBHOCTI €KOHOMIYHOTO CYO€EKTa
B cdepl OXOpPOHM HABKOJUIIHBOIO CEpPEAOBUINA Ta MPUPOJOKOPUCTYBAHHS 3aKOHOJABUMM Ta
HOPMaTHUBHUM aKTaM, a TAKOX MEPEBIPKY iX JOCTOBIPHOCTI;

- IOKYMEHTaJIbHE O0(OPMIICHHS ayIUTOPCHKUX JTOKA31B, BUKJIA MiACYMKIB, TIEPEBIPKH Y BUTIISII
ayJIUTOPCHKOTO 3BITY 1 BUCHOBKY.

BucHoBku

[TincymoBytoun, BapTo 3a3HauuTH, MO EA CUIBCBKMX TEpUTOpiI MOBUHEH Oa3yBaTHCS Ha
KOMIUIGKCHOMY aHajli3 TOCHOJAapChKOi Ta MpuUpomaHOi miacucteM. Ha choromgHi icHye roctpa
HEOOXITHICTh y BIPOBAPKCHHI cucTteMu EA g CUIBCBKUX TEPUTOpIA Ta arpapHOro CEKTOpYy B
nutomy. O4eBUIHO, IO OpaK KOIITIB Ta HEPO3BUHEHICTh MPaBoBOi 0a3u y chepi EA He 103BOJSAIOTH Y
MOBHIM Mipi peani3yBaTd BCI HOro MOXIJIMBOCTI. 3aroOiraHHs HETaTUBHOMY BIUIMBY Ha CUIBCHKE
rOCTOJIAPCTBO Ta TEPUTOPIi MOTPEOye YITKOT CUCTEMHU €KOJIOTTYHOTO KOHTPOJIIO Ta aHaJi3y, SKa B3MO31
MepeBipsITH Ta  PEryjlioBaTH BHUKOHAHHA IUIAHIB Ta  3aXOJIB  IIOAO  PaliOHAIBHOTO
MIPUPOJIOKOPUCTYBAHHS, JOTPUMAHHS BHUMOI E€KOJOTIYHOTO 3aKOHOJABCTBA Ta MPUPOJOOXOPOHHUX
HOPMAaTHBIB.
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Methods of Analysis of Environmental Problems as a Tools for
Identification, Assessment and Management of Environmental Risks
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Abstract. The work examines modern methods of analyzing environmental problems, which are used
to identify, assess and manage environmental risks. The main focus is on methods of quantitative and
qualitative analysis, including risk analysis models and computer systems. Examples of the application
of these methods in various industries are considered. The importance of integrating environmental,
economic and social aspects into the risk management process is highlighted. The main tasks of
analysis methods include problem identification, impact assessment, forecasting and modeling,
supporting sustainable development and raising public awareness. These methods are critical to
understanding, assessing and solving the environmental challenges facing modern society.

Keywords: environmental risks, environmental assessment methods, climate change, air pollution,
environmental impact assessment

The modern world is faced with numerous environmental challenges that require an integrated
approach to their solution. From climate change to air and water pollution, environmental issues have
significant impacts on human health, biodiversity and the economy. In this context, environmental
problem analysis methods become extremely important tools for identifying, assessing and managing
environmental risks. Methods of analyzing environmental problems allow scientists, politicians and
public organizations to obtain accurate data on the state of the environment, predict possible
consequences and develop effective strategies for their minimization. The use of such methods as
environmental impact assessment (EIA), strategic environmental assessment (SEA), statistical
methods and geographic information systems (GIS) contributes to the adoption of informed decisions
that ensure the sustainable development of society (Andersoon et al., 2016; Kowalska et al., 2021).

Methods of analyzing environmental problems are critically important for understanding,
assessing and solving the environmental challenges facing modern society. These methods allow:
identifying the problem, assessing the impact, forecasting and modeling problems, etc. There are
several methods of analyzing environmental problems that help to identify, evaluate and solve
environmental issues (Fig. 1.)
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Fig. 1. The main tasks of the methods of analysis of environmental problems
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Identification of problems: Analysis methods allow you to accurately determine the sources
and causes of environmental problems. This method helps to identify the main factors that affect the
state of the environment and to develop effective strategies for their elimination.

Impact assessment: The use of methods such as environmental impact assessment (EIA) and
strategic environmental assessment (SEA) allows for the assessment of the potential effects of projects
or policies on ecosystems and human health. This helps to make informed decisions that minimize the
negative impact on the environment.

Forecasting and modeling: Statistical methods and geographic information systems (GIS) help
predict the development of environmental problems and model possible scenarios for their solution.
This allows you to plan measures in advance to prevent or minimize negative consequences.

Support for sustainable development: Methods of analyzing environmental problems
contribute to the integration of environmental considerations into the decision-making process at all
levels, from the local to the global. This ensures sustainable development that takes into account the
needs of both current and future generations.

Raising public awareness and participation: Analyzing environmental problems helps raise
public awareness of environmental challenges and involve them in the process of solving them. This
contributes to the formation of an ecologically conscious society, ready for active actions to protect the
environment (Mutsii, 2011; bauntceka, 2022).

There are several methods of environmental problem analysis that help to identify, evaluate and
solve environmental problems. Some of them are presented in Fig. 2.
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Fig. 2. Methods of analysis of environmental problems
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1. PESTLE analysis (Political, Economic, Social, Technological, Legal, Environmental) helps
to evaluate external factors affecting environmental problems. This method allows you to understand
how different aspects affect the environmental situation and develop strategies to solve them.

2. SWOT analysis (strengths, weaknesses, opportunities, threats) - used to assess internal and
external factors affecting environmental problems. This method helps identify strengths and
weaknesses of an organization or project, as well as opportunities and threats related to environmental
issues.

3. Environmental impact assessment (EIA) is a systematic process of assessing the potential
environmental consequences of projects or activities. This method includes the analysis of physical,
biological and socio-economic components, which allows you to identify possible risks and develop
measures to minimize them.

4. Strategic environmental assessment (SEA) is used to assess the environmental
consequences of policies, plans and programs in the early stages of their development. This method
helps integrate environmental considerations into the decision-making process and ensure sustainable
development.

5. Statistical methods are used to analyze environmental data and identify trends and patterns.
These methods include regression analysis, time series analysis, cluster analysis, and other approaches
that allow for quantitative assessments of environmental problems.

6. Geoinformation systems (GIS) are used to collect, analyze and visualize spatial data. This
method allows you to create maps and models that help identify environmental problems, assess their
scale and develop strategies to solve them.

7. Life cycle analysis (LCA) is used to assess the environmental impacts of a product or service
throughout its life cycle — from raw material extraction to disposal. This method helps to identify the
most significant stages of the life cycle and to develop measures to reduce the negative impact on the
environment (Andersoon et al., 2016; MexaBenesa Ta in., 2021).

Conclusions. Environmental problem analysis methods are important tools for identifying,
assessing and managing environmental risks. They allow you to perform many tasks, namely:

e identify the problem, that is, the use of methods such as EIA and SEA helps to accurately
identify environmental problems and their sources;

eassess the impact of environmental problems, i.e. using statistical and GIS methods it is
possible to assess the impact of environmental problems on human health, biodiversity and the
economy;

e predict the possible consequences of environmental problems and develop strategies for their
minimization;

edevelop effective strategies for managing environmental risks and ensuring sustainable
development.

Therefore, a comprehensive approach to the analysis of environmental problems is critically
important for making informed decisions and ensuring the sustainable development of society. The use
of modern methods allows effective management of environmental risks and contributes to the
preservation of the environment.
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Problems of Rainwater Harvesting and Irrigation of Green Areas
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Abstract. This article addresses the challenges associated with rainwater harvesting and the irrigation of
green areas in Uzbekistan. In the region's arid climate, the efficient use of water resources is crucial for
maintaining ecosystems and supporting green spaces. Despite the potential of rainwater as a source for
irrigation, its collection and storage face several challenges related to climatic conditions, infrastructural
limitations, and the lack of modern technologies.At the moment, water shortages are increasing every
year in the countries of Central Asia, as well as in our republic, and by 2030 water shortages may reach
15%. One of the most important issues is to prevent water shortages and provide water to green areas by
collecting snow and rainwater and using it to irrigate green spaces and trees.

Keywords: rainwater harvesting, irrigation, green areas, drought, water collection.

Introduction

In Central Asian countries, including Uzbekistan republic, water scarcity is increasing year by year,
and by 2030, the water deficit could reach 15%. In our country, consistent efforts are being made to
protect the environment, promote the rational use of natural resources, and improve sanitary and
ecological conditions.

At the same time, the results of relevant analyses highlight the lack of a comprehensive approach
and strategic planning in the implementation of state functions related to environmental protection, as
well as the insufficient authority of environmental agencies to effectively address these tasks (Decree of
the President, 2021).

The growing population and industrial enterprises in our republic are inevitably exerting negative
pressure on nature, as evidenced by the depletion of natural resources. Key causes include the rising water
shortage, accelerated melting of ice reserves, declining levels of rivers, streams, lakes, and groundwater,
as well as the reduction of green spaces. These emerging issues are a result of irregular and improper use
of natural resources, compounded by the incomplete development of a targeted resource management
system (Resolution of the President, 2022). Today, the use of energy- and resource-saving technologies is
of great importance.

Based on analytical data, considering the anticipated 15% reduction in water reserves in Uzbekistan
by 2030, it is possible to mitigate the negative impacts of water scarcity by harvesting rain and snow
water for the irrigation of green spaces and trees.

However, to implement this concept, a number of technical and environmental difficulties must be
overcome. The main problem is the uneven distribution of precipitation by season. Most of the
precipitation falls in winter and spring, when the need for irrigation is minimal, while in the summer
months the amount of rainfall decreases sharply. This requires the creation of effective systems.
Uzbekistan's existing water infrastructure is not designed to collect rainwater. Urban and rural areas face
the problem of a lack of systems for drainage, filtration and storage of rainwater. As a result, a significant
portion of precipitation is lost, without benefit to agriculture or landscaping

Methods and Materials

The following methods were used in the work: systematic mathematical, statistical analysis,
comparison, extrapolation.

Results and discussion

Today in the Republic of Uzbekistan, due to the growing water shortage and insufficient protection
of forests, forest ownership has decreased to 7.7% of the territory of the republic. In order to protect the
environment, prevent water shortages and reduce green spaces, our country has adopted a nationwide
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state greening program, practical work is being carried out to create green spaces, and tree seedlings are
planted (Decree of the President, 2021)

This problem cannot be solved by planting a single tree; these seedlings require constant care for
growth and development. Water plays a key role in the good development of any plant. In the table
below, we see that the amount of water used for irrigation varies depending on the type of plant.

Table 1. Water consumption indicators

Water consumers Water Amount of water required per 1 m? of
consump- Watering land per irrigation season (m®)
tion (I/'m?) 2 times a day Once a day

Watering the
sidewalk 0.4 once per day 0.144 0.072
Spraying water on 14 twice per day 0.252 0.126
green areas
Irrigating the 15 once per 7 days 0.385
garden

From the table above, it can be seen that the irrigation period and water demand are different, so we
need to reduce water consumption and use alternative water sources.

On average, 126 liters of water per m? per irrigation season are required for irrigation of green
spaces. At first glance, this may seem like a small amount, but it certainly causes some difficulties when
irrigating green spaces in areas not supplied with surface water, i.e. irrigation canals. Drinking water is
the only source of irrigation here, so drinking water is also used to irrigate trees (Yakubov, 2017).

Using drinking water for irrigation is nothing more than creating two problems. For example, using
drinking water for irrigation causes a decrease in drinking water reserves, an increase in water losses, a
decrease in pressure in the network, a shortage of drinking water supplied to the upper floors of apartment
buildings and to end consumers.

Clause 96 of the Resolution of the Cabinet of Ministers of the Republic of Uzbekistan dated July
15, 2014 No. 194 "On Approval of the Rules for the Provision of Public Utilities" states that the use of
drinking water for irrigation of trees is allowed in the following exceptional cases: in the absence of
irrigation water, in the presence of the capacity of the public utility organization and local staff according
to the schedule approved by the authorities, it is allowed only at night (from 00:00 to 05:00) (Resolution
of the Cabinet of Ministers, 2014). In exceptional cases, the use of drinking water for irrigation also has
its own requirements. But consumers do not fully understand this, so in many cases we see that drinking
water is used for irrigation during the day.

To prevent the loss of drinking water, we can use other alternative sources, that is, we can preserve
and expand existing green areas by collecting and purifying rainwater and using it to irrigate industrial
crops, green spaces and ornamental trees (Mashrapov, 2023). The main problem is the uneven distribution
of precipitation by season. Most of the precipitation falls in winter and spring, when the need for
irrigation is minimal, while in the summer months the amount of rainfall decreases sharply. This requires
the creation of effective systems for the accumulation and storage of water for a long period. In
Uzbekistan, up to 50 kg of snow falls per square meter and 150-300 ml/s falls, the average duration of
rain is 4-6 hours, in some cases it can reach up to 12 hours. In large urban centers that do not have
irrigation canals, we can even observe partial flooding during the rainy season, which, naturally, leads to
the absence of irrigation canals that drain rain and snow water outside the city into the subway,
apartments, basements of multi-story buildings, and highways. If we take into account that the duration of
one rainfall is on average 4 hours, then from 36 to 72 liters of rain-snow water falls per m? of land.

The existing water infrastructure of Uzbekistan is not adapted to collecting rainwater. Urban and
rural areas are faced with the problem of the lack of systems for drainage, filtration and storage of
rainwater.

To collect rainwater from the roofs of residential and apartment buildings, it is proposed to equip
them with special tanks (Fig. 1), which will allow the efficient use of water for landscaping, increasing
and preserving green spaces. If we consider the example of Tashkent city alone, as of January 1, 2023,
there are 41 000 apartment buildings, the roof area of each of which ranges from 200 m? to 1 400 m? (an
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average of 800 m?). One rain produces 28.8 to 57.6 m® of rain-snow water, which is enough for a single
irrigation of 41142 m? of green space.

Fig. 1. Rainwater collection tank

Research shows that there are up to 600 m? of green space around each apartment building, which
shows the possibility of irrigating the green space around the house for 34 days with rainwater alone.
Today, another solution to prevent the depletion of water resources is the widespread use of water-saving
technologies and the introduction of re-technical irrigation of crops and green space using household
wastewater treatment technologies.

Conclusions

In the context of Uzbekistan’s increasing water scarcity, rainwater harvesting presents a viable and
necessary alternative for irrigation, especially for green spaces in urban and rural areas. Properly utilizing
this resource could help mitigate the projected 15% reduction in water reserves by 2030, ensuring
sustainable water management for both agriculture and landscaping. But despite the potential benefits, the
uneven distribution of precipitation across seasons and the lack of adequate infrastructure for rainwater
collection, storage, and purification are significant obstacles. Addressing these issues will require a
strategic approach that integrates modern water management technologies and infrastructure
development.

Uzbekistan’s current water infrastructure is insufficient to support widespread rainwater harvesting.
To overcome this, it is essential to develop systems that include tanks for water storage, filtration units,
and efficient drainage systems, particularly in densely populated urban areas where green spaces are vital
for environmental health.
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ecosystems as a result of military operations in Ukraine
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Abstract. The paper covers the assessment of environmental risks and hazards of military operations
in Ukraine. A forecast of the dynamics of the state of the ecosystem as a result of military operations
on the territory of Ukraine is presented. The results of research by the State Environmental Inspection,
public organizations "Green World - Friends of the Earth” and "Arnika" were analyzed. The impact of
war on all components of environment is characterized. Attention is drawn to the destruction of water
resources, air and soil pollution, landscapes, vegetation and huge forest areas. A number of measures
must be taken to prevent the environmental consequences of a military conflict. First of all, it is
necessary to assess and monitor the state of the environment in the territories affected by the military
conflict, as well as carry out their rehabilitation, reconstruction and restoration. This requires the
involvement of international organizations and public initiatives that can provide financial, technical
and humanitarian assistance. However, the most effective way to prevent the impact of military
activity on the environment is to avoid military activity itself.

Keywords: environmental risks, military operations, environment, pollution, ecosystem.

Beryn

Biitna B Ykpaini TpuBae Bxke 10 pokiB. 3a e yac y 30H1 00HOBUX Jili Ta OKymHaIii OMAHUIACS
Tpu OlocdepHi 3amOBITHUKHA, YOTUPHAIIIATH PUPOJTHUX 3aIOBIIHUKIB, JACB’ATHAIIATH HaAIlIOHATHHUX
MPUPOJIHUX TApKiB, ACCITKHA PETiOHATBHUX JaHAMA(PTHUX IapKiB, COTHI 3aKa3HHKIB, IaM'STOK
MPUPOJIU, 3aNOBIJHUX YPOUHMIN, OOTAaHIYHUX CaiIiB, JIECHIPOIAPKIB, 300MapKiB Ta IMaM'STOK CaJ0BO-
MMapKOBOI'0 MHUCTEITBA. POCIHChKI OKymamiiHi BIMChbKAa MIHYIOTh 3aIlOBiHI TEPUTOPii, HEIIaTHO
BUPYOYIOTh JIICH Ta 3HUIIYIOTH pikicHI Buau ¢uiopu 1 ¢ayHu. CramorThCs JIICH Ta 3HUITYIOTHCS
IIHHI 3amoBiaHI TepuTopii. EkcriepTn BBakarOTh, IO JI€AKI €KOCUCTEMHU MM BTPATHUJIW Ha3aBXKIH, 1
JOKYMEHTYIOTh KOXX€H BHMAJIOK JUisi MiKHApOAHOTO KPUMIHAJIBHOTO CYIy pa3oM 13 BHU3HAYEHHIM
exonuay. Bumaneni micu ta nons. 3a0pyaHeH1 piukd Ta IPyHTH. 3aTOIUIEHI MicTa Ta cena. 3a JaHUMU
JlepxaBHOT €KOJOT1YHOI 1HCIEeKIii cTaHOM Ha koBTeHb 2024 poky 30MTKHU AJisl €KOJIorii YKpaiHu Bif
BiiCbKOBOI arpecii pocii cknagaioTb 2669196076523 rpuBens. | 1e Timbku mpuOIM3HI pO3paxyHKH,
MOKH JOCI 3aJIUIIAETHCS OKYITOBAHOIO YACTUHA YKPATHCHKUX TEPUTOPIH.

MeToam Ta maTepiaan

JlocikeHHsT Ta OIIHKY EKOJOTIYHMX PH3UKIB, 10 BUHHUKAIOTH MiJ Yac BICHKOBUX il B
Vkpaini OyJ0 NPOBEJEHO aHAIITUYHUM METOJOM, IIJISIXOM OOpOOKM JiTepaTypHHUX JDKeped Ta
CTaTUCTUYHHUX MaTepiaiB.

PesyabTaTn T2 00roBOpeHHsA

Biiina pociiicekoi ¢eneparii B YkpaiHi € nepumM MiKHaApOJHUM KOH(IIKTOM 3a OCTaHHI JBa
JECATUIIITTS, SIKMA CIPUYMHUB HACTUIBKU CEPHO3HI Ta HE3BOPOTHI €KOJIOTIYHI pyiHHYyBaHHs. Maibke
TPU POKH TOMY pOCis po3loyana BiJKPUTUH BiliCbKOBMH HacTyn Ha Ykpainy. BiiiHa Hanecna
CepHO3HUN HETaTUBHUU BIUIMB Ha HABKOJMIIHE CEPEIOBUINE, BKIIOYAIOYH IONIKOKEHHS TPYHTY,
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MOBITPS, BOJOCXOBHIL, JICIB, MOUIKO/DKEHHS MPUPOJHUX 3alOBIAHMKIB, PYHHYBaHHS E€KOCHUCTEM 1
3arpo3sy saepHoi katactpodu. Kpim Toro, BiliHa B YKpaiHi HEraTHBHO BIIUBAE HA TII00AILHUN KITIMAT,
BUKHJAIOUM B aTrMoc(epy BENUKy KUIBKICTh BYIJIEKHCIOTO Ta3y Ta IHIIMX IapHUKOBHUX Ta3iB.
[TpomikHI OLIHKK BHKHJIB MAPHUKOBUX Ta3iB y KIIOYOBHUX PETiOHAX, OE3MOCEPEAHbO CHPUYMHEHUX
Bil{HOIO, TIOKa3yIOTh, IO JIMIIE 3a MepIli ciM MicsAliB OOWOBUX il BUKUIM CKJIAIH IMOHaWMeHIe 1
Minbsapa Tonda CO?, 11e MOKHA MOPIiBHATH 3 PiYHUM 00CATOM BUKHUIIB Benbrii Ta iHmux kpaid.

Cepen exocucTeM, M0 3a3HAIOTh HETATHBHOTO BIUIMBY BIHCHKOBHX Iii, HAHOUIbIIE CTPAKIAIOThH
IPYHTOBI €KOCHUCTeMH. BU3HaHHA TIpPYHTY MPHUPOJHOI0 EKOCHUCTEMOIO JI03BOJIIE PO3TIISIATH
MOIIKO/KCHHS TPYHTY SIK €KOJIOTiuHy mpoOneMy. UucieHHi apiOHI opraHi3mu, siKi CTBOPIOIOTH 1
OIATPUMYIOTh TPYHT Ta WOro Ol0JIOTIYHHMN MOKPUB-TPABH, MOXH, JHIIANHUKHA 1 TPHOU — € HaHOUIbII
BPA3JIMBUMHU JI0 TOMIKO/KEHB, OCKUIBKH BOHU HE MAIOTh MOXKITUBOCTI pyXaTHCs. [HITUMU ci1oBamu, BCi
OpraHi3MH, IO 3HAXOIATHCS B IPYHTI ab0 3axXHIAIOTh MOBEPXHIO TPYHTY BiJl €po3ii, HE MOXKYTh
MMOKUHYTU Miciie BUOyXy OoempumnaciB abo 3aXuCTUTH ceOe Bl HECHPUSATIMBOTO BIUIMBY. TakuMu
BIUIMUBAMU €, TOJIOBHUM YHMHOM, KOPOTKOYACHI PYHHIBHI Hac/liIKU BUOYXY 1 JOBrOCTPOKOBI HACHTIIKH
XIMIYHOTO 3a0py/THEHHS.

Bnacniziok po3puBy GoernpurnaciB 0y/1b-aKoro Kamiopy BiOyBaeThCs 4aCTKOBA XIMIYHA PEAKIis,
110 TPU3BOIHUTE 70 3a0pyMHEHHS IPyHTY Ta atMochepr. Kpim BimHocHO 6e3meunnx CO? Ta BojaHOI
mapy, B Ipolecl OKUCIEHHS | Kr BUOYXIBKM B MOBITpSI MOTpaIUIsf€e KidbKa JECITKIB KyOOMETpiB
tokcnyHux raszie: SO2, NOx, CO (y ToMy 4Hcii apOMaTH4HI BYTJIEBOHI, sIKI 3HAYHO OULIBILI TOKCHYHI,
HDK 3BWYaiiHi). BHacmigok 4oro 3 atMocdepu OKCHAM CIPKU Ta a30Ty MOBEPHYTHCS 10 IPYHTY 4yepe3
KUCIIOTHI JIOII, SIKi 3MiHIOIOTh #foro pH Ta BuKIHMKalOTh omiku pociuH (BoenHi..., 2015). Buxoauts,
0 IPYHT CTa€ KIHIEBOIO JIAHKOI XIMIUYHOTO ypa)KeHHs Ooempumnacamu. Y 3eMil 3alIMIIa€ThCs
YacTHHA METaJIeBUX YJIAMKIB 1 pEUOBHUH, K1 HE MpOpearyBaliy; PelTa po3JIiTaeThCs 1 0C1Ia€ HaBKOJIO
(ynamku 1o 300 M, HEeBUKOpUCTaH1 peareHTy — 10 35 M). Ha »xainp, 1 y1aMKu HecyTh YMMally 3arposy.
Haiiuacrime o6ofoHKH OO€mpumaciB BUTOTOBJIEHI 3 YaBYHHOTO CIUIaBY, JI0 SKOTO, KpIM 3ajli3a Ta
BYIJICIIO, JOAAIOTh CIPKy Ta Migb. ApTuiepiiicbki cHapsau kamiopy 120 mm 1 152 MM garoth
BignoBigHo 1600-2350 Ta 2700-3500 ynamkiB macoro Bix 1 r ([epes'suuyk ta [lenect, 2023). Takum
YUHOM, XIMIYHI €JIEMEHTH 3 TTOBEPXHI yJIaMKiB OyAyTh OKHUCITIOBATHCS (Y TOMY YHCII MiJb € BaKKUM
METaJIOM, OKPEMI CIIOJIYKH SIKOTO MOXYTh OYTH JOCHTH TOKCHYHHUMH), TOTPAILIATH B KpPyrooodir
peYyoBHUH 1 BKJIOYATHCS B TpodiuHi JaHmooru. KpiMm Toro, yactuHa O0€npumaciB MICTATh €IEMEHTH,
BHUTOTOBJICHI 3 BUKOPHUCTAHHSM 301THEHOTO ypaHy.

Cam BHUOYX TaKOX CIIpUYMHSE 3HAUHI pyhHyBaHHs. Hanpuxitan, koiau BuOyxae 250-kistorpamMmoBa
O0oM0Oa, BOHA 3aJIMIlIa€ BOPOHKY JiaMeTpoM 8 MEeTpiB 1 INTHOUHO 4 MeTpu. BuOyXu 3aBKIu 3ropTaroTh
3emuiio. BpaxoByroum, mo B cepeaHboMmy | Kr BHUOYXiBKM €KBiBaJieHTHHH 1,5 kyOomerpam
BUBEPHYTOro IpyHTy, 250 Kr nopiBHIOE KiTbKOM COTHAM. OrojieHH#l IPYHT B YTBOPEHOMY KpaTepi
VIIUIBHIOETHCS B3JIOBX CTIHOK, OCKUIBKM OCHOBHMM ynap yJapHOi XBHJII NPUIAJA€ CaM€ Ha HUX.
ViinpHEeHUH TPYHT JIETPajly€ 3a CBOEI CTPYKTYPOIO, OCKUIBKM 3MIHWJIACS IHTEHCHBHICTBH MPOIIECIB,
SK1 JOMIHYBaJH B JOBOEHHOMY I'PYHTOBOMY JaHamadTi (rymidikallis, BUIyTOByBaHHS, BUBITPIOBAHHS
1, 3BUYAlHO X, KpyrooOir Boau). Pi3Hi nporecu rpyHTOyTBOpeHHs, K y LlenTpanbHiit €Bponi micis
[Tepmuroi cBiTOBOI BilffiHH, HEMUHYY€E MPU3BOATH A0 3MIHU CKJIaay IPYHTY.

[IBUaKICT BiTHOBJICHHSA IPYHTY € HEMMOBIPHO MOBLIBHOIO: CepelHs TJI00aabHAa MIBUIKICTH
YTBOpPEHHSI IPYHTY cTaHOBUTH Onmu3bko 0,06 mm/pik. Illo cTocyeTbcs MPUPOAHOT POCIUHHOCTI, TO
HaBps 4yM 11 3aMUKThCs MOOaN3y Micusg BuOyxy. BuOyx moxe 3pyilHyBaTH BOJIOHEPOHUKHUH HIap
KOPIHHHUX TOpiA. Y 1bOMY BHIAJKy MPUCKOPIOETHCS 1H(IBTpallis BOAU 1O PIiBHSI IPYHTOBUX BOJ 1
BOoZa Oinbllle HE 3aIUIIAETHCA Y BOPOHII (TiJ Yac LOTO MPOIECy BOJA aKTUBHO PO3MHUBAE CTIHKU
BOpoHKH). Lle 30u1b1Iye KinbKicTh MikpodayHH Ta MakpodayHH 1 CHpuUsie BIIKIAJICHHIO OpraHIYHUX
PEUOBHH Y IPYHTI, @ HE MiJKUCIEHHIO IpyHTY. CIliJi TaKoXK BpaxOBYBaTH, 110 TAKMM YMHOM aKTHBHI
3a0pyIHIOBa4l MOXYTh MOTPAIUIATH y BOJOHOCHI TOPU30HTH Ta BOJOTOKH, YaCTHHA 3 SKHUX MOXKeE
MEPEHOCUTHCS JTaleKo 3a Mexi mois Ooro, BIIMBalOYd Ha O10Ty, SKa BiJ HHUX 3aJE€KUTh,Ta
€KOCHUCTEMHI MOCTYTH, SKUMHU KOPUCTYIOThCS JIO/IH.

OnHuM 13 HallCepHO3HIINX JOBIOCTPOKOBUX HACHIAKIB /ISl €KOCHCTEM € XIMiYHE 3a0pyIHEHHS
TEpUTOpiil, Ha AKUX OyJIO BUKOPUCTAHO BEJIMKY KUIBKICTH OoempumaciB. Kpim Toro, TexHOreHHi
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KaTacTpo(u 3aBJajii CEPHO3HOI IIKOAM HABKOJMIIHBOMY CEpPEIOBHILY B pe3yJbTaTi bomMOapyBaHsb i
OOCTpiNIiB HAIIMX MIANMPUEMCTB 1 00'€KTIB KPUTUYHOI iHPpacTpyKTypu. Takok BUKOPUCTAHHS POCI€I0
paKeT BeNUKOI NAIbHOCTI CIIPHYMHHUIIO TEXHOT€HHI KaTacTpodu 1o BCild TepuTopii YKpainu, 0coOInBo
B MPOMUCIIOBO PO3BHHEHHUX DPETiOHAX, J€ 30CEpe/PKEHI eHepreTuyHa, TipHU40A00yBHA, mepepoOHa,
XiMiYHa Ta iHIII Tamy3i IPOMHUCIOBOCTI.

Kpim Toro, Ykpaina — Benmka CiIbChKOTOCIIOIApChKa KpaiHa, sKa BOJOJIE Y4 CBITOBUX 3amaciB
POIIOYOT0 YOPHO3EMY, 1 BAXIJIMBOI YAaCTHHOKO HAIIOI €KOHOMIKM € BHPOOHHITBO Ta EKCIOPT
CLUIBCHKOTOCTIONAPCHKOI MPOAYKIIi, a Yyepe3 MmoBHOMAcIITaOHy BiiiHy YKpaiHa ke Brpatuna 10 20%
CBOIX TIOCIBHHMX IUIONI. YKpaiHa BiJIHOCHTHCS JO JIE€PKaBH 3 BHUCOKOI OOPOOJICHICTIO 3eMellb.
Cinbepkorocnogapebki yrians craHoBisaTh 70,5% Bin 3aranbHOi miomi kpaiHu, 3 sSkux 57% - opHi
3emJi (B feskux paifonax mo 86%) (ITanbkis, 2008). B pe3ynbraTi 60HOBHX Jiif MM OTpUMaIH 3HAYHI
MEXaHIYHI TIONIKO/PKEHHS Ha HAIIOMY IO 1 TpUBaJIe XiMiYHE Ta 0loJIoTidHE 3a0pyIHEHHS POIOYOTO
rpyHTy. Bynu BumyieHi tucsaui cHapsiiiB, BiiCbKOBa TeXHIKa Oyia MiAipBaHa, CllajeHa 1 KHHyTa Ha
MOJIAX 1 HACa/DKEHHSIX — 1€ BayKJIMBA 1 IOBrOTpHUBaJia MPUYMHA 3a0pyIHEHHS TPYHTY 1 TPYHTOBUX BOJI
3aJ1130M, aJTIOMIHIEM, MIJUIIO Ta IHIIUMH BaKKMMH METaJlaMH 1 IX CIIOJIYKaMH IPOTSATOM COTEHb POKIB.
binpme 5 MiTH rektapiB CUIbCHKOTOCIOJAPCHKUX YTiab B YKpaiHi Oynu 3a0pyaHeni. Jlo 26% tepuropii
KpaiHu, 110 32 po3MipaMH MOXKHa MOPIBHATH 3 KUIBKOMAa €BPONEHCHKUMU JeprKaBaMH, 1epeOyBaroTh
1] 3arpo30l0 uepe3 MiHM Ta BHUOyxoHeOesneuHi 3anuiuku. Lle cTBoproe cepilo3HI BUKIMKU JUIs
MIPOJIOBOJIBYOI O€3MeKH He TUIbKM B YKpaiHi, aine H y CBITI, OCKUIbKH KpaiHa, Oyay4yd OIHHUM 13
MIPOBITHUX EKCIIOPTEPiB 36PHOBUX, 3a3HaJIa 3HAYHUX BTPAT B arpapHOMY CEKTOPI.

3a OLIHKaMHM €KCHepTiB, BEIUKI MIHHI IOJII HABKOJO TMOIIKOHKEHUX OKOIAMH TEpPHUTOPIii
MOXKYTh 3aJIMIIATUCSA TaKUMH I1I€ TECATHIITTAMU IICIA 3aKIHYEHHS BIMHU. YKPUTTS Ta 1HII POCIHCHKI
¢doprudikamiifHi CHOPyId TaKOX 3aBAajld HEMONpPaBHOI IMIKOAM HAmoMy JaHamadry. 3rigHo 3
omyOIIKOBaHMMH JaHWUMH, Ha KiHelb 2023 poky Ha pociiickkoMy Oorri diHIT PpoHTy 3adikcoBaHO
nmoHag 6000 kM 1HGPACTPYKTYpH Ta YKpITUIEHb. 30pOiHI cuiiM YKpaiHW TaKoK 3MyIeHI OyayBaTu
00OpOHHI CIIOPY/IH, ajieé BIAMOBIMANBHICTH 3a HACHIIKH Hece juire arpecop. Ilompu Te, mo Harmri
dboprudikamiitHi cropyau moOya0BaH1 BiIMOBIIHO 0 MIDKHAPOIHOTO IMpaBa, BOHW MalOTh 3HAYHHUI
BILIUB Ha MPUPOY.

VYkpaina BiJHOCHTBCS /0O JCp)KaBH 3 HEAOCTATHHOIO 3a0E3IMEUEHICTIO BOJHHUMH pecypcamu
(MOBEpXHEBUMHU 1 MI3EeMHUMH BOJAMH, MPUJATHUMU JUIsl BUKOPUCTAHHS B HAPOJAHOMY TOCIIOApCTBI
VYkpainn). Hama kpaina € oaHiero 3 HaiiMmeHin Garatux Bojoro Kpain €Bpormwm (TominblieBa Ta iH.
2017). 3aromieHa BilicbKOBa TEXHiKa i OoempuIiacH, BAMHBAHHS B TPYHTOBI BOIH, MPOHHUKHCHHS B
MMOBEPXHEBI BOJM PSAY MIKIJIMBUX PEUOBHH, IO YTBOPIOIOTHCS B pe3yJibTaTi BUOYXIB OO€MpHUIIACIB,
BCE II€ HETaTMBHO ITO3HAYAEThCS HA BOAHHUX pecypcax. BHacmimok oOcTpimiB 1 pyiHYBaHb AamO,
BOJI03a0IPHUX CTaHII Ta OYHMCHUX CHOPYHA, YKpPaiHChKI BOJHI PECypCH 3a3HalTh 3a0pyIHEHHS
TOKCHUYHUMH PEYOBHHAMU, BAXKKUMH METajaMH Ta MaJIUBHO-MaCTHJILHUMU MaTepiajJaMH.

Hanpukiami nunas 1lltad HamioHanhbHOTO CHPOTHBY IOBIIOMHB IIPO CHIIbHE 3a0pyaHEHHS
A30BCBHKOT0 MOpS B TAMYAcOBO OKyrnoBaHoMYy [ 'eHiueckkoMy paiioHi, 30Kkpema ApabaTChbKOi CTPLIKU.
3a iX MOBIJOMJICHHSIM MOpPCHbKa BOJa CTana HeOe3NMEeYHOI He JIMIIE Ui JIOACH, a W IS MOPCHKUX
MEIIKaHI[IB, 30KpeMa JIeb(iHiB, SKi € TOMYJIIPHUMH B IIbOMY palioHi.

VY nrotomy, micis TOro sK pociiicbka oOKymaliiHa apwmis 3aBjaana ypapy o HagTobas3i B
HemunuisneekoMmy paiioni XapkoBa 3a JIOMOMOTO0 O€3MITOTHHUKIB, MPUOIU3HO 3 THCSYI TOHH
Ha(TOMPOAYKTIB BHUTEKIM y BojoWMu oOnacti. BHacnmigok uoro piBeHb 3a0pyJHEHOCTI pIUKd
CiBepcrkuii Jloneup nepeBuiryBaB HopMmy B 3,7 pasu, Jlonmans — B 2 pasu, Hemunuia — B 260 pasis,
XapkiB —y 820. Piuka CiBepcbkuil [loners 3a0e3nedye Bogoro 94% nacenenns Cxony YkpaiHu.

Takoxx Tpeba 3a3HAYUTH MPO OAMH 13 HAWOUIBIINX aKTiB €KOLMIY, 110 3MIHCHUIA OKyMaIliifHa
BlIaIa pociiicekoi (eaepartii - 3uumieHHs rpedni KaxoBcbkoi rigpoenekrpocrtaniii. [{e Haiibinbia Ha
KOHTMHEHTI TeXHOreHHa KartacTpoda 3 uaciB YopHoOMIbChKOI Tparedii. 3a odimiHHUMH JaHUMU
npecciyx0u «YKprigpoeHepro» BHacliok pyiHyBaHHs KaxoBcekoi I'EC y Boay moTpanuio moHaj
450 T MamMHHOrO Macia, a IUIOIA MiATOIJIEHHUX CUIBCHKOTOCIOAAPChKUX YTifb CKJlana OIHU3bKO
1300 ra. IloTyxHui MOTIK BOAM 3HUINMBINU ToHAA 11 Tuc. rekrapiB micoBux yrimb. Ha ocyreHomy
a1 KaXoBChKOro BOJOCXOBHINA 3arMHYJIM MUTBHOHU MOJIOCKIB, puOa i miasyHu. Y HopHoMy Mopi,
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Kyl TOTpanuia 3HayHa KUIBKICTh MPICHOI BOIM, BimOyrnacs pi3ka 3MiHA COJOHOCTI, L0 3ryOHO
BIUIMHYJIa HA MiclIeBI MOpPCBhKI BHIU. HailOinmpmmii ynap mo ekocucteMi NnpumaB Ha J{HIIPOBCHKO-
By3bkuii muMaH, sikuii ctaB ocHOBHUM Oydepom mixk Jxinpom i YopHuM Mopem. Benmka KibKicTh
3a0pyIHIOIOYHMX PEUOBUH OCLIa Ha y30epexiKi 1boro Jimmany (YKpriapoeHepro).

BukormHe manMBO € Ba)XJIMBOIO CKIAJ0BOIO BIMCHKOBHX OMEpalliif, OCKUIBKH BOHO
BUKOPHUCTOBYETBCS JJISi 3alpaBKH TaHKIB, OpPOHETEXHIKH, JITAaKiB Ta IHIIOI BiHICHBKOBOI TEXHIKH.
[TanmBO BUKOPUCTOBYETHCS ISl BIICHKOBUX OIEpalliid, ONepaTUBHUX BTPY4aHb, NEPECYBaHHS BIHCHK i
HaBITh JJIs MIATOTOBKH B PEXKHUMI OYiKyBaHHS. BenwKki 0OCSATH CHOXKWUBaHHS TMaJMBa MPU3BOIATE IO
BHUKH/IIB TIAPHUKOBUX Ta3iB 1 MOB'S3aHOr0 3 BIHHOK BIUIMBY Ha KiiMaT. KidbKiCHO OIlIHUTH
CTIIO’KMBAHHS BUKOITHOTO ITaJIMBa Jy’K€ CKJIATHO Yepe3 OOMEKeHICTh HasBHOI iH(opmarii. Excriepru
HA3MBAIOTH MonepeaHio mudpy B 200 Minbiionis Tonn CO?.

[Moxexi, cnpuunHeHi o0cTpinamu, 6oMOapAyBaHHAMHU Ta MiHYBaHHSM, TaKOXK 3aBJAIOTh 3HAYHOL
IIKOJM K JOBKULIIO, TaK 1 KIiMary. 3a CIM MICSIIIB CIIOCTEPEKEHb KUIBKICTh MOXKEX Ha OJHOMY
rekrapi 3pocna y 122 pasu, a 3aranmpHa 1ioma — y 38 pa3iB MOPIBHSHO 3 aHAJOTIYHUM IEPiOOM.
[Toxxexi € MOTYXHHUM JKEpPEsIOM BUKU[IB MapHUKOBUX rasiB. lLlUbHICTE BUKUIIB NApHUKOBUX Ta3iB
B1Jl IOKEX Yy 30HI OoloBux nii y 17 pa3iB BMIA, HDK B IHIIMX perioHax YkpaiHu. 79% BUKHIIB
MapHUKOBHUX Ta3iB BiJl MOXEX, MOB'SI3aHUX 3 BiifHOIO, mpunamae Ha 20% Teputopii YkpaiHu, nae
BeIyThCsl OOMOBI Aii. 3a OIIHKaMH JOCTIAHUKIB, 3arajJbHUN OOCAT BUKHW/IB MAapHUKOBUX Ta3iB BiJ
BIMICHKOBHX TTOKEX OIIHIOETHCS Y TMOHA 23 MITBHOHH TOHH.

Ile nwmme HeBenWMKa dYacTHHA EKOJOTIYHUX 3JIOYMHIB, CKOEHHX POCISHAMH, SKI 3aBIaJIH
HETIOMPaBHOI IIKOIW JOBKULIIO YKpaiHU Ta 3aIUIIWINA M0 co0l 3pyHHOBaHI €KOCHCTEMH 1 BTpavyCHE
Olopi3HOMaHITTS. 3pyiiHOBaHa Ta TMONIKO/PKEHA IMBUIbHA 1HPPACTPYKTYpa € BAXKIUBOIO CKIIAOBOIO
3arajbHOI MIKOJU, CIPUYMHEHOT POCIHCHKUM BTOPTHEHHSIM B YKpaiHy. Xoda Jesiki peMOHTHI poOoTH
OyiM mpoBeJieH] MiJ Yac BiifHH, OUIBIIICTH POOIT 3 BIIHOBJIEHHS Ta PEKOHCTPYKIII1 B1IOYyThCs MiCHs
3aBepiIeHHs O0oioBux mid. L{i BiIHOBIIOBaIBHI POOOTH MOTPEOYIOTh BEIMKOI KITLKOCTI OyiBEIHHHUX
MarepiajiB, a JUIsl TPAHCTIOPTYBaHHS IIUX MaTepialiB Ha OyJIBEJIbHI MalJaHYMKW 1 BUKOHAHHS POOIT
HeoOXiHa eHepris. 3arajoMm, BITHOBJICHHS YKpaiHM MPU3BEAC J0 3HAYHUX BUKHUIIB TMAapHUKOBHUX
rasiB. SIKIIO TMPUMYCTHTH, IO BCi MOIIKOPKEHI JKUTJIOBI, OCBITHI, MEIUYHI Ta KYJbTYpPHI 00'€KTH
OynyTh BimHOBIIEHI (BimOymoBaHi abo BIAPEMOHTOBAHI) MPOTATOM JOCHTIPKYBAaHOTO TEPIOay, TO
BHUKHU/IY TTAPHUKOBUX T'a31B CTAHOBUTUMYTb MOHAJ 48 MiJIbHOHIB TOHH CO2.

BucHoBku

TakyuM 4YHMHOM, €KOJIOTIYHI HACHiAKh OOMOBHMX MIiM, BKIIOYAIOYM E€KOHOMIYHI, COIliaJibHI Ta
JOJICBKI BTpatH, € KatacTpodiuammu. Cepilo3HOI MPOOJEMOI0 € CKIaJHICTh MOHITOPHHTY CTaHy
JOBKULJISL HA TEPUTOPIi aKTUBHUX O0MOBUX Jiii. BificyTHICT OpraHiB KOHTPOJIIO Ta MOCTIHI 00CTpin
YHEMOXJTMBITIOIOTh 00'€KTUBHY OIIIHKY IIKOJIH, 3aBJaHOT TOBKULIIO ITiJl 9ac 30pOMHOr0 KOHQIIKTY Ha
nepxaBHoMy piBHI. [lepen Hamiow KpaiHOK CTOITh Ba)KJIMBE 3aBJaHHS MPUIIMHEHHS OOWOBUX il Ta
BpETYJIFOBaHHS KOH(IIKTY, a TAKOXX TOJI0JIAHHS €KOJIOTTYHMX HACIIKIB BIHHUA. 3p03yMiJI0, IO i Yac
BiffHM HEraTUBHUU BIUIMB Ha JOBKULIA Ykpainu TpuBatuMme. [Ipore Bike 3apa3 HEOOXiAHO pO3IIISIATH
MO>KJIMBOCT1 MICIABOEHHOI BiAOyM0BU. OMHUM 13 MOXJIMBHX 3aXOJIiB JJIsl BIJHOBIEHHS JOBKULIS €
CTBOpPEHHSI HOBUX a00 PO3LIMPEHHS ICHYIOUUX MPUPOJIOOXOPOHHHUX TEPUTOPIN, TAKUX SIK HALIOHAIBHI
Ta perioHajabHI JaHAmMa(THI MapKu, TPUPOIHI 3aMOBITHUKH Ta 3aroBiaHI 30HU. L{i mpupogooxopoHHi
TEPUTOPIl JOMOMAralTh HIATPUMYBATH EKOCHCTEMH, fKI PYHHYIOTHCS BHACHIIOK OOMOBHX Iiil.
BpaxoByroun macmitabu BIUIMBY BiffHM Ha JOBKLISA, BaXKJIMBO BJKE CbOTO/IHI 3BEPHYTHUCS JI0 CTpaTerii
MICISBOEHHOTO BiIHOBJICHHA. BiHOBJIEHHS eKocHcTeM Mae OyTH MPIOPUTETOM ISl HAIIOl JepiKaBH,
MDKHApOJHHUX OpraHizalliil Ta rpoMaiCchKOCTI.

CnucoK BUKOPHCTAHHUX JAKepe
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Remote condition mapping and post-hostilities damage
assessment of forest shelterbelts

Stankevich S.A.,” Kozlova A.A.
Scientific Centre for Aerospace Research of the Earth, NAS of Ukraine

st@casre.kiev.ua

Abstract. Forest shelterbelts are vital for maintaining ecological balance, enhancing landscape
stability, and mitigating environmental stresses. However, the ongoing warfare in Ukraine has severely
damaged them. Forest shelterbelts are commonly used as defensive lines and concealed positions for
military forces. Furthermore, the majority of post-hostilities forest shelterbelts remain mine-infested,
making ground-based studies unsafe. Remote sensing is thus crucial for assessing these disturbances,
supporting decision-making for post-war ecological rehabilitation. A multi-scale framework for
mapping forest shelterbelts is proposed, integrating medium, high, and super-high-resolution data.
Regional-scale monitoring utilizes medium-resolution satellite imagery, while high-resolution data
targets specific damaged areas. UAV-based hyperspectral imaging is employed for detailed analysis,
allowing precise detection of vegetation stress and damage due to its fine spectral capabilities. This
approach is well-suited for the narrow dimensions of forest shelterbelts. Combining multispectral,
radar, and hyperspectral data, this method enables comprehensive mapping of forest conditions,
accounting for damage from conflict and environmental stress, supporting effective ecological
rehabilitation efforts. The techniques described can be adapted with minimal changes to address other
types of disrupted ecosystems. Additionally, acquiring primary remote quantitative data on the extent
of damage will enable a more objective, straightforward, and safe assessment of the economic
resources and funding necessary for the remediation of the agricultural landscape.

Keywords: remote sensing, forest shelterbelt, post-hostilities, damage assessment, hyperspectral drone

Introduction

Forest shelterbelts play an important role in maintaining the ecological balance of the territory,
strengthening the stability and connectivity of the agrolandscape. Shelterbelts regulate the nutrient
intake of plants, ensure their efficient reproduction, and improve the biochemical conditions of the
environment (Lavrov et al., 2021). This is due to the superiority of forests over all other ecosystems in
terms of stability and adaptation to changes in external conditions (Fiihrer, 2000). Forest shelterbelts
prevent water and wind erosion of soil, mitigate the drought impact, slow down the relief
dismemberment and the hydrographic network segmentation (Kedziora, 2015).

Remote sensing is becoming an omnipresent and versatile tool for studying and mapping forests,
including forest shelterbelts, due to observability, time efficiency and low cost (Fassnacht et al., 2024).
At the moment, the main data source for remote assessment of forest condition is medium-resolution
optical and radar satellite systems, such as Sentinel-1, 2, Landsat-8, 9, Radarsat-2, PlanetScope, etc.
[Rodriguez-Esparragon et al., 2024]. Insufficient spatial resolution of such satellite data causes some
difficulties in condition assessment within narrow forest shelterbelts, so various technical tricks are
engaged for this purpose: innovative classification techniques for specific forest local area (Kozlova
and Hermaniuk, 2019), full set of normalized band difference spectral indices and ancillary context
data (Stankevich 2008), as well the techniques provide local quality improvement of multispectral
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imagery classification with radiometric-spatial feedback (Piestova et al., 2021). It is quite useful to
analyze synthetic aperture radar (SAR) data for the vertical structure extraction and damage
assessment of forest stands (Zaitseva et al., 2021; Aquino et al., 2022).

An important feature of the ongoing warfare consequences in Ukraine is the significant damage
caused to forest shelterbelts, primarily physical and mechanical. Forest shelterbelts are almost always
used as defense line and troops’ concealed position. In addition, almost all post-hostilities forest
shelterbelts remain mine-infested. Therefore, traditional ground-based research methods are not
applicable due to the safety restrictions of researchers. So, quantitative assessment of forest
shelterbelts disturbance with remotely sensed data is essential for decision making support in postwar
nature rehabilitation management.

Methods and Materials

It is planned to establish a multi-scale three-level framework for forest shelterbelts mapping at
the levels: medium resolution — high resolution — super-high resolution. Indicative, but are not limited
to ones’ parameters of possible data sources are listed in Table 1. Observation of forest shelterbelts on
a regional scale is carried out in a monitoring mode on the basis of free medium resolution satellite
data. The predetected damaged local plots are studied using high-resolution commercial satellite data.
In the most difficult cases, hyperspectral imagery from UAVs with super-high both spatial and spectral
resolution can be involved.

Table 1. Remote data sources for shelterbelts mapping

Spatial extent Data source Spatial resolution, m Spectral bands
Regional Sentinel-2 satellites (free access) | Medium — 10 12
Local long-length | PlanetScope or SkySat satellites High-3or1l 8or4
Local short-length | UAV with hyperspectral camera | Super-high —0.05 .. 0.15 50 .. 200

Fig. 1 picture shows examples of medium, high, and super-high-resolution satellite and UAV-
based images with forest shelterbelts.

Fig. 1. Multi-scale remotely sensed imagery of forest shelterbelts
a — Sentinel-2B multispectral satellite image (10 m resolution), b — PlanetScope multispectral satellite image (3 m
resolution), ¢ — WorldView-3 multispectral satellite image (1.24 m resolution), d — UAV-based natural color image (0.15
m resolution)
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Super-high spatial resolution hyperspectral imaging is particularly useful for determining
damage and stress of vegetation within a forest shelterbelt. Fine spectral features registered by
hyperspectral imaging will make it possible to separate depressed and dead vegetation from healthy
one, extract narrow-band spectral indices, calculate projective leaf cover and many other important
parameters characterizing the forest shelterbelt condition (Jing et al., 2018; Sandino et al., 2018).
UAV-based hyperspectral imaging, due to its centimeter-order resolution, provides analysis of the
condition of even individual plants (Kurihara et al., 2020). And the forest shelterbelt’s such feature as
a small width of 10-60 m (Figure 2) makes it an ideal object for UAB-based hyperspectral imaging
with one's small transverse swath.
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Fig. 2. A typical narrow elongated forest shelterbelt

The integrated probabilistic technique for mapping damaged and disturbed ecosystems, which is
based on medium and high-resolution satellite data (Uruskyi et al., 2024), can be used to assess the
forest shelterbelt condition. Both multispectral and radar images, as well as a variety of data products
derived, will be required for this. As for drone-acquired hyperspectral imagery, an advanced algorithm
based on known TCMI (target-constrained minimal interference) matched filter with a nonnegative
constraint can be applied to extract disturbances and contaminations of soil and vegetation within
forest shelterbelt by hyperspectral data (Stankevich et al., 2018).

The implementation of the above-stated approach will make it possible to obtain operational
comprehensive maps of the forest shelterbelts condition over wide area, taking into account their
mechanical damage as a result of shelling, use as defensive lines and stress of vegetation through man-
made pollution and insufficient water supply.

Conclusions

Thus, on the one hand, forest shelterbelts perform very important ecosystem functions inside of
agrolandscape, and on the other hand, they are the most affected by hostilities. Forest shelterbelts are
quite difficult for assessment and mapping with generic remote sensing techniques, so a specific
sophisticated methodology development for this purpose is required. Such methodology can be
predicated on a three-level remote sensing workflow using multispectral and radar satellite systems of
medium and high resolution, as well as hyperspectral drones. The proposed approach is an intrinsic
part of the process of post-war reconstruction of territories affected by hostilities in Ukraine. With
minimal modifications, similar techniques can be extended onto some other types of disturbed
ecosystems. Also, obtaining primary remote quantitative estimates of damage will allow a more
objective, simple and safe evaluation of the economic efforts and funds required for the agrolandscape
remediation. It would be advisable to focus future works on the instantiation and verification of remote
indicators of the damaged forest shelterbelt condition, as well as on experimental studies of the
developed models' performance with practical flights and image acquisition by UAVs equipped with a
hyperspectral camera.
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Consequences of the Impact of Military Operations on the State of the
Dnipro River Watercourse

Starzhynskyi P. *Zhukova O.
Kyiv National University of Construction and Architecture, Kyiv, Ukraine

acceptotraditio@gmail.com

Abstract. The study is devoted to the analysis of the consequences of military actions on the state of
hydroecosystems of the Dnipro River in the conditions of Russian military aggression. Hostile actions
of the Russian Federation on the territory of Ukraine led to significant environmental problems, which
are comparable to the existing anthropogenic impact of the load on the main water artery of the
country. In particular, water pollution with heavy metals, chemicals and changes in the
hydromorphological regime of the river were recorded. Special attention is paid to the analysis of
water quality indicators in different parts of the Dnipro basin for the period 2021-2024. The
importance of enhanced environmental control and further research to assess the long-term
consequences of the war on Ukraine's water resources is emphasized.

Keywords: military operations, Dnipro River, hydroecosystems, pollution, Kakhovskaya HPP,
environmental safety.

Beryn

3 moYaTKOoM BIMCHKOBOI arpecii pocii ekojoriyHa cuTyarlisi B YKpaiHi CyTT€BO MOTipIIvjacs,
HalyJsa TJI00aJIbHOTO XapaKTepy 1 € MOPIBHIOBAHOIO 3 MAacIITadaMy 1HIIMX E€KOJIOTTYHHX KaTacTpod.
Boenni il nmpu3Benu 10 YKUCICHHUX PyHHYBaHb 1HQPACTPYKTYPH, SIKi BUKIUKAIOTHh BaXKKI HACIIIKA
JUIA HABKOJUIIHBOIO CEepeloBUINA, 30KpeMa, s BoaHUX pecypciB. Karactpoda, mom’sizana 3
migpuBoM KaxoBcekoi I'EC, crana onmHiero 3 HaWOLIBIIMX TEXHOTEHHUX KaTacTpod oOcTaHHIX
JECATUIIITh, 3 AaHAJIOTTYHUMHM TIPUKJIAJIlaMy Ha CBITOBiH apeHi, sik aBapii Ha YopHoOunbcbkiii AEC abo
BUOYXxH HaTOBHX MIaTdopM, sIKi Mai r100ajibHi ekooriudi Hacmiaku (XinpueBchkuii, 2022).

BrumB BiliHM B YKpaiHi, 30KkpeMa, Ha PiukoBi OaceiHH, BOJIHI €KOCHCTEMH Ta TiApOCIOpPYIH,
30KkpeMa Ha p. J[Hinpo, BuUMarae oco0IMBOI yBaru 4epe3 maciuTabHy Jerpajaiiio AOBKIUI Ta 3HAYHI
3MiHH TiZpoMop¢oNIOTiYHOTO pexkuMy. Bopoxi oOcTpin W araku Ha KPUTHYHY BOJHY
1H(PACTPYKTYpy HE TUIBKM YCKJIQTHIOIOTH JOCTYN IO MHUTHOI BOJHW, aje W BUKIUKAIOTH CEpHO3HI
3a0pyJHEHHs] BOJ TOKCUYHUMH pPEYOBHMHAMHU, BKJIIOYHO 3 BaXKUMHU MeTalaMd Ta OlOreHHUMU
enementamu (Ctpokais i KoBnak, 2021). ¥V 6arathox perionax YKpaiHU CHTYaIlisl € aHATOTIYHOIO 200
TipIIOI0, IO MiJKPECIIOE HeOOX1HICTh MOPIBHIBHOTO aHAli3y €KOJIOTTYHUX HACHTIJIKIB BOEHHUX JIH
o BCi KpaiHi. Y 1IbOMY KOHTEKCTI BiliHa pocii mpoTu YKpaiHu CIPUYMHUIA €KOJOTI1YHI Mpobiaemu,
SIK1 CITIBMIpHI 3 aHTPOIIOI€HHUM HAaBaHTXKCHHSAM Ha JOBKULIA ITiJ1 YaC HaWMAacIITaOHI WX TTPUPOTHUX
Ta TEXHOTeHHHUX KaTacTpod y cBiTi. Lle cTaBUTh MUTaHHS HEOOXITHOCTI HETAWHUX il JUTIsl MiHiIMi3allil
30MUTKIB Ta JOBTOCTPOKOBUX CTpATErii BIIHOBJICHHS €KOJIOTIYHOT O3IEeKH B KpaiHi.

OCHOBHOIO MeTOI0 J1aHOi POOOTH € OIliHKAa E€KOJOTIYHUX HACIHIJKIB BILUIMBY BOEHHHUX i Ta
TEXHOT€HHUX KaTacTpod Ha BOJHI €KOCHUCTeMH YKpaiHu, 30KpeMa Ha mpukiaai miapuBy KaxoBcekoi
I'EC, a Takox po3poOka pekoMeHAalii Ans MiHiMi3allii HeraTUBHUX HACHIJKIB Ta BiJHOBICHHS
BOJIHUX PECYPCIB y MICISIBOEHHUN TEPioI.

Marepiajan Ta MeToaAn

VY X071 HaMMX AOCTiPKEHb OyJI0 MPOaHaIi30BaHO CTaH TiAPOEKOCHCTEM piuku JIHINpo 3a mepiof
BIMCHKOBUX JIiHi, SIKi CHPUYUHSIOTH PSII PU3UKIB [T HACETICHHSI Ta IPU3BOAATH 10 HE3BOPOTHUX 3MiH Y
¢byHKIIOHYBaHHI rigpoekocuctem (Tadum. 1).
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PesyabTaTn i 00roBopeHHs

AHai3 cepeTHbOPIYHUX MTOKa3HUKIB SKOCTI Boau B p. Juinpo 3a nepiox 2021-2024 pp. no3Bodsie
3pooutn psa  BUCHOBKIB. IlokasHuku sikocti Boau B p. [minmpo mpotsrom 2021-2024 pp.
JEMOHCTPYIOTh SIK CTaOlIbHICTh, TAaK 1 MEBHI KOJIMBAaHHA. B OKpeMuX BHIAJKaX CHOCTEPIraroThCA
MEePEeBUIICHHS TpaHUYHO Aonyctumux KoHmenrtpamii (I'/IK) 3a neskuMu mokasHUKamu, 10 CBIIYUTH
npo neBHe 3a0pyaneHHs Boau (Boiitenko & Koveros, 2021). TemmepaTypa Boau B piulli 3MIHIOEThCS
BiJITIOBITHO JI0 TIOPH POKY, IO € PUPOIHUM IPOIIECOM.
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Tabnuys 1. 3acanvha xapakmepucmuxa cmamy sikocmi 60ou 6 p. /ninpo npomseom 2021 — 2024 pp.

®daxkTHYHI BeTHYNMHN OCHOBHHX ITOKA3HUKIB SKOCT1 BOAU

Hasea ninstaku Pix Temmn-pa, P-uwmii N i Awmoniit | XCK, | 3amizo | Mapra | ®@ocda
Oaceiiny Bi00pY °C KHCEHD, - po3o - iomH, mrO/ 3ar., HEllb, T- 10H,
mrO/ 3 PICTh, CM. mr/am® | am® | mr/am® | mr/om® | mr/ome
lirieniuni HOpMaTUBH
(naka3z MO3 Bin >4,0 10.00 - 30.00 0.30 0.100 2.50
HOPMATUB: 02.05.2022 Ne 721)
Hopmatusu EBBO Big ) ) 0,5-1,0 50.00 i i 0,70
30.07.12 (mMrN/m) ' (mrP/m)
p. uinpo - 2024 12.9 7.27 21.97 0.99 4099 | 0.44 0.298 0.20
KuiBcbke 2023 12.9 8.48 22.65 0.64 3459 | 0.43 0.065 0.32
BOZIOCXOBMIIEC 2021 11.4 9.77 25.85 0.69 30.86 | 0.56 0.115 0.29
2024 12.2 7.77 21.38 0.92 33.00 | 0.19 0.117 0.31
KaHiBchKe 2023 11.3 8.66 25.43 0.59 2762 | 0.14 0.074 0.41
BOZIOCXOBUILC 2022 10.2 8.33 23.88 0.57 2480 | 0.48 1.250 0.61
2021 11.4 10.51 28.27 0.51 2467 | 0.33 0.074 0.38
2024 13.3 8.50 31.72 0.42 42.30 | 0.27 0.061 0.48
KpemeHuyIpke 2023 12.0 7.75 28.61 0.47 4459 | 0.24 0.067 0.49
BOJOCXOBHILIE 2022 125 8.18 30.84 0.37 39.51 | 0.20 0.060 0.30
2021 11.3 8.42 26.33 0.35 36.60 | 0.13 0.060 0.47
2024 12.2 8.22 29.47 0.37 33.66 | 0.22 0.066 0.30
Kam’sHCBKE 2023 115 7.80 29.38 0.36 3493 | 0.19 0.073 0.26
BOJOCXOBHILIE 2022 11.3 7.44 29.07 0.29 3295 | 0.14 0.081 0.23
2021 11.4 10.51 28.27 0.51 2467 | 0.33 0.074 0.38
2024 13.3 9.29 28.75 0.31 26.24 | 0.18 0.067 0.74
JlHiIpOBChKe 2023 13.0 8.76 28.59 0.33 28.38 | 0.77 0.077 0.27
BOJIOCXOBHILIE 2022 115 8.92 28.51 1.02 26.08 | 0.10 0.060 0.20
2021 10.2 9.43 28.25 0.32 26.22 | 0.11 0.060 0.26
2024
KaxoBChbKe 2023 TuM4acoBa OKymailisi TepUTOPiii
BOJIOCXOBHILE 2022
2021 12.8 9.78 4517 | 014 |2853] 013 | 005 | 0.29
2024
p. duinpo 2023 TuM4acoBa OKymailisi TpPUTOPIit
(TToHmU3351) 2022
2021 13.0 9.42 4554 | 013 |2888| 013 | 0057 | 0.27
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3nayenHs pH B OCHOBHOMY B MeXaxX JOMYCTMMOI HOPMH, IO CBIAYUTH PO BiIHOCHO
CTaOUIbHUI KHUCIOTHO-TYXHUH Oananc Boau. IIpo3opicTh BOAM KOMMBAETHCS MPOTATOM POKY, IO
MOJKe OyTH MOB'SI3aHO 3 CE30HHUMHU 3MiHAMU TiJPOMETEOPOJIOTIYHUX YMOB, a TAKOXK 3 aHTPOIIOT€HHUM
BIUTMBOM. BMiCT aMOHIHHOTO 10HY B JESKHX BUIAIKaX MEPEBHUILYE HOPMY, III0 MOXXE CBIIYUTHU PO
opraniuHe 3a0py/THEHHS BOJIH, MOB'I3aHE 31 CTOKAMU 3 HACEJICHUX IMyHKTIB Ta CITCHKOTOCIIOIAPCHKUX
yrigb. Ximiude cnoxkuBanHa kucHIO (XCK) Bkadye Ha 3aralbHUH piBeHb 3a0pYyJHCHHS BOJIH
OpPTraHIYHUMHU PEUYOBHHAMHU. B NEsSKHX BHUIAgKaxX CIIOCTEPIraeThCs MEPEBUIIECHHS HOPMHU, IO CBITUUTH
PO TiIBUIICHUI BMICT OpraHigYHHUX 3a0pyIHIOBAUiB.

BwMicT 3amiza B IeSKMX BHIAAKaX MEPEBUILYE HOPMY, IO MOXKe OyTH MOB'SI3aHO 3 MPUPOJTHUMHU
TeOJIOTTYHIMH OCOOIMBOCTSIMU OaceliHy pivKH, a TAKOXK 3 aHTPONOTEHHUM BIUTMBOM. BMicT Maprasiio
TAaKOX B JICSAKAX BHIAAKax mepeBumrye HopMmy. Docdartu € ogHHM 3 OCHOBHHX (PaKTOpiB, IO
crpusitoTh eBTpodikamii Bogoiim. BmicT ocdariB B IesIKUX BUNAIKAX IIEPEBHUIYE HOPMY .

Bimokpemuttoroun KoxHY IiUIssHKY OaceiiHy p. Huimpo B mepion 3 2021 — 2024 pp., MOXHO
BUJIUTMUTA HACTymHi TeHjeHIli. ¥ KuiBcbkoMy BOJOCXOBHINI 3a BKa3aHUM MEPIOJ CIOCTEPIraeThCs
3MeHIIeHHs mpo3opocti Ta 30umbmenHsa piBHS XCK. KoHuenrtpatiii aMOHII0 3aIUIIalOTHCS BiTHOCHO
cTaOlIbHUMHU, OJIHAK 3MEHIIWINCSA KOHIeHTpalii gocdaTiB Ta 3amiza. [lo KaHiBcbkoMy BOOCXOBHIITY
€ 3MEHIIICHHs KOHIIEHTpalli 3aji3a Ta ¢pocdatis, cTablIbHI MOKa3HUKU aMOH110. [Ipo3opicTs 3HU3MIAaCA
nopiBHsHO 3 2021 p. KpemeHuyipke BOJOCXOBHMILE TeX Mae MeBHI BiaxuieHHS. IIposopicts Ta
KOHIEHTpallii aMoHit0 cTalbuibHI. 3HayHe 30utbieHHs: koHueHTpauii XCK ta ¢ocdarti y 2024 p. B
Kam'sucbkomy BomocxoBuimi 3a Iieid mepiof 3araibHa mposzopicth Ta XCK 3MeHmryroTbes, aje
CIIOCTEPIraeThCsl CTAOUIBHICTH B PIBHAX aMoHIl0 Ta (ocdatiB. Y JIHIIPOBCHKOMY BOJOCXOBHIII
MOKa3HUKH aMOHII0 3HaYHO 3HM3MWIMCS y 2024 p., B To# yac sk XCK 3anuiaeTbcst Ha BUCOKOMY PiBHI.

CrocoBno KaxoBcekoro Bomocxosumia ta aunsHkd Big KaxoBcekoi 'EC no Yopaoro mops
CIIOCTEPEKEHHS BIACYTHI Yepe3 BIAKPUTHIM BOEHHUHN Hamaj pd, OKymalio TepuTopii Ta miapus rpedii
BOJIOCXOBHUINA B Hi4 Ha 6 yepBHA 2023 poky. B pesynbTaTi 9oro BimOyBCsi HEKOHTPOJbOBAHHUA BUTIK
BOJIM 1 BOJIOCXOBHIIIEC Y IITYYHOMY BHUTJISIII TIEPECTaI0 ICHYBaTH, PiBEHb BOJM Ta ILUIOINIA MOBEPXHI B
MeKax BOJOWMHM 3arajioM IMOBEPHYJIMCS 10 MOKa3HUKIB PIBHIB Ta IUIONI MMOBEPXHI A3epKaia JlHimpa Ta
IHIIUX PIYOK Horo OaceiiHy B TepioJl JO HMOro CTBOPEHHS, HATOMICTh BiAOYJHCS TiATOTLICHHS
(mepeBakHO THMYACOBi) HACEJIICHMX IMYyHKTIB Ta MPUOPEKHUX 3eMeNb HWX4Ye 3a Tediero [[Himpa Ta
3Ha4HEe ornpicHeHHs [[HipoBchKO-byrchrkoro muMany.

BucHoBku

Sxicte Boau B p. JIHIIIPO B IiJIOMY BiANOBiAa€ HOPMATUBHUM BUMOT'aM, OJTHAK CIIOCTEPITalOThCs
MIE€BHI B1IXWJICHHS BiJl HOPMH 32 OKPEMUMHU MOKa3HUKAMHU.

OcHOBHMMHM TpoOJIeMaMu € TiaBUIeHnH BMICT amoHio, XCK, 3amiza, maprasio ta ¢ocdaris,
mo Moxe OyTH TMOB'S3aHO 3 OpraHiyHUM 3a0pyIHEHHSM, CTOKaMU 3 HACEJIEHUX IYHKTIB Ta
CLIbCHKOTOCTIOIAPCHKUX YT1/1b.

Jlnst OimpIn eTajgbHOI OLIHKKA SKOCTI BOAM HEOOXIMHO NPOBECTH JOJATKOB1 JIOCHIIKECHHS,
BKJIIOUAIOYM aHAJII3 Ha HASBHICTh 1HIIMX 3a0pyAHIOBaYiB (MECTUIUAH, HA(TOMPOIYKTH TOIIO).

Cnucox BUKOPHCTAHUX JIZKepeJI
1. Crpokans B.Il.,, KoBmak A.B. IlpuunHHO-HAcHiIKOBI 3B’SI3KM 3a0pyAHEHHS O10T€HHUMH
eneMeHTaMu OaceiiHy piuku J[Hinpa: cMHTE3 TeopeTH4HuX AaHux. Exosoriuni Hayku. Bum. 2 (35),
2021. - C. 37-44
2. Boiitenko, JI. B., & Kouetos, f. B. (2021). KommnekcHa oriHKa SKOCTI BOau: nMpoOiemMu Ta
pimenns: URL: https://ela.kpi.ua/bitstream/123456789/46701/1/Pure_water_2021-99-103.pdf

3. XinpueBcbkuii B.K. (2022). Boani Ta 30poiiHi KOH(IIKTH — KiIacu(iKaliiiHi 03HaKU: Yy CBITI
Ta B Ykpaini. ['igponoris, rigpoximis i rigpoexonorisa. Ne 1(63). 6-19.
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Abstract. The authors analyzed the problem of chemical pollution of soils in the zone of influence of
the airport and determined the potential environmental risk. The standard method of testing of the
heavy metals concentration in the soil was used to study the level of pollution of the tested soil
samples. Analytical methods were used to determine the total indicator of soil pollution at this area and
the potential environmental risk assessment. The calculated values of the total indicator of soil
pollution at this area correspond to the permissible category of soil pollution, the category
characterized by the lowest level of morbidity of children and the minimum of functional deviations in
the adult population. The obtained results helped to establish the dependence of the level of
environmental safety of these territories depending on the distance to the airport runway.

Keywords: ecological safety, airport, environmental risk assessment, heavy metals, soil pollution.

Beryn

Po3BuTOK rany3i HMBUIBHOI aBiallii CyNpOBODKYETHCS 3POCTAHHSAM BIUIMBY Ha HABKOJUIIHE
Cepe/IOBUILIE HAa JIOKAJIbHO, PpErioHaJbHOMY Ta TJ00anbHOMY DpiBHSIX. Pe3ynbraToM isibHOCTI
aeporIiopTiB, 110 BIIITPAIOTh BAXKIMBY POJIb y 3a0€3eUeHH] aBiaTpaHCIIOPTHUX MPOIECIB € 3POCTaHHS
TEXHOI€HHOI'0 HABaHTA)KEHHS Ha YCl KOMIIOHEHTH JOBKULIS B 30HI BIUTUBY aeponopTiB. /[0 ocHOBHUX
3a0pyIHIOIOYMX PEUYOBHUH, 1110 IPU3BOAATH 10 JIerpajallii IpyHTIB Y 30H1 BIUTUBY aepoIOPTIB HANEXKATh
HaTONPOMYKTH Ta BaKKi MeTanu. Bigomo, mo OiojoriyHa Aerpajarisi TPyHTIB BHACTIAOK XIMIYHOTO
3a0pyJHEHHsS] TMPU3BOAUTH 1O 3HIIKEHHS PIBHA EKOJIOTiYHOI Oe3leKku Ta N0 3MEHILIEHHS Horo
pomtoyocti (CamoxBanoBa Ta iH., 2008). ToMy, BUKOpUCTaHHs 3eMEIbHUX PECYpPCiB KpaiHH y 30HAX
AHTPOMOTEHHOTI'0 BIUIMBY MOTpeOy€e OLIHKH CTaHy IPYHTOBOIO MOKPUBY Ta PO3POOKH peKOMEHAllii
I[0JI0 TiABUILEHHS PIBHA €KOJOT1YHOI O€3MeKH JaHUX TePUTOpPii. MeToro Haloro AOCHiKeHHS 0yi10
BHU3HAYEHHS €KOJIOTTYHOTO PU3UKY ISl HACEICHHS, SIKE IPOYKMUBAE B 30H1 BILIUBY a€pPOIOPTY.

MeToau Ta martepiaan

JlJis OLIHKH E€KOJIOTTYHOTO PHU3UKY 3a pIBHEM 3a0pyIHEHHS IPYHTY BaXXKUMH MeETallaMu JUIs
HACeJIeHHs, $Ke IPOXHUBA€ B 30HI BIUIMBY aeporopTy OyJl0 BHKOPHCTAHO pE3yJbTaTH HalluX
MOTIEPETHIX eKCIIEPUMEHTAIbHUX JOCTI/DKEHb 3 BU3HAUEHHS BMICTY BXKKUX METaJIiB y IIECTH IMpobdax
IPYHTY, BiZiOpaHuX Ha pi3Hii BijctaHi Bi MixHapoaHoro aepornopty «KuiB» imeni I.Cikopcekoro.
Byno npoaHanizoBaHO HACTYIIHI 3pa3ku MPOO I'PYHTY BiJIOpaHUX METOIOM «KOHBEPTY»: KOHTPOJIbHUN
3pa3ok, mpoda rpyHTy BimiOpana Ha Bijactani 50 m, 500 m, 1000 m, 1500 m ta 2000 M Bix 37iTHO-
MI0CAJKOBOT CMYT'H aepOIOpTY.

3 METOI0 BU3HAYEHHS PiBHS aKyMyJISAlii Ba)KKMX METaliB y I'PYHTI pO3paxoBYBaBCS CyMapHH
MOKa3HUK 3a0pyAHEHOCTI Zc¢, 110 BiioOpaXkae KOMIIEKCHUH e(eKT BIIMBY BCi€l ITPYIU €JIEMEHTIB Ta
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BU3HAYAETHCS SIK aJIMTHBHA CyMa MEPEBUIIEHb KOS]Ili€HTIB KOHIICHTpALil €JIeMEHTIB HaJl (JOHOBUM
piBHeM. Exonoriunuii puznuk OyB po3paxoBaHUM 3a CTAaHAAPTHOIO METOIUKOIO.
PesynbraTi Ta 0OrOBOpEeHHs

PesynbraTi BH3HAYEHHS BMICTYy BaKKUX METANiB INPOJEMOHCTPYBAJIM 3HAYHE IEPEBHUICHHS
I'’IK mns takux metaniB, sk Pb, Zn, Cu, ta Cr, mo BiJINOBiJa€EM BHUCOKOMY PIBHIO E€KOJOTIYHOT
HeOe3MeKH, a Takoxk, HezHauHe nepepumieHHs ['JIK 3a Bmictom Ni ta Co.

Po3paxoBaHi 3Ha4eHHS CYMapHOro TIIOKa3HWKa 3a0pyIHEHHS IPYHTY Ha MJaHId TepuTopil
BIJIIIOBIIAIOTHh JIOIMYCTHMIN Kareropii 3a0pyaHeHHs IpyHTY (ZcC 3HaXOAWTHCS B MeEXax Bix 5,55 mo
11,96) xareropii s SKOi XapakKTEpHUM € HAWHW)KYUI pPIBEHb 3aXBOPIOBAHOCTI AiT€H Ta MIHIMyM
(GYHKIIOHATBHUX BIIXWICHBb y JOPOCIOTO HACEICHHS.

PesynbraTi po3paxyHKy HOTEHIIIHHOTO ekostoriuHoro pusuky (IR) mpeacraseni y Taosm. 1

Tabnuys 1. Pesynemamu po3paxyHKy nOmMeHyiiHo20 eKon02i4H020 pU3UKY 3a0pyOHenH sl IDYHIIG

Bincranb Bij 351ITHO-TIOCaIKOBOT CMYTH a€pOIOpTY, M IR
50 114,34
500 90,2
1000 132,71
1500 123,82
2000 107,16

VY pe3ynbTaTi aHalizy OTPUMAaHMX 3HAYEHbB I0JI0 PIBHS MOTEHIIHHOTO €KOJIOTIYHOTO PU3UKY IS
JOCIIKEHUX TPo0 TPYHTY, BIAMOBIAHO 10 Kiacudikamii MOTEHIIHHOTO €KOJOTIYHOTO PH3UKY
3abpyauerns rpyHTiB (Camapcenka i 3eienbko, 2018) BcTaHOBWIIH, 110 3HAYCHHS PU3UKY 3HAXOIUTHCS
B MEXax HHU3bKOro. 3arajioM, CIOCTEPIraeTbCsi 3pPOCTaHHSA PIBHA TMOTEHIIITHOIO €KOJOT1YHOIro
3a0pynHeHHs rpyHTy Ha Bifctani 1000 m Ta 1500 M Bim 37iTHO-MOCAIKOBOI CMyTH aepomopTy. Ha
HaIlly JYMKY 1€ TIOB’S3aHO 13 PO3TALIyBaHHIM MOPSIT aBTOJOPOTH.

BucHoBku

VY pe3ynbrari aHamizy OTPHUMaHUX PE3YJIbTaTiB PO3PAXyHKY 3arajbHOr0 E€KOJIOTTYHOTO PU3HKY
3a0pyIHEHHS TPYHTY MOXXEMO 3pOOMTH BHCHOBOK IIPO 3aJICXKHICTh PIBHS €KOJOTIYHO1 O€3MEeKH IPYyHTY
Bl BIJICTaHiI JI0 3JITHO-TIOCAJKOBOI CMyTH. XOdYa pO3paxoBaHI 3HAYEHHS CYMapHOTO ITOKa3HUKa
3a0pyIHEHHS TPYHTY Ha JaHId TEpUTOPii BIAMOBINAIOTH JOMYCTUMIN KaTeropii 3a0pyAHEHHS IPYHTY
Kareropii ig sKOi XapakTepHUM € HAWHIKYUK PIBEHb 3aXBOPIOBAHOCTI [iTed Ta MIiHIMYyM
GyHKIIOHATBHUX BiIXWJICHb y A0pocioro HaceneHus, mis Pb, Zn, Cu, Ta Cr BCTAaHOBJICHO 3HA4YHE
nepesuiieHHs ['JIK, mo BianmoBizaeEM BHCOKOMY PIBHIO €KOJIOTIYHOI HeOe3reku. Tomy, BaXKJIMBUM €
po3poOka peKoMEeHAIli MIOAO0 MiJABUIINCHHS PIBHS €KOJOTIYHOI OE3MEeKH IPYHTIB y 30HI BIUIMBY
aeporopTy, 30KpemMa 3 BUKOPUCTAHHAM (HITOTEXHOJOTIN /Ui iX BIAHOBJICHHS.

CnuCcOK BUKOPUCTAHUX JIZKepeJT
1. B.JI. CamoxBanoBa, A.l. ®dareeB, O.€. HaiinponoBa (2008). AHani3 cTany 3a0pyAHEHHX
BOKKMMHM MeETaJjaMH TIPYHTIB 32 OKpeMUMH OIOXIMIYHMMHU TOKa3HUKaMH, Haykoeuil GicHUK
Yarccopoocwroeo ynisepcumemy, Cepis Bionoeis, Bunyck 22, C. 143-151
2. A.B. Camapceka, H0.B. 3eneubko (2018). Hayxa ma npoepec mpancnopmy. Bicnux
ninponemposcvko2o HayioHanbHo20 yHieepcumemy 3anizHuuno2o mpancnopmy, Ne 4 (76). C. 25-35.
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Exounp, 3ymMoBiieHnil pyiiHyBaHHAM 1aM0u KaxoBCHKOro BOI0CX0BHIIA
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I.I.chornohor@gmail.com

Ecocide Caused by the Destruction of the Kakhovka Reservoir Dam
Chernogor L., Nekos A., Titenko G.

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

I.l.chornohor@gmail.com

Abstract. The aim of the study is to assess the environmental consequences caused by the high-
powered water flow from the destroyed Kakhovka reservoir. Mathematical 2D and 3D models of water
flow from the reservoir were developed for the first time. It was found that the environmental
consequences of the largest man-made disaster were very significant and long-lasting. The ecosystems
suffered irreparable damage, which qualifies as ecocide. The environmental consequences of the
largest man-made disaster in decades were very significant. Certain consequences will be observed for
10 years or more. Irreparable damage has been caused to ecosystems, which should be qualified as
ecocide.

Keywords: Kakhovka Reservoir, dam failure, mathematical models, water flow, environmental
consequences.

Beryn

Kaxosceky rigpoenekrpocraniiito (I'EC) mobymoBano B 1956 p. y pycmi duinpa (Khilchevskyi at
al, 2023). I enexTpuuna moTyxHicTs cknagana 335 MBT. Po6oty I'EC 3a6e3neuyBano BOJOCXOBHIIE,
o mpocTsraigocs Bif 3amopizbkoi 10 XepcoHChKoi obOmacteit. Kpim enepretuunoi (yHKIII,
BOJIOCXOBHIIE MaJIO BEJIMKE rocroaapchke 3HadeHHs. Bono BmimyBano 40% mnpicHoi Bogu YKpainw.
BogocxoBuiiie BUKOPUCTOBYBAIOCS JUIsl 3pOLIYBAaHHS MOCYIUTUBUX 3eMellb, BogonoctadanHs Kpusoro
Pory, Mapranus Ta IHIIWX HaceJlE€HWX ITyHKTIB, OXOJOJ/DKEHHS ycTaTKyBaHHs 3amopizbkoi AEC,
PUOHOTO TOCMOIAPCTBA, BOJHOI'O TPAHCIIOPTY.

3o06paxenHs: KaxoBchbKOro BOJOCXOBHINA JI0 Ta Micis KatacTpodu HaBe[eHo Ha puc. 11 2.

06 yepHs 2023 p. BHaACHIIOK Jili arpecopa BiaOynocs pyiHyBaHHsA TpeOni KaxoBchkoro
BOJIOCXOBHIIA, YOMY IepeayBaiiM ABa moTyxHI BHOyxu o 02:35 i 02:54 3a KuiBChKMM 4YacoM. 3a
HalllMMHU OLIHKaMH, €HEPTOBHJJICHHS JPYyroro, OUIBII MOTY)XHOro, BUOYxy ckiamaimo 0.5-15 T
CTaHJapTHOI BUOYXiBKM. BuOyxw mnpu3Benu no pyiHyBaHHs TIpeOili, CTPIMKOTO BOJHOTO IOTOKY,
3aTOIUICHHS 3HAYHMX TEPUTOPiH, sKI 3HAXOAWIHCS 3a Teuelo J[Himpa HIDKYE BOJOCXOBHINA Ta
excTpemainbHOi exonoriunoi karactpodu (Gleick at all, 2023), (Vyshnevskyi at al, 2023), (Dorosh at
al, 2023), (Sanina i Lyuta, 2023).

JInst OIIHKM EKOJIOTIYHMX HACHiIKIB I1i€el kKaracTpodu HEOOXiITHO KUIBKICHO 3MOJICIIOBATH
CUTyalilo. Y 1IbOMY HOJATa€ aKTyaJIbHICTh POOOTH.

Metoro po6OTH € BU3HAUEHHS €KOJOTIYHMX HACIHIiJKIB IUIIXOM MAaTeMaTUYHOI'O0 MOJICIFOBAHHS
napaMeTpiB HEPEryabOBAaHOIO CKUIY HAAMNOTYKHOTO BOJHOIO TOTOKY, IO CTaBCsl BHACTIIOK
pyiinyBanHs Tpebni KaxoBcbkoro BogocxoBuiia. [[si 1pOro MpoBEAEHO IBOMIpPHE Ta TPHUMIpHE
MO/IETIIOBaHHS MapaMeTpiB BOJHOTO MOTOKY Ta OOYMCIIEHO MOr0 OCHOBHI apaMeTpH.

Metoau Ta marepiaaun

3rifiHo 3 MPOEKTOM, JoBKHHAa KaxoBchbkoro BogocxoBuina craHoBmia L ~ 230 kM, a mupuna |
3miHrOBanacs Big ~5 1o ~30 xm (Gleick at all, 2023). 3aranpHa mionia Bogocxosuma So = 2155 kM2,
IlouaTkoBa BucOTa BOAHOro cToBma ho = 16-17 m. 3a nouatkosoro 06’emy Boau Vo = 18.1 km® maca
BOM cKiamama Mo ~ 1.8- 10 kr.
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Puc. 1 Kaxoscvka damba oo (36epxy) ma nicis kamacmpoghu (3a oanumu cavmy [http://surl.li/xvjvbb])
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Puc. 2 Kaxoscoke so0ocxosuwe 00 (36epxy) ma nicas kamacmpodghu (3a oanumu carmy [http://surl.li/inymdo])
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3a oLiHKaMHU aBTOPIB, NOYATKOBA MOTEHIIabHA €HEPTis BOAM Y BOAOCXOBHII csirana Epo ~ 1.4
ITJIx =~ 337 xt THT. [TouaTkoBa MIBUIKICTh BOJHOTO MOTOKY 3a ho =~ 16.5 M cknamana 12.7 m/c.

[licna pyiinyBaHHa rpebni, mo Majga JAOBKHMHY 447 M 1 MakCUMajabHy BHUCOTY 29 M, Yy
BOJIOCXOBHIL[I, PiBEHb BOJM HA MOYATKy 3MeHInyBaBcsi Ha Ah =~ 0.15 M moroaunu (nuB. pucyHok). Lle
JI03BOJIMJIO 3a BiJIOMMMH 3Ha4eHHsAMH Ah/At Ta HMIBHAKOCTI BOJHOTO TMOTOKY U0 OL[HHUTH ILIOILY
nonepedHoro mepepizy Sio = 7.1-10% m?

['0IOBHUM TIOKa3HWUKOM JJIsl OLIHKK KaTracTpo(piyHMX HACHIJKIB 1 BIUIMBY Ha EKOJIOTIYHY
CHUTYAIIIIO PETi0HY € IOTY)XHICTh BOJAHOT'O MTOTOKY, 10 ckiianana 7.3 I'Br.

[louaTkoBi BuTpaTH Bomu csramu —-90 kT/c, a 06’eMHi BUTpaTH Bomu ckmagamu —9-10% wm¥/c.
[TapameTpu BOJHOrO TMOTOKY 31 3pyiiHOBaHOTO KaxoBCBHKOrO BOJOCXOBHUINA OyiIH NPAKTUYHO
KaTtacTpo(iYHUMH Ta EKOJOTo-HeOe3NEeYHUMHU ISl BChOT'O PETiOHY, SK CyXOHOdy, TaK 1 I1HIIUX
rigporpadgiuHux 00’€KkTiB, y Tomy uucii, JHinpo-by3skoro mumany, HopHOMOPCHKOTo y30epexoks Ta
camoro YopHoro Mmops (SKOCTI HOro BOAM, YOpHOMOpPCHKOI (iiopu Ta ¢aynu). PiBeHbp Boau Ha
3aTOIUICHUX TEePUTOPIsiX 30utbiryBaBcs 10 09 yepBHs 2023 p., y 1el A€Hb JOCITHYB MaKCUMyMY, a
MOTIM mocTynoBo 3MeHuryBascs. Illupuna J[ninpa micusgmu 3pocna o 10 km. Hanpuknaa, piBeHb
Boqu y JHinpi y M. XepcoH, 10 3HaXOuThes Ha BifacTaHi npubansHo 80 kM Bijg KaxoBchkoi mamow,
3pic Ha 5.37 m. Piuka Iurynens Buiiiina 3 6eperis.

BuxigHumu piBHSHHSMH, 1[0 ONUCYIOTh BOJHMM TMOTIK 13 3pyiHHOBaHOro KaxoBchbkoro
BOJIOCXOBHIIA, € PIBHAHH s miBHAKOCTI moTtoky v(h), morounoi macu m(h) abo morounoro 06’emy
oy V(h) y BomocxoBwumii ta Butpatd Boxu dm(h)/dt B pe3ynbraTi BUTiKaHHs. SIKIIO UIoa BOAHOTO
mepkana S(h) = So, To Mmaemo ogHOMipHy Mojaenb (1D-mozens). HacripaBai mpu BHUTIKaHHI BOAU
nomkuHa L Ta mmpuHa | BomHOro 3epkanma 31 3MEHIICHHSM BHCOTH CTOBIA BOJIM
h takosx 3menrytoTsest. Ockinbku L >>1, To MmoxHa criouatky BBaxkaru, mo L(h) = Lo, a | = I(h). Taka
Mojenb € nBoBuMipHOIO (2D-momemtio). Orpumano criBBigHomenHs s |(h) Ta iHIMX OCHOBHUX
rmapamMeTpiB BOJHOTO IIOTOKY: IIBUIKOCTI, BITHOCHOI MacH, BHTpaTH BOIW, ACPIIIUTY BOIH,
MOTEHITIaJIbHOT €HEeprii BOAM Yy BOJOCXOBHUII Ta TOTYXXHOCTI BOJHOTO TOTOKY. 3 BpaxyBaHHSM
3aJICKHOCTI JOBKHHM BOIOCXOBHIIA L Bij ioro rimbunn mobdyaoBano TpuBuMipHy (3D-) Mozens.

Pe3yabTaTrn T2 00roBOpeHHs

YacoBa 3ajiexHICTh OOYHMCICHHX 3a po3poOsieHuMu 3D-mMomensiMu OCHOBHUX TapaMeTpiB
BOJTHOTO TTOTOKY HaBeAeHO y Tabm. 1.

Bukonane y po6oTi MozeIOBaHHS IMOKa3aio, 1Mo pyiHyBaHHs KaxoBChKOi rpedii mpu3Beao A0
CKUJy HEperyJb0BaHOI0 BOJHOTO MOTOKY 3 IMOYATKOBOIO MOTYKHICTIO O61au3pko 7.3 I'BT, moyatkoBoio
suTpaToro Boau 9-10* M%/c, B Toit wac sk BuTpatm Boxm JIHinpom B cepemHbOMY ckiagamu 1.7-103
M°/c, To6To Gynu B 53 pasu MeHmMMU. [T0TYXKHHIA BOJHMIA TOTIK BUCOTO0 Omu3bK0 10 M mpH3BiB 10
3aTOIUICHHS Ta niz[TonJIeHHﬂ 3HauyHUX TepuTopiil. Ilnoma BogHOro M3epkaia HMpuU LBOMY CKIiaja
om3pko 650 kM2, ITpubmusno 3a 1 106y moTik gocarHys JlHinpo-Byspkoro numany, 3a 2 1061 —
OnecbKoro MOpPCHKOTO MOPTY.

Cutyamis 13 3aToIuieHHAM Oulbl-MeHII crabimizyBanmacs 3a ~10-15 nmi6. 3a meit wac
BOJIOCXOBHIIE BTPATHIIO OUIBIIICTh 00’ €MY BOJIH. Woro mioma ckopotuiacs Big 2155 kM2 110 261 kM2,
T00TO Ha 88%. Haiibinble mocTpaxk1aiy eKOCUCTEMH TpaB’ THUCTHX JIYKiB, 3aIlJIaBU, BOJHO-00OTHUX
yTillb, JIiCIB Ta MacOBUIN. 3aTOIUICHHS MPHU3BENO 1O WLIJ0I HU3KM KaTacTpO(IYHUX EKOJOTTYHUX
HACJJIKIB. 3HAYHO MOTIPIIUBCS CaHITAPHO-CII1IEMIOJIOTTUHUN CTaH CYMDKHHUX TEPUTOPIH.

Exonoziuni nacnioku kamacmpoghpiunozo pyiinyeanus zpeoni Kaxoecvkozo éodocxosuuia

PesynpTat MaTeMaTHYHOrO MOJEIIOBAHHS MapaMeTpiB BOAHOTO IMOTOKY 13 BOJIOCXOBUIIA
MOKa3aju, 110 BOHU Oynu katactpodiunumu. PyitHyBanHs rpedni KaxoBChKkoro BoJ0CX0BHINA TPOCTO
HE MOTJIO HE BUKJIMKATU Jy>Ke Cepilo3HI HACIIAKM Ta €KOJIOTIYHO-HeOe3neuHi 3arpo3u (1 He TIIbKH
eKOJIOTIYH1).

BukoHaHi 1OCTiKeHHs 1 MaTeMaTUYHE MOJICIIIOBaHHS TO3BOJIUIN OOTPYHTYBATH KIacH(iKaIlito
€KOJIOT1YHUX HACHIJIKIB KatacTpodu 3a yacoM. [IponoHyr0ThCs HACTYIHI TPH KaTeropii: KOpOTKOYacHi,
CepeHbOI TPUBAIOCTI Ta TOBrOTPUBAIII HACIIIKH.
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Tabnuys 1. Ocnosri napamempu 600H020 NOMOKY 6i0 3pyuHoeanoi Kaxoscvroi epeoni

OCHOBHI TapaMeTpH BOJTHOTO ITOTOKY
Kinmpkicts . . . [MoTtyxHicTh H.OTeH-
. Bucora |IlIBuzkicts | Binnocna maca [[ledimmr macy  Butparu niajapHa
nio h o MOTOKY .
M v, M/C m/mo Am, I't [dm/dt], kt/c P, I'Br eHepris
, Epv T)l}K
0 16 12.7 1 0 90 7.30 1400
1 11.8 10.9 0.65 6.3 57.3 3.44 678
2 8.8 9.4 0.43 10.3 36.7 1.64 331
3 6.7 8.2 0.29 12.8 24.5 0.84 173
4 5.0 7.1 0.19 14.6 15.5 0.39 83
5 3.7 6.2 0.13 15.7 10.6 0.21 45
6 2.9 5.4 0.09 16.4 6.9 0.10 22.5
7 2.2 4.8 0.06 16.9 4.7 0.055 12.3
8 1.8 4.2 0.04 17.3 3.3 0.03 6.9
9 14 3.8 0.03 17.5 24 0.02 4.2
10 1.1 3.4 0.02 17.6 1.7 0.01 2.3

Kopomkouacni exonoeiuni nacnioku TpuBanu Bia modarky kartactpodu mo ~10 ni6, Tobro mo
CIIyCTOIIICHHSI BOJIOCXOBHINA. [Ipy 1IbOMY MPOJIOBKYBAIM 3aTOILUTFOBATHCS TIPHJIETII TepuTopii. Byio
3aTOIIeHO 1H(MPACTPYKTypHI 00’ €KTH TepuTOpli — >KWUTJIOBI 3a0yJ0BH, aBTO3alpaBHI CTaHIIIi,
CMITHHMKH, KaHAII3aIliiHI CHOPYAH, CKOTOMOTHJIbHMKH, KJIQJOBHIA Ta MOXOBAHHS TOMMIO. Y BOAY
notpammwio 6uts 650 T HadTompoaykTiB. 3arunyso moHaa 100 yrogeit 1 Bemuka KUIbKICTh CBIMCHKHUX 1
JTMKAX TBAapWH. 3aTOIUICHHS CYIPOBODKYBAIOCS 3a0pyaHeHHsM J[Hinpo-By3pkoro iwMaHy Ta
3pemroro Yoproro Mops. ITnoma 3a6pynHerHs ckiana 7300 kM2, MBU/IKICTh TOIIMPEHHS OpyIy Oyna
6nmu3bka 10 1 M/c. 3aTomieHHs 3HaYHO BIUIMHYJIO HA MOKAa3HUKMU O10pi13HOMAaHITTS y 3ariaBi J{Himpa.
ConoHicTh MOPCHKOI BOAM y MiBHIYHIN yacTuHI YopHOTO MOps 3MeHmmnacs y 3-3.5 pasu (Big 12-14
r/n g0 4 r/1). CyTreBo 3pocia KOHIEHTpalis TokcuuHux pedoBuH (Cu, Zn, AS, XJIOpOpraHiuyHHX,
Ha(TOMIPOYKTIB).

Exonociuni nacnioku cepeonvoi mpusanocmi Maiy micue Big ~1 Micsims 10 6aratbox MiCSITiB.
Bonu nowanucs 3 MOMEHTY MOBHOTo ocyuieHHs KaxoBChKOTO BOJIOCXOBUIA, PYHHYBAHHSI CUCTEMHU
Bog03a0e3neueHHs mict Kpusuii Pir, Mapraneus, bepucnas, Eneprogap 1 iHmmx HaceineHUX MyHKTIB,
Je MpokuBae OMM3bKO | MIJIH MEmIKaHIiB, pyWHyBaHHS 31 cucremu ipuramii [[HIpOeTpoBCHKOI,
3anopizpkoi Ta XepcoHChbKOi obnacteil. Bunukin mnpoOnemMu 3 OXOJOKEHHSIM YCTaTKyBaHb
3anopizekoi AEC. Ha Teputopii y 584 kM? CyTTE€BO MOCTpaKIadM OpHi 3eMJi BHACHIZOK 3MHBY
BEPXHBOT'O IUIOAIOYOr0 LIApy IPYHTY, BIAMOBIAHO 1 UyTHUM OyJ€ 3MEHLICHHS IJIOU] MPOTyKTHBHHUX
IPYHTIB, a 3HAYMTh, NMOKA3HUKH YPOXKAWHOCTI Yy PErioHI CYTTE€BO 3HU3ATHCA. Maium MicIie CyTTeBI
BTpaTu Il pUOHOTO TocrojapcTBa. BuHMKIA 3arpo3a iCHyBaHHs 1 30epeXeHHs 0COOJMBO IIHHHX
ekocucteM. Jlo HUX HamexaTh HWKHBOAHINPOBCHKUN HalllOHAIBHUN mapk, YopHOMOpPCHKUI
Oiocepunii 3amoBinHuk, KinOGypHchka koca Tomo. IleBHI Hachmigku OOYMOBIEHI aKTHBHUMH
nporecamu eBTpodikaiii y BogHux o0’ ekTax. [Hii 6ioHebe3neuHi HacaiAKN BUKIUKaH1 PO3KIaJaHHIM
OCTaHKIB MOJIOCKIB Macor B 500 THc. T, 0 3aJMIIMIMCA HA JHI KOJMMIIHBOrO KaxoBChKOTro
Bojocxoswmiia (Sanina i Lyuta, 2023).

Jlosecompusani exonociuni nacnioku (Big ~0.5 1o 10 pokiB 1 OinblIe) OB’ S3aHI 3 OTOJICHHSM 1
BHUCHUXAHHSIM JIHA KOJUIIHBOTO BOJOCXOBHIIA, SIKE MICTHIIO BEJIHMKI MacH 3a0pyJHIOIYHX PEYOBHH,
BKKMX METalliB, PaJiOaKTUBHUX €JeMEeHTIB Tomlo. Lli pedoBMHM 3/1aTHI MOTpAmiIsTH B atMocdepy,
MEPEHOCUTHCS BITPSIHUMH TMOTOKAMU Ha 3HAa4yHI BIJACTaHI Ta 3pPEUITOI MPOSBUTUCS B XapyOBOMY
nanmoxkky (Linnik i Zubenko, 2000). PyiinyBanns ipuraniitaux cuctemu Ha o 5840 km? (Dorosh
at al, 2023) mpusBeno B3araii 10 HEMOJIMBOCTI MOJANBIIOTO 3POIICHHS 3eMeNb , M0 3 BEIHKOIO
HMOBIPHICTIO Y KIHIIEBOMY pe3yJbTaTi MPU3BEE 10 OCYIICHHS TEPUTOPIi Ta OMYyCTETIOBaHHS, a 1€ Y
CBOIO 4Yepry BIUIMHE Ha IHTCHCHBHICTh NWJIOBUX Oyp. 3pemroro 1€ Mpu3Bene [0 CYTTEBUX
KIIMaTUYHUX 3MiH. [[iATOTIIEHHST MOXKe BUKIMKATH aKTHBI3aIlif0 HEOE3MEUHUX T€0JIOTTUHUX MPOIIECiB.
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[TigTomyieHHsT Ta CHYCTOIICHHS BOJOCXOBHINA HETATHBHO IMO3HAYMIIOCS HAa 3€MJIEKOPHCTYBAaHHI B
OKpeMmHX perionax J{HImponeTpoBchKoi, 3anopizbkoi, XepcoHChKoi Ta MuKkonaiBCchkoi obmacTei.

BucHoBku

[TizcymoByt0o4M, MOXXHa KOHCTAaTyBaTH, WO pyiiHyBaHHS KaxoBchkoi rpebii mpu3BesNo 10
KOPOTKOTPHUBAIIMX,  CEPEIHbOI  TPUBAJIOCTI  Ta  JOBTOTPUBAIUX  COIIAIbHO-CKOJOTIYHUX,
0ioHeOe3MeYHNX, HETaTUBHHUX CaHITAPHO-TIT€HIYHUX HACHiAKIB, 3HAYYIIICTh SKUX II€ HAJICKHUTh
3’scyBaTu. 3apa3 yKe€ MOXHa CTBEp/UKYBaTH, IO BOHM Oynu KaTactpodiyamMu. MaB Micie
crpaBxHii ekonu. Higoro moaioHoro He Oyo y CBiTi BIPOJOBXK MITUX ACCATHIIITS.

CTOCOBHO MOJIETIOBaHHS HEBPETYJIHOBAHOTO BOJHOTO TMOTOKY, TO CJiJI 3a3HAYUTH, IO BIEpIIE
Oymna po3polOiieHa MeTOAMKAa KUTBKICHOTO aHali3y AMHAMIYHHUX TIPOIECIB Iij Yac HEPeryJbOBaHOTO
CKU/Iy BEIMKUX Mac BOJAW 3 MOIIKOKEHUX rpedenb. 3amporoHOBAHO MPOCTI aHAIITHYHI JIBO- Ta
TPUBHMIpPHI MOJAENI mMapaMeTpiB BOAHOTO MOTOKY. OTpHUMaHO CIIBBITHOWICHHS IS OI[IHKH
MOTEHI1AJIbHOI €Heprii Macu BOJIU y BOJOCXOBHILI, KIHETUUHOI €HEeprii BOJHOTO MOTOKY, BUCOTH PIBHS
Ta Macy BOJIM y BOJOCXOBHII, IMIBUJIKOCTI TIOTOKY, BUTpAT BoAM. LI CIiBBIAHOIIEHHS BUKOPUCTAHO
JUIS OL[IHKU HACJI1JIKIB KaTacTpodu.

[IpoBeneHo uyHMCIIOBE MOJENIOBaHHS JWHAMIKM OCHOBHHUX IIapaMeTpiB BOJHOIO IOTOKY 3i
3pyiHOBaHOrOo KaxoBCHKOTO BOJOCXOBHIIA. BcTaHOBIEHO, IO MPUOIH3HO 3a JECATh 10 BUCOTA
CTOBIIA BOJIM Y BOJIOCXOBHIIIl 3MEHINIMIIACS O1JIbIlIe, HXK Ha MOPSAOK, MIBUIKICTh TOTOKY — MIPUOIU3HO
y 4 pa3u, 06’em — y 45 paziB, BUTpaTH BOJU — Maibke Ha JIBa TOPSJKH, TMOTYXHICTh IMOTOKY Ta
MOTEHI[iaJIbHA €HEPrisl BOAW Yy BOJOCXOBHUINI — Maike Ha TPH TOPSIIKA. BomocxoBuie BTpaTHIO
6mm3pko 18 't Boqm. Byna 3atorena mioma y 650 km?. BucoTa cToBma BoaM B OKONHIIAX Tpedi
caranma 10 M, a Ha Bigcrani ~80 kM — 5 M. [TouaTkoBa MIBUAKICTH TIOTOKY BOJW HIWK4Ye rpedii Oyia
om3pkoro 10 10 m/c. Taka mBuakicte 30epiramacst Ha Biactani ~80 kM Bim Tpelii, MO CHOPUSIIO
HEMUHYYOCT1 KaTtacTpodu. Baxnuo, 1o karactpoda HacTanga rmubOOKOi HOYl, 1[0 CYTTEBO 30UIBIINIO
KUIBKICTB JKE€PTB 1 30UTKH.

OOrpyHTOBaHO, 110 €KOJOTIYHI HACTIAKKA HAaWOIBIIOI TEXHOTEHHOI KaTacTpodu 3a JACCATHIITTS
Oynmu myxe 3HauyHuMU. [leBHI Hacmigku OymyTh crmoctepiratucs ~10 pokiB 1 Oinbmie. Exocucremam
HaHECEHO HEIMOMpPaBHY MIKOY, SIKY CJiJT KBaTi(hiKyBaTH SK €KOIIH/I.
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Cekuis 3. 3BEPEKEHHSA 3AITIOBIJIHUX TEPI/ITOPIIL/'IUTA
CMAPATI0OBOI MEPEXI ITILJT YAC BOEHHUX JIIN

30epexeHHs JTYyYHO-CTENOBUX CXUIIB HA TepuTopii HamionaabsHoro
npupoaHoro napky «lIlisniune Hoxinis»: npodiaemMaTuka Ta IISXH
BUPIILICHHS
Barouenko B.M.!, *ITanbkoBcnka I.ILY, Topaienko B.M.!, Xapauxo T.I. 12
Hayionanvnuii npupoonuii napx «Iieniune Ilodinnay, c. Acenis, Yxpaina
2Hayionansnuil nicomexuiunuii ynisepcumemy, Jlvgie, Yxpaina

galinapankovska@gmail.com

Conservation of meadow-steppe slopes in the territory of the National
Nature Park «Pivnichne Podillia»: challenges and solutions
Batochenko V.M.!, *Pankovska Y.P.%, Hordienko V.M.}, Kharachko T.I. -'2
National Nature Park «Pivnichne Podilliay, Yaseniv, Ukraine
2 Ukrainian National Forestry University, Lviv, Ukraine

galinapankovska@gmail.com

Abstract. The paper highlights the issues of sylvatization of meadow-steppe slopes on the territory of
the National Nature Park “Pivnichne Podillia”. The causes of self-reforestation were identified. The
possible solutions were proposed. The floristic richness was studied and a list of rare species of flora
growing in this meadow-steppe area is given. It has been determined that the best result of slope
conservation is the implementation of active protection measures. These include haying, grazing, and
mechanical removal of shrub species.

Keywords. Meadow-steppe slope, invasive species, nature reserve fund, rare species, research ground.

Beryn

Hamionansuuii npupoaauii napk «Ilisaiune [Mogimis» cTBopeHuid 3 METOIO 30€pEeKEHHS IIHHUX
MPUPOJHUX Ta I1CTOPUKO-KYJIBTYPHUX KOMIUIEKCIB Ta 00’ekTiB. OcoOMMBOi yBarm Ha TEPHUTOPIi
HAI[IOHAIBHOTO  MPHPOTHOTO napKy  3aciayroBYIOTbH eKCTpa30HaJbHI  JIy4HI  CTENH
CepPETHLOEBPOIICHCHKOTO THUIY, SIKI TYT CPOPMYBAIUCS y Iy)K€ JABHI 4YacH, 1€ Y JOJbOJIOBHKOBUI
MepioJ] Ta XapaKTepU3yYeThCS BHCOKUM DIBHEM OIOpPI3HOMAHITTS 3 YHIKQIBHUMU BUAAMH POCIHH 1
TBapHH.

BpaxoByroun mpsiMHii Ta OIOCEPEIKOBAHHI AHTPONOTEHHHMW BIUIMB, 3MiHY KIIMaTy Ta iHIII
(dakTopy 1 YMHHUKMA CHOTOJIHI JaHl JIy4HO-CTEINOBI MIJISHKUA CTAalOTh BPA3IMBUMH 1 MOTPEOYIOThH
JIETAIBHOTO BUBYCHHS JIJISI TTOJAJIBIIOTO X 30€peXeHHs 1 3a MOTPeOU BiITBOPCHHS YW BiJIHOBIICHHS
(Txauenko, 2004).

Hatenep opniero 3 HalBaXiIMBILIMX MpoOsiieM Yy (YHKIIOHYBaHHS OO0 €KTIB MPHUPOIHO
3aMoBiAHOTO (OHIY M7l OXOPOHM TEPHUTOPIH € BIACYTHICTh HAyKOBO OOIPYHTOBAHUX METOJIIB
ONMTHUMI3aIll YMOB i 30€peKeHHs 1 BiAHOBIEHHS JTyYHO-CTEIIOBOI POCIMHHOCTI, 1 PIAKICHUX BH/IB
30kpeMa. OcobauBy yBary CiiJi IpUAUTUTA pO3po0lLli Ta anpodarlii TaKuX METO/IB.

Metoau Ta marepianan

IIpu miaroroBui MarepiaiiB OyiaM BHUKOPUCTAHI 3arajlbHOHAyKOB1 TpajMLidHI METOIH
JIOCITI/DKEHB, a caMe aHali3y, CUHTE3Yy, IOPIBHSIHHSA Ta aHaJIOTii, CllocTepekeHb. [lepenidyeHnx MeToIiB
JOCTaTHBO Ui 300py MaTepiany Ta Horo onparoBaHHs 3 HaJaHHSIM BUCHOBKIB 110 TeMi pOOOTH.
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Pe3yabTaTn T2 00roBopeHHs

Konuernisi «abCOMOTHOTO 3amlOBiJaHHA» BiJJOMa SK LIMPOKO 3aCTOCOBAHUHM 1HCTPYMEHT
30epeKeHHsT YHIKQIbHUX TMPUPOJHUX KOMIUICKCIB. BoHa momsirae y 3a00poHi  OyIb-sIKOTO
AHTPOTIOTEHHOT'0 BTPYYaHHS Yy MPHPOJHI MEXaHI3MU PO3BUTKY €KOCUCTEM. AOCOJIIOTHE 3aIOBiaHHs
no0pe CrpamboBy€E B YMOBaxX JICOBUX OO’€KTIB 3 Qy)K€ BEJIHMKOK IUIONICO, sSKi Oyl CTBOpEHI s
30epeKeHHs PIKICHUX BHIIB TBapHH. AJie OUIBIIICTh MPHPOIOOXOPOHHUX 00’ €KTiB B YKpaiHi MaroTh
BiTHOCHO HeBenuKi riomri. Ilicns 3amoBigaHHA 3MIHIOIOTHCS E€KOJIOTIYHA CHTYyallis Ha TEpUTOpIii
00’eKkTa came BHACTIIOK 3a00pOHU aHTPOMOTEHHOTO BTPYYaHHs B NPUPOAHI MexaHi3mu Hampukman,
Ha JIyYHO-CTEMOBUX MUISHOK, OJHMMHU 13 HaWOUIhII 3arpo3nuBUX (DaKTOpiB sl 30€pexeHHs iX
010pI3HOMAHITTS € 3aJiCHEHHS Ta 3apPOCTAHHS YarapHUKAaMHU, POCIMHHICTIO, IO MPOSBIISIE€ 1HBA31IHOIO
(JIucenko i Sposuii, 2024). BoHa 1iiibHO BKpUBA€E MiAHIKOKS 3amoBinHUX Teputopiii (Puc.1).

1

Puc. 1. [Ipuxnaou 3apocmanns g1y4yHO-CIMeno8ux cxXuuie

3apocTaHHs JepeBaMM Ta KyllaMHd, 4Yepe3 3aTiHeHHs], BIUIMBAE€ Ha TEMIIEpaTypy IPYHTY,
MIKpOKJIIMAT Ha AUISHIN Ta, BIAMOBIAHO, 3MIHIOIOTHCS TMOKA3HUKU OCBITJICHOCTI W BUIIApOBYBaHHSI.
TakuM 4MHOM, CYKYIHICTh BUILE3raJaHMX YMHHUKIB BIUIMBAIOTh HA POCIMHHUIN MTOKPUB, a 1I€, Y CBOIO
4yepry, MoKe NPHU3BECTH A0 O€3[0BOPOTHOI BTPATH MPHUPOJOOXOPOHHOI IIHHOCTI JIyYHO-CTEIOBUX
exocucteM (JIsmryk ta iH., 2024). ToMmy BOHH NOTPEOYIOTh MOCTIHHHUX 3aXO0/iB 31 30€PEKEHHS IUIIXOM
PO3UHIIEHHS JUISHOK Bijl 1€PEeBHO-KYILOBOI POCIMHHOCTI, 10 MIPOSBIISLE 1HBA3110. TakoX JOLIIBHUM €
IIPOBEACHHS MIATPUMYIOUMX 3aXOJIB 3 BHKOUIYBaHHS MIJPOCTY MOJIOAUX JEpeB Ta IOpOCIi
YarapHUKiB. 3apOCTaHHS CTENOBUX JUISIHOK JIepeBaMH Ta KyIaMH € HaclliKaMH MPUIUHEHHS BUIIACy
Xya00U, CIHOKOCIHHSI Ta BUMAJIIOBAHHs CIHOKOCIB, SIKI IPAKTUKYBAJIUCh B MUHYJIOMY.

3MiHH, 110 MOB’sA3aHI 13 MOCTYHNOBHUM 3apOCTAaHHSAM JIEPEBHOIO POCIMHHICTIO CTEMOBUX IUISHOK,
BiIOYBalOTbCSl 1 Ha TEPUTOPIi MPUPOJOOXOPOHHUX 00’€kTiB HalioHaJIbHOrO MPUPOIHOTO MapKy
«IliBuiune ominnsa». OgHa 13 AUISHOK, AKa MOTpedye 0COONMBOI yBary, 1e — MacuB JIYYHO-CTEIIOBUX
ninsHok I'onmoropo-KpemeHnerpkoro ropooripHoro nacma. ['omoropu — Haiibinbla i BiTHOCHO J100pe
30epekeHa AUISHKA MOAUIBCHKUX JIyYHHX CTeMiB Ha MIBHIUHIA MeXi iXHbOro mnommpeHHs. Tyt
BiJI3HaUEHA OJ[HA 13 HAMBUINUX BUAOBUX HacuueHocTed y €Bponi — 800 BuaiB (HA OJUHUINO TUIONIL).
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HaykoBy 1iHHICTh TEPUTOPIi MOXKHA TPOCTEKHUTHU 332 TAKUM KPUTEPIEM, SIK HASIBHICTh Ha HIM PiAKICHUX
BUJIB (iopu Ta GayHH, SKi BKJIIOYEHI 10 0QilifHUX OXOPOHHUX NepenikiB (€Bponelicbkuil YepBoHMi
ciincok, YepBona kauura MCOII, YepBona kuura Ykpainu, bepacoka konsenuis, CITES).

30epeKeHHsl JIy4HO-CTETIOBUX E€KOCHCTEM 1 BHJIOBOIO PO3MAITTd NOTpeOye BiJAHOBICHHS
MOIIKO/DKEHUX MPUPOIHUX CEPEIOBUIL, 30KpeMa THUX AUISHOK, JI€ € 3arpo3a BTPATH PiAKICHUX BHUIB
pocnuH Ta iX yrpymoBaHb. OcoONMBY yBary HEOOXiHO MPUAUIATH PO3pOOIl IHAWBIIyaTbHUX CXEM
PEryISAiHHIX 3aX0iB JJIs KOKHOTO KOHKPETHOTO 3alOBiHOTO 00’€KTa, sIKi OBUHHI CIIMPATHUCh Ha
pe3yJIbTaTH HAyKOBO OOTPYHTOBAaHUX CKCIICPUMEHTIB (CIHOKOCIHHS, BHITAC, KOHTPOJIbOBAHUMN i A,
po3umieHHs). AJDKe B MeXax piBHMHHHX JaHmmadri Jlicocrermy, JTy4HO-CTENOBI SKOCHCTEMH €
JOCUTh HECTIMKUMH, 1 SIK IIPABUIIO, 3aPOCTAIOTH JIEPEBHOIO UM YarapHUKOBOIO POCIHHHICTIO.

Jis po3poOJieHHsT TUTaHy i Ta OIpAaIlOBaHHS HAaBUKIB OOpOTHOM 13 3apOCTaHHS JIyYHO-
crenoBux cxwiiB Ha Teputopii HIIII «IliBaiune Ilomiyuiss» Oyno 3akiaseHO HAyKOBO-TOCIiTHHUNA
noJiirod «l'onmoropm», kUil po3TalioBaHUil Ta (QyHKLIOHYE B 30HI BIANOBIIAIBHOCTI 30JI04IBCHKOTIO
MPUPOJOOXOPOHHOI'O0 HAYKOBO-AOCHIAHOTO BigauieHHs Ilapky Ha 3eMisiX, HaJaHHA AKUX (B TOMY
YKCIIl 3 BWJIYYEHHSM Yy 3€MJIEKOPHCTYBadiB) B MOCTiiHEe KopucTyBaHHs [lapky moromxeHo Ykazom
[Ipesunenta Ykpainu Big 10.02.2010 Ne 156/2010 «IIpo cTBOpeHHSI HalIOHAJIBLHOTO MPUPOJHOTO
napky «lliBuiune Ilomiuisy. 3emenbHa auisiHka «losoripcbka-5» (Hymepauist 3rigHo IIpoekty
CTBOpEHHS), 3eMJI1 3amnacy 30JI04iBCbKOI MICBKOI pajiy, L1JIbOBE MPU3HAUYEHHS — CIHOKATI 1 MacOBHUIIIA.
[licns 3MiHM BHKOpPUCTaHHS JaHa JUISIHKA MICISIMU 3apocja caMmMoCIBOM JepeB Ta KymiiB. Tyt
B1I0yBa€ThCS IMIBHJKA 3MIHA BUIOBOTO CKJaay TpaB stHOro MokpuBy. Ilicims BTpatu ¢iToreHo3aMu
YaCTUHH «I[IHHUX» €JIEMEHTIB BOHA CTalla BPA3JIMBOIO JIO MPOHUKHEHHS PyJepalbHAX Ta iHBa3iHHUX
BU/IIB Il BTpayae CBOIO MOYATKY 3HAUYIIICTh. BaxknuBicTh 30epekeHHs LI€T TUISTHKU TaKOX IMOJIATae y
TOMY, IO BOHA € IICHOTHWYHHM IPOJOBXKeHHsIM [laM’sTKM mpupoam aep:kaBHoro 3HaueHHs «[opa
Jluca, ropa Cumyxa...». Came TOMy BKpail BaXJIWBO IPOBECTH MOHITOPHMHTOBI CIOCTEPEKEHHS
TUHAMIKH  Ol1OpI3HOMAHITTS JAaHOTO TIOJNITOHY. AHAII3 pe3yjibTaTiB MOHITOPUHTY JO3BOJIUTH
pO3pOOUTH Ta 3aNPONIOHYBATH KOHKPETHI KOMILUIEKCHI 3aX0/I1 1070 O0OPOTHOU 13 3apOCTaHHSIM JTyYHO-
CTEMOBUX CXWIIB Ta 30epekeHHs (DITOPI3SHOMAHITTS Ha 3aMOBIIHMX UISHKAX MPUPOJTOOXOPOHHOI
YCTaHOBH.

OCHOBHOIO METOIO CTBOPEHHS 1 TiSTILHOCTI TIOJIITOHY €:

- 30epexeHHs Ta BIATBOPEHHS IIHHMX TPUPOJHUX KOMIUICKCIB, a caMe JYyYHO-CTETIOBHX
ninstHok IliBHiyHOTO IlOMiyis, BWUIIB TBApUHHOTO 1 POCIMHHOTO CBITY Ta MNPHUPOAHUX OCEJIHIII,
3aHeceHux /10 UepBoHOI KHUTH YKpaiHU Ta MDKHApOAHUX YEepBOHUX CIUCKIB, Y TOMY YHCII LIIHHOCTEH
MDKHApOJHUX IPUPOIOOXOPOHHUX TEPUTOPIi;

- TOHIYK Ta ampoOallis KpamuX METOIIB Ta MPUHOMIB 31 30€peKeHHS YHIKaIbHUX JIYYHO-
CTENOBUX JUISHOK, BTpaTa ab0 pylHYBaHHS SKUX MaTHUME CEpPilo3HI HEraTUBHI HACIIAKYU I PO3BUTKY
HayK{ Ta CYCHIJIbCTBA 1 K1 HE M1y ThCs BIATBOPEHHIO MICHS iX 3HUKHCHHS;

- HAyKOBO-JOCIIHA MisUIbHICTh, HaBYadbHA iSUTbHICTH (IIPOXOKCHHS  HaBYaJIbHHX,
BUPOOHUYHX, IEPEIUIITIOMHUX MPAKTUK CTYACHTIB);

- HAYKOBO-EKCKYpCiiiHa [isJbHICTh (NMPOBEAEHHS €KCKYpCili JJii HAyKOBIIB, OCBITSH,
CTYJCHTIB, OOMiH JIOCBIZIOM).

Ha teputopii HaykoBo-mocnigHoro moiirony «l'omoropw» 3pocrTaioTh Taki BHAW ¢uiopH, sKi
IiJIATal0Th OXOPOHI:

- 3a pimeHasMu bepHCbKOi KoHBeHMIT (BigkacHuk tatapHukonuctuii (Carlina onopordifolia
Besser ex Szafer), 3mieromoBumk aBctpidickkuii (Dracocephalum austriacum L.), coH Bemukwmii
(Pulsatilla grandis Wender.), con poskpuruii (Pulsatilla patens Wender));

- 3aHeceni 10 UepBoHoi kuuru Ykpainu (3iHoBats 6ima (Chamaecytisus albus L.), BoBui siroan
naxy4i (Daphne cneorum L.), 3mieronoBauk aBctpidicekuii (Dracocephalum austriacum L.), con
sBenukuii (Pulsatilla grandis) Wender., con poskputuit (Pulsatilla patens Wender.), ropuisit
BecHsuuit (Adonis vernalis L.) Bigkacuuk Tatapuukonuctuii (Carlina onopordifolia Besser ex Szafer))
(Puc. 2.);

- Ha KpaiHI Mexi iX apeany/mouipeHHs a0o y BiJUIaJCHUX/BIAOKPEMIICHHX OCTPIBHHX
3pocraHHsx (B s3u1k yBiHuanuii (Coronilla coronate L.), miBauku yropceski Iris aphylla L.).
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Y.

TopuIBiT BECHSHMI BizkacHUK TaTapHUKOIMCTHI 3inoBaTh Gia
(Adonis vernalis L.) (Carlina onopordifolia Besser ex (Chamaecytisus albus L..)
Szafer

CoH pO3KpUTHIA Bogui siroau maxydi 3Mi€roIoBHUK aBCTpiiichKHil
(Pulsatilla patens Wender) (Daphne cneorum L.) (Dracocephalum austriacum L.)

Puc.2. Buou 3aneceni oo Yepeonoi knueu Yrpainu (2009), sixi 3pocmaioms na mepumopii
HAYK080-00CTIOH020 NONi20HY «I 0n020pu»

BucHoBku

HesBakaroun Ha Te, 110 Jy4HI Ta JY4YHO-CTENOBI yrpyloOBaHHS MalOTh BaXKJIMBE E€KOJOTIYHE
3HAYEHHS K OCEPEIKU 30€pEeKEeHHS OlI0pI3HOMAHITTS, iX OXOPOHI Ta HAJIE)KHOMY MEHEKMEHTY ITUX
€KOCHCTEM NMPUIUIAETHCS HEJOCTaTHHO YBAard TOMY MOTPIOHO LIYKaTH LUISIXU 30€peKeHHS MEPBUHHUX
Jy4YHO-CTEMIOBHX E€KOCHCTEM, 30KpeMa 1 uepe3 CIOBUIBHEHHS IMpoIleciB iX cuibBaTtu3aiii. s uporo
MO>KHA BIIPOBA/IXKYBAaTH TaKi TUIIOB1 3aX0/IH:

- MeXaHIYyHe BHJAJIEHHS JCPEBHOI POCIMHHOCTI Ta il Mopocii;

- CKOIIIyBaHHS He0a)KaHO1 POCIMHHOCTI y BIAMOBIIHUMN NIEPiof;

- KOHTpPOJIbOBAHMI BHUIIAC.

KomruekcHi  foCniKeHHsT TepUTOpil HayKOBO-IOCHiAHOrO moirony «l'omoropu» craHyTh
OCHOBOIO Ul PO3POOKH aJanTHBHUX JUIS JAHOI TEPUTOPIi MPUPOJTOOXOPOHHUX 3aXOIB HA HACTYIHI
POKH 11100 30€peKeHHS JIyYHO-CTEIIOBUX CXUIIB.

Cnucoxk BHKOPHCTAHUX JKepeJ

1. Tkauenko B.C. (2004). ®@imoyenomuynuii MoHimopune pezepeéam HUX CYKYecii 8
Ykpaincokomy cmenosomy npupoonomy 3anogionuxy, Kuis: diroconionentp, 184 c.

2. Jlucenko I'.M., Sposuit C.C. (2024). Yu copusic aOCOJIOTHO 3alOBIIHHN PEXKUM
caMoopraHizauii pe3epBaTHUX EKOCHUCTEM Y CTENOBMX 3amoBiHUKaX? Cmen: 00c8i0 30epedcenHs:
30ipka HAyKosux npayb 3a mamepianamu HayKoeo-npakmuuynozo ceminapy «Cmen: 00cgi0
s0epeacennsy (30 tpaBHs 2024 poky, [13 «Enaneupkuit crem», c¢. KanuniBka, Bo3HeceHchkuil p-H,
MuxonaiBcbka 06011.). UepHiBni: Ipyk Apt. 112 c. (Cepis: «Conservation Biology in Ukraine». — Bur.
38-41)) c. 38-40.

3. JIsmyk LS., Boopuk 1.B., llroryn A.O., ltorpur M.O. (2024). JlyuHo-cTeNnoBi ocenuiia
HAaIlIOHATBHOTO MPUpPOoJHOTo napky «Kpemenenbki ['opi»: OCHOBHI 3arpo3u Ta I0CBija 30epekeHHs. //
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Cmen: 00cgi0 30epedicenns: 30ipka HAyKOGUX npayb 3a Mamepianamu HAYKO8O-NPAKMUYHO20
ceminapy «Cmen: 0oceio 30epedxcenns» (30 tpaBusa 2024 poky, [13 «€naneubpkuil crem», C.
KanuuiBka, Bo3HeceHcbkuil p-H, MukonaiBcbka 0011.). YepniBui: [pyk Apr. — 112 c. (Cepis:
«Conservation Biology in Ukraine». — Bum. 38-41)) c. 42-43.

Ukrenergo's Corporate Initiative to Preserve Bats for Post-War
Ecosystem Restoration
*Rozhko Vitalii, lakymenko Ganna
NPC Ukrenergo, Kyiv, Ukraine

vitaliirozhko@ukr.net

Abstract. Bats are an important chain in the production of ecosystem services. Therefore, their
conservation is critical for the post-war recovery of Ukraine. NPC Ukrenergo is implementing the
largest corporate biodiversity conservation project in Ukraine, “Grand a Home to Bats”. Based on
international and national experience, a number of measures have been implemented to preserve bat
populations in disturbed ecosystems. An ecological network of artificial bat roosts covering 15 natural
parks was created. An environmental education program for youth has been developed and is being
implemented on an ongoing basis. More than 20 educational events on biodiversity conservation were
held. The project's educational network reached more than 20 schools and more than 500 children. A
strategy for the post-war restoration of the bat population in the eastern regions of Ukraine is being
developed. In this way, the company achieves its corporate social responsibility goals to communities
and the state.

Keywords: biodiversity conservation, bats, environmental education, corporate social responsibility.

Introduction

For the third year in a row, the national ecosystem has been suffering from an increased
anthropogenic pressure on the natural and social environment due to the military aggression of the
russian federation. Right now, during the war, it is necessary to take care of the post-war restoration of
ecosystems. Bats are an indicator of environmental health and the ability of ecosystems to provide a
full range of ecosystem services. For example, bats are an important chain in the safe extermination of
agricultural insect pests and contribute to the development of organic farming (Christian C Voigt,
2015). It has been proven that one bat eats from 500 to 3000 mosquitoes per night.

However, over the past 50 years, the number of bats in Ukraine has been rapidly decreasing. The
reasons for the decline are mainly anthropogenic: the use of pesticides, deforestation, pollution of
surface water sources, acoustic pollution, etc. (M. Brock Fenton, 1997). This year's research by
American scientists shows that the destruction of bats leads to an increase in pesticide use by more
than 30%, which leads to an increase in kids’ mortality by 8% (Eyal G. Frank, 2024).

The European community has been dealing with the problem of bat conservation for over 20
years, and Ukraine is one of the 32 parties that have joined the Agreement on the Conservation of Bats
in Europe and is obliged to conserve bats on its territory. All 28 species of bats in the Ukrainian fauna
are listed in the Red Data Book of Ukraine and are included in international agreements ratified by our
country: Bern (Convention on the Conservation of Wild Flora and Fauna and Natural Habitats in
Europe) and Bonn Conventions (Convention on the Conservation of Migratory Species of Wild
Animals), and the Agreement on the Conservation of Bats in Europe (EUROBATYS).

Unfortunately, the full-scale war on the territory of Ukraine has made it almost impossible for
these unique animals to exist in the eastern part of Ukraine. In addition to the direct destruction of bats
in forest fires, they suffer from constant acoustic stress. It is the explosions and noise of military
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equipment engines that have a significant impact on the little creatures, as it is very disorienting and
can even disorient them in space and lead to deafness. The destruction of buildings also causes a
decrease in the population due to damage to bats' homes, as they often choose human dwellings, their
roofs and attics as their homes.

Ukrainians have already lost the unique colonies of the Donetsk Pergach, which lived in the
Siverskyi Donets River basin in Donetsk Oblast. There has also been incredible damage to protected
areas where fighting and prolonged bombardment took place: the Askania Nova Biosphere Reserve,
the Kreminna Forests National Park, and the Oleshky Sands National Park. And these were areas
where more than 10 species of unique bats lived.

Therefore, in the summer of 2022, NPC Ukrenergo decided to create the prerequisites for
increasing the bat population in safer regions of our country for the post-war restoration of the
destroyed ecosystems of the eastern regions. Based on the analysis of international and national
environmental initiatives, the concept of the Give a Bat a Home project was formed. The project is
currently in its third year.

Methods and materials

This conservation initiative is being implemented through the creation of additional breeding and
habitat areas for bats and by fostering a conscious attitude of young people towards the conservation of
living natural resources.

Results and discussion

When planning the “Grand a Home to Bats” project, short-term and long-term goals were
identified. The long-term goals are the scientifically based resettlement of bats to the de-occupied
territories and the restoration of disturbed ecosystems in the eastern regions of Ukraine. Localization -
in the territories of natural parks along the power lines of NPC Ukrenergo.

The short-term goals of the project are:

- Creation of a “bats” bank” in protected areas that are currently least affected by the war;

- Developing environmental awareness among youth;

- Providing knowledge about bat conservation to communities;

- Development of environmental cooperation between communities, educators, businesses, and
nature parks.

During the 2022-2024, the company actively implemented short-term goals. A network of
artificial bat houses was created in 15 nature parks. Currently, the network includes more than 250 bat
houses, including more than 40 houses for a maternity colony (Fig. 1). The presence of bat houses
expands the network of bat habitats to the naturally occurring number of 60-80 houses for every
colony per year. This measure contributes to the growth of the number of individuals within one bat
colony.

Two series of educational events of the project are aimed at developing the environmental
awareness of youth and providing new knowledge about bat conservation. Both initiatives were
developed individually and registered on the Eurobats website. These are the game "l Save the Earth"
(lakymenko, 2024) and "The Bat Night from Ukrenergo™ flash mob (lakymenko, 2023). The
educational campaign is carried out in a playful way and through art therapy activities, such as creating
origami bats and drawing pictures on bat roosts. We explain to children why they should not be afraid
of bats and their benefits to humanity (Fig. 2).

The development of environmental cooperation between the main stakeholders of ecosystem
conservation in Ukraine is an innovative mechanism of the business management system. Our
company has clearly defined corporate social responsibility goals. NPC Ukrenergo is a leader in the
development of environmental communications among businesses. We hold meetings and webinars
with the involvement of stakeholders.
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(a) A N0

Fig. 1. The network of bat houses in NPP «Pivnichne Podillya» (a), NPP «Holosiivskyi» (b)
and NPP «Skole Beskids» ()
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Fig. 2 Educational activities in the NPP «Lower Dniestery, 2024

Conclusions

As an environmentally conscious nation, Ukrainians have been supporting the pan-European bat
conservation initiative for over 20 years. However, the war has negated all the efforts of this
conservation movement in the south and east of the country. The environmental initiative of NPC
Ukrenergo to preserve bats should become an example for business and the state. Thanks to the
implemented measures, the short-term goals of the project to create a “bats’ bank™ and raise
environmental awareness among teenagers were achieved. A network of artificial habitats was created
in 15 natural preservation parks. A long-term concept for restoring the bat population in the de-
occupied territories has been developed.

Advices for the conservation of bats at the state level

Advice MNe]: Create conditions for improving the habitat and increasing the number of bats in the
areas of the country that are least affected by the military operations. For example, place bat houses in
areas of natural habitat. National and regional nature parks are best suited for this purpose.

Advice Ne2: Continuously conduct educational campaigns for the public about the benefits of
bats for society. People's misconceptions about bats, which are often absurd, contribute to a negative
attitude towards these animals. In fact, bats are extremely vulnerable animals whose enormous benefits
to nature can hardly be overestimated.

Advice MNe3: Scientists from research institutions and parks should analyze possible ways of
natural migration of bats across Ukraine and create (if necessary) eco-corridors for the fastest possible
natural resettlement of bats to the liberated territories and their further settlement in safe areas.

Advice Ne4: Develop a National Program for the relocation of bats to the liberated territories.
This document should be part of the National Program for the Conservation of Biodiversity and
Restoration of Terrestrial Ecosystems.
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Abstract. The article provides a characterization of the phytodiversity of the local landscape reserve
«Balka Shyroka», which was established in 1994 in the Kremenchuk district of the Poltava region,
covering an area of 383.0 hectares, with the aim of preserving the landscapes of the ravine and gully
system, partially forested and occupied by meadow-steppe vegetation with rich biodiversity, including
rare species. Based on the results of the ecological monitoring organized by the authors, the state of the
phytodiversity of the reserve has been assessed, and the presence of four rare species has been
confirmed (Tulipa quercetorum — a species included in the Red Book of Ukraine, Scilla siberica, S.
bifolia, Amygdalus nana — species included in the regional list of the Poltava region), the
cenopopulations of which are in good vital condition. It has been noted that the total flora richness may
amount to more than 450 species of higher plants. In the adjacent territories located to the southwest of
the reserve, occurrences of such rare steppe species as Pulsatilla pratensis, Muscari neglectum, Iris
pumila, Spiraea hypericifolia have been identified, which determines their floristic uniqueness.
Therefore, these territories are recommended by the authors for protection and inclusion in the existing
landscape reserve «Balka Shyrokay.

Keywords: phytodiversity, rare flora species, conservation, protection, reserve regime

Beryn

3a cioBamu Oiosiora [lafianu Yoin, BUBYEHHs O10pI3HOMAHITTS BITYMHUTH TIEpe HaMu Oarato
HOBUX MOXJIMBOCTEH: MM BHSIBHMO HEBIIOMI JOCI T€HH Ta XIMIYHI pPEUOBUHHU, SKI MOJXKHA
BUKOPUCTOBYBAaTH SIK B XIMIYHUX IUISIX, TaK 1 B HUISAX MiJBUIICHHS BPOXKAWHOCTI KYJIBTYpP YH
OUUIICHHS 3apa)X€HUX 3eMenb. | e akTyanbHO, a/pke O10pI3HOMAHITTS HAIIOI MJIAHETH BXKE JaBHO
3HAXOJUTHCSA MiA 3arpo3or0 30i11HEHHS Ta 3HUKHEHHS. ToMy, BUBYEHHS HOro Ha BCIX pPIBHAX
(JloKaTbHOMY, perioHajJbHOMY Ta IIJIJAHETAPHOMY) € aKTyalbHUM JJs BUpIMIEHHS 0aratbox
€KOJIOTIYHUX TPOOJIEM ChOTOICHHS.

Jnia peamizamii 1UX 3aBAaHb Ha JIOKAIbHOMY pIBHI HaMH B KOHTEKCTI €KOJIOT14HOTO
MOHITOPUHTY JIOCII/DKYEThCS OlOpI3HOMAHITTS JaHAMA()THOTO 3aKa3HMKA MICIIEBOIO 3HAYCHHS
«banka [lupoka» mo 3HaxoauThest B KpemeHuyipkomy paiioni [lonTtaBchkoi 00nacTi Ha mpaBoMy
Oepesi nonuHM piuku [{Hinpa, a TaKoX CyMIXKHI 3 HUM TEpUTOPIi.

Metoau Ta matepiann

Marepian 3i10paHo Ha TepuTOpii JaHAMA(THOrO 3aKa3HMKAa MicCIeBOro 3HaueHHs «banka
lupoka» Ta HAa CYMDKHHX MICHEBOCTSX. ABTOpaMH 3aCTOCOBAaHO 3arajlbHOMPUNHSATI MOJbOBI
(neTanmpHO-MapIIpyTHUH, BiOOpPY repOapHUX 3pa3KiB, peKOTHOCUUPYBAHHs) Ta KaMepalbHI METOIH.
BuBYeHHS POCIMHHOTO MOKPUBY TEPUTOPIi 3MIHCHEHO MIITXOM BHUKOHAHHS T'€00OTaHIYHHMX OIHCIB.
Ha3Bu pociiun HaBoasThes 3a 3BeaeHHsM C.JI. Mocskina ta M.M. ®enoponuyka (1999).
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Pe3yabTaTn T2 00roBOpeHHs

JlanmmagTamii 3aka3auk «banka lupoka» crBopeno pimeHHsM [lonTaBcbkoi oOnacHOi paau
Bix 27.10.1994 p. «IIpo 3aTBep/KeHHS JOJATKOBOTO MEPENIKYy 3aloOBIIHUX TEPUTOPIA Ta 00’€KTiB
obmacti» Ha mwiomi 383,0 ra 3 meroro 30epekeHHs NaHAMA(TIB  SAPYKHO-OAJIKOBOI CHCTEMH,
YAaCTKOBO 3aJICHEHUX Ta 3aHHATHUX JIyYHO-CTEIOBOIO POCIMHHICTIO 3 OaraTuM OiOpi3HOMAHITTSM, Y
CKIami fKoro — piakicHi Buau. IlignopsinkoBaHwit 1ell 00’€KT NPHPOTHO-3aNOBITHOTO (OHIY
JepKaBHOMY MianpueMcTBY «Kpemenuyrpkuii microcm», KprokiBeske micHUITBO, KB. 30-36 — 383,0 ra
(ITpupoaHo-3amnoBiAHUi. .., 2014).

Y cucremi @izuko-reorpadidHoro paiioHyBaHHS YKpainum nanmmadTHUN 3aka3zHUK «baika
HIupoxa» posramoBanuii y mexax I[liBnerno-IIpunHinpoBchkoi BHCOUMHHOI 00macTi J{HICTPOBCHKO-
JIHIpOBCHKOI NPOBiHIIT JlicocTenoBoi 30HU CXinHO-EBpoIeichkoi piBHUHM. 3TiHO Te000TaHIYHOTO
pailonyBaHHsI 00’e€KT 3HaxoauThcs B baxmanbko-Kpemenuynubkomy (O0onoHChK0-KoOensubkomy)
okpy3i JliBobepexHo-IIpunninposcbkoi nmianposiHiii CxigHo-EBponeiicbkoi MpoBiHLII €BponenchKo-
Cubipcekoi micoctenoBoi oomacti (HamionansHwuii atiac. .., 2007).

Penved TepuTopii 3akazHMKa MpPEICTABIEHUHN SPYyKHO-0ATKOBOIO cucTemMor. Tam 30eperiucs
010TOMH MIUPOKOIUCTSIHUX JIICIB OalipayHOro TUIY Ta sCeHEBUX JicoKyIbTyp (Fraxinus excelsior L.),
CTENOBl CXWJIM, $KI 3alHATI JyYHO-CTENOBOIO POCIMHHICTIO. OCHOBHHUMH Ha JOCIIDKYBaHIN
MICLIEBOCTI BHUCTYHNAalOTh SCHO-CIpl Ta Cipl JIICOBI T'PYHTH, a TaKOX YOPHO3EMHM MaJIOTYMYyCHI Ta
CI1a00TyMYCHI.

Ha teputopii 3aka3HuUKa OXOpOHSIETbCA MNPUPOAHHUM HaHmmapTHUE KomIiuieke — «banka
Mupoka» Hemopanik Big M. Kpemenuyk. banka 3naxonuthcs mobmusy Mexi i3 KipoBorpanacbkoro
obnactio — Ha miBaHI [lonTtaBebkoi oOnacti i Jlicocreny. Lle mocuth Benuka ¥ rimboka 3ajmicHEHa
OajKka, CXWJIM SKOi 3aiHATI CepeAHbOBIKOBUMHM JicoKynbTypamu (Fraxinus excelsior L. 3 Quercus
robur L., Acer campestre L. ta Ulmus laevis Pall. (octanni 1Ba Buau MOMMPHIKCH CIOAM MPUPOIHUM
nursixoM). HaykoBo IMIHHMM € CXHJT OaJKé 3aXiJHOT €KCIIO3MITii, 1[0 MPUJIATAE 0 TPYHTOBOI JOPOTH,
HETIOJAIIK BiA SIKOT 3HAXOOUTHCS HEBENUKHN cTenoBuid KypraH. CamMe Ha HBOMY BHSIBIICHUU
YHCEeTbHUN JIOKATITET co30(]iTa 3 3arajabHOIECPKABHIM CO30JI0Ti9HEM cTtaTycoM — Tulipa quercetorum
Klok.et Zoz. ITnoma #oro nenomonyJsmii ckiaamae 6auzpko 2000 M2. PociiMHM BHSIBIIEHI B TPaBOCTOL
SICCHEBUX HacapkeHb 60-70-pigHoro Biky. Y TpaBoCTOi, AKUi c(hOPMOBAHUH 13 THIIOBHX HEMOPAIHHUX
BUIIB Ta jicoBux Oyp’sHiB. Ha Oimbmrocti minsHok y TpaBoctoi mominye Stellaria holosteoides L.
OcnoBue ¢uopuctrude sapo yrteoprotots  Millium effusum L., Roegneria canina L., Asarum
europaeum L., Polygonatum multiflorum L., Pulmonaria obcscura L., Glechoma hirsuta L., Adoxa
moschatelliana L. HaBecHi y ckiaai cuHy3iii paHHBOBECHSHHMX edemepoiniB 3Hauna yuactb Corydalis
solida (L.) Clairv., Anemone ranunculoides L., Ficaria verna Huds., Gagea lutea (L.) Gawl., Gagea
minima (L.) Gawl., Scilla siberica Haw., S. bifolia L. Ocranui aBa BuUAH OXOpPOHSIOTHCS Y
ITonTaBchkiit obmacti. ITo kpato Jicy cdopmoBaHi yarapHukoBi ¢itorenosu 3 Prunus spinosa L. ta
BuaiB poxay Crataegus L.

Ha y3micci HaBmpoTu KypraHa, sIKMi 3HaXOJUTHCS HA MPUJIETIIOMY I0JIi, BUSIBIICHA TalsBUHA,
3aiiHsATa JYYHHMH cTeramu. Y TpaBocTosx nominyiore Poa angustifolia L., Dactylis glomerata L.,
Festuca valesiaca (Schleich. ex Gaudin), Hierochloe repens (Host) P. Beauv. 3Bu4aiiHiMu BUAaMH
crermoBoro pisHorpas’s € Fragaria viridis Duch., Ranunculus polyanthemos L., R. illiricus L.,
Veronica austrialis L., Plantago stepposa L., P. lanceolata L., Vicia villosa L., V. cracca L.,
Securigera varia (L.) Lassen, Stachys erecta L., Phlomis tuberosus L., Thymus marschaliaunus L.,
Campanula sibirica L., Achillea submillefolium Klokov & Krytzka Ta in.

Ilo kpato rajnsBUHM BHsBJIEHA BEJIMKAa KypTHHA PETiOHAJIBHO PIJKICHOTO CTEMOBOTO BUAY
Amygdalus nana L. YrpyrnoBaHHs )HUTT€EBE, y J00pOMY CTaHi, OUIBIIICTh POCIUH T€HEPATHBHOTO BiKY
10A0HOCATh. Taki (iToLeHO3M PEKOMEHIy€eThCs sl perioHaabHOi 0XopoHH B [lonTaBchkiit 06macTi
(Cmomsp, 2013).

Ha mpupoaHo-3anoBigHiii TepUTOpii MiclieBe HAceleHHs 3[IiHCHIOE CIHOKOCIHHSI Ta BHIACAHHS
XyA00u, 1110 rneperoaveHo 3aroBiTHUM PEKUMOM, BU3HAUeHUM B « OXOPOHHUX 3000B’ I3aHHSIX.

Ha Teputopii nanmmadTHoro 3akasnuka «banka [upoka» Hamu Brnpogosxk 2021-2024 poky
OpraHi30BaHO €KOJIOTTYHHI MOHITOPUHI Ol0pi3HOMaHITTS, 30KpemMa Horo (iTopizHOMaHITTS. 3a Horo
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pe3ysbTaTaMu HaMH IiATBEPIDKEHE Miclie3Haxo/mpkeHHs Tulipa quercetorum — Bujay, BKIIIOYEHOTO JI0
UYepBonoi kuuru Ykpaiuu, Scilla siberica, S. bifolia — Buan, BKIIIOUEHI O PETriOHATBHOTO CITUCKY
[TonTaBcbkoi obmacti, siki 3a3nadeni H.O. Cwmomsap y Kaprui nepBunHOro 00MiKYy JaHamadTHUHA
3aKka3HMK MicueBoro 3HadeHHs «banka [llupoka» (na 2008 pik) B uacTuni «POCIMHHMIA CBITY.

VY 1ijioMy, pOCIMHHUI CBIT 3aKa3HHWKA PENPE3EHTYE MPHUPOJHI Ta MITYYHO CTBOPEHI NMPHPOJIHI
KOMIUIEKCH — OCEpEIKH THUIIOBOI Ta papUTETHOI (PiTOpi3sHOMaHITHOCTI. 3aranpHe OaratcTBo (iopw,
3B@KAIOYM Ha MPEACTABJICHICTh OIOTOMIB Ta CTaH 30epeKeHHs Oi0pi3HOMAHITTSA, MOXKE CTaHOBHTH
Ooimpmie 450 Buaie Bumux pociuH. Jlammmadrauii 3akazHuk «banka Illupoka» € BaxiIMBUM
ocepelkoM 30epeKeHHsST U OXOpoHAa II'STH BHIIB CO30(QITiB, sKi TPEACTABICHI JXUTTEBUMH U
YHCETbHUMH [IEHOMOMYJIALiAMY 13 HarionaapHuM (Tulipa quercetorum) ta perionansaum (Amygdalus
nana, Scilla bifolia, S. siberica) co3omoriunumu crarycamu. OCHOBHI MOKAa3HUKH OiOpI3HOMAHITTS
3aKa3HMKa CITIBMAJAIOTh 13 TaKWUMHM, 110 HaBeneHi B Kaprii mepBuHHOrO 0OMIKY Ha JaHAmadTHUNA
3aka3Huk «banka Illupokay, po3pobneniit y 2008 porii 3a yyacti ogHoro 3 aBropiB ctarti H. Cmossp.

HaBecni 2024 poky mig 4ac IOCHIDKEHb TEPUTOpIM IM03a MeXaMu 3aKa3HUKa, HaMu Oyjo
BUSIBJIICHO HOBE MICII€3HAXO/DKEHHS pifkicHoro crermooro Buay Pulsatilla pratensis (L.) Mill. s.lI., oo
BKJItOUeHUN 10 YepBoHOi KHMIHM YKpaiHM) Ha IOJIOTOMY CTEHNOBOMY CXWJI B MiBJAEHHO-CXIAHOMY
HanpsMi Ha Binctani 130 MeTpiB Bij 3aka3Huka (Ha puc.l. TO3HAYCHO )KOBTUM KOJILOPOM).

) Nigripue

,//

YMOBHI O3HaUEHHS
Mexi naamadTHOro 3akaznuka «banka Hlupokay

MEX1 TepUTOPIii, MePCHEKTUBHOT JIJIs 3aI10B1TaHHS

Puc.1. Kapmocxema nanowagpmnozo 3axasnura «banxa [Llupokay ma cymiochux mepumopiii, nepcnexmueHux 0is
3ano06i0anHs

Pulsatilla pratensis — 1e piakicHuIi €BpONEHCHKUN CTEMOBUIA BHI, KU MOMIMPCHUH Y
[Tpukapmnarti, Ilomicci, Jlicocremy, Cremy (kpim Kpumy). Ha tepuropii I[lonraBchkoi obmacti
OXOpPOHSIETbCA B PAdl 00’€KTIB MPHUPOJHO-3aMOBIIHOTO (OHAY, SK 3araibHOJAEPKABHOrO, TaK 1
MmicueBoro 3HaueHHs (baiipak, Cremrok, 2005), xoua Bimomi W MiCLIE3HAXOKEHHS BUIY, AKI HE
3a0e3neyeHi Ha cboroHi oxopoHoto (Cmosp, [Tucemenna, 2024).

Ha tepuropii 3 HOBoBusBIeHWM Miciie3HaxokeHHsM Pulsatilla pratensis (puc.2) Takox
3pocTae psi PerioHaNbHO piAKicHUX ajis [lonTaBmiMHKM BUAIB pociuH, 30kpema: Muscari neglectum
Guss. ex Ten., Iris pumila L, Spiraea hypericifolia L., mo 3HayHo migBuIye (HIOPOCO30IOTIYHY
YHIKQJIbHICTh CyMDKHUX 13 3aKa3HUKOM MiCLIEBOCTEHA.
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Puc.2. ITnio Pulsatilla patensis (L.) Mmill. s.1

BucHoBKkM Ta pekomeHaamil

BpaxoByroun BUCOKI MOKa3HWUKU (HITOPIZHOMAHITTS CYMIKHHX i3 JaHIIA(QTHUM 3aKa3HUKOM
«banka upoka» Teputopiii, y ToMy uucii i (Gpaopo30s10riyHoi, AOIUTEHO 320€3MeYnTH iX OXOPOHOIO.
A OCKUTPKM BOHHM Ha CYMDKHHX 13 3aKa3HHKOM TEPUTOPISX MEXKYIOTh, PO3TAlIOBAHUX BiJl HHOTO Y
MiBJACHHO-3aX1THOMY HamNpsMi, PEKOMEHIAYEMO MPUETHATH iX 10 MEX ICHYIOUOTO JaHAMA(THOTO
3aka3nuka «bamka [llupokay, mo 3ragHO (10 450 ra) 30LIBIIKATE IUIONTY 3aKa3HWKA, 3a0e3MeYUTh
OXOPOHOIO0 CO30JIOT1YHO IIHHI O10TOTM — OCEPEeNKH 30€peKEHHS PIAKICHUX CTEMOBUX BHIIB PI3HUX
CO30JIOT1YHUX CTAaTyCIB 1 MJABUINUTH MOKAa3HUK 3amoBITHOCTI uisi KpeMeHuylpkoro paloHy u st
[TonTaBcekoi 06s1acTi B MiIOMY.

CnuCcoOK BUKOPUCTAHHUX JIZKepeT

1. Kaptka mnepBuHHOrO 0O0MIKYy JaHAmaTHOrO 3aka3HWKAa MicleBoro 3HadeHHs «banka
[Mupoxa» (llepxaBHa ciyx06a 3amoBigHOI cripaBu MiHicTepCTBa €KOJIOTIi Ta MPUPOJAHUX PECYpPCiB,
2008. ®opma 1JIK T13D).

2. baiipak O. M., Crerttok H. O. Amaac pioxicuux i suuxaiouux pocaun Ilonmaewunu, Tlonrasa :
BepcTtka, 2005. 248 c.
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EKOJIOI'TYHOI IIKO/JIX B/l BOEHHHUX JIIN

dikcauis npaBonopymieHb NPOTH JAOBKIJIS HA TEPUTOPIil YKpaiHH M
Yac pociiicbKO-yKPaiHChKOI BIiTHI
*Toabadepr H.O., Temuenko 51.0.
Hayionanvnuii asiayivinuil ynisepcumem, Kuis, Yxpaina

goldbergnata@ukr.net

The Documentation of Environmental Offenses at the Territory of
Ukraine During the Russo-Ukrainian War
*Holdberh N., Temchenko Y.
National Aviation University, Kyiv, Ukraine
goldbergnata@ukr.net

Abstract. Over the past decades, humanity has become increasingly concerned with environmental
issues and the state of the ecology. In response to the growing environmental crisis, most countries
around the world have amended their criminal codes to include penalties for environmental offenses.
Environmental crimes encompass a wide range of actions that harm the natural environment. Military
conflicts, in particular, inflict severe damage on the environment. In addition to the direct
consequences of explosions, gunfire, debris, and dust, military actions are often accompanied by
deliberate acts that pose a threat to the environment. These may include poisoning rivers and water
bodies, intentionally setting forests on fire, destroying infrastructure that leads to ecological disasters,
and using weapons that leave harmful chemical residues. For the past ten years, Ukrainian law
enforcement agencies have been documenting numerous environmental offenses committed by
Russian military forces. Specialized methods and technical tools are being used to collect evidence of
environmental crimes caused by military activities. Currently, methods for documenting environmental
offenses are still being developed and refined both at the practical and theoretical levels. Further
research and advancement in this field will contribute to more effective protection of the environment
and the prosecution of those responsible for ecological crimes.

Keywords: war crimes, environmental crimes, Russian invasion of Ukraine, documenting
environmental offenses.

Beryn

Exonoriuni mnpaBOmOpyIIeHHS MiJ 4Yac BIACHPKOBUX KOHQUIKTIB € OJHIE 3 HaWOLIbII
3arpo3JIMBUX 1 BOAHOYAC HAaWMEHI JOCTiIKEHUX mpolieM cydacHocTi. Pociiicbko-ykpaiHchKa BiiiHa,
ska TpuBae 3 2014 poky, CyNpOBOKYEThCSI YUCICHHUMH aKTaMU PyHHYBaHHS JTOBKULIS, 1[0 MalOTh
Cepio3HI HaCHiAKK I eKocucTeMu Ykpainu. OnuH i3 po3auiiB KpuMiHanbHOro kojiekcy YkpaiHu, a
came 8, MPUCBSUEHUI MPABOMOPYIISHHSM MPOTH JOBKIJUIA Ta BKIOYAE B cede Taki MPOTUIIPABHI Mii,
AK 3a0pyJHEHHs abo NCyBaHHs 3eMelb, 3a0pyAHEHHs aTMOC(EepHOro MOBITPs, MOPYIIEHHS MpPaBUI
OXOPOHU BOJI, 3a0pyAHEHHS MOPS Ta 1HIII.

BinmoBigHO 3 HOPMATHBHO-TIPABOBHMX AaKTIB Ta HAYKOBOI JTEpaTypd MOXKHA BU3HAUYMUTHU, IO
KpUMiHaJIbHE MPABOMOPYIICHHS MPOTH TOBKIIA — 1€ BUHHE, MPOTUIIPABHE HisHHS, MIO MOCATAE HA
CTaH €KOJIOTi, CIIPUYMHSIE KOy HABKOJIUIIHBOMY HMPUPOIHOMY CEpElOBUINY a00 CTBOPIOE PEalbHY
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3arpo3y 3amoJisHHSA Takoi INIKOAM 1 TATHE 3a OCO00I0 3acCTOCYBaHHS 3axOJiB IOPHIMYHOI
BIJIIIOB1AAJIBHOCTI.

BianoBigHO 70 OCHOBHUX KPHUTEPIiB KPUMIHATICTUYHOI XapaKTEPUCTHKH, MPABOIOPYIICHHS
pOCIHChKUX BIMCHKOBUX Ha TEpHUTOpii YKpaiHM NPOTH MOBKULIA MOXKHa 00’€qHATH 3a CHUIBHUM
MIPEeIMETOM, TPYIO0 Cy0’€KTiB, a/Pke KOHKPETHUX OCI0 BCTAHOBUTH CKIAJHO Yepe3 OOMEKEHICTh B
mBUAKIA (ikcamii Ta Majiil KiTBKOCTI JJaHUX, Ta BUHOIO TaK, K HAHYACTIIIE 1€ € YMHCHOIO JIEI0 Ta
pinme 6e3aismpHicTIO (TaTapenko, 2022).

Pe3yabTaTn Ta 00roBopeHHs

3 mepmMx JHIB TOBHOMACHITAOHOTO BTOPIHEHHS YKPAiHChKI MPaBOOXOPOHII oYaiu (pikcyBaTH
KPUMIHAJIBHI TPAaBOMOPYIICHHS MPOTH JOBKU/UISA, BiJNOBITHO [0 HASBHUX NPOTUIIPABHUX i Ta
npaBoBux HOopM y KK Vkpaimu. Halinommpenimumu mismu, ki Bke 3adikcoBaHi Ta BOJHOYAC
MPOJOBXKYIOTh BUNHATHUCH, € HACTYITHI:

- TOLIKO/PKEHHSA AJIEpHUX 00’ €KTIB Ta MOTEHIIIHA 3arpo3a pajaialiifHoi Ta siepHOi HeOe3NeKy;

- 3HMUILIEHHS Ta MOLIKOKEHHS 1HPPACTPYKTYpHUX Ta IPOMUCIOBUX 00’ €KTIB, SIKI IPU3BEIH 10
3HAYHUX 3a0py/IHEHB;

- T0sIBa «BIMCHKOBOIO CMITTS» Yepe3 aKTHUBHI O0MOBI il Ta XiMIUHE 3a0pyIHEHHS;

- BHUKOPHUCTaHHS €JIEMEHTIB XIMIYHOi 30pof;

- 3HMILEHHS 3all0BIAHUKIB Ta 1HIIUX CIEL1aTbHO OXOPOHIOBAaHUX TEPUTOPI;

- MiHyBaHH# Ta 3a0pynHeHHs Boauux nuisixis (Ilisropa..., 2022).

OpHuMHu 3 HalOUIBII HeOE3MEeYHHX JIil OKYTIaHTIB € BIMICHKOBE 3aXOIJIEHHS, TOPYLIEHHS MPaBHII
Oe3MeKu Ta eKcIlTyartallii, BUBeIEeHHS MPOQUIbHOTO MepCcoHaly, MOUIKOKEHHS Ta BEJCHHS OOMOBHX
niit Ha Teputopii YopHoOmibebkoi Ta 3anopizbkoi AEC. Yopaobunscrka AEC Ta TepuTOpisi HaBKOJIO
Hei OyJla 3axoIyieHa OKyNaliiHUMHU BiIICbKOBUMH B TEpIIi JHI MOBHOMACIITAOHOTO BTOPTHEHHS, BTIM
31 G6epesns 2022 poky yKpaiHCHKUM BIMCHKOBHMM BJIAJIOCh 3BUIBHUTH 3axorieHl Teputopii. Iix gac
nepeOyBaHHS TaM OKYIIAHTH BUKpalid aBTomapk Ta crneriaitizoBany TexHiky J[CIT «{ITITPB» ta JICII
«ITiBniuna Ilymia» — BaHTaXIBKH, TPAKTOPHY TEXHIKY, CHEIialbHI MaIlIMHU 1 MEXaHI3MH, MOXKEKHI
aBTOMOO1II, @ TaKOXX 3alacu MaJuBa. Y BUMAIKY IMOTIPIICHHS CUTYyaIlii Ha 00’€KTI IIe € TPSIMOIO
MIEPENIKOI00 I 3a0e3MeUeHHs MOKEKHOI Ta pamiamiiiHol Oe3MeKu y 30H1 BiqdyKeHHs. Takox Oyia
MopyIIeHa EeKOCHUCTEMa 3aloBiTHOT 30HH, 30KpeMa Tak 3BaHOro «Pymoro micy». 3arapOHuMKH
00JaImTOBYBAIM OKOIH, CIMJIIOBAJIM JEpeBa Ta KOPUCTYBAJIUCh 3€MJICIO, JIeé BCE BKPHUTO paialli€ro,
TOMY palialliiHUN TWI CIPUYUHSB MMiAHIMaHHA paniamiiHoro ¢ony moBkoida YAEC. Cranom Ha
xoBTeHb 2024 poky, 3amopizbka AEC noci mepebyBae mijy KOHTPOJIEM POCIHCHKHX BIMCHKOBUX 3
oepesns 2022 poky. HeogHopazoBo Oyso BiamToBaHO TEpPaKTH, SKi MOB’sA3aHi 3 MiAMAIOM IIWH Ha
TEepUTOpii, 3aIlyCKOM pakeT Ta IMpPOJIbOTOM pakeT HeOEe3MeYHO HU3bKO HaJ peakTopaMu Ta
Oe3nocepeiHbO TEPUTOPIEIO cTaHIlii. BapTo Takox 3BepHYTH yBary Ha Te, L0 IIepCcOHA OyB B3sTHH B
3apy4HMKM Ta 4yepe3 Lie 0OCIIyroByBaHHS HaJE€KHUM YMHOM HE MOXHa Oyno 3abe3nedyBaTH, ajpke
poTarlii Mk 3MiHaMu He Oyiu 3a0e3MeueHi perysipHO, TOMY KpiM THCKY, JIFOJH Bi4yBajid BTOMY.

Takoxx BapTo 3a3HAYUTH MIOJO0 HEOE3MEKH, sika BUHUKJIA y XapKOBi HA sACPHIN MIAKPUTHUHIN
ycTtaHoBII «Jxepeno HeUTpoHiB». Y Oepe3Hi 2022 poky uel 00’€KT 3a3HAaB YMCICHHUX OOCTPLIIB, a
POOOTH 3 0OCTEKEHHS TEPUTOPI], BUSABICHHS Ta 3HELIKO/DKEHHS OO€NpUIIaciB TPUBAIMM yac He MOIJIH
MPOBOJUTHUCH Yepe3 OOCTpiAM Ta BIWCHKOBI [ii. Y pe3ynbTari OOCTPUIIB 3a3HAlIM IOIIKOJKEHb
OymiBis, ne Oe3nocepeIHhO 3HAXOAUTHCSA SJepHa YCTAaHOBKA, TaOOpaTopis 130TOMIB, a TaKOX OyiBIi
HACOCHOI cTaHiii Ta rpagupens (IisTopa..., 2022).

Y wMicrax VYkpaiHM 3HaXOAATHCS PI3HOMAHITHI OO0 €KTH KPUTHYHOI 1HPPACTPYKTYypH, SIKI
3a0e3MeuyroTh MOBHICTIO KUTTEASUIBHICTD JIepKaBU Yy Til uu iHIIH cdepi. Hanpuknan, 3 24 Oepesns
2024 pocis akTUBHO IoyaJa aTakyBaTH Ha@TONepepoOHI 3aBOAM Ta MIJIPUEMCTBA, Ha SKHUX
30epirajnach BelMKa KUIBKICTh MaJbHOTO y IMcTepHax. Y TepHOminbebKii 06JacTi yaaMKH BOPOXKOi
KpPHJIATOi pakeTH MOLIKOIWIN 6 pe3epByapiB 3 MiHEpaJIbHUMHU JOOPUBAMH 3 aMiaKOM, BHACIII0K YOTO
BiIOYBCS BMTIK XiMiKaTiB. Y BigiOpaHux MpoOax, nepeBipeHUX TepHOMUIBCHKUM JabopaTOPHUM
neHTpoM MO3, BUSBMIM NEpPEeBHUILIEHHsS pIBHA amiak y IpyHTI Ta piuli IkBa. HeomHopazoBo Oyiu
TaKOK aTaKOBaHI MiIIPUEMCTBA 3 aMiaKOM, 30KpeMa I1iJ] Ha3BOI0 «A30T» y pI3HUX MICTax.
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3a3HauyMMO, IO OJHUM 3 MAaCIITAOHUX KPUMIHAIBHUX MPaBONOPYIIEHb MPOTHU JTOBKULIA, IO
TaKOX IOB’sI3aHE 3 pyHHAIlI€I0 KPUTHYHUX 00 €KTiB, € minpuB namobu Ha Kaxoscwkiit EC y uepBHi
2023. IlizcraBoro BBaXKaTH, IO IIei eKOIua OyB YMHCHHM, a HE BUIIAJKOBHM, 1€ Te, 0 Jamba Oyrna
MOTIepPEeTHRO 3aMiHOBaHA Ta MOTIM MijipBaHa CBIZIOMO, aje HE BHACTINOK OyIb-AKHX IHIIUX MPHYUH
(Anrypeus Ta iu., 2022).

[TosiBa BeNMKOI KUTBKOCTI «BICHKOBOTO CMITTSD» Ta HACHIJIKW BIUIMBY BUKOPUCTAHHS XIMI4HOL
30poi Takox € 0e3moBopoTHIUMHU. KpiM 0UeBHIHOT IIKOIHU JFOJACEKOMY OpraHi3My Ta HaBKOJHITHHOMY
CepEe/IOBUINY BiJl BUKOPUCTAHHSA XiMiuHOi 30poi, 3AiMCHEHHS TOCTPUTIB Ta IHIIUX Omepamii i3
3aCTOCYBaHHS Oy/Ib-sikoi 30poi Hece 3a cOo0OI0 TaKOoX HACHiIKH. 30KpeMa CIOJM MOXHa BiTHECTH
ylIaMKd 30MTHX pakeT Ta Oe3MUJIOTHUX JITAIbHUX amnapariB, SKi HOTPAIUIIIOTH y BOAY, YHM
CIPUYMHIOIOTH 3a0pYTHEHHSI BOJIOWM 1 poOJIATh HENPUIATHUMU X ISl KyTIaHHS i BOJHOYAC CTaBHUTh
I/ MUTaHHS BUKUBAHHS €KOCUCTEMH BOJIOMMH, a TAKOXK JIICOBI TOXKEX1 TOIIO.

Cnin 3BepHyTH yBary, mo BiJ 2022 poky pociiicbki BiiiCbKOBI HEOAHOPA30BO BUKOPHUCTOBYBAIU
XIMI4HY 30pOI0, 1110 MPU3BOAMIN A0 CMEPTEH Ta MOTipIIEHHS 3/J0pOB’d B YKPAaiHCHKUX BIMCHKOBHX, a
TAaKO’XK HEraTUBHO IUIMBAIOTh HA CTaH JOBKULIAL, 30KpeMa Ha TBapWH, POCIMHH Ta CTaH MOBITPS
(Pocis..., 2023).

CoTH1 NpUPOAHMX 3aNOBIAHMKIB, MApKIB Ta IHIIUX MOAIOHMX 30H 3AIMILAIOTHCA B OKYyMalii
MPOTATOM PI3HOTO Hacy, a 3arapOHMKM BUKOPHCTOBYIOThH 1I 30HU SIK Miclle Oa3yBaHHsI, BOWBAIOTbH
TBapUH Ta 3HUINYIOTh €KOCHUCTEMH TakuxX Micib. Cepen TakuxX MICIb € eko Tapk «Denpamany,
3anoBiTHUKU «AckaHis HoBa», miBocTpiB Ixapuirad Ta iHIII.

Bapro Takoxx 3BepTaTH yBary Ha KpHMMIHAQJIbHI MPaBOMOPYIIEHHS IIOJO JOBKUUIS B aCMEKTI
3a0pyJHEHHs] Ta MiIHYBaHHS BOJHUX IUIAXiB. Y mepiii JHI MOBHOMACIITAOHOIO BTOPTrHEHHS Oyiio
3aB/IaHO PAKETHUX yAapiB MO 1HOPACTPYKTYPHUX BOJHUX 00’€KTax, II0 NPSAMY CTAaHOBUTH HEOE3NEKY
SK MOB’s3aHy 13 3a0pyIHEHHSIM BOJOMM Ta iX OTPYEHHSM LIKIJUTMBUMHU PEUOBHHAMHU, L0 MICTSITHCS B
30poi. HeomHopazoBo BigOyBasMCh MiApUBH naM0O, 30Kpema mija 4dac okymnarii KuiBmmam Ta Ha
Kaxoscpkiit 'EC Ta HaBMHUCHE 3a0pyaHEHHS PIYOK PI3HOMaHITHUMHU OTPYHHUMHU PEUOBHHAMH TOIIO.
Takox BinOys0Ch 3aMiHyBaHHSI A30BCHKOTO Ta HOPHOTO MOPIB, IO € MPSMOI0 HEOE3MEKOIO TS YKUTTS
BCIX oprafi3miB 1ux MopiB (SIk mpuTarayTH..., 2023).

3rajaHi BWINE 3JIOYMHU TMPOTH JOBKULIS Ta EKOIMUAN (PIKCYIOTHCS 3aUIsl TPUTATHEHHS 0
OPUIMYHOT BIMOBIJATBHOCTI BUHHUX y MailOyTHhOMY. Jlumie Big srotoro 2022 poky Ta A0 YKOBTHS
2023 poky Bxke 0yJo 3apikcoBaHO TTOHAT 265 BOEHHUX 3JI0YMHIB MPOTH JAOBKLIIS, K1 3a1icHIIIA Pocis
i 4ac BiHU B YKpaiHi ykpaincbkumu mpokypopamu (Karmimon, 2023). IToku 3a xo0JeH 3 HUX HE
BiI0yJIOCh TIOKapaHHs BUHHUX 0Ci0, mpoTe YKpaiHa B MallOyTHbOMY pa3oM 3 MIKHAPOIHOKO
CHUIBHOTOIO 3MO3K€ 3p00UTH 11e. [0 eKCepTHOro T0KyMEHTYBAaHHS 3aIy4al0ThCsl TAKOK 1 MDKHAPOAHI
EKCIIepTH abo MeperiMaeThCs TOCBI 1HITMX KpaiH y (ikcarlii TaKMX KpUMIHAIBHUX MPABOIIOPYIIEHb.

BucHoBku

Ekomoriuni mpaBomopyIieHHsl MiJi Yac BIMCHKOBUX KOH(JIIKTIB € KPUTHYHOKI MPOOJIEMOIO,
0COOIMBO B KOHTEKCTI POCIChKO-YKpaiHChKOT BiliHU. BilicbKOBI1 Jii pOCiCHKHX BiMCHKOBHX, TaKi SIK
MOIIKO/DKEHHS  SIIEPHUX 00'€KTiB, 3HUIICHHS TMPOMHCIOBUX 1 NPHUPOJHUX PECypCiB, XIMIYHE
3a0pyJHEHHs] Ta MIiHYBaHHS BOJHUX IIISAXiB, 3aBJAlOTh 3HAYHOI IIKOAW AOBKULIO. B VYkpaini
MIPABOMOPYIICHHS. MPOTU JOBKI/UISL PEryiorThcsi KpuMiHANIBHUM KOJIEKCOM, € BOHU BKJIIOYAIOTh
3a0pyJHEHHsSI 3eMelb, BOJ Ta AaTMOC(GEpPHOro MOBITPS, TOMY YKpaiHChKI MPOKYpPOpPHU pPa3oM 3
1HO3EMHUMH KOJIETaMH MPALIOIOTh Haja (iKcalli€lo TaKuX MPaBOMOPYIIEHb, 00 MOTIM MPUTITHYTH
BUHHUX JIO IOPUIUYHOI BianmoBigaibHOCTI. Dikcallis TakuX 3JI0YMHIB Ma€ BHpilladbHE 3HAYCHHS IS
MPUTSITHEHHS BUHHHUX JI0 BiANOBINATBHOCTI Ta 3aXMCTy €KOJIOTii He yiuine B YKpaiHi, a i B yChOMy
CBITI.
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Dynamics of European Integration Policy in the Sphere
of Environment and the Consequences of a Full-Scale Invasion
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Abstract. In this study, the level of implementation of the EU environmental legislation into the
national legislation of Ukraine is analyzed, and the problem is determined, which consists in the
damage caused to the ecology of Ukraine as a result of the full-scale invasion of Russia.

With the help of descriptive, analytical and statistical methods, the analysis of the research topic and
problems was ensured.

The strategic goal of Ukraine in the period of its post-war recovery is further movement along the
European green course and the development of the economy. For the full integration of Ukraine into
the European space, a large-scale restructuring of the economy with the aim of getting rid of carbon
dependence is important. Ukraine actively joins the "green™ policy of the EU, participates in relevant
European programs, gradually integrates into new ecologically "clean" production networks and in this
way accelerates the decarbonization of the economy. Further implementation of European
environmental standards will contribute to the synchronization of environmental protection processes
in Ukraine and Europe. The partnership between Kyiv and Brussels in this area will contribute to
minimizing and overcoming the losses caused to the ecosystem of Ukraine by russian aggression.

Keywords: ecology, european integration policy, consequences, full-scale invasion, emissions.
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Beryn

3axucT JOBKULIS € MPIOPUTETOM €BPOIHTErPAIifHOrO Mporecy YKpaiHHu, a TaKoX OJHHUM 3i
CTpATEriYHUX 3aBJaHb IOBOEHHOT'O BIiAHOBICHHS. AKTYaJbHICTh TEMH JAOCII/DKEHHS MOJATAE B
BH3HAYCHHI PiBHS IMIUIEMEHTalii eKoJoriyHoro 3akoHogaBcTBa €C B HaliOHaJIbHE 3aKOHOJIaBCTBO
VYkpainu, Ta BU3HaYeHHI MpoOJIeMH, sSKa MOJSIrae y KO/l 3aBJaHOI €KOJIoTii YKpaiHu BHACIIIOK
noBHOMacmTabHOro BTOprHeHHS Pocii. MeToro nocimiUKeHHs € aHali3 peanmizamii Yroam mpo
Acoriarito B KOHTEKCTi €KOJIOTIYHOT'0 3aKOHOIaBCTBA.

MeToau Ta marepiajan

3a JONOMOroOI OINMHUCOBHX, AHATITHYHUX Ta CTAaTUCTUYHHX METOMIB Oyio 3abe3rnedeHo
3MIHCHEHHS aHaTi3y TeMH 1 MpoOIeM JOCTiKEHHS.

Pe3yabTaTn T2 00roBOpeHHs

VYHachimok BifiCbKOBOro BTOprHEHHs Pocii Oysio 3aBIaHO KOJOCANBHOI IMIKOJW Ta 30UTKIB
exocucTeMi YKpainu Ha €36 mupa. (3 HUX Bix 3a0pynHeHHs rpyHTiB — €11,4 miupa., Bia 3a0pyAHEHHS
noBiTpst — €24,6 mapa. (Crpizens, 2022). 3a cim micsiiB BiitHu 3adikcoBano nonan 2 100 Bumaakis
3aBJaHol ekosoriynoi mkoau (MinmoBkiuis, 8 »oBTHs 2022p.): 3a maHuMu Jlep)kaBHOTO areHTCTBA
JICOBUX pecypciB YKpaiHH, KUIBKICTH JIICOBUX HoXxex y 2022p., mopiBHsaHO 3 2021p., 3pocna y 2,3
pasa, a oXoIuIeHa oXekamu 1uioma — y 77 pasiB (3aopisbka..., 2022). Y 70% BUMaaKiB MpUYHHAME
nokexk Oynu akTUBHI OOMOBI 11i, OOCTpIIM KpWiIaTUMM pakeTamu, BUOyxu MiH Touo. I[Iporsrom
MEepIINX LIECTH MICALIB BIMHM Maibke 3 MIIH. Ta jiciB Oynu ypakeHi BifHoro. [loTeHuiitHuii oOcsr
BHUKH/IIB 3a0py/IHIOIOUMX PEYOBHH 3a LIICTh MICSIIB BIMHU 3 yciX mkepen carae 46 miH. T (y 2021p.
3arajibHi BUKUIU 1O YKpaiHi craHoBwid Omusbko 2,25 wuH. T) ([lpumena, 2022). Bukuau
3a0pyIHIOIOYMX PEUOBHUH YHACIIIOK TOPIHHS JIMIIE HA 3pyHHOBaHUX HadTobOazax gocariu maibke 500
THC. T; 4Yepe3 MiABHUINECHE CIOKMBaHHA Ha(QTONPOIYKTIB BIMCHKOBOIO TEXHIKOIO B aTrMocdepy
notpanio maibke 4 mua. T CO2 , mo B 10 pasiB Ounbiie, Hix 3a Bech 2021p. (MingoBkimis, 22
Bepechus 2022p.).

Biiina crtama HeraTMBHUM 30BHIIIHIM (aKTOpOM, SKHW YIOBUTRHUB BHKOHAHHS YKpaiHOIO
BJIACHUX 3a00B’s3aHb y cdepl OXOPOHHU MOBKUUISA, ajie¢ HE 3MIHMB HANpsM PyXy €BpONEHCHKHM
3€J€HUM KypCcOM Ha BiIOyJOBY BITYM3HSHOI E€KOHOMIKHM 3a MPUHIIMIIAMH CTaJIOTO PO3BUTKY.
3okpema, y 2022p. Ykpaina mociia 37 micre (31 163 kpaiH CBiTYy) y pEUTHHTY CTajiOoro PO3BHUTKY,
sxuit mopiuno ckiragaetses OOH i ®onmom Bertelsmann (Sustainable Development Report, 2022).

BnpoBa/pkeHHA Ta AOTPUMAHHS €BPONEHCBKUX EKOJOTIYHUX HOPM € BAXKIUBUM (PaKTOpOM
3a0e3mnedyeHHs] IMIUIEMEHTAIlli TOJIOKeHh YTOau Mpo acoriamito. Tak 3a JaHUMH MOHITOPHHTY
“Ilynbc Yroau”, piBeHb peaiizalii 3aBanb y chepi 3axucTy AOBKiUIS 3011bUBCS 10 66% y 2022
poui (HaBkonumise. ..., 2022).

3a poku nii Yroaum KapAMHAJIBHO 3MIHEHO IPaBOBY 0a3y Ta MEXaHI3MH BIIPOBA/XKCHHS
€BPONEHCHKUX HOPM B EKOJIOTIYHY MOMITUKY YKpaiHM. IneTbcst mpo miaHyBaHHs, pO3poOKy Ta
YXBaJI€HHA 3aKOHOJABYMX 1 HOPMATUBHO-IIPABOBUX AaKTIB 3 METOK ajanTalii Hal[lOHAJIbHOIO
3aKOHOJaBcTBa /10 29 aupekTuB Ta periameHtiB €C y BocbMU TemMaTHMyHMX cdepax. [lapanenbHo
TPUBAE MPAKTUYHE BIPOBAIKEHHS BIMOBIIHOTO IHCTPYMEHTAPiIO peasizallii 3aKOHOAaBUYNX HOPM.

Oxpeciroroun 3100yTKH y HpOIEci MPaBOBOro 3a0e3MeUYeHHsl KJIIMAaTUYHOI MOMITUKK YKpaiHu,
CJIiJ] 3BEPHYTH yBary Ha HaCTYIIH1 Ba)KJIMB1 MOMEHTH:

— yxBaneHnHsa Crparerii ekosnoriuHoi Oesneku Ta agantanii g0 3miHu kiaimaty ao 2030p., B
OCHOBI KOi 3MEHILIEHHS PIBHS NPOMHUCIIOBOrO 3a0pyJHEHHS, CTBOPEHHS IPABOBUX Ta €KOHOMIYHHUX
MiJICTaB MOBO/KEHHS 3 B1IXOJaMHU, MMiIBULIIEHHS €PEeKTUBHOCTI JIEP>KaBHOTO HArsAy y cepi oXxopoHH
JOBKIJUIsA, 3a0€3MeUYeHHsI PallioHaIbHOIO BUKOPUCTaHHS NPUPOAHUX pecypciB (Posnopskenns KMY
Bia 20 sxoBTHs 2021p.);

— yXBaJIeHHs 3aKOHIB «IIpo OLIHKY BIUIMBY Ha JOBKULIA», «CTpaTeriyHy €KOJIOT1YHY OLIHKYY,
«IIpo BHECEHHs 3MiH 10 JIESIKUX 3aKOHIB YKpaiHHM IIOJ0 YJOCKOHAJCHHS MEXaHI3MYy peryilOBaHHS
BUKH/IIB 3a0pyTHIOIOUYHUX PEYOBUH B aTMOC(EpHE MOBITPS» Ta iH.;

— yXBaJeHHs eBpoiHTerpamiiiHoro 3akoHy «lIpo HamionansHuit peectp BHKHIIB Ta
NEepEeHECeHHs1 3a0py[HIOBauiB», IO € BaXJIMBUM KPOKOM Ha LUIAXY JIO peanmi3auii aep>kaBHOI
exoJioriynoi noxituku Ykpaiau 10 2030p. Peectp crane odiniiiHolo online-cucTeMor0 JaHUX IPO
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BUKHIM Ta MPO HiANPHEMCTBa-3a0pyAHIOBaYl, 110 J03BOJIUTH HE JIMIIE aHATI3yBaTW BUKUIH, aye i
yXBaTIOBaTH €(EeKTUBHI pIMIEHHSA 3 IX CKOpOYeHHs. Tako HaIiOHAIBHUI pPEECTp IHTETPYIOTh 3
BiJINIOB1THUM €BPONEWCHEKUM PEECTPOM;

— 3amyck 3 1 ciuas 2021p. cucreMu MOHITOPHHTY, 3BiTHOCTI Ta Bepudikamii Bukuais I
YKpaiHCbKUMHU KOMITaHIIMA. MOHITOPHHT CHPUSATHME IMOAAJIBIIOMY CKOPOUYEHHIO BUKUIIB B YKpaiHi
Ta HAOJIU3UTh EKOHOMIKY JIO BYTJICIIEBOI HEUTPAIBHOCTI.

— mpuidaATTa 1 rpymHs 2022p. 3akony «llpo xiMmiyHy Oe3neky Ta ympaBliHHS XIMIYHOIO
NPOAYKIi€o». JIOKyMEHT BaKJIMBHMA JJIs1 CTBOPEHHS HAIlIOHAJIBHOI CUCTEMHU YHPABIIHHA XIMIYHHUMHU
PEUOBHHAMU Ta PETYJIOBAHHS 3T1JHO 3 TEXHIYHUMHE periamenTamu €C;

— 3armoYyaTKyBaHHS Tporecy HUQPOBi3alii eKOJOriYHOI cdepu dYepe3 3alyCK BeOmopTamy
«ExoCucremay, e TOCTyIHI online-cepBicH, BIIKPUTO «3€JICHI PEECTPHY», € MOXKIIUBICTh 3Tr€HEPYBATH
QR-Butar i3 peectpiB 3 odiniiinnmu nanumu. Y 2022p. 3ampoBapkeHi BeOpecypc Ta MOOUTBHHN
nonatok «Exo3arpo3a», A€ MOXXHAa TMEpPEBIPUTH TOKA3HUKH CTaHy JOBKULISA B OyIb-SKIM TOYII
VYkpaiHu, a TaKOK TOBITOMUTH PO (HaKTH 3HUIICHHS TPUPOIN;

— yxBaneHHs [locranoBu KMV «/leski nutanHs nogaHHs JAekiapaiiii npo Biagxomw» (7 TpaBHs
2022p.), SKOI CKAacOBY€eTbCA CIOCIO 3BITyBaHHs Ol3Hecy B mamepoBii (opmi Ta 3amo4aTKOBYETHCS
PEKUM ENEKTPOHHUX JICKITapaIiii;

— cTapt pedopmu JicoBoi ramysi. 29 rpynns 2021p. vaObyna uumHHOCTI JlepkaBHa cTpateris
yopaBlliHHA JiicaMd Ykpainu jgo 2035p., mo mnepeadayae BUKOPHCTAHHS CHCTEMHU €JIEKTPOHHOIO
00Ky JIEPEBUHH 3 METOIO MPOTU/IIT HeJleralIbHINA TOPTiBIIL;

— 3aTBep/KeHHS MOopchKoi MPUPOA00XOPOHHOI cTparerii 10 2034p.;

— posmupeHHs (HIHAHCOBOI MIATPUMKH €KOJIOTidHOI chepr MUITXOM 3ampoBaHKEHHS B 00IT 3
2021p. «3enenux» oodOmiramid Ta 30UTbIIeHHS 3 2022p. BTpUYI CTaBKH EKOJOTIYHOTO TMOJATKy 3a
Bukuau CO2 cranioHapHUMU pKkepenamu 3a0pyaaenss — 10 30 rpa./T CO2.

VYkpaina ocTaHHIMH POKaMH JIOCSTIIa TIOMITHOTO MPOrpecy y 3HWKeHHI piBHIB BukuaiB CO2 (y
T.4. Ha JyIIy HAaceJeHHs) 3aBAAKH: 1. 4yacTKOBOMY 3aMIIIEHHIO €HEPrOEMHUX Taly3eid CEeKTOpOM
MOCIYr Ta CILIbCBKHM TOCIOJAPCTBOM; 2. 3alpOBAaDKEHHIO €HEProeeKTUBHUX 3aXOJiB Y
MIPOMHUCIIOBOMY CEKTOP1 Ta CEKTOpI JKUTIOBO-KOMYHAJIBHUX TIOCIYT; 3. IHTEHCHUBHOMY PO3BUTKY
BiTHOBIMOBaBHUX Jkepen eHeprii (B/IE). A ekoHomiuHe 3pocTaHHS, KE BUOYIOBYETHCS HA 3acajax
cranoro (pecypcora eHeproeeKTUBHOTO, €KOJIOTTYHO OE3MEeYHOro) BUPOOHHUIITBA Ta CIOKMBAHHS,
MOCTYMOBO BiAMEXOBY€eThbCs Bim BukuaiB CO2, mpo M0 CBIAYNTH 3HUKEHHS PIBHIB BYTJIEIEEMHOCTI
BBII.

Hapasi na posrnsaai BepxoBHoi Pamm 3HaXxomuThes Maike JBa JECATKH €BPOIHTErparliiHuX
€KOJIOTIYHUX 3aKOHOIPOEKTIB, SKI MaloTh OyTH yXBaJeHI1 JJI1 BUKOHAHHS YTOAM IPO acoIlialliro
(3okpema, 3akoHompoekTr Ned461 «IIpo tepuropii CmaparaoBoi Mepexi»; Ned187 «IIpo BHECEHHs
3MIH 10 JIeSKUX 3aKOHOJABYMX aKTIB YKpaiHW IIOAO0 MIATPUMKHU PO3BUTKY BITUM3HSIHHUX Tay3ei
HagpokopuctyBaHHsm»; Ne6004-2 «IIpo 3abe3neyeHHs KOHCTUTYIIHHUX TPaB TPOMaJIsiH Ha Oe3leuHe
JUIS 5KMTTSA 1 3I0pOB’ ST JOBKIILISI»).

VYkpaina moninse aMmOITHI 1T «3eleHoro» mopsiaky jaeHHoro €C i me B motomy 2021p.
posnouana gianor 3 bproccenem o0 €Bponeicbkoro 3eI€HOr0 Kypey Ta «3elIeHoi» TpaHcgopmarlii
VYxpainu. Huni TpuBae po3podka Ctparerii HU3bKOBYTIIEIIEBOTO PO3BUTKY Ykpainu g0 2050p., mera
SIKOT — TOCATHEHHS AeKapOOHi3allii eKOHOMIKH Ta KIIIMaTUYHOI HEUTPaIbHOCTI.

Y pamkax mnporpamu «E€C I HaBKOJUIIHBOTO CEPEJOBHINA: 3€JIeHa EKOHOMiKay
(EU4Environment) Bproccens Hamae Ykpaini jgomomory 3 pedopMmyBaHHS chepd €KOJOTTUHHX
(iHaHCIB, OIIHKYM BIUIMBY Ha JOBKULIS, YIIPABIIHHS BiIX0JaMHU, «3€JI€HO1» MOJIEpHi3allil, eKOJOTTYHIX
CTaHJApTIB Ta JOCTYITy TOBAapiB YKPaiHCHKMX TOBAPOBUPOOHUKIB HA €BPONENHCHKUI PUHOK TOLIIO.

Cnin 3a3HaYUTH, 110 IMITJIEMEHTALllsl CEKTOpaIbHUX BUMOT y cepi exosorii norpedye 3HaYHOTO
¢iHaHCYyBaHHS Ha eTarll MPaKTUYHOr O BIpoBakeHHs. BepxoBHa Paga y Bepecni 2022p. patugikyBana
Vroay mpo yuacts Ykpaiau y Ilporpami €C LIFE (Ilporpama aiit 3 noBkimuis ta kiimaty, 2022). V
Takuit croci® Baanocs pomyuutucs Ao Ilporpamu LIFE, sxa ¢inancyBaTMe iHHOBaLiMHI POEKTH Y
cdepi 3aXUCTy AOBKIJUIA Ta BIJHOBJICHHS YKpaiHU B micisBoeHHUH yac. Ha 2021-2027pp. 3aranbHuit
oroxet [lporpamu ctanoBuTsh €5,43 mMipa.
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Jlnst Hamoi KpaiHu 1e OJuH 3 eEeKTUBHUX 3ac00iB MOJOIAHHS HACHIIKIB BIHCHKOBOI arpecii Ha
TEPUTOPISIX IPUPOJTHO-3ATIOBITHOTO (OHTY. YKpaiHa OTprMaEe OLIbIIEe MOKIMBOCTEH TSI BITHOBJICHHS
MOIIKO/DKEHUX TPUPOJHUX E€KOCHCTeM, OyAiBHMITBA IIEHTPIB peabimiTamii TBapuH Ta peBiTanmizamii
(BiZHOBIIEHHS) piYOK. €BpOKOMICis orosiocwia 34 KOHKypCHI mporo3ullii Ha cymy €598 muH. 1 10
ydacTi B KOHKYpPCi BifliOpaHO psii yKpaiHChKUX mpoekTiB[13].

CrpareriyHoto 10 YKpaiHH B mepion ii MICISBOEHHOTO BiAHOBJICHHS € MONAIBIIMNA PyX
€BPOTICHCHKUM 3€JIEHUM KypcoM Ta po30ynoBa €KOHOMIKH. Y IIbOMY IUIaHI B&KJIMBOIO € MOOyZOBa
AKICHOT cucTeMu ynpasiiaHas Biaxomamu. LLlopoky B YkpaiHi yrBoproerbes nmoHan 10 MitH. T TBEpaux
noOyTOBUX BiAX0MiB, Ounbmie 93% SKMX 3aXOPOHIOIOTHCS B 3€MIIIO Ha 3araibHii uromi nmoHax 9 000
ra. 3 MeTor0 nokpaieHHs cutyarii 20 yepBHs yxBaneHo 3akoH «IIpo ynpasiinas Bigxomamuy». Llum
aKTOM BIIPOBADKYIOTBCS €BPONEHCHKI MpaBMiia i HOPMH IMOBOJDKEHHS 13 BiXOJAaMH, CTBOPIOIOTHCS
YMOBH 151 TOOYA0BHU B YKpaiHi cy4acHoi cMiTTenepepoOHoi iHppacTpyKTypH.

Hapa3zi MingoBKuLIsl MPOAOBXKY€E pOOOTY HAJl CEKTOPATLHUMH 3aKOHOTIPOEKTAMH Ta YPSIAOBUMH
pIIIEHHSIMH, SKI CHPUATUMYTH peaiizauii 3rajaHoro 3akoHy. lle HeoOXigHI KpOKM Ha HUIAXY 0
PO3pOOKH Ta yXBaJIeHHS ITaKeTa HEOOX1THUX 3aKOHIB, 3T/IHO 3 BIANOBIAHUMU AupekTuBaMu €C.

BucHoBku

JUis MOBHOILIHHOI 1HTerpanii YKpaiHM B €BpONENHCHKHI MpOCTIp BaXJIMBOK € MaclTaOHa
nepe0y/ioBa €KOHOMIKM 3 METOI0 M030aBJIEHHS BiJ BYIJIELEBOI 3aJIeKHOCTI. YKpaiHa AaKTHBHO
NoJy4yaeTbes A0 «3eneHoi» momituku €C, Gepe ydacTb y BIANOBIAHHMX €BPOIEHCHKUX IMporpamax,
MOCTYTIOBO 1HTETPYETHCS J0 HOBHUX EKOJOTIYHO «YHCTHX» BUPOOHHYHMX MEpeX Ta MPHUIIBUAILIYE Y
Takui cmoci® aexapOoHizarito ekoHOMikH. [lomanmbia iMIJIEMEHTAIliT €BPOMEUCHKUX EKOJOTTYHUX
HOpM CIPUSATUME CHUHXPOHI3allli MpolieciB 3a0e3NneyeHHs] 3aXUCTy AOBKULIS B YKpaiHi Ta €Bpomi.
[TaptaepctBo Kuena 1 bproccens B 11iii cdepi cipusTumMe MiHIMI3alll 1 MOJOJIaHHIO BTPAT, 3aBJaHUX
eKOoCHCTeMI YKpaiHu pOCIHCHKOIO arpeciero.

AKTyaJlbHUM 3aBIaHHSAM € TMOrMOiIeHHs mapTHepcTtBa Ykpainm 1 €C y cdepi exonorii s
3a0e3mevYeHHsT 3aXKUCTy JOBKULIA B YKpaiHi Ta €Bpori, MiHIMI3allii 1 MOJ0JIaHHS BTpaT, 3aBIaHHUX
eKocucTeMi YKpaiHH mij yac BIHH.
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Abstract. The research is aimed at determining aspects of the economic and legal dimensions of
environmental damage from military actions. The main research methods are analysis and synthesis,
observation, abstraction and comparison. As a result, various aspects of environmental damage from
military actions were analyzed from the point of view of law and economics; qualitatively and
quantitatively assessed the results of the impact of the war on ecology, in particular: land, forest and
water resources, including their biodiversity. The war caused damage in various sectors of the
economy from the point of view of ecology. In the agricultural sector, the result was the degradation of
land resources, a decrease in the supply of agricultural products, and the contamination of ecosystems
with ammunition and explosive objects. The tourism sector has suffered large-scale destruction, tourist
flows have decreased, and with them incomes to the economy. Biodiversity felt perhaps the worst
impact of the war. Forestry suffered global losses, as did unique ecosystems along with rare species of
plants, animals, birds, insects, which in turn affected sectors ranging from agriculture to
pharmaceuticals. It is important not to forget about the state of water resources, which suffer from
pollution and the consequences of war. All this is a complex consequence, which will manifest itself
for decades, affecting not only the environment, but also damage to the economy. That is why the state
and the public sector are doing everything to fix damage and losses. Environmental inspectors and
prosecutors are investigating, in particular, cases qualified as "Ecogenocide”. These data are processed
and transferred to the international register of damages and international courts. It is important to
disseminate information about the recording of crimes against nature in the community in order to
effectively investigate crimes against nature now and in the future.

Keywords: war, ecology, economy, crime, damages

Beryn

Boenni il € mpsMuM KaTamizaTopoMm, IO HPHU3BOJAUTH 10 HE3BOPOTHUX TPariyHUX 3MiH Y
npupoai. ExonoriuHa mikoja, CIpUYMHEHAa BOEHHUMH [iSIMH, PO3MOBCIOKYETHCS HE TIJIbKU Ha
TepUTOpii OONHOBUX [iH, a i MPHUIIETIII TEPUTOPIi, 30KpemMa CyciaHi KpaiHu. J(OBKIULIS HE Mae KOPIOHIB 1
€ BIQNOBIIATBHICTIO YyCIX JIOACH, TOMY B IIbOMY KOHTEKCTI HOro 3axHCT BHMAarae TaKOX 1
MDKHApOJHOI'O IPaBOBOTO pEryjroBaHHA. XIMIYHI BUIApu, BHUOYXOBI XBHJI, BaXKi MeETaJH,
pYHHYBaHHS CIIPUYMHEHI JIIOJCHKOIO PYKOIO Ta BaKKOIO TEXHIKOIO — BCE II€ JIMIIAE CBIM TAKKHUIM
BIIOMTOK Ha MPUPO/I, 1110, BIAMOBIIHO HECe i EKOHOMIYHY LIKOJY, sIka Mae 00OB'SA3KOBO (DIKCYBaTHUCh
Ta BPEryJIbOBYBaTUCh B KOHTEKCTI MMPAaBOBOTO BUMIPY HE TUIBKU JUISL OLIIHKHM €KOJIOTTYHOT MIKOJH, a i
U1l CTBOPEHHS CTpaTeriil BIIHOBIECHHS Ta KOMIIEHCAIII.

Metoau Ta marepiaaun

VY cTarTi BUKOPUCTOBYBAJIUCH TaKi METOAM SIK CHMHTE3 Ta aHali3, 100 y3araJbHUTH YacCTUHH
iHpopMmanii 3 pi3HUX JKepen Ta OOpOOMTH BEIMKY KIIbKICTH iH(opMmamii s ii gopedHoro
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BUKopucTanHsa. CrioctepexxeHHst OyJi0 3aCTOCOBaHE B X0/l CIIOCTEPEKEHHS 32 PO3TOPTAHHAM BiHHU, 1
naHi Ta iHopmariro Oyl0 BUKOPHCTAHO Ta OMHCAHO y PO3AyMax y crarTi. AOCTparyBaHHS Jajio
MOJKJIMBICTh BHOKPEMHUTH KIIIOYOBI (pakTH, a TMOPIBHSHHS JOMOMOIJIO BCTAaHOBUTH TMapalieli Mix
pi3HUMH (PaKTaMu Ta CUTYaLIsIMH, 10 MaJId €KOJOTTYHUI HACITIJIOK BiJ] BOEHHHX JAil. B 3arampHOMY
cepen marepiaiiB Oyiau HaWOUIbII BUKOPUCTAaHI CTATTI BiJ TAaKUX JDKEped SK YpPSIOBI MOPTajH,
VYxpiadopwm, mmardpopmu Exocucrema, Exonomiuna mpasna, Texty.org, NGL.media, CnoBo i aisno,
3Bitt OOH. 30kpema BHKOpHCTOBYBaNM iH(OpMAIiO BiJ TPOMAaJCHKOTO CeKTopy, Hampukiaa, ['O
“JlicoBi iHimiaTHBH Ta cycniibeTBO”. Takoxk Oyna BUKOpHcTaHa iH(OpMaIlis BiJl iHIINX aBTOPiB cTaTei
Ha TEMH €KOJIOTTYHOT KO BiJI BOCHHUX JIil.

Oraspa npodJjemMu

Exonomiunuii eumip

ExcmiHicTp 3aXucTy JOBKULIS Ta NPUPOAHUX pecypciB Ykpaiau, Ctpinens Pycnan, B omHOMY 3
IHTEpB’I0 3a3HauMB, 110 cTaHOM Ha 2022 pik pociiickka arpecis Bxe 3aBiajia 30MTKIB JOBKULIIO
VYkpainu nonaz 1,28 tpaH rpusens. [Ipupoaa He Mae KOPIOHIB, TOMY 3a0pyAHEHHSI TOIIMPIOETHCS 1 HA
cycigHi kpainu €ponu (YKpaiHIl aKTUBHO JOJIY4aroThCsl A0 (ikcalii BOEHHUX 3JI04MHIB, 2022). 3a
OHOBJICHMH JJAHUMU BiJ HOBOMPHU3HAYEHOTO MIHICTpa, OMMMCAHUMHU Ha CTOPIHIN YKpiHPOpM, 3aB/iaHa
IITKOJIa OIHIOEThCS y 2,6 - 2,7 TPJIH TPUBEHb CTaHOM Ha BepeceHb 2024 poky, 3adikcoBaHO MOHAT 6
THUCSY PI3HUX KEWCIB HACHIJKY BOEHHOTO BILIMBY Ha ekosorito. (Ukrinform, 2024)

Ha 3naunux teputopisx Ykpainu BiAOyBaeThCs Jerpajallis 3eMeIbHUX PECYpCiB, MO MOPYIIYeE
MPUPOJHUN LIMKII BITHOBJIEHHS IPYHTIB. Lle cTocyeThcsl HE TITBKM 30HU aKTHBHMX OOMOBUX MiM, a I
MpWIErNuX TepuTopiil. Uu He HaWrocTpimie BiAUyJIM €KOHOMIYHI HACHiJIKU BIMHM yKpaiHCBKI arpapii.
3a nqanumu “ExoHOMIYHOT paBau”, arpocekTop YKpaiHu 3a JBa POKH 3 MOYaTKy MOBHOMACIITAOHOTO
BTOPTHEHHS 3a3HaB MpsAMUX 30UTKIB Ha noHazd 10 mupa non. (Exkonomiuna mpasaa, 2024). Jlo BiitHu
VYkpaina Oyma niepoM 3 €KCIOPTY MPOAOBOIBYOI MPOMYKIli, Hapas3li X oOcAr BUPOOHHUIITBA
ckopotuBcsi. OHUM 3 YMHHHKIB TAKOT'O HACHIIJKY € 3aMiHOBaHI Ta 3a0pyJHEHI 3eMill, SIKi B JCSIKUX
BHIAKaX MOXXYTh OyTH HaBITh HEMPHUAATHUMH JyUIi 00poOku. Takox mocTiifHa 3arpo3a pyWHyBaHb Ta
BHOYXIB 3HHM3WJA IHBECTHUIIIMHY TNpuUBAaOIMBICTh arpapHoi chepu. BimuyTHuUM HacmiakoMm ajis
TPOMAJITH € 3pOCTaHHS I[IH Ha MPOJIOBOJIbYI TOBApH, IO BIUIMBAE HA PIBEHBb 1HQIIAIII, KYIiBEIbHY
CIIPOMOYKHICTh HACEJIEHHS Ta CIOXUBUYMK KomuK. Hapasi ¥ 30BHINIHIA PUHOK BimdyBae aedimuT
YKpaiHCBKUX TIPOJYKTIB, a/pke YKpaiHa TPAJAUIIIHO € OJHUM 13 HAaWOUIBIIMX €KCIOPTEPIB 3€PHOBUX
Ta IHIIUX CLILCHKOTOCTIONAPCHKUX MPOAYKTIB. AJie ¥ BIIIOBITHO J0 3MCHIICHHS €KCIIOPTY, YKpaiHa
BTpavae BaJIOTHI HaaAXoKeHHs 11 ekoHoMiku. (TOII-10 kpain BupoOHuKiB mmeHuili B 2022/23 MP,
2023)

BapTto BpaxyBaTu Te, 110 BiIHOBJEHHS 3a0pyJAHEHHUX EKOCHUCTEM OoempuriacamMu, MiHAMU Ta
IHIMTUMU BUOYXOHEOE3NMEYHUMHU TpeaMeTaMHu Oyne moTpedyBaTH Iyke Oararo yacy Ta pPecypciB.
Hapasi nmepxaBa mnepenbaunna 3 MUTbsIpAM TPUBEHb 3 JEP’KaBHOTO OFODKETY Ha KOMIICHCAIIiIO
(dbepmepam BUTpAT Ha PO3MIHYBaHHS, SKi MPAIIOIOTh HA BJIACHIM a00 OpeHIIOBaHIW 3eMiIi, 00 BOHU
MOTJIM 3aciBaTuch Ta 30upatu ypoxail. (Ypsa MOBHICTIO KOMIIEHCYe (epmepaM BHUTpaTH Ha
ryMaHiTapHEe PO3MiHYBaHHS JICOKYITOBAaHUX 3eMelb — MiHICTEPCTBO 3 MUTaHb PEIHTErpallii TAMYacOBO
OKYTIOBaHUX TepUTOPiil Ykpainu, 2024)

BinHoBieHHsS TPYyHTIB Micis Aerpajaiii Mo)Ke TPUBAaTH POKaMH, IO € MPSIMHM HEraTuBHUM
HACNIJIKOM JUIsl €KOHOMIKM arpapHoro puHKy. Buxoasuum 3 yciX HHMX HACHiJKIB, BapTO TaKOX
3a3HAYUTH, 110 “3a0pyAHEHI” 3eMJIl BTPAYalOTh IHBECTHUIIHY MPHUBAOIUBICTh ISl BETMKUX T'PABIliB Ha
arpapHoMy pPHUHKY, BIJIOBIHO IO LBOTO, OUIbIIE TEPUTOPiH OyayTh 3aluIIaTHCh 3aHeA0aHUMU. 3
MOTJISITy €KOHOMIKH, 11€ MOK€ BIUIMHYTH Ha MOJATKOBI HAJXO/KEHHS Ta €KOHOMIYHUHN PO3BUTOK LUX
PETiOHIB, OCKUIBKM arpapHi KoMIaHii OyIyTh MEHIII 3alliKaBJI€HI BKJIAJATH KOLITH B TaKi perioHH.

Typusm € BaXJIUBOIO YaCTUHOIO E€KOHOMIKHM i BiH, 3 MOIJISAY €KOJIOTii, 3a3HaB IJI00AJIbHUX
pyiiHyBaHb. barato 3amoBiHUKIB BTpaueHi, 30KpeMa 1 TYpUCTUYHA MPUBAOJIMBICTh MEBHUX PETiOHIB.
Ile HampsiMy BIUIMBa€ Ha JOXOAM BiJl MpUOYTKY, HampuKJal, FOTENIB, eKCKypCIHHUX KOMIaHid, Ta
0i3HeciB, 10 3aJeKaTh Bl TYPUCTUYHHMX MOTOKIB. 3 MpoOIEeMH BTpaTH TYpUCTUYHOI MPUBAOIUBOCTI
NEBHUX TEPUTOPiH, BU3pIBa€ 1 MpobiemMa 30UTKIB y cyMiKHUX chepax. Hampukiaza, yepe3 3MEHIIEHHS
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MOTOKY TYPHUCTIB, MOXK€E 3MEHIIUTHCH 1 IOX1 Y CEKTOpax TaKuX SIK TPAHCIOPT, po3/aApiOHa TOPTiBis Ta
Xap4oBa MPOMHUCIIOBICTb.

Haii0inpmoro mpobiaeMor0 € 3HMKEHHs OlOpI3HOMAHITTS Ta BHUMHPAHHS JESKUX TOIMYJISIiN
TBapHH, MO0 i 3arpo3o10. Lls mpobiema Moxke BIUTMHYTH Ha Pi3Hi rairy3i, 30KkpeMa i papMareBTUIHY.
Brpara Giopi3HOMaHITTS yepe3 3aBAaHy EKOJIOTIYHY MIKOJY BHACIIIOK BIHHM OOMEXHTH JOCTYH IO
pecypciB, 3pocTe cobiBapTicTh MPOAYKIil papmManeBTHUHUX PipM Ta BUTPATH HA BUPOOHHUIITBO.

Bracnigok OOHOBHMX Miii PYHHYIOTBCS HE TIIBKM 3€MeNbHI yrimansd, a # jicoBi macuBu. lle
CTOCYEThCA SIK 30HH, JIe HIyTh aKTUBHI O0MOBI i, Tak 1 mpuiernux 1o Hel perionis. Ha meii yac micoBi
MaCHBH YacTillIe 332 BCE 3HUIIYIOTHCS a00 TMOMIKOHKYIOTHCS BHACTIIOK IHTEHCHBHHUX apTHIIEPIACHKUX
Ta aBlaifHUX OOCTPUIIB, CUCTEMATHYHUX ITI/INATIB 3 METOI BHSIBJICHHS Ta 3HHIICHHS BIHCHK TOIIO.
Takox cepen MpUYMH 3MEHIIEHHS JIICOBUX MACHUBIB CIIiJ] 3TraJjaTH HE3aKOHH1 BUPYOKH JIICiB Ta MOMKEXKI.
Heszanexne Bumanns Texty.org.ua 3a3Havaio, 110 3a JaHUMHU PaXyHKOBOI majaTH, CTAaHOM Ha KiHelb
2022 poky, B YKpaiHi mocTpaxgaIiMHU BBaXKAJIUCS 3 MIIH Ta JICIB, IO CTAHOBUJIO TPETUHY Bia BCI€l
IJIOMII JIICIB, sIKa JO TOYaTKy IOBHOMAcCINTAaOHOI BiiiHM cTaHoBwia 10,4 muH. ra. 3a JaHUMH
Yxpludopm, nporopiuni jicoBi moxexi 3aBaanu 30uTKiB Ha 20 mutH TpH (JlicoBl moxkexi B YkpaiHi
nporopiu 3aBfanu 30uTkiB Ha 20 wminmbioHIB, 2024). HaiiGinpm mnocTpaxgaiiMU pPETioHaMU €:
Yepnirisuuaa, CymimunHa, Jlyranmmna, KuiBmmua, Kuromupiimna, XapkiBmpyHa (CKUIBKH JIIiCIB
MOCTPAXKJIAJI0 BiJ BIMHU 1 K MIBUJAKO 1X MOXHA BITHOBUTH, 2023).

HasiBHi macmtabu pyiHYyBaHHS JICIB MOXYTh HPHU3BECTH JO TOTO, L0 B JAEIKHX pErioHax
MepecTaHyTh ICHYBAaTH yHIKaJIbHI €KOCUCTEMHU PAa30M 3 PiJIKICHUMU BUJIAMU POCIIHMH, TBAPUH, NITAaX1B Ta
komax. 3a iHpopmauiero NGL.MEDIA, Btpata niciB B CTENOBHX YacTUHAX YKpaiHM MaTHMe
JIOBIOCTPOKOBI HACTIIKU JIJISI MICIIEBOTO O10p13HOMAHITTS, PETYJIIOBAHHS KJIIMaTy Ta BOJIHUX PECYPCIB.
OpHMM 3 KIIFOUOBUX HACHIAKIB € 3HIKEHHS PiBHS I'PYHTOBHX BOJI, OCKUIBKH JICH BIJITPAIOTh BaXKIUBY
poiib B YTPUMaHHI BOJIOTH Ta 3amoOiraHHi eposii rpyHtiB. lle Takox mpuBene A0 BKe 3a3Hau€HOL
BTpaTu O10pPI3HOMAHITTS, 110 CIIPUYUHUTE BTPATY KUTTEBOTO CEPEAOBHINA /I 6araTboX BHUIIB (Iopu
Ta (paynu. KpiM TOro, moripmurhcs SKiCTh TMOBITPS, OCKUIBKH JIICH € MPUPOAHUMHU (PiIbTPaMH, IO
MpU3BEAC M0 MIABUINECHHS PIBHSA 3aXBOPIOBAHOCTI HA PECIIpaTOPHI XBOPOOHM cepen HaceleHHS, Ta
HaJamxl JI0 3pOCTaHHS BHUTPAT Ha MEIAWYHI MOCAyrd. Yepe3 BTpATy JICOBHX MACHBIB 3POCTAE PHU3UK
MepEeCUXaHHsl PIYOK Ta CTaBKiB, 110, SK HACIIIOK, YCKJIAJHUTH 3POIMICHHS CLIbCHKOTOCIOIAPCHKHUX
3eMelb, 3HIKYIOUN e(eKTUBHICTh BeJieHHs rocronapcTBa (Pocisau 3uummmm nmoHaa 60 THC. TeKTapiB
YKpaiHCBKUX JIICIB BapTicTio Oinbine 14 mupa rpH — kaprta, 2024). Brparta miciB mpusBene 10
3MEHILEHHs 00CATIB €KCIOPTY JAEPEBUHH, SKa 1 TaK YCKIAJHIOBAIACh TUM, IO MPOIEC KOHTPOIIO 3a
3aKOHHICTIO Ta MPO30PICTIO JIICOBOI 3aroTiBiIl HE € JOCKOHAIO po3pobsenuM. 3a manumu ForestCom,
MPUYMHOIO 301JBIICHHS BHIAJKIB HE3aKOHHOT BUPYOKHM JIICIB CTallo Te, IO MijJ 4ac BidHU Oyau
3a0J10KOBaHI JepKaBHI €JIEKTPOHHI pecypcH, reoindopmaliiiii cepBiCH Ta CUCTEMH, SIK1 MPaIOBAIH 3
iH(opmarriero, MO0 CTAaHOBWJIA LIHHICTH JJIs XakepiB. Taki Mi1 YCKJIaJIHUIN MOXKJIMBICTh KOHTPOJIIO Ta
nepeBipku 3akoHHOCTI Jiico3aroTiBii (ITim wac BifiHM 3’siBUjIOcs OuTbIe Ja3iBOK JUIS HE3aKOHHOL
BUpyOKku — anaii3 ekcrepTiB ['O «JIIiCy», 2022).

CrtaH BOJHHX PECYpPCiB IMOTIPIIMBCS K Yepe3 BKe HasBHI MPoOJEeMH, TaK 1 HOBI, IO OB’ s3aHi
Oe3mocepelHbO 3 BOEHHUMHU MAisiMu. Ha 110 MuTh cepen mpoOiieM MOXKHA BUIUIMTH TEXHOT€HHE
3a0py/IHEHHS BOJOWM BHACIIJOK OOCTpLJIIB MiANMPUEMCTB, pPYHHYBaHHS JaM0 Ta BOJIOCXOBHWIIIL,
MiHyBaHHSI MPUOEpPEKHUX 30H Ta caMux BojouM. Bumanus Texty.org.ua 3a3Hauano, mo 3a JaHUMHU
JlepxaBHO1 eKoJoriyHOi iHcmekIii Ykpainu, cranom Ha 2023 pik, pd 3aBmana 30UTKIB Ha CyMy 55
MJIpJ. TPH BHACTIAOK TE€XHOT€HHOTO 3a0pyAHEHHS, 3aCMIY€HHS BOJ T4 CAMOBLIBHOI'O KOPHUCTYBaHHS
BogHumu pecypcamu (Texty.org.ua, 2023). Takox cramo OYEBHAHUM Te, MO P BUKOPHCTOBYE
BOJIONOCTavyalIbHI COPYIM Ta JamOu sk 30poro y BilHI npotu Ykpainu. IligpuB nam6u KaxoBcbkoi
I'EC € HaifOinbm r1100abHUM — €KOJIOTIYHMM  3JIOYMHOM  JIep’KaBU-arpecopa, SKUH MaThMe
JIOBFOCTPOKOBI ~ HACHIAKM JUIS EHEPreTMYHOi MPOMHCIOBOCTI, CIIBCHKOI'O TOCHOJApCTBa Ta
CYJHOIUIaBCTBA B MiBJEHHIN yacTuHI YKpaiHW. 3a JaHUMHU aHAIITH4YHOro noptany “Cioso i ino”,
BHACIIIJIOK MiJpUBY nocTpaxjaanu 333 Tucaui ra nNpupo00XOpOHHUX TepuTopid Ta 11,3 Tucsui ra
micoBux yrijie. OcymenHss KaxoBChKOro BOJOCXOBHILA MIPU3BEIIO 0 3aru0erni BeIHKOI KUTBKOCTI pubn
ta TBapuH (PoxoBunu nigpuBy Kaxoscbkoi ['EC pocieto: siki Hacnigku exouuay. Crnoso 1 Jino, 2024).

110



REDMO-2024
National Aviation University
Kyiv, Ukraine

REDMO-2024
Hauionanvnui agiayintnuii ynieepcumem
Kuis, Ykpaina

[TinpuB namOM BIUIMHYB 1 Ha CUIBCHKE T'OCHOJAPCTBO, MO3asK BOJOCXOBHIIE 3a0e3MevuyBajio
BOJIOI0 HAWOUTBITY B €BpOIIi ipUTaliiHy CHCTEMY, KaHAJIX SKOi MatoTh MpoTsbkHICTh 1600 kM (CuTHUK
& Ilpoumenko, 2023, c. 96-97). Takox Hacminku He omuHynu # 3amopiseky AEC, 60 ii
OXOJIO/DKYBAJIbHUHM OaceifH MmiJKUBIIOBABCS BOIOIO 3 KaxOBCHKOTO BOJOCXOBHINA, OTXKE BiJCYTHICTH
HOPMAJILHOTO OXOJIOJDKEHHS MPHU3BEJE N0 MOXIIMBUX aBapiMHUX CUTyalid. 3rifHO 3 JaHUMHU 3BITY
OOH, po3mip mpsiMOi IMIKOJH, 3aBJaHOI 1HPPACTPYKTYpi Ta akTUBaM, CTAHOBHUTH 2,79 MIIpI JonapiB
CLIA, a po3mip 30uTKiB craHoBUTH moHan 11 mupn momapie CLLA, nmpudomy TpuBajuii BIUIMB Ha
JOBKULIA € HalOubIoro npobiemoro (3BiT "Ouinka nmotped micis karactpodu Ha rpedm KaxoBcbkoi
I'EC" (PDNA), 2023). 3a iandopmamiero LCF Laws Group, 3 mpaBoBOro Morisiay, MiIpuB JamMoOu
Kaxoscwkoi 'EC € HecipoCTOBHHM JJOKa30M BOEHHOTO 3J104YMHY. 3 KiHIls Jirotoro Hoa KaxoBka mif
THMYaCcOBOIO OKyTaIi€r, namOa Oyla 3aMiHOBaHA, a PaKeTHUX yAapiB 30BHI — He 3aikcoBaHO.
Hexinpka crareii Konsentii, a came 55 Ta 56, Ge3nocepeHbO TOB’S3aHI 13 3aXUCTOM MPHPOIHOTO
CepelloBUIlla Ta CIOPYH, IO MICTITh HeOe3neuyHi cuiu. A 11e came rpebini, gamOu W aToMHI
eniekTpocTanllii. ba Oinble, BOHM He MOBUHHI CTaBaTH 00’€KTaMy Hamajay HaBiTh y TUX BUIAJAKax,
KOJH 111 00’€KTHU € BOEHHUMH 1 SIKIIIO TAaKHW Hamaj MOKE BUKIIMKATH 3BIILHEHHS HeOe3MeUHUX CHI 1
HACTYIHI TsDKKI BTpPAaTH cepel LMBUIBHOTO HaceleHHsA. KpiM Toro, MiKHapoiHe NpaBO MPsMO
3a00pOHSIE BUNHEHHS IIKOM MPUPOTHOMY CEPEAOBHINY Ta Oyab-IKHM CIIOpYAaM JTaHOi KaTeropii, sk
penpecaniii. HatomicTe Bci 1l 00’€kTH Oyl BUKOPUCTaHI OKYMaIIHHOIO BIAA0I0 Ta 3¢ pd K 3acid
MIaHTaXy, MaHITyJIsMiid. ToMy BiNMOBITAIBHICT 32 TAKHH BOEHHUH 3JI0YMH Ma€ OyTH BCEOCSDKHA: BiJl
BHKOHABIIIB J0 THX, XTO Bi/UIaB Haka3 Ha 3HHIICHHS Ta TUX, XTO IUIAHYBaB Ta MaB BIUIMB Ha
peanizamito (ITinpus Kaxoscekoi ['EC. [IpaBoBa ominka Boernoro 3iouuny pd, LCF, 2023).

Ilpaeosuii eumip

Ha piBHI JepxaBu BTUIIOIOTHCS Y€l 3aXoAM 3 OOrOBOPEHHS HOPMAaTHBHO-TIPABOBOTO
perymroBaHHs ¢ikcallli IIKOIM, CTaHAApTaM [0Ka3iB 1 JOKa3yBaHHS IIKOIH, 3aBJaHOI JOBKULIIO
BHACJIIJIOK BiHU, HaIlIOHAJIBHOT Ta MIXKHAPOJIHOI CyZI0BOI MPAKTHUKU Ta TIEPCIIEKTUBAX BiIIIKOyBaHHS
IIKOJIM, BUKOPUCTAHHS CYYaCHUX TEXHOJIOTIM y 3iiiicHeHH1 (ikcamii IIKOAM, 3aBIaHOI JOBKLUIIIO
BHACIIIJIOK BiHM Ta 30epekeHHs 1ux naHux (3 8 tpaBHs mo 10 tpaBHs 2024 poky BiIOYyBCS OYHHIA
TpeHIHT «SIK 3adikcyBaTH IMIKOMYy, 3aBJaHy IOBKULIIO BHACTIIOK BOEHHHMX Mid? BimmoBimi mms
3aI[iKaBJICHUX CTOPiH», SIKUKA OyB oOpra”i3oBaHuid MIiKHApOJAHOIW OJIaroMiMHOI OpraHi3aIliero
«Exkomnoris-TlpaBo-Jlronunay, 2024). Ha HamioHansHiil oHaiiH miaTGopmi, sKa MICTUTh aKTyalbHY
iHdopmartito mpo cran AoBKULIA “Exocucrema”, 3a3HavyeHo, MO0 Hapasi YKpaiHa Bxke Mae 7 HOBUX
METOJMK OIIHKK 30MTKIB JOBKULIIO Ta 1HIIIIOBATUME CTBOPEHHS TJI00ATBHOI MIaTGHOPMH 31 CTBOPEHHS
MDKHApOJAHO BHU3HAHUX MIIXOJIB J0 OIIHKMA €KOJOTIYHOI IMKOJIW BHACTIAOK BOEHHUX nik (YkpaiHii
AKTUBHO JIOJTY4aroThes 10 (ikcarlii BOEHHUX 37104nHIB, 2022).

Jlep>kaBHa €KOJIOTIYHA 1HCHEKIS € BaXXJIMBOK YacTHHOIO IPaBOBOro BuUMIpy (ikcarii Ta
JOKYMEHTAIlli 3JIOYMHIB TpoTH mpupoaud. B iHTepB’ro, CBitnanu ['puHUyK, sKe OIyOJiKyBasia
nepskaBHa iH(opMaliiiiHa areHitis YKkpiHGopM, BOHA PO3IOBIIAa€ PO aaropuTM dikcarlii pyiHyBaHb Ta
po3paxyHKy 3aBmaHux 36utkiB. Hapaszi Odgic TI'ennmpokypopa Beme poschigyBanHs 209-u
KpUMiHaJIbHUX CIpaB HIOJ0 BOEHHHUX 3JIOYMHIB NPOTH JOBKULISA, 14 3 SKHMX MarOTh HOIMEPEaHIO
kBaniikarito sk “Exorenonupn’. [lep)kaBHa eKOJIOTiyHA 1HCIHEKIis MPOBOIUTH JTOKYMEHTYBAaHHS Ta
Bepu(dikaliro 3aBIaHUX 30MTKIB, a/pKe ISl IHCIICKINSE Ma€ 1HCTPYKII Ta METOIAMKH 3aTBEpKEHI
KaGinerom MiHicTpiB Ykpainu ais pi3HUX cdep: 3eMelbHUX PeCcypciB, BOJAHUX, BIUIMB HA MOBITPS 1
tak pgam. @DikcyroTh caMm (aKT 3J0YMHIB €KOJOTIYHI 1HCIEKTOPH pa3oM 3 IIPOKYpOpaMHu
CHeIialli30BaHUX eKOJOoriyHuX mpokypatyp npu Odici ['enepanbHoro mpokypopa Ykpainu. Lli mani
OTIPaIbOBYIOTh Ta MepeAaloTh A MiKHApOIHOTO peecTpy 30uTKiB. KiltouoBUM eTamoMm € BU3HAHHS
X 30uTKiB MibkHapoauumu cyaamu (Ukrinform, 2024).

3aB/AKU JIeTanmbHIN (ikcalii Ta JOKyMeHTallil, MO’KHa MPOBECTU TOYHY OLIHKY €KOJOTTYHHX
BTpAT, 110 € MiICTaBOO 3BEPHEHH: 10 MikHapoaHux cyaiB (Lnpina & Jlomec, 2023, ¢.79). Takox 1e €
MiJCTaBOIO JIsL pO3roJiocy cepeln MikHaponHux 3MI, 1o npuBepHE yBary CBITOBOI CHIJIBHOTH, THM
caMUM MDKHApOJHHUI PO3TOJIOC JOTIOMOXKE TOCHJIMTH THCK HAa BHUHYBATIIB Ta BHU3HATH BHUHY W
BIJIMOBIJANIbHICTD 32 CKOEHI MEepe MPUPOAOIO 3II0UHHHU.

111



REDMO-2024
National Aviation University
Kyiv, Ukraine

REDMO-2024
Hauionanvnui agiayintnuii ynieepcumem
Kuis, Ykpaina

MacmTaOu MIKOH Jy’Ke BaXJIMBO BU3HAYATH # 3 OTIIALY KPUMIHAIBHOTO TpaBa s ¢ikcarii
SK OKPEMHUX MPABOBUX 3JI0UMHIB BHACIIIOK OOHOBUX JiH, Tak 1 st KBamiikamii iHIIUX KpUMiHAIBHUX
IIPaBONOPYLICHb 3 BpaxyBaHHAM ycix 30uTkiB (Cemuyk, 2022, c. 34).

BignosinHo nocranosu Bix 10 tpaBust 2022 poky “TIpo 3aTBep/pKEHHS CHEMiaIbHUX TaKC JUIs
OOYMCIIEHHSI PO3MIpY INKOAM, 3aMoMiSHOI IPABONOPYLICHHSM 3aKOHOAABCTBA NP0 IMPHPOIHO-
3anoBigHuit ¢onx”’ KabGiner MiHicTpiB YKpaiHUM TOCTAaHOBUB, 3aTBEPIWTH CHEMiajbHI TaKCH IS
OOYHMCIIEHHST pO3MIpy Ta IIKOJAHW, 3aMOMiSHOI MPaBOMOPYIICHHSM 3aKOHOJABCTBA MPO MPHPOIHO-
3amoBiHUN (OHJI y MeXax TEepUTOpid Ta 00’€KTiB mpupoaHo-3amoBigHoro ¢oumy Yxpainu(IIpo
3aTBEP/UKCHHS CHEIaJbHUX TaKC JUIS OOYMCIIEHHS pO3Mipy IIKOAM, 3aMOJisSHOI IMOPYIICHHSIM
3aKOHOJABCTBA MPO MpHUpOoIHO-3amoBiaHuN Goua, 2022, c.1. CyTh miIxXxoay MoJsATae B TOMY, IO 3a
KOXKHY MOCTPaKIANy POCIWHKY, TBApPUHKY UM TOUIKO/DKEHE T€, YW IHIIE CEepeOBHUIIEC BCTAHOBIIEHI
CTaJli TPOIIOBI CYMH BiIIIKOAYyBaHHS, TOOTO TakKCH, K 1 3aTBEp/KEHI 3aKoHOAaBcTBOM. [lepeBaru
METOJly Y IIBUAKOCTI Ta MPOCTOTI, aJKe MPOKYPOPY HE MOTPIOHO BUTpayaTH 4ac Ha JIOBT1 €KCIIEPTU3H,
OCKUIBKH B)K€ € TOTOB1 PO3PaxXyHKH. Ajie HAHOUIBIINI HEAOMIK — T€, IO L1 TAKCH MOXYTb, MO-TIepIIIe,
HE BpaxyBaTH yBeCh MacllTad IIKOJM, a MO-Apyre, BOHU HE ajanToBaHl mia peanii BiiHU. Tomy 1to
[IOCTAHOBY MNOTPIOHO PO3IJISHYTH Ta MOKPAIUTH A €PeKTUBHOrO (iKCyBaHHS Ta PO3CIiTyBaHHS
3JI0YMHIB IPOTH MPUPOIN Y MallOYyTHEOMY.

Pe3yabTaTn T2 00roBopeHHs

Exkomnoriuna mkoja BiJi BOEHHHX i € Ay»€ KOMIUIEKCHOIO TPOOJIEMOI0, HACTIIKUA SKOI MH Ta
npupojaa Oyzae BIAUYBaTH II€ MPOTATOM JECATHIITH mochiuib. HeoOxiqHo momuproBaTH 1HGOpMaIio
PO BaXJIMBICTH (pikcalii ycixX 3J04YMHIB MPOTH MPUPOAM Y BCiX iX popmax. Ycs HaHeceHa IIKOAA
eKoJIoTii HEe Mae€ JMIIATHCh 1032 YBarow, MH MaeMO MHTTEBO pearyBaTH Ha BUKIHKH Ta
PO3MOBCIOKYBATH 1HPOpMAIF0 TPO 30MTKM Ta HACTIJAKKM BOEHHUX [IA ceped  MIKHApOIHOL
CIIJTBHOTH.

BucHoBku

Bynp-sika BiliHa TOYMHAE BIUIMBATH HAa €KOJIOTIIO KpaiHU BXKE 3 MEPIIMX T'OJWH Bif i MOYATKY.
BuxmoueHHssM He crana i pociichKO-yKpaiHChKa BiiiHa, 00 Maibke ojipa3y IMovayiocsi pyWHYBaHHS
aepoJPOMIB, TPOMHUCIOBUX OO’€KTIB Ta IUBUIbHOI 1HQPACTPYKTYpH, IO HaAajdl BIUIMHYJIO Ha
€KOJIOTII0 PETiOHIB BEJACHHS aKTUBHHX 00ioBUX mid. CHTyallif0 MOTIPIIWIO Te, MO pd MaHIMYIIOE
MMATAHHSIM €KOJIOT1YHOI O€3IMeKH 3apaid JOCATHEHHS CBOiX BIWCHKOBHX IIIJIEH, MMOPYHIYIOUH
MDKHApOJHE 3aKOHOMABCTBO. lle cnpuumHmMiio 6e3i1i4 KaracTpodiyHUX JUIS €KOJOTii Ta €KOHOMIKH
HacHiaKiB, sKi Oyae CKJIaJHO JiKBiAyBaTH ab0 3MEHIIWTH HAaBITH y JOBMOCTPOKOBOMY TIEpPiOJi.
Macmtabu 30MTKIB JUIsl TOBKULISA OIIHIOIOTECA B 1,28 TpiH. rpH. [locTpaxkmanu abo Oyiau MOBHICTIO
3HUIICH] YHIKAIbHI 3aMOBITHUKH 3 X 010pI3HOMAHITTSIM, 3a0pyAHEHO BOJHI PECYPCH, IO 301IBIITHIO
ix nedinuT, 0coOIMBO B CTemoBUX perioHax. Ha mro muth ans YkpaiHU BaXXJIMBOIO 33J1au€l0 €
npoBeAeHHs (ikcarlii Ta OmiHKK (aKTiB €KOJOTIYHUX 3JIOYMHIB JJIS MOJATBIIOT pO3POOKH CTpaTeriid Ta
METO/IIB sIK 3aI00ITaHHs TAaKWX CUTYaIlii, TaK 1 JJiKBialii B)kKe HAIBHUX HACTIJKIB. TakoK BaKIIUBUM €
nomupeHHs iHdopMarii npo ¢ikcamio eKOJOTIYHUX 3JI0YHHIB, 100 MPOTUIIATH TAKUM BUMAAKAM Yy
MaiOyTHBOMY Ta JOIIOMAaraTH B pO3CIIiIyBaHHI THUX, 110 BXE B1IOYIHCS.
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IIKOJM Ta BIAIIKOTYBaHHS 30UTKIB, 3aBAaHUX YKpaiHi Ta i rpomMajsiHaM BHACIHIJOK 30poifHOl arpecii
Pociiicekoi @eneparii (c. 33-36). HIOVY imeni SApocmaBa Myaporo.
https://nauka.nlu.edu.ua/nauka/download/zbirniki_konf/Tezi_konf_22_06_2022.pdf
19. IIpo 3aTBepMKEHHA CHELiAIbHUX TaKC s OOYMCICHHS pO3MIpy IIKOIH, 3amOJisSHOI
MOPYIICHHSIM 3aKOHOAABCTBA MPO MNpHpoaHO-3anoBiaamii (onxa, I[locranoBa Kabimery MiHicTpiB
VYkpainu Ne 575 (2022) (Vkpaina). https://zakon.rada.gov.ua/laws/show/575-2022-n#Text

BigHoB110BasIbHI AKepesia eHeprii: PoJib COHAYHOIL, BITPOBOI Ta
reoTepMaJIbHOI eHepril y 3MeHIIeHHI BUKM/iB IAPHUKOBUX ra3iB
Mapkina JI.}?, JIamenxo A2, “3yaikos A3
L teporcasna exonoziuna axademis nicnsduniomnoi ocsimu ma ynpasainns, Kuis, Vipaina

2Haui0naﬂbﬁud mpancnopmuuil ynieepcumem, Kuis, Yxpaina
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Renewable energy sources: The role of solar, wind and geothermal
energy in reducing greenhouse gas emissions

Markina L.>?, Lyashenko A.2 *Zudikov A.°

Istate Environmental Academy of Postgraduate Education and Management, Kyiv, Ukraine
2National Transport University, Kyiv, Ukraine
3Dniprov Polytechnic, Dnipro, Ukraine

vstup.dea@gmail.com

Abstract. This study examines the role of renewable energy sources - solar, wind, and geothermal - in
reducing greenhouse gas emissions. The principles of their functi oning, ecological advantages and
challenges they face are analyzed. Particular attention is paid to how the transition to these clean
energy sources can significantly reduce dependence on fossil fuels and contribute to the fight against
climate change. Prospects for the development of renewable energy technologies and their integration
into energy systems are also considered, which is critically important for sustainable development and
environmental protection. The need for political and economic initiatives to support the transition to
renewable energy sources is emphasized. The topicality of the topic is determined by the global
challenges facing humanity in connection with climate change.

Keywords: RES; wind energy; geothermal energy; innovations

Beryn

[linBuieHHS KOHIICHTpAIl MapHUKOBUX Ta3iB B arMmocdepi, BHUKIMKAaHE CIHATIOBAHHAIM
BUKOIHUX MaJIMB, HPU3BOJUTH [0 CEPHO3HUX EKOJIOTIYHMX 1 COLIaJbHMX HACHiAKIB, TaKUX SK
MiABUILEHHS TeMIEepaTypH, 3MiHa KJIIMaTUYHUX YMOB, 3pOCTaHHsI PiBHS MOps Ta MOTIPIIEHHS SKOCTI
noBiTps. BinHoBmoBaneHi mxepena exeprii (BJIE) 3matHi cyrreBo 3menmmt Bukuaun CO2 Ta iHIIMX
3a0pynHIoOYMX pedoBHH. COHsYHA, BITpOBa Ta TeoTepMajbHa EHEpPris € OAHMMHU 3 HaHOLIbII
JOCTYIHUX 1 MEPCIIEKTUBHUX TEXHOJIOTIH, 1110 J03BOJISAIOTH MEPEUTH HAa YUCTY €HEPreTUKY. 3POCTaHHS
iX BUKOPHUCTaHHs He JIMIIe JornoMarae B 00poThO0i 31 3MIHOIO KJIiMaTy, ajleé i CIpHsie eHepreTHuHiil
HE3aJIeKHOCTI, EKOHOMIYHOMY PO3BHUTKY Ta CTBOPEHHIO HOBUX poOouux Micip. Kpim Toro, 3 ormsamy
Ha riobanbHi yroau, Taki sk Ilapusbka yroja, BaKIMBICTh Mepexojly Ha BiJHOBIIOBAIBHI JDKeperna
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eHeprii cTae me OUTbIIT OUeBUIAHOI. BOHM MOXYTh CTaTH KIIFOYOBHUM €JIEMEHTOM Y JOCSITHEHHI IiIei
CTaJIOTO PO3BHUTKY, IO TMIJKPECIIO€ HEOOXIMHICTh AaKTHUBHUX IHBECTUIIA Yy JOCHIDKCHHS Ta
BIIPOBA/KEHHSI HOBUX TexHoJorid. Takum uymHOM, mocmimkeHHs poii BJIE y 3MeHIICHHI BUKUIIB
MApPHUKOBUX Ta3iB € HAJA3BHYAHHO AaKTyaJIbHUM il 3a0e3MedeHHs EKOJIOTiuyHOi CTablIbHOCTI Ta
CTaJIOT'0 PO3BUTKY CYCIIJILCTBA.

OcHoBHA YacTHHA

BignosmtoBanbHi mxepena eneprii (BE) - e eHepris, o oTpuMy€eThes 3 TPUPOTHUX PECYPCiB,
SKI MOXKYTbh BIJHOBIJIIOBATUCS B KOPOTKi TepMiHu. OcHOBHI Tunu BJIE BKIIIO4alOTh COHSUHY, BITPOBY,
reoTepMalibHy, €Heprito. BHUKOpHCTaHHS WX DKEepell € KPUTHYHO BAXKIMBUM Ui 3a0e3MedeHHs
CTaJIOTO PO3BHUTKY, OCKUIBKA BOHH JIOTIOMAralOTh 3MEHIIUTH BUKUAW MApPHUKOBUX Ta3iB 1 3HU3UTH
3anexHicTh Bix Bukonuux namus (IPCC, 2021).

Knrouoeum npunyunom 6ionoe61106anvHux 0xcepen enepeii € Te, 1110 BOHU BUKOPHUCTOBYIOTh
MIPUPOJIHI PECYpCH, SIKI BIAHOBIIOIOTHCA B KOPOTKI TepMiHM. lle Bkitouae COHsIUHE CBITIIO, BITED,
reorepmaiibHe Terio. Ha BigMiHy BiJ] BUKOIIHUX MaJlUB, sIKI OOMEKEH1 1 OTpeOyI0Th MUIBHOHU POKIB
g popmyBanHd, B/IE MoxyTh OyTu BuKopucTaHi 6€3 pu3HKy BUCHAKECHHS.

CoHsiuHa eHepris € OJHUM 13 HaWOUIbII MOIIMPEHUX 1 TMEPCHEKTUBHUX BiJHOBIIOBAIBHUX
JDKEpeIl eHeprii, sKe BUKOPUCTOBY€E BUITPOMiIHIOBaHHS Bil COHLA JUIsl OTPUMAaHHS €JIeKTPUKH Ta TeIua.
[i BMKOpHCTaHHS cHpusie 3MEHIIEHHIO BUKU/IIB TTAPHUKOBUX I'a3iB i 3HMKYE 3aJI€KHICTh BiJl BUKOITHHX
nanuB. CoOHSYHA €Heprisi BUHUKAE BHACIIOK TEPMOSIEPHUX peakiiid, o BiAOyBalOThCA B SApl
CoH1is, e BOJIEHb MEPETBOPIOETHCS Ha remiil. el nporec Bupooisie Bennye3Hy KibKICTh €HEeprii, ska
BUIIPOMIHIOETbCA Y BUIJISAL CBITJIA 1 Tema, gocsraroud 3emuti. CoHsYHA €Heprisi Mae 4YHCIIeHHI
nepeBary, ki pooJsTh 1i BaKJIMBUM €JIEMEHTOM Y MEepPeXo/i 10 CTAJIOT0 eHEPreTHYHOro Mail0yTHHOTO.
Ocp esKl 3 OCHOBHUX IepeBar, MiAKpimieH1 Jxkepenamu iHdopMartii.

Exkonoziunicme: CoHsIUHA €HEPrisl € YUCTUM JDKEPEIOM eHeprii, OCKUIbKU 1i BUPOOHUITBO HE
CYINIPOBOJKYETHCSI BUKHJIAMU MAapHUKOBUX Ta3iB. Lle momomarae 3MeHIINTH 3a0pyIHEHHS MOBITPS Ta
6opotucs 31 3minoro kmimMaty (IRENA, 2021).

Bionoentoeanicme: CoHIlE € HEBUUYCPITHUM JDKEPEIIOM €HEPTii, JOCTYITHUM YMIPOIOBXK YCHOTO
poxy. Ha BimMiHy BiJi BHKOIHHUX TajWB, 3alacd SKUX OOMEXKEHI, COHsSYHA €HEprisi Moxe OyTH
BHUKOpHCTaHa 0e3 pusuky BucHaxkenus (The Sun’s energy, 2021).

Meuenmpanizayin enepzemuku: COHSYHI TIaHENI MOXYTh OYTH BCTAHOBJIEHI Ha Jaxax
OyIWHKIB, TIAMPUEMCTB Ta HABITh B arpoOKOMIUICKCAX, IO JO03BOJISE 3MEHIIMTH 3aJICKHICTh BiJ
[IEHTpali30BaHuX enekTpoMepex. Lle miaBuinye enepreTuuny 6es3mneky ta cradbinpHicTs (World Energy
Outlook, 2021). Consiuna cHepris, He3BaKarOUd Ha 1 YMCJIEHHI IEpeBard, Ma€ KijlbKa 3HAYHUX
HEOMIKIB, SIKIi MOKYTh BIUIMHYTH Ha i BOPOBa/KeHHA Ta e(eKTUBHICTh. OCh NETaNbHUN OIS LUX
HEJIOJIIKIB, MiIKPIIUICHUN HKepelaMu 1HpopMalrii.

3anexncnicmo 6i0 nozoonux ymoe. COHSYHI TaHETl TEHEPYIOTh €ICKTPHUKY JIMIIEC 32 HASBHOCTI
COHSYHOTO CBITJA. Y MOXMYPI JIHI, ITiJ1 9ac JOIIy ad0 BHOYI iX MPOXYKTUBHICTh 3HMKYETHCS, IO MOXKE
MIPU3BECTH JI0 HECTAOUTHLHOCTI MOCTAYaHHS €JICKTPUKH.

Ilompeba ¢ cucmemax 36epicannsa. OCKITbKUA COHSYHI MaHeN1 BUPOOISIOTh €IEKTPUKY JIUIIE 32
HAsBHOCTI CBiTJNIa, JUIs 3abe3meueHHs Oe3MepepBHOrO MOCTauyaHHs eHeprii MmoTpiOHI aKyMyJsSTOPH.
Bapricth Ta ckmaaHicTh cucTeM 30€piraHHs MOXYTh 3HAYHO 30UIBLIMTH 3arajibHi BUTpaTH Ha
YCTaHOBKY.

Buxopucmanns 3emensnux pecypcie: Benuki COHSYHI YCTAaHOBKM MOXYThb 3aliMaTé 3HA4HI
IUIONII, 1[0 BUKJIMKA€ KOHKYPEHIIIIO 32 3€MENIbHI PECYpCH 3 1HIIMMU CEKTOPaMH, TAKUMH SIK CLIbChKE
rOCHOJapCTBO, )KUTIOBE OyIIBHUIITBO Ta IPUPOJIHI pe3epBaTy.
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1. Birporypbina Bonus, Kuiscexka obn.

2. BEC Crapwin Cambip 1. JibBiscbKa 061.

3. BEC Crapun Cambip 2, NlbBiscoKa 06n.

4. 36opiscska BEC, TepHoninsceka obn.

5. BEC bioenepronpoaykr, TepHoninLcuKa o6n.

6. BEC lWes4ennose-1 (nepwa vepza),
IsBaHo-DpanKiscbra obn.

7. BEC Osia Bing, Ogecsxa obn,

8. [sictposcska BEC, Ogecsra obn.

9. BEC HOwHe Eneparxi, Ogecobra obn.

10. Birpanui napk Ouaxiscexunii Mukonaiscexa obn.
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11. Birpsanuia napk bnarogartHuit, Mukonaiscbrka obn. 23. CuBacbka BEC (2006 p). XepcoHcbKra obn.

12. Bivpasuii napk MNpuHopHoMopcsxui, Mukonaiscs«a obn. 24. Cusacbra BEC (2019 p), XepcoHcsHa obn.

13. Birpsanuit napk MNisgesnuit, Mukonaisceka obn. 25. Bortiescoka BEC, 3anopi3bka 0bn.

14. Bitpauwin napk LWacnmenn, Muskonaiecexa obn. 26. BEC Mpumopcexa 1, 3anopizska o6n.

15. Birpauui napk Lsuauuii, Muxonaiecsxa obn. 27. BEC Mpumopcesa 2, 3anopizska obn.

16. BEC «TOB Cinra Enepawi», Mukonaiscoxa obn. 28. Opniecora BEC, 3anopisbra obn.

17. Hosopociceka BEC, XepcoHcbra obn. 29. 3anopisbka BEC, 3anopisbka obn.

18. BEC Crasku, XepcoHcbKa 06, 30. Hpamartopcora BEC, [loHeubxa obn.

19. BEC beperoea, XepcoHcbra 0bn. 31. BEO Birpoenepronpom, [loHeubra obn.

20. Hosotpoiybra BEC, XepcoHcska obn 32. Bitpsxuin napk Hosoa3soscokuit, [loHeuska obn.
21. Osep’aniecera BEC, XepcoHcska o6, 33. Bitpauuii napk KpacHogoHCbKuiA, Jlyravcexa obn.
22. MupHexcsxa BEC, Xepconcsxa obn. 34. BivpaHui napk Jivivrincexui, Slyradcexa obn.

Puc.1 Bimposi cmanyii’ Ykpainu cmanom na xineys 2021 poxy.
(Horcepeno: I'C «VBEA» 2021)

BitpoBa eHepris - me ¢opma BiIHOBIIOBAIBHOI €HEPTii, M0 OTPUMYETHCS 3a JOIMOMOTOIO
BITPOBHX TYpOiH, SIKi MEPETBOPIOIOTh KIHETUYHY EHEPTii0 BITPY HA ENEKTPHYHY €Hepriro. BiTposi
€JIEKTPOCTaHIIII MOXKYTh OyTH pO3TaIlIOBaHI K HA CyIIIi, Tak 1 Ha MOpi, 3a0e3Meuyodn 3Ha4H1 00cATH
enextpuku (Puc.1).

Kopotkuii omnuc mnpuHIuny poOOTH BITpoBHX TypOiH. BiTpoBi TypOiHM MEpeTBOPIOIOTH
KIHETUYHY €HEpPTilo BITPY Ha €JICKTPUYHY CHEPTilo 3a KIJIbKOMa eTaramMu:

— Jlomari TypOiHUM 3aXOIUTIOIOTH BITEP, IO CTBOPIOE OOEPTOBUI MOMEHT.

— Jlomati mpUKpiIUIeH] 10 pOTOpa, IKKU 00ePTAETHCS i BIVIMBOM CHJIU BITPY.

— OOepToBHIi POTOP aKTHBYE F'€HEPATOP, IEPETBOPIOIOYN MEXaHIUYHY CHEPrit0 Ha EICKTPUYHY.

— CuctemMu yHopaBIiHHS PETYJIIOOTh KyT Haxuiay Jionated 1 Oe3meky TypOiHM, 1100

ONTHUMI3yBaTH poOOTYy.
— 3reHepoBaHa €JIEKTPUKA IMiBUIIYETHCS B HAMPY31 Ta MOCTAYAETHCS B CHEPTETUUHY MEPEKY.
— Taxum yuHOM, BITPOBI TypOiHU € €PEKTHBHUM 3ac000M BHUPOOHMIITBA YMCTOI eHeprii 0e3
BHUKH/IIB TAPHUKOBUX r'a3iB.

BirpoBa eHeprisi He jaMie AONOMAara€ 3MCHIIUTH BUKHUIHU, alle W CTUMYJIFOE CKOHOMIYHHMA
pO3BUTOK. [HBecTHIIi y BITPOBY €HEPreTHKY NPH3BOIATH O CTBOPEHHS HOBHX POOOYMX MiCIb Y
BUPOOHMIITBI, MOHTa)XXy Ta OOCITyrOBYBaHHI BITPOBUX TypOiH. 3a gaHuMH MiKXHaApOAHOI oprasizauii
mpalli, nepexiJ Ha BiJIHOBIIIOBAJIbHY €HEPreTHKY MOX€ CTBOPHTH MUIBHOHM HOBHX pOOOYUX MICIH Y
HaOMMK4l AECATHIIITTS, 10 JoloMarae KpaiHaM afanTyBaTHUCS 0 3MIH Yy €HEpreTHYHOMY CEKTOPI.
Bona Moxe OyTu JIerko IHTErpoBaHa B ICHYIOYl €HEpreTM4HI Mepexi, mo poOuTh ii nmpuBaOIMBUM
pilieHHsM ans  OaraTbox KpaiH. BoHa Moxe (QyHKUIOHyBaTM y TO€IHAHHI 3 1HIIMMHU
BiJTHOBJTIOBAJIbHUMHU JKEpeJIaMu €Heprii, TAKUMH SIK COHSYHA, 1110 JI03BOJISIE CTBOPIOBATH P13HOMAHITHI
Ta criiiki enepretnyni cuctemu (GWEC, 2021).

I'eoTepmanbHa eHeprisg — e eHepris, 0 OTPUMYETHCS 3 TeIula, ke 30epiraeTbes B 3emii. Lle
BiJTHOBITIOBAJIbHE JDKEPENIO eHeprii Moke OyTH BUKOPHCTAHE Ul BUPOOHUITBA €IEKTPHKH, ONaJICHHS
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OyniBenb Ta 3a0e3MedeHHs] TEIUIOM IMPOMUCIOBHX MporeciB. ['eorepmanbHa eHepris 0azyeTbes Ha
BUKOPUCTAaHHI TeIJIa, sIKe BUHUKAE B Pe3yJIbTaTi pO3Maay paldioaKTHBHHUX €JIEMEHTIB Y 3eMHIl KOpi Ta
HAQ/IXO/DKEHHS Teruia 3 ruOuH miuanetd. OCHOBHI cnocoOM BHKOPHUCTaHHS T€OTEpMAlIbHOI €Heprii
Bkirouaroth (USGS, 2020). ['eorepmanbHa eHepris Mae HU3KY IepeBar, siki poOJisiTh i1 MpUBaOIMBUM
BapiaHTOM JUIsI BAPOOHUIITBA €JICKTPUKHU Ta ONaNeHHs. | eoTepManbHi yCTaHOBKH BUKUIAIOTh MIHIMYM
MAPHUKOBUX Ta3iB 1 3a0pyIHIOIOYMX peUoBHH y atMmocdepy. Lle cyTTeBo 3MeHmIye ixHiil BIUIMB Ha
3MiHy KiiMary. ['eorepMmanbHa €Hepris JAOCTYITHA IiJI0JJOO0BO, HE3aJEKHO BiJl TIOTOJHUX YMOB, HA
BiIMiHY Bix coHsyHOI um BiTpoBoi eHeprii. lLle 3abe3meuye crabiTbHE EHEPronOCTavYaHHS.
I'eoTepmanbHa eHeprisi Moke OyTH po3poOiieHa B 0aratboX perioHax, mo 3a0e3ledye CHEpreTHIHY
HE3AJIeKHICTh 1 CKOPOUYCHHS 3aJI€KHOCTI B/l IMIOPTOBAHMX BUKOITHUX IMAJIUB.

SHInponeTpPOB na 135006 1015
XepCos 113995 . £ : Noveussa
Mrinonaiscora 2116 /' B lsano-Dparxincera
Janopacea 97758 e
Caecesa 74934 PG
Xt AR b2 53615 " tolhoya
Birowniora 44545 Beworo W Jlyravceka
Mipoworpascons 43845 1672.95 B Nuaincesa
Mt 4559 B Masonaiecomsa
Nusincesa 42299 B Opecoma
Janapnarcoss 398,56 ) B Tepuoninecexa
lBano- Dpanieiuxs : 3649 XepcoHtnra
Hurcsagpcora | 247,15
Tepronimcnsa 20577
HeprQdne 17484
Sleprineiie 1627
Lomousea 14427
MNosTantuss 7163
X AW b 6151
Mhyr e 5812
Yopwirint e 4424
Cymanmd 4034
Bomes e 3568
Plrwiers v 30.78 Beworo: § 655,95 MBy

Puc.2 Bemanoenena nomyoicnicmo B/E 3a obracmsmu mamepuxoeoi wacmunu Yrpainu cmanom na 2021 pik,
MBm. Kpyeosa diazpama: ecmanoséiena simpoenepzemuuna nomysrcHicmos, MBm
(Horcepeno: I'C «YBEA», HKPEKITI, 2021).

400 600 800 1000 1200

[lepcrieKTHBU PO3BUTKY BIJIHOBIIIOBAHUX JDKEpPENT €HEPrii BUXOISMYU 3 JIOBOEHHUX MOKA3HUKIB
(Puc.2) MaroTh O3UTUBHUM XapakKTep:

Texnonoziuni innoeauyii: HoBi TexHoyorii mpoaoBXyrTh miaBuiyBaTH edexTtuBHICTE BJIE.
Hanpuxnan, nmokpameHHss GpOTOENEKTPUYHUX MaHeNlel 1 BITPOBUX TypOiH MPU3BOAATH 0 3POCTAHHSA
iXHBOI MPOAYKTHBHOCTI. 3a mannMu MixHapoaHoro eHeprerudHoro areHtctBa (IEA), mo 2025 poky
e(eKTHBHICTh COHAYHUX TMaHeIeH Moxe gocartu 25%.

I'nobansni ingecmuuyii: iHBectuiii y BJIE 3poctaiots, 0co6muBo B KpaiHax, 110 PO3BUBAIOTHCS.
3a nanumu BceecBiTHboro iHCTUTYTY pecypciB (WRI), y 2020 poui inBectuiii y BJIE B po3BuBarounx
kpainax nepesuinuian 100 minespaiB qonapis CILIA. Ie 3a6e3nedye q0cTyn 10 €HEprii Ta CTUMYIIOE
exonomiunuii po3sutok (Global trends..., 2021).

[lepciekTHBU  PO3BUTKY BIJHOBIIOBAaHMX JOKEpEN €HEprii BUIVIANAIOTH  OOHAAIMIUBO.
TexHoJoT14HI iHHOBAITT, 3HMKEHHS BUTPAT, MOJITHYHA IMIATPUMKA Ta 3pOCTAIOYUH IMOMUT CTBOPIOIOTH
CHPUATIUBI YMOBH ISl TIEPEXOly HAa YUCTI €HepreTUyHi cucTeMu. [HBeCTHIli B 110 raixy3b He JIUIIe
J0NOMararoTh 'y OOpoTh01 31 3MIHOIO KiIiMaTy, a W 3a0e3nedyloTh €KOHOMIYHHUN pPO3BUTOK Ha
rJ100aIbHOMY DiBHI.

BucHoBok

BigHoBmIOBaNbHI JKepena eHeprii, 30KpeMa COHsSYHa, BITpOBa Ta TreoTepMalbHa EHepris,
BIJIIrpatoTh KPUTUYHO BAXKIIMBY POJIb y 3MEHILIEHHI BUKUIB TAPHUKOBUX T'a3iB Ta 60pOTHOI 31 3MIHOIO
kiiMaty. KoxkHe 3 X Jkepen Mae cBoi YHIKallbHI epeBaru Ta BUKJIUKH, ajieé pa3oM BOHU (POPMYIOThH
CTiliKkuil eHepreTHuHUi NanamadT, 30aTHUH 3a0€3MeUnTH TOTPedr Cy4yacHOTO CYCIiIbCTBA.
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ConsiuHa eHeprisi, 3aBJSIKM CBOIl JOCTYIHOCTI Ta THYYKOCTI y 3aCTOCYBaHHI, CTaja OJHHUM i3
HAHOLIBII IIBMJAKO 3pOCTAIOUMX CETMEHTIB y BiJHOBIIOBaNbHill eHepreTumi. Ii 31aTHiCTH
3a0e3reuyBaT €NEeKTPUKY i Yac MiKOBHX HABAHTAXKCHb, a TAKOXK 3HIDKEHHS BapTOCTI TEXHOJOTIH,
poOuTh ii mpuBabIMBUM BHOOPOM JUIsi OaraTboX PerioHiB.

BitpoBa eHepris TakoXX JEMOHCTPY€ 3HAUHMM MOTEHI[aJl 3aBISKM CBOI  BHCOKIMH
MPOAYKTUBHOCTI y BITpSHHMX paifoHax. BoHa He muie reHepye BENHMKI OOCSATH ENEeKTPUKH, ane i
JI0TIOMarae 3HU3UTH 3JICXKHICTh BiJI BUKOITHUX MajiuB. BiTpoBi pepmu cranu HEeBia €MHOIO YaCTHHOIO
SHEePTeTUYHUX CUCTEM y 0araThbOX KpaiHax, CIIPHsIOYN 3MeHIeHHIO BUKUIiB CO2.

['eoTepmanpHa eHepris, X04 i MEHII MOIYJIIPHA TIOPIBHSHO 3 COHSAYHOIO Ta BITPOBOIO, Ma€ CBOI
yHiKalbHi TepeBaru. 1i cTabGiIbHICT i 3/aTHICTH 3a0e3ledyBaTH €HEprilo LiTog000BO poOIATH ii
[iHHUM aKTHBOM Yy 3MIIIaHUX EHEePreTHYHUX CcHUcTeMax. BoHa TakoX cHpuse 3HHKCHHIO
BUKOPHCTAHHS BUKOITHHX IaJIHB, IO € KIIOYOBUM (HaKTOPOM y 60pOTHOI 31 3MIHOIO KITIMATYy.

Pa3om mi xepena eneprii GopMyroTh OaraTorpaHHy CTpaTeriuny 0asy Juis nepexoay 10 CTIMKOL
eHEepreTUKd. BOHM O3BOJSIOTH 3MEHIIUTH BHKHIM TApPHUKOBHX Ta3iB, MOKPALNIUTH EHEPTeTUYHY
HE3aJIeKHICTh KpaiH 1 CTBOPUTHM HOBI poOoui Micusg B cdepl «3eleHoi» eKOHOMIKM. OnHak ams
JOCATHEHHS! MaKCHUMAaJIbHOTO MOTEHIlaly HeoOXiJHa aKTHBHA MIATpUMKa 3 OOKy Jep’kKaB y BUIJISL
IHBECTHUI1M, MOJITUYHUX IHIIIATUB Ta PO3BUTKY 1H(pacTpykTypu. Takum 4YMHOM, 1HBECTYBAHHS B
BI/IHOBJIIOBAJIbHI JIKEpesaa €HEprii € He JMIIe NUTAHHSIM €KOJIOTIYHOI BIJNOBIAANBHOCTI, ane i
€KOHOMIYHO1 JTonubHOCTI. Llelt mepexin 10 4MCTUX €HEePreTUYHUX TEXHOJIOT1H MOXKEe CTaTH OCHOBOIO
JUIS CTAJIOr0 PO3BUTKY Ta 3a0€3ME€UeHHSI eHEPTeTUUHO1 Oe3MeKH Y MallOyTHEOMY.

Cnucox BUKOPHCTAHUX JIKeEpeJI

1. IPCC (2021). Climate Change 2021: The Physical Science Basis. MixypsoBa rpyma
€KCIEPTIB 3 3MIHU KIIIMaTy

2.GWEC (2021). Global Wind Report 2020. CgiToBa paja BiTpOBOi CHEPTETHKH.

3. Renewable Energy and Jobs — Annual Review 2021. MixnapoaHa areHis 3
BiHOBIMOBaILHOT eHeprii (IRENA).

4. The Sun’s Energy: A Renewable Resource. HarmionanpHa aamiHicTparlisi OKeaHIYHUX 1
arMochepuux gocmimkens CIIHA (NOAA).

5. World Energy Outlook 2021. International Energy Agency (IEA).

6. 'eorepmanshi pecypeu. ['eonoriuna ciyx6a CIIA (USGS). (2020).

7. Global Trends in Renewable Energy Investment. World Resources Institute (WRI), 2021.
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BnuiuB 3MiH KJIiMaTy Ta BOEHHUX Jill HA €KOCUCTEMH, MOA0JAHHS IX
HACJI/IKIB, BUSIBJICHHSI €JIEMEHTIB CTIMKOCTi Ta HIBEJIOBAHHA IUIMBY HA
arpoceKTOp YKpaiHu Y KOHTEKCTI 3a0e31eYeHHs IPOI0B0JIbY01 0e3neKu

Hocosa H. 1.

Y «Ilncmumym punky i ekoHoMiKo-ekono2iunux 0ocioxcenv Hayionanvroi akademii nayx Yrpainuy, Odeca, Yrpaina

sovanatali22 @ukr.net

The Impact of Climate Change and Military Actions on Ecosystems,
Overcoming Their Consequences, Identifying the Elements of Resilience
and Leveling the Flood on the Agricultural Sector of Ukraine in The
Context of Ensuring Food Security

Nosova N.

State University "Institute of Market and Economic and Environmental Research of the National Academy of Sciences of
Ukraine", Odesa, Ukraine

sovanatali22@ukr.net

Abstract. The research materials pay special attention to such a pressing topic that concerns all
humanity — climate change. This topic is of particular relevance in Ukraine, where military operations
are ongoing, and the situation is aggravated not only by internal officials, but also by external ones.
Considerable attention was paid to the efforts of the European Union in the direction of the
development and introduction of mechanisms to prevent negative impact on the environment by
reducing the carbon footprint, which will contribute to reducing the negative impact on climate
change. The influence of the military situation in Ukraine on climate change in the world is also
considered, as a result of which a large number of harmful substances enter the air, which have a
negative impact on climate change. And the presence of a large number of destroyed forests,
agricultural lands and water pollution also affects the general state of the environment. In this context,
the development of the agricultural sector of Ukraine as the main source of income of agricultural
products, which ensures food security, is also considered. The problems of the domestic agricultural
sector (disruption of logistics connections, mining of agricultural land, destruction of warehouses and
infrastructure facilities) are identified, which restrains the further development of the agricultural
sector of Ukraine.

Keywords: climate change, anthropogenic activity, military actions, natural disasters, agricultural
sector.

Beryn. CoorosHi y cBiTi Bi10yBarOThCs T7100aIbH1 3MIHU MIPUPOJIHOTO CEPEOBHINA, 3MIHIOETHCS
KJIIMaT, BHACIIIZIOK YOTO MiJBHUILYEThCS CEWCMIUHA aKTHBHICTh 36MHOI KOPH, a aKTUBHE BTPYYaHHS
JIFOIMHM Y TIPUPO/IHI MPOLECH ITiICHITIOE PUBHKH INI00ATbHUX MPUPOIHUX, CKOJIOTIYHUX 1 TEXHOT€HHUX
katactpod. JI0ACTBO 3aBXKAM BiAYyBalo CTpax Iepe] MPHPOAHBOI cTHxieto. JKuBi opranizmu
HA/[3BUYAalfHO YyTJIMBI J0 3MiH HaBKOJIMIIHBOTO CEPEJOBHINA i PEaryioTh Ha HBOTO 3A€0UIBIIOrO
CKOPOYEHHSIM YHCEIbHOCTI, MeX1 MOLIMPEHHs, 3MIHOK IOBEIIHKH, a 4acTO B3arajli 3HHMKaroTh 3
TpaIULIMHUX TepuTopiit ocenui (AHTPONIOreHHUH. .., 2022).

3naBaniocst O, 110 BUBYAIOYM MPHUPONY LHUX SIBUII, NMPUUMHM X BUHMKHEHHS, a TaKOX [il0
aHTPOIIOTeHHMUX (PAKTOPIB Ta HACIIAKM BOEHHHUX Mii, 6araTbox 3arpo3 MoxHa Oyso 0 yHUKHYTH. Ae
JlaHI CIIOCTEPEXEeHb CBIIYATh MPO 3POCTaHHSA KUIBKOCTI MOCTPAXKAAIMX BiJ HACHiAKIB KaTacTpod
MIPUPOJHOTO Ta TEXHOTEHHOT'O XapaKTepy.

119


mailto:sovanatali22@ukr.net
mailto:sovanatali22@ukr.net

REDMO-2024
National Aviation University
Kyiv, Ukraine

REDMO-2024
Hauionanvnui agiayintnuii ynieepcumem
Kuis, Ykpaina

B cBiti y 2023 poui criocrepiraBesi HOBUi pexkopn i3 142 npupoaHux karacTpod, 1io0aibHi CTpaxoBi
36uTKH Bij sikux nepesuim 100 Mip. 1oi1. 4eTBepTuril pik MOCib, MpUuIoMy 3emierpyc y TypeuunHi ta
Cupii OyB HaiiIOPOXKUOI0 KaTacTpodoro (30uTku craHoBwM 6,2 Mipa. 1071.) (CtpaxoBi..., 2024).

3a OCTaHHE NECATWIITTS KUTENl 3eMili BiqU4yBarOTh 3HAYHI 3MIHHM KIIMATy, SIKi MPOSBISIOTHCS
gyepes TeIuly 3UMY Ta CHEKOTHE JIiTo. Taki 3MiHM BUKJIMKaHI aHTPOIIOT€HHOIO JISITBHICTIO JIFOJICTBA,
KOJIM CHAJIOI0YM BYTUDISA, HadTy, Ta3 TONIO 3MIHIOETHCS KOHIICHTpAIlisl MapHUKOBHX Ta3iB B
atMocdepi. A miJ yac iX CrajaroBaHHS BUBUIBHIETHCS BYTJICLb, SIKUH 3’ €THYIOUNCH 3 KHCHEM, YTBOPIOE
COg, 3a ocTaHHI CTO POKIB KOHIICHTpAIIisl SIKOTO 3pOCia y KiIbKa pa3iB, II0 CIIPHSIIO 3MiHAM KIIIMaTy
HAa IUIaHETI.

Metoaun Ta Mmatepianu. JlochipkeHHS BIUTMBY 3MiH KJIIMaTy Ta BOEHHHX [ y cTaTTi
3IIACHIOBAJIMCH 32 JOMOMOTOI0 TOPIBHSJIBHOTO Ta CTAaTUCTHYHOTO METOMIB. Y IOCTiKEHHI Oynn
BUKOPUCTAaHI Marepiaii BYCHHX, SKi 3alManucs JOCIHIDKCHHSIMH Y Il cdepi, MaTepianm
omyOikoBaHi y 3MI Ta BiacH1 JOCIIIKEHHS.

Pe3yabTaTn Ta 00roBOpeHH .

3a MUPHOTO KUTTS 3MIHM KIJIIMaTy Bi0yBarOThCS 4€pe3 aHTPONOTEHHY MiSIbHICTH — BUKUIU
MIIITPUEMCTB, BUXJIOIHI Ta3H, CE30HHI JIICOB1 MOXKEXI.

€BpoCOr03 TPUKIANAE 3HAYHUX 3YCHIb IS 30epeKEeHHS HaBKOJIHUIIHBOTO CEPEIOBHIIA,
MpUEMaIOYH JOKYMEHTH, 1[0 00MEXYIOTh BUKHIU IIKIUIMBUX PEYOBHUH.

Tax, y tpaBni 2002 p. €Bponeiicbkuii Coro3 parudikyBaB Kiorcbkuii nporokon 10 PamkoBoi
koHBeHl1i OOH mpo 3MiHy KiniMarty, sakuil OyB npuiiHaTud y 1997 p. it patudikoBanuii Ykpainoro y
2004 p. Y nparHeHHI OOMEXHTH Ha TI00ATBFHOMY piBHI 3a0pyaHEHHS MOBITPs, €BPOCOIO3 IMOYAB
3aCTOCOBYBATH JIOIYCTHMI HOpMH, BcTaHOBIIeHI KioTchkuM mpoTokosioM. [1i MexaHi3Mu, BUKIIAEH] B
KioTcpkomy mpoTOKOIII, CIPUSIOTH 3aKPUTTIO MIAMPUEMCTB 3 €KOJIOTTYHO HIKIJUIMBUMH TEXHOJIOTISIMU
1 IHBECTYBaHHIO 3aC001B B IIEpEIOB1 TEXHOJIOT1], sIKI MOXKYTh BIIKPUTH HOBI MOXJIMBOCTI 1 JUIsl KpaiH 3
nepexiaHoro ekoHoMmikoro (Auapierko ta Illako, 2017).

CporoiHi BiJ MOTOJHUX YMOB Ta 3MiH KJIIMAaTH IMOTEPHAOTh BCl KPaiHHU CBITY, 1€ SBUIIE HOCHUTH
ro0anbHUN Xapaktep. B mepiry depry BiJ MOroJHUX YMOB 3aJIeKHUTh CLIBChKE TOCIOAApCTBO. 3MiHA
KJIIMaTy 3MYIIy€ IMyKaTH HOBI MOMJIMBOCTI BHUPOIIYBaTH CIJIBTOCIIIPOAYKINIO [JIi TOTO, a0
3a0e3MeynTH NPOAYKTaMU XapuyyBaHHsS HacelleHHS IJIaHeTH JUIsl 3amoOiraHHs 3arpo3d ToJIoLy Ta
BUpIIICHHS] TUTaHb MPOAOBOIBLYUOT Oe3neku. TakuM YnHOM (hepmMepaM JTOBOJUTHCS MPUCTOCOBYBATHUCH
JI0 HOBHX TIOTOJHMX YMOB, KOJIM CIIEKOTHHUM JIITOM Maiike He OyBae€ JOIIIB, a B3UMKY —CHITY. Takum
YMHOM BHMHMKA€ HEOOXIJHICTh IITYYHOIO 3POIIEHHS POCIHH. 32 BUCOKUX TEMIIEpaTyp MepeauyacHo
JI03piBalOTh SIp1 KyJbTYpPH, [0 HETATUBHO BIUIMBAE Ha iX BpOXkailHICTb. BHCOKI TemmepaTypu Takoxk
CHPUSIOTH IIBUJIKOMY PO3MHOKEHHIO UIKIHUKIB, JUIsl 3HUILEHHA SKUX BHHUKAE€ HEOOXIIHICTh
BUKOPUCTOBYBATH 1HCEKTHIIMIHI PEUYOBHHH. B Takux ymMoBax BeJE€HHS CUIbCHKOTO TOCIOAPCTBA CTAE
3aHaJTO BUTPATHUM Ta CKJIaIHUM.

VYkpaiHi, 5K 1 iHII Jep>KaBU TAaKOX MOTEPITA€ Bij 3MiH KIIIMaTy, sIKi HETaTUBHO TI03HAYAIOTHCS HA
CLIBCHKOT'OCTIONIAPCHKIN JISTTBHOCTI.

[Ile omHMM HEraTUBHUM YMHHHKOM JIJIsl CUIBCBKOTO TOCIOJapcTBa YKpaiHu € BiifHa. YKpaiHa,
sKa OyayBaja CBOE MUPHE KUTTS 1 BUOpalia €BPOINEHCHKUN BEKTOP Y HAMPSIMKY €KOJIOTIYHOI O€3MeKH i
PO3BUTKY 3€JI€HOI EKOHOMIKH, B)K€ TPETil PIK )KMBE y CTaHI BiliHU 1 OKymauii Tepuropiii. BiiiHa, ska
BiIOyBaeThCsl B YKpaiHi € HaWOUIbLI MaclITaOHOI 1 pyHHIBHOIO 3a 4aciB [[pyroi cBiTOBOI BiifHH.
[TocriitHi 0oOCTpiii  OPU3BOIATH O 3a0pyIHEHHS TOBITPS, TMOXKEX Ta PO3MOBCIOHKEHHS
3a0pyIHIOBaJIbHUX PEYOBHH Yy NOBKULT Lle cripusie mpuIIBUALIEHHIO 3MiH KJIIMaTy MO BCiil IUIaHEeTi
(Sx moB’s13aHi..., 2022).

Benenns OoiioBux niif Ha TepuTopii YKpaiHW MPU3BOJUTH HE JIMIIE JO €KOHOMIYHHUX 30UTKIB,
pyHHYBaHHSA 00 €KTIB 1H(QPACTPYKTYpH, 3aruOeni 3HA4YHOI KIUJIBKOCTI HAacelleHHs, Yy TOMY YHCIHI i
MHUPHOTO, aje i 10 3HauHUX 30MTKIB HABKOJHMIIHBOMY cepeloBully. BiifHa cyTTeBO BIIMBae Ha
KJIIMaT 1 YAM JIOBILIE BOHA TPHUBAE, YAM IHTEHCHUBHIIIE OONOBI 1ii, TUM Oinble MacmTadu 30UTKIB 1
BILJIMB Ha HABKOJIMILIHE CEPEJOBHUIIIE, 1 Ha KJIIMaT 30KpeMa.

Y HuHImHIA cuTyanii YkpaiHa NOpOXOAWTHh AyXKe CKIQJAHUNA Tepiof, SKUH BHUKIMKAHUN
r7100abHUMU KJIIMaTHYHUMU 3MiHaAMH, 3arOCTPEHHSAM O0pOTHOM 3a CBITOB1 PECYPCH 1 Iy’Ke€ CKJIaJHUM
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BIICBKOBUM TIPOTHUCTOSIHHSAM 3 PpOCIHCHKMMH 3arapOHukamu. lle mpoTucTosHHS BigOyBaeThcs B
CKJIAJJHUX YMOBAaX, KOJH BOPOT JKOPCTOKO HHUIIMTH BCE HABKPYTH: 1€ 1 00’€KTH 1HPPACTPYKTYpH, i
BiliChKOBA TEXHIKa 1 HaBiTh JXUTIOBI OyIWHKH, IO MPHU3BOIUTH O 3arubOerni HaceneHHs. Takox
CTPaXJAIOTh 1 3a3HAIOTh 3HAYHMX BTPAT POJIIOYl YKPATHCHKi 3eMili. 3 KO)KHMM JIHEM BillHM BTpaTu
3pocTaroTh 1 ix Bakko orinutu (Hocosa, 2024%).

6 depBHa 2023 pOKy pPOCIHCBHKI BiliChbKa BYHJIM YEPrOBHH EKOJIOTIYHHN 3JI0YHMH, IIiipBaBIIN
rpe6mio Kaxoscrkoi ['EC, sika 3a0e3neuyBaiia pidyHe peryIroBaHHS CTOKY piuku JIHIPO AJis )KUBJICHHS
€JIEKTPOCHEPTI€I0, 3POIICHHS Ta BO103a0€3MeYeHHs 3aCyUIMBUX perioHiB miBaHa Ykpainu (Ctpokanb
Ta iH., 2023).

Jlo TOro  KOH(QUIIKTH TOCWIIOIOTHCS 1€ W TPUPOJHUMH MOTPSCIHHAMH, IO TAKOXK MA€
HETaTUBHUI BIUIMB Ha MPOJIOBOJBbUY Oe3neKy. BoHM MpHU3BOISATE 10 KPU30BOTO CTaHY 1 MPOBOKYIOTH
BUHHUKHCHHS BHITQJKIB HecTadi iXKi, a 1HOAI ¥ rojioxy, ocOoONHMBO TaMm, J¢ KOH(DIikTH HaOyBaroTh
JOBIOTPHUBAJIOTO XapakTepy. Y TaKOMy BHUMAJAKY IOTPHUMYBATHCS IPOJOBOJIEYOI OE3MeKH CTae
HabaraTo CKJIaJHIIE 1 TOMY BUHHUKa€E HEOOXIAHICTb HaJaHHs ryMmasiTapHoi aomomoru (Hocoga,
2024Y).

B KOpOTKOCTpPOKOBIM MEpCIEeKTHBI, BilfHA MOXXE TPHU3BECTH /0 3HAYHHUX JIOKATHHUX 3MIH B
SIKOCTI TIOBITPS 1 BOIM, a TaKOX B 3eMJICKOPUCTYBaHHI (CUIbChKE YHM TPHCAIMOHE TOCIOIApPCTBO,
TypusM). B 10BroctpokoBiii mepcnekTuBli, LI 3MIHM MOXYTh MaTd OUIBLI IIMPOKI HACIIIKU JUIS
KJIIMaTy, OCOOJIMBO SIKIIO BiiHAa TPUBA€ MPOTITOM TPUBAJIOro 4acy ab0 OXOIUIIOE BEIHKI TEPUTOPIi
(Biiina i 3miHa kiimary, 2024).

Y muxX CKIagHUX YMOBax MOy)Ke€ TOCTPO TOCTa€ MUTAHHS 3a0€3MEYEeHHS IPOJOBOIIECTBOM
HaceJICHHs, BINCHPKOBUX, a TAKOX CUTbCHKOTOCTIOAPCHKUX 1 CBIMCHKUX TBapHH. Lle BakmmBe muTaHHS
BHCTYIIA€  OCHOBOIO  3a0€3MEeuUeHHs  MpOAOBONBYOI  Oe3meku. OmgHUM 13 CTpaTerivyHMX
arponpo/IoBOJIbYUX PUHKIB, IKOMY MpUTaMaHHI 0COOIMBOCTI BIATBOPIOBAJILHOTO IPOIIECY, BUCTYIAE
PHHOK OBOYIB, SIKHUH MOTpeOye 0COOIMBOT yBard 1 He JUIIE 3 MPUYMHU 30arayeHHs OpraHi3My JIIOIUHHA
BiTaMiHaMH, MiHEpaJIaMH Ta KOPUCHUMH €IEeMEHTaMH, a i 3 MPUYHUHU TOTO, 110 BiH BUMAarae YuMajmnx
(biHaHCOBUX BHUTpAT Ha BIPOBa/pKEHHS HOBITHIX TexHojoriii (Hocosa, 2024%). Arpapuuii cekrop
VYkpainu, 0a30BOI0 CKJIAJOBOIO SKOTO € CLIbChKE TOCIOAApCTBO, (OpMye TPOIOBOJBUY Ta Y
BH3HAUEHUX MEXaX CEKOHOMIYHY, €KOJIOTIYHYy Ta CeHEpPreTHUHy Oe3leKy, 3a0e3reuye pO3BUTOK
TEXHOJIOTIYHO TIOB’S3aHUX Taly3eil HAI[lOHAJbHOI €KOHOMIKHM Ta CTBOPIOE COIliaJbHO-CKOHOMIYHI
yMOBH CitbecbKoro po3BuTKY (ExoHOMIKa BigHOBIEeHH:, 2023).

KomiteT 31 BececBiTHBOI Ipo10BOJIBUOT OE3MEKH Ha CBOIM 4eproBiii cecii po3riisiHyB PamkoBy
mporpaMy, sika rnependaudae MiBUIICHHS SKOCTI XapuyBaHHS TPyl HaceleHHs, SKi ONUHMIMCS abo
PU3UKYIOTh ONUHHUTHUCS B CUTYyallii 3aTsDKHOT KPH3M ILISAXOM YCYHEHHS i1 HeOe3leyHuX MNposiBIB Ta
HapOIIyBaHHS CTIMKOCTI 70 30BHIMIHIX BIUIMBIB. Cija 3a3HAYWTH, MO ISl TpOorpama Iija 3aTsSKHOKO
KpHU30K0 Ma€ Ha YyBa3l HECTaOUIBHICTh JDKEpEN KOIITIB I ICHYBaHHS Ta mepeboi y poOoTi
MIPOJIOBOJILYMX CHUCTEM, 3POCTAaHHS 3aXBOPIOBAHOCTI 1 CMEPTHOCTI, @ TAaKOX 30UIbLIEHHS KIJIbKOCTI
nepeMiileHb HaceJdeHHs. Bee 11e mpu3BOaUTh 0 MOPYIIEHHS YOTHPHbOX KOMIIOHEHTIB MPOJ0BOJIBYOT
Oe3meKku, [0 SKUX BIJHOCATHCA: HASBHICTh, JOCTYMHITh, BHKOPUCTaHHS Ta CTaOUIbHICTD
MPOJOBOJILCTBA. Jl0 MpPUYHMH TPOAOBOIBUOI HEOE3NMEKH MPU3BOIATh HACTYIHI YMHHUKU: HAsBHICTDH
KOH(JTIKTY, OKYIIAIlisl TEPOPU3M, 3MIHU KJTIMaTy, aHTPOTIOT€HHI KaTacTpodu ¥ CTHXiHHI JIuxa, 1ehiIuT
MIPUPOIHIX PECYPCiB, HEPIBHICTH, CYyIiJIbHA OIAHICTh W HU3bKA SIKICTh yHPaBIiHHS, IO MPHU3BENa 10
IIPOIOBOIIBYOT KPH3H # 3arpo3u npoaooibuiii 6esmeni (Hocoa, 2024°).

Arpecisa pocii 3aBjasia 3HaYHOI MIKOAM BITYM3HSHOMY arpoNpOMHUCIOBOMY KOMIUIEKCY, SKH,
BIPOTiIHO, BCE X CTaHe JIJIEpOM Yy BiJHOBIEHHI KpaiHu. Lleif cekrop mocigae mpoBinHE Micle B
YKpaiHCBKOMY €KCIOpPTi, SIKHH € KPUTUYHHUM JUis 3a0e3MedeHHs MPOAOBOJbYOI Oe3MeKu y CBITi, a
TaKOX MIATPUMKHM BHYTPIIIHIX BaJIIOTHUX PE3EpBiB, CTaOUIBHOIO KypcCy I'pUBHI, Makpo(hiHaHCOBOTO
36anancyBanns (NE740EN CFS 2021/47/Inf.17, 2020).

BHacnijok BO€HHUX Jiff CHOpaBXXHIM BUOPOOYBaHHAM JUIsL arpapiiB CTaJid Taki BHUKJIUKH:
OKyHaiist TEepUTOpid, 3HHUILEHHS BHUPOOHMYOIO 1 PECYpCHOr0 MOTEHIialy, OBOYECXOBHIII,
CUIBIOCHTEXHIKM, MOPYIIEHHS JIOTICTUYHMX JIAHIIOTIB 1 TEXHOJOTIYHUX MpPOIECiB, MiHYBaHHS
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teputopiil. Jlo moBHOMacmITaOHOTO BTOPTHEHHS arpoONpOMHCIOBUIN cekTop OyB OJHHUM 3 JpaiiBepiB
HAI[IOHAIBHOT €KOHOMIKH YKpaiHH, IOPIYHO 3pOCTaIN BUPOOHUY] MTOKA3HUKH.

BucHoBku. Ilepm 3a Bce HEOOXIHO AOTPUMYBATUCH AUPEKTHB €BPOCOIO3Y OO0 3MEHILICHHS
BMICTY BYTJICI[IO Y TMOBITPi, 3aCTOCYBaHHS 3€JICHM TEXHOJIOTIH i 30€peKCHHS HABKOJIUITHBOTO
CepeIoBUINA ISl HUHIITHBOTO 1 MaOYyTHIX TOKOJIIHb.

[Ilo crocyeTbes MOAANBIIOl CUTBCHKOTOCTIOAAPCHKOI MiSUTBHOCTI YKpaiHU, TO TYT MOIUIBHO
MOCWJIMTH OPIEHTAIII0 TPU BiJHOBJICHHI CUTBCHKOTO TOCHOJAPCHKOTO BHPOOHHIITBA HA IPOBEICHHS
exornepeOy 0B, (OPMyBaHHS CTANOi arporpoJOBOIBYOI CHCTEMH, NMPOCYBaHHS JcKapOOHi3amii U
JOCSTHEHHS KIIIMaTHYHOI HEHTPalIbHOCTI BIAMOBIAHO 10 E€BPONEHCHKOTO «3EIEHOr0» Kypcy, IO
o3HavatuMe peamizarito L{ieit ctaimoro po3BUTKy. A i bOro YKpaiHa Ma€e TaKoK aKTHUBHIIIC JisITH
y HampsSMKY €KOJIOTTYHOCTI Ta €KOJIOTO0E3METHOCTI.
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Ecosystem principles of assessing damage to the environment as a result
of military operations
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Abstract. The purpose of the work is to develop methodical approaches to ecosystem assessment of
environmental damage as a result of military operations. It is noted that the damage caused to the
environment during armed conflicts leads to the deterioration of ecosystems and natural resources for a
long period of time and often affects not only one state and not only the current generation. It is
justified that the ecosystem determination of damages from the negative consequences of military
actions should include an assessment of the full range of costs associated with the maintenance and
restoration of ecosystems. It has been proven that one of the most promising directions for assessing
the economic value of ecosystem services for determining the damage to the environment from the
negative consequences of military actions is the assessment of territories taking into account their
ecosystem assets.

Keywords: environmental damage as a result of military operations, ecosystem services, ecosystem
asset, assessment.

Beryn

[ToBHoMacmtabHe BTOprHeHHs P® B VYkpaiHy Bke 3aBgajJio Ta MPOAOBXKYE 3aBJaBaTH
BEJIMYE3HOI IIKOJAW JIOBKIJUTIO, a/DKe BiIOYyBAa€ThCA pyHHAIlISl €KOCHUCTEM Ta 3a0pyIHEHHs iX
HeOe3NeYHUMH PEYOBUHAMMU.

CporojiHi Mu € CBIJIKAMU IPUTOJIOMIIIJIMBOI I'yMaHITapHOI KaTacTpodH, 110 PO3TOPTAETHCS Yepes
BiifHY, sIKa OKPIM JKaxJIMBUX JIIOJICBKUX BTPAT, CKOHOMIUYHUX 30WMTKiB, PyHWHY€E TOBKULISA, TPUMAE Y
MOCTIMHIA Hampy3i Yepe3 pHU3MK pajianiiHoi KatacTpodu Ta CHPUYUHSE JOJATKOBI BUKUIU
MapHUKOBUX ra3iB, HACIIIKU SKUX BIJUYBATUMYTh JTAJIEKO 32 MEXaMU HalllOHAJIbHUX KOPAOHIB HAIIOL
nepxkaBu.  Kpim Toro, J1icoBi MOXKEX1 MPU3BOAATH J0 3HIDKCHHS 3JaTHOCTI INMOTJIMHAHHS JIiCAMH Ta
TOpOBUIIIAMHU TAPHUKOBUX T'a3iB.

B 1imomy exoJioriyHi HacaiAKK BIfHU ITHOPYIOTHCSI MKHAPOJAHUM 3aKOHOIaBCTBOM. HeoOxiaHo
MeperyisiiaTd MDKHAPOJHI YrOJd, IO CTOCYHOThCS BO€H 1 30pOMHHMX KOH(MIIKTIB, MiJ Yac SKHX
B1/I0yBa€ThCS SIK HABMHUCHE, TaK 1 HEHABMHCHE 3alOJisHHS MIKOAW HABKOJHUIIHBOMY HPUPOTHOMY
cepenoBuIly. AJpKe IIKOJa, 3amojisHa JOBKULIO MM 4Yac 30pOWHHMX KOH(JIIKTIB, MPHU3BOAWTH [0
MOTIPIICHHS CTaHy E€KOCHCTEM Ta MPUPOAHUX PECYpCiB Ha TPUBAIUN MEpiof Micis MNPUIHUHEHHS
KOH(JTIKTIB 1 4aCTO TOPKAETHCS HE TUILKHU OJTHIET IEP>KaBH 1 HE TUIBKU HUHIITHBOTO MTOKOIIHHS.

3 1i€1 TOUYKH 30pY EKOHOMIUHa OI[iHKAa CTaHy €KOCHCTEM, TPOrHO3yBaHHS 3MiH pi3HUX (DAaKTOpIB 1
MO>KJIMBUX HACIHIJIKIB B/l IIUX 3MiH € Kpail BAXKIMBUM HAyKOBUM 3aBIaHHSAM. HaBiTh y BUMAJKy, KOJIH
HEeraTUBHI HACNIJIKU BIUIMBY Ha JOBKULIA O€3MOCEPEHbO HE 3arpOXKyIOTh, iX MOTPIOHO 3HATH, BMITH
BHU3HAYATH 1 BOJIOITA MOKJIMBOCTSIMHU MOMEPEIHKEHHS Ta YHUKHEHHS PYHHIBHOTO BIUIUBY. CKIIa0BOIO
[IMX 3aBJIaHb € €KOCHUCTEMHE OIIIHIOBaHHS 30MTKIB HABKOJIUITHBOMY MPHPOJHBOMY CEPEIOBHIILY, 1110
TPYHTY€EThCS Ha aHaJIi31 opraHizauii Ta QyHKI[IOHYBaHHI €KOCHCTEM.
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Hapazi 3anumaroTbcs Majio JOCHKEHMMM THTaHHS IOAO0 3aCTOCYBaHHS EKOCHCTEMHOIO
MiXOAy /0 BU3HAYCHHS 30WMTKIB BiJl BINCHKOBUX [il, BU3HAYCHHS Ta MapaMeTpH3allis TaKuxX 30UTKiB
Ta 3aroAisHOI BHACIHIJOK IFOT0 IIKOAW OMOCEPEIKOBAHOTO XapakTepy 4epe3 BTPAaTy €KOCHCTEMHHX
nocayr micueBocti. Tomy MeToro 1i€i poboTH € po3podka METOAUYHUX IMIJXOIB JJO €KOCHCTEMHOTO
OLIIHIOBAaHHA 30UTKIB JOBKIJUIIO B HACIIIOK BIHCEKOBUX Ji.

MeTtoau Ta marepiajau

[lix wac naHOTO MOCHI/KEHHS 3aCTOCOBYBAIMCS 3arajlbHOHAYKOBI METOJIU: CHCTEMHO-
CTPYKTYPHOTO aHai3y, OPiBHIHHS, CHHTE3Y, y3aralbHEHHS.

Pe3yabTaTn Ta 00roBopeHHs

3 eKOCHUCTEeMHOI TOYKM 30py 30MTKM MOXYTh BHHHKHYTH BHACHIJOK 3HUILNEHHS EJIEMEHTIB
MPUPOJHOTO CEPeAOBHUINA, HOro 3a0pyAHEHHS BHKHIAMH, CTOKAMH, BiJIXOJaMH, BUCHAXCHHSIM
MPUPOJHUX KOMIUICKCIB, HEpAaliOHAILHUM BHKOPUCTAHHSIM TIPUPOJHUX PECypCiB, IMOPYIICHHSIM
€KOJIOTTUYHHUX 3B’SI3KIB y CEPEOBUILI ICHYBAHHS )KMBUX OpPraHi3MiB, B TOMY YMCII JOAUHU. Tomy s
€KOCHCTEMHOI'0 aHaii3y 30MTKIB, 3aloOJISIHUX BHACTIJOK BIMCHKOBUX i, KOJU BIIOYBAETHCS
3HMILEHHS a00 3a0pyHEHHSI TOBKULISA, HEOOX1HO BpaXxOBYBaTH 3aKOHOMIPHOCTI, 1110 JIEKaTh B OCHOBI
(YHKIIOHYBaHHS MPUPOJHUX O10T€OIEHO31B. 3arajoM, OLlIHKa HEraTUBHOTO BILIMBY Ha €KOCHCTEMU
0a3yeTbcss Ha JIBOX OCHOBHUX albTePHATHUBHHUX miaxonmax. [lepmmii BpaxoBye (aktuyny (1o
MOXKJIMBOCTI — TIOBHY) OIL[IHKY 3aBJaHOro 30MTKYy, JpYyTMi — IMOIEpenHl BUTPATH Ha 3amoOiraHHA
MOXJIMBUX 30UTKIB. Ilepmuii Tun omiHOK Bu3Havyae (akTU4YHI 30MTKH YU BUTPATH, CHPAMOBAHI Ha
JIKB1/Iallil0 HETaTUBHUX HACTIAKIB [IIi HA HaBKOJIMILIHE CEPEJOBMILE, APYTUH — MOTEHIIIHI 30UTKH
BHACJIIJIOK HETaTUBHOTO BIUIMBY. Po0oTa Haj JIKBIZAIIE€I0 3a3[aieriip rnepeadadyeHux 30UTKIB
nepeadayae BIPOBAPKEHHS PI3HOTO BHUIY 3aXHWCHUX 3aXOJIB IIOAO HEIOMyIIeHHs 30uTkiB. s
€KOCHCTEMHOT'0 BU3HAUCHHS 3aIOITHUX Ta MOTNEPEKEHNX 30UTKIB BAXKJIMBUM € TE€3a, 10 CKIIA0BOIO
€KOJIOTTYHOT O 30UTKY, 0OYMOBJIEHOTO ICHYBaHHSM 1 JIISJIBHICTIO JIFOJIMHU, € 30UTOK €KOCUCTEMAaM, 1110
MPOSIBIISIETHCS Uepe3 JIeTpajallio JaHmmadTy, TeHeTHYHI MyTallii, 3HHKHEHHSI OKpEeMUX O10JIOTTIYHUX
BH/IIB, TIOPYIICHHS yYMOB BIATBOPEHHS BIHOBIIOBAaHUX MPHUPOAHHX pPECypciB Ta iH. TakuM YHMHOM,
€KOCHUCTEMHI 30MTKH MOXXYTh NPOSBILITHCS uepe3 Aerpajaliilo BOJHUX KOMIUIEKCIB, aTMocdepH,
bnopu, dayHu, TpyHTIB, JaHmmadTIB, MOTIPIICHHS 370pOB’S JIOACH Ta CKOPOYEHHS TPUBAIOCTI
ixHporo xuTTsA. ExocucTeMHe BU3HAUEHHS 30UTKIB BiJ BIHCHKOBUX Jii TTOBUHHO BKJIIOYATH OIIHKY
MTOBHOT'O KOMILJIEKCY BUTPAT, OB’ I3aHUX 3 MiATPUMKOIO Ta B1IHOBJIEHHSM €KOCHCTEM:

- BUTpaTH YIpaBIiHHA: TpsMi (IHAHCOBI BUTPATH, JIOACHKI PECYpCH, SKI HEOOXITHI IS
B1JIHOBJICHHSIM €KOCUCTEM;

- QAIbTEPHATUBHI BUTpATH. TEOPETHYHI 3aTpaTH dYacy, 3€MJIi, TpOIIed YM IHIIUX PECYpCIB,
HEOOXITHUX ISl 30€pEKEHHsI €KOCHCTEM, SIKI MOTJIM O MPUHECTH JIOX1J 32 YMOBH, SIKOW BOHU OyiH
BHKOPHCTAHI UM 30CEPEDKECHI B 1HIIIOMY MiCIIi;

- BUTpATU Ui 1HIIMX M[OTpeO: IIKOJAA, CIpPUYMHEHA i€ JEerpajoBaHuX ad0 YIIKOHKEHHX
€KOCHCTEM Ta pecypciB s MICLEBUX TIpOMaj, BKJIIOYAIOUM JIIOJCHKI 3aXBOPIOBAHHSA, XBOpPOOU
JOMAIIHIX TBApUH, IIKITHUKU C/T KYJIbTYp Ta 1HIII JKepena 60poThOU 3a pecypcu.

Kiacudikarniro METo1iB €KOCUCTEMHOTO BU3HAYCHHS 3aITOITHUX Ta MOIMEPEIHKCHUX 30UTKIB Bif
HEraTUBHHUX HACHIAKIB BIMCHKOBUX [Iif, IO TPYHTYETHhCS Ha 3aCTOCYBaHHI crenuigyHUX CHoco0iB
PO3PaxyHKiB, MOKHA MPECTABUTH HACTYITHUM YHHOM:

1) Meton mpsiMOTO paxyHKy 30MTKY, IIO IPYHTYEThCS Ha 3iCTaBJICHHI BUTpAT Ha JIKyBaHHS
HACEJICHHS, BTPAT BPOXKANHOCTI CUTbCHKOTOCIIOAAPCHKUX KYJIbTYpP, MPOAYKTHBHOCTI XyAOOH TOILIO B
paiioHi ¢ 3a0pyJHEHHM HAaBKOJUIIIHIM CEPEIOBUIIEM 1 B KOHTPOJIbHOMY (YHCTOMY) paiioHi.

2) AHamTUYHMM METOA OLIHKKM 30UTKY, IO IPYHTYETbCS HAa BHUKOPUCTAHHI MOINEPETHBO
BUBEJICHUX 3aJ€KHOCTEH MIDK OKpEMHMM TIIOKa3HUKaMH PpELUIIIEHTIB 1 piBHEM 3a0pyIHEHHs
HaBKOJIMIIHBOTO CEPEIOBUIIIA.

3) EmmipuuHuil MeTOJl OLIHKM EKOHOMIYHOro 30MTKY, W10 TIPYHTYETbCS Ha BUKOPUCTaHHI
rajry3eBUX METOHK.

4) Metoa OIIHKH 30UTKY, IO TPYHTYETHCA HA TOTOBHOCTI HACENEHHS IMJIATUTU 32 CHPUSATIHBY
SKICTh HAaBKOJIMIIIHBOTO CEPEOBHUIIIA.
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Tak sk 30UTOK, HAHECEHHH NPUPOIHMM pecypcaM Ta HABKOJHUIIHBOMY CEPEIOBUILY MOXKHA
BHUPA3UTH Yepe3 BTPATy €KOCHUCTEMHHX TOCIYT, TAKUM YMHOM MOXKIIMBO TMapaMeTpU3yBaTH 30MTOK
gyepe3 KOMIICHCAIIF0 TOCTYT €KOCHUCTEM 3a 4ac BITHOBJICHHS iX JIO MEpBUHHOrO crtaHy (abo depes
BaPTICTh €KOCHCTEMHUX MOCHyT). OIiHKa €KOHOMIYHOT BAPTOCTI €KOCUCTEMHUX IMOCIYT € BaXKJIUBOIO
YMOBOIO Ui BHOOPY ONTHUMAIBHOTO PIllICHHS B MHUTAHHSAX PalliOHAIBHOTO MPUPOJOKOPUCTYBAHHS HA
MICIIEeBOMY piBHI uepe3 HajaHHS iHQopMaIii mpo Te, SIK EKOCHCTEMHI IMOCIYTH BIUIMBAIOTh Ha
€KOHOMIUHY [isUTbHICTh. Taka OIiHKa J03BOJISIE BKIIOYATH B EKOHOMIUHI pPO3PAaxXyHKH BapTiCTh
JIOBKULTA. ICHYIOTH pi3HI MiAXOQM O OLIHKH €KOHOMIYHOI BapTOCTI €KOCHCTEMHHUX MOCIYT (METOX
MPSIMOTO PUHKOBOT'O OIIHIOBAHHS; METOJ HENpPSIMOTrO PUHKOBOTO OI[IHIOBAHHS;, METOJl YMOBHOIO
OLIIHIOBAHHS; METOJA TPYINOBOI OIIHKH), ajlieé B IUJIOMY METOAWYHI TNPHHIWIHN OIIHKK 30UTKY
HABKOJIMIITHBOMY CEpPEJIOBUILY 3 TOUYKH 30Py €KOCHCTEMHOTO ITiJIX0/1y TPYHTYIOTHCS OLIBIIOI0 MipOIO
Ha KaTeropii HemaTepiaabHOI BUTOMIM, SKY HAga€ HABKOJIMIIHE CEPEIOBUINE, KYIU BIIHOCATHCS Taki
KaTeropii, IK «BapTiCTh BUGOPY», «BAPTICTH CHAMIIMHM», «BAPTICTh iCHyBaHHS» Ta iH. MmeThes mpo
MOJKJIUBICTh BHKOPHCTAHHS TIEBHOTO AaCIMEKTy HABKOJUIIHHOI'O CEPEJOBHINA B MaiOyTHbOMY. Aure
HEOOXI1JTHO BIJIMITUTH, IO OI[IHKA €KOHOMIYHOI BapTOCTI €KOCUCTEMHUX TMOCITYT € BaXKJIUBOIO YMOBOIO
JUIsi BUOOpPY ONTUMAIBHOTO PIIIEHHS B MUTAHHSAX BHU3HAYEHHS IIKOAM JOBKULIIO BIJ HEraTUBHHUX
HACJIJIKIB BIMCBKOBUX [if, TOMY PO3pOOKH B JaHOMY HampsMy € JOCUTb HaraabHuUMH. OJHUM 3
HaWOUIbII NEPCINEeKTUBHUM, 3 HAIIOi TOYKHU 30pYy, € OLIHIOBAHHS TEPUTOPIA 3 BpaxyBaHHA iX
€KOCHCTEMHOTO aKTUBY. Take OIlIHIOBaHHS Y3TO/DKYETHCS 3 IUIUM PSAIOM HANPSIMKIB JIOCSTHECHHS
[iye#t cramoro po3BUTKY, a caMe B paMKax peanizamii e 6, 13, 14 ta 15. Bapro 3ayBaxkutu, 1o
3rifHO O(ILIIfHOrO0 BU3HAYEHHS €KOCHUCTEMHMM aKTUB TEpUTOpii pO3IIIANAEeThes K “‘crerudivyHa
MIPOCTOPOBO OOMEKEHa €KOCHCTeMa KOHKPETHOTO THITy, IO BKJIIOYA€ BCl MpUTaAMaHHI OIOTHYHI Ta
abl0THYHI KOMIIOHEHTH, HEeoOXiIH1 T Ui (YHKIIOHYBaHHS Ta HAJaHHS €KOCHUCTEMHHUX MOCIYI»
(Wang et al., 2019). B upomy acrekTi KIFOYOBHMH OPIEHTHPAMH OIIHIOBAHHS €KOCHCTEMHHX aKTHBIB
MIPUPOIOOXOPOHHHUX TEPUTOPIN TpoMa €:

1) BUMipIOBaHHSI aKTHBIB €KOCHUCTEMHU 3 TOUYKH 30PY BU3HAYCHHS CIIPOMOKHOCTI I[OTO aKTHBY
BUPOOJIATH €KOCHCTeMHI Tociyru. [Ipu 1mpoMy 0OCST aKTHBY KOPEIIOETHCS 3 PO3MIPOM aKTHBY 1
CTOCYEThCSA IUIOIII 3€Mellb, OXOIUICHWX IMM aKTHMBOM (Hampukmana, Jji