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YMaHChKUH Aep:kaBHUM Mearoriyauil yHisepcuret imeHi [1aBna Tuunau

BUKOPUCTAHHA CYITYTHUKOBUX JAHUX /151 ONIHKA
JETPAJAIIL TPYHTIB B ATPAPHUX PETTOHAX YKPATHU

Pozenanymo numanns euxopucmanHs CynymHUKOBUX OQHUX Ol OYIHKU
deepaodayii IpyHmie 8 azpapHux pecionax Ykpainu. Bcmawnoeneno, wo ochosHuMu
YUHHUKAMU Oe2padayii IpYyHmMIe € 800HA MAa GIMpo8a epo3is, 3HUNCEHHS GMICMY
2YyMYCy, 3ACONEeHHS, YWINbHEeHHS [PYHMY, HAOMIPDHA OPAHKA, A MAKOMC GNIUE 3MIHU
knimamy. Tpaouyitini memoou oyinku decpadayii, 30Kpema noab0o8i 00CI0NHCEeHHS, €
MPYOOMICMKUMU  MA  00POSUMU, WO O0OYMOBIIOE HEOOXIOHICMb 3ACMOCYBAHHS
CYYACHUX CYNYMHUKOBUX MEXHON02IU. Bukopucmanus OucmaHyiino20 30HOYE8AHHS.
3emni ([33) 0ozeonse 30ilicHiogamu onepamueHUullL MOHIMOPUHE 3MIiH V IPYHMOBOM)
NOKpUBL, BUAGNAMU €epOo3iUHI npoyecu ma NpPocHO3Y8AMU NOOANLUUL PO3BUMOK
Ooecpaodayitinux saeuwy. I[Ipoananizoeano memoouxky 3acmoCy8aHHs CNEeKMPATbHUX
inoekcis, 30kpema NDVI (Normalized Difference Vegetation Index), NDSI
(Normalized Difference Soil Index), BSI (Bare Soil Index), LST (Land Surface
Temperature) Ons aumanizy 3MiH Yy CMPYKmMypi IPYHmMy, U020 B601020CMi mda
gecemayiiino20 NOKpugy. 3anponoHO8aHO O0B0PIGHEEY MOOelb MOHIMOPUH2Y, U0
NOEOHYE  CYNYMHUKOBI OaHi ma 2eonpocmoposuti auaniz. Jlogedeno, wo
BUKOPUCMAHHSA ANCOPUMMIE MAWUHHO20 HABYAHHA, 30Kpema Kiacugixayii Random
Forest, 0o3eonse asmomamuszysamu npoyecu ioenmupixayii 0eepadosanux 3emeins i
nioguwumu mounicms ananizy. Ocobausy ysazy npuoileHo eniusy siliCbKogux Oill Ha
CMaH IPYHMOB020 NOKPUBY, 30Kpema HAcCIiokam 060omoOapoysanb, MexaHiuHo20
VWINbHeHHs — [PYHMI6  BIlICbKOGOI0  MEXHIKOW  ma  3a0pyOHeHHs  [PYHMIG.
Bukopucmanna cynymuuxosux naamgpopm Sentinel-2, Landsat-8/9 0o36oxs€
oyiHlo6amu macumaodu pyuHyeaHb ma po3poonsmu  3axo0u 3 GIOHOBNEHHS.
nocmpaxscoanux mepumopii. Bucnosxku niokpeciroomo 8aiciusicms 6NPOEAONCEHHS
CYNYMHUKOBUX MEXHON02TU Y CUCMEMY A2POEKON02IYHO20 MOHIMOPUH2Y, WO O0dE
3MO02Y NOKPAWUMU YIPABIIHHA 3eMEeNbHUMU pecypcamu ma 3abe3nedumu Cmanutl
POo36umox azpapnoco cexkmopy Ykpainu. Ilooanvuii 0ocnioxcenus maioms Oymu
30cepeddiceHi Ha iHmezpayii CYynymHUKOBUX OAHUX 13 NOJbOBUMU BUMIPHOBAHHAMU,
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PO3WUPEHH]  BUKOPUCIAHHA ~ 000AMKOBUX  CYNYMHUKOBUX — niam@opm  ma
3acmocy8aHti WMY4HO20 iHmeneKkmy Ojisi NPO2SHO3)8AHHS 0e2padayiiHux npoyecie.

Knouosi  cnosa: cynymuukosuii  mMoHimopune;,  Oe2padayis — IpYHMIs;
oucmanyitine 3onoysanus, NDVI; NDSI; BSI; LST; eposis; mawiunHe HABUAHHS,
azpoeKonociuHUL MOHIMOPUHE.

IMocranoBka npoOsemMu. [PyHTOBUII MOKPHMB € OJHMM i3 HaNWBaXKIUBIiIIKX
NPUPOJHUX pecypciB YKpaiHu, 110 3a0e3nedye MpoJaoBOJibYYy Oe€3leKky Ta
CTaOUIBHICTh arpapHoro cexkropy. IIpoTe ocTaHH1 AECATUIITTA XapaKTEepU3YHOTHCS
IHTEHCUBHOIO JIeTpaJalli€l0 IPYHTIB, 110 CIPUYMHEHA SK MPUPOJHUMHU (HaKTOpamu,
TaK 1 AHTPONOTeHHUM BIUIMBOM. TpajuiliiiHi METOAu OIlHKU CTaHy IPYHTIB
nependavarTh MPOBEACHHS IMOJbOBUX JIOCTIIKEHB 1 Ja00paTOPHOTO aHali3y, II0 €
TPYAOMICTKHM, JOPOTHM 1 HE 3aBXKH J03BOJISIE OTPUMATH ONEPATUBHY KapTUHY 3MiH
Ha BEJIUKUX TEPUTOPISIX. Y 3B’SI3KYy 3 IUM BUHUKAE HEOOXIJHICTb BUKOPUCTAHHS
Cy4YaCHUX TEXHOJIOT1 MOHITOPHUHTY, sIKi 3a0€3MeuyloTh HIBUJIKY Ta TOYHY OIIIHKY
nerpanamiinux — mporeciB. CynyTHUKOBI — JaHl, OTpUMaHI 3a JOIOMOTOIO
qucTaHIiitHoro 3ouayBaHHs 3emii (33), 103BONSAIOTH OLIIHIOBATU CTaH IPYHTOBOTO
MOKPUBY B PEXHMI pEaJbHOr0 4acy, aHali3yBaTH JIUHAMIKY 3MIH Ta pO3pOOJISITH
e(eKTUBHI cTparerii ymOpaBiiHHA 3€MEJIbHUMU pecypcamu. BukopucraHHs
crektpanbHux 1HAEKCiB (NDVI, NDSI, BSI Tomo) Ta TemmepaTypHOro aHamizy
noBepxHi IpyHty (LST) BigkpuBae HOBI MOKJIMBOCTI JUIi MOHITOPHUHTY
JerpaalliiHuX MpOoLEeciB, a Po3poOKa €PEeKTUBHOI METOAMKH OI[IHKHU Jerpaaaiii
IPYHTIB Ha OCHOBI CYNYyTHHUKOBUX JIaHMX, JO3BOJUTH 3a0€3MEYUTH CBOEYACHE
BUSIBJICHHS PU3WKOBAHUX 30H Ta MPUUHATTS OOIPYHTOBAHUX PINICHHb MIOA0 IXHBOI
B1THOBJIIOBAHOCTI Ta PalliOHAILHOTO BUKOPUCTAHHS.

AHaNi3 oOCTaHHIX JocaiKeHb 1 myOaikamiii. 3riiHO 3 MDKHApPOJHOIO
MPAaKTUKOI0, MOHITOPUHT Jerpajaiii IPYHTIB 3AIHCHIOETbCA 32 JIOMOMOTOIO
JTYCTAHIIMHOTO 30HAYBAaHHS 3 BHKOPHUCTAHHSAM 300pak€Hb PI3HOI IPOCTOPOBOI Ta
pagiOMETPUYHOI PO3UIHHOT 3IaTHOCTI, a TaKOX Ha3eMHHUX BHUMIpIOBaHb. KocmiuHi
3HIMKM 3 HU3bKOIO PO3JUIBHOIO 37aTHICTIO BUKOPUCTOBYIOTH JJISI OLIHKUA CTaHy
IPYHTOBOTO Ta POCIMHHOTO MOKPHUBY HAa HAIIOHAIHHOMY Ta PET1OHAIIbHOMY PIBHSX,
TOJ1 SIK 3HIMKHU 3 BHCOKOIO PO3AUIHHOIO 3JaTHICTIO 3aCTOCOBYIOTH ISl J€TaIbHOTO
aHaJi3y MOCIBIB Ta IPYHTIB HA PiBHI OKpeMHUX rocrnoaapcts 1 momiB [1]. CynmyTHUKOBI
3HiMKM Landsat BiAKpUBaIOTh IIUPOKI MOXJIMBOCTI Il  KapTorpadyBaHHS
3aCOJICHOCTI IPYHTIB, 110 MIATBEPKYETHCS HAYKOBUMU MyOmikarisamMu [2; 3].

EdexTuBHICT CYymyTHUKOBUX JIaHMX y  CHCTEMI  arpoeKOJIOTIYHOTO
MOHITOpHHTY miATBEepKYI0Th O.B. Myapak ta T.B. Mopo3oBa. Bonn 3a3HauaroTh,
mo gadi /133 H03BONSIOTH TOYHO OIIHUTH CTaH IOCIBIB Ha BEIHMKHX IUIOIIAX 3a
nonomororo iHAekcy NDVI HaliBakIHBIIIOrO MOKa3HUKA Y TOYHOMY 3€MJIEPOOCTBI
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[4]. Jloriuny wmopens kiacudikaiii BOJHOI e€po3ii TPyHTY 3a maTepiaiamu
JTUCTaHIIIITHOTO 3HIMAaHHS BUCOKOI TPOCTOPOBOT PO3LIIBHOI 3IaTHOCTI MPEACTaBICHO
y [5]. TIpo miHHICTH CydYacHOi CYMYTHHKOBOi iH(GOpMaIlli OO0 XapaKTepUCTUKU
apXITEeKTOHIKK Ta OlOMETpli pOCIWH, y T. 4. 0lOMacH, BU3HAYEHHS 1HACKCY ILIOIII
muctkiB (LAI), po3mipy 1 IITBHOCTI POCIUHHOCTI, SIKI BUPAXKaIOThCA y KoeilieHTax
BinOuTTa Ha goBxkuHax XBuiab NIR mumcamu O.I'. Tapapiko, T.B. Inbenko, T.JI.
Kyuma, H.I. Binokias [6]. Psia 1HO3eMHUX HAayKOBI[IB HAroJIONIYIOTh, 110 PO3BUTOK
JUCTAHIIITHOTO 30HyBaHHS 3€MJII 3yMOBIICHHI KiJbKOMa (pakTopaMu: 3pOCTaHHIM
JOCTYMHOCT1 CyMyTHUKOBOI 1H(GOpMaIllii, 301IbIIEHHAM KUIBKOCTI Ta MOKPAIICHHSIM
XapaKkTepUCTUK CYMYTHUKIB, BJOCKOHAJIEHHSM CEHCOPHUX TEXHOJIOTIN ISt
MOHITOPUHTY €KOCHUCTEM Yy peallbHOMY 4aci, a TaK0X PO3BUTKOM BEOCEPBICIB 1
CTaHJAPTIB JJIs OOMIHY T€ONPOCTOPOBUMU JaHUMH [7; 8].

3arasioM, i Ta 1HII JOCHIIKEHHS MIATBEPKYIOTh BUCOKY 1H(OPMATHUBHICTD
CYNYyTHUKOBHUX TEXHOJIOT1H JUIsl OLIHKHK Jlerpajallii IpyHTIB, IPOTE iCHYe moTpeda y
MOJIaJILIIIOMY BIOCKOHAJICHHI METOJMK aHalli3y, aJanTtallli CieKTpaabHUX 1HACKCIB 10
perioHaIbHUX 0COOJIUBOCTEN Ta PO3pPOOIIl IHTETPOBAHUX MOJEJICH MOHITOPHUHTY.

i mocaigxeHHss crpsMoBaHi Ha po3poOKYy €(PEeKTUBHOI METOJMKU OLIHKU
Jierpaiailii rpyHTIB B arpapHUX perioHax YKpaiHW 13 BUKOPUCTAHHSIM CYIYTHHUKOBHUX
JaHUX.

AKTYQIBHICTh TOCTIIKeHHsI. [pYHTOBHMII IIOKpUB YKpaiHH € KPUTUYHO
BAXKJIMBUM PECYpPCOM, BiJl SIKOTO 3aJIeKUTh IPOJIOBOJbYA Oe3leka Ta CTaOUIbHICTh
arpapHoro cekrtopy. TpaauiiiiHi METOJM MOHITOPUHTY € TPYJAOMICTKUMH Ta
JOPOTUMHU, TOMY BHUKOPUCTAHHS CYIMYTHHUKOBHUX TEXHOJIOTIH BIJKPUBA€E HOBI
MOXJIMBOCTI [IJIi ONEPAaTUBHOTO Ta TOYHOI'O CIOCTEPEKEHHS 3a IPYHTOBUMH
MPOIIECAMH.

HoBu3Ha xocaiazkenHsi. 3apornoHOBAaHO HOBUM MIAXiJ 10 OIIHKK Aerpaaariii
IPYHTIB 13 BUKOPUCTAHHSIM CYNYTHUKOBHMX 3HIMKIB Sentinel-2, Landsat-8/9 Ta
ITOPUTMIB MAIIMHHOTO HaB4aHHSA. [IpoBeneHO KOMIUIEKCHUN aHail3 OCHOBHUX
cnektpanbuux 1H1aekciB (NDVI, NDSI, BSI, LST) ans MOHITOpUHTY €po3iiiHuX
MPOIIECIB TA 3aCOJICHOCT1 IPYHTIB.

MeTta poc/izKeHHsI € aHall3 Cy4YaCHUX METOJIB JUCTAHI[IMHOTO 30HyBaHHS
JUTSL OIIHKY JIeTPajaIlii IPyHTIB, IO I03BOJUTH CBOEYACHO 17ICHTU(IKYBATH PU3UKOBI
BIJTHOBJICHHS.

MeTtoau aochaimkenHsi. Jlucranmiitne 3oHayBaHHsA 3emii (/[33) — amamis
CYNyTHUKOBHUX 3HIMKIB JIJIi MOHITOPUHTY CTaHy IpyHTiB. CHEKTpaJbHHI aHami3 —
po3paxyHok iHzaekciB NDVI, NDSI, BSI, LST nnsa Bu3HaueHHsI 3MIH Y IPYHTOBOMY
MOKpUBI. MalimHHe HAaBYaHHS — 3aCTOCYBaHHs anroputmiB kiacudikamii (Random
Forest) st aBTOMaTUYHOTO BUSIBJICHHS JIETPaJ0BaHUX JUISTHOK.



454 leooesis ma 3emne8nopsOKy8aHHs.

Pe3ysnbTaTu Ta iX 00OrpyHTYBaHHA. YKpaiHa, 3a faHuMu JlepxcTtaTy, BOJIO/II€
3HAYHUM 3eMeIbHUM (POHAOM y 24 MUIBHOHU TEeKTapiB, BKIIOYAarOYu 8% CBITOBUX
3amaciB 4OpHO3eMiB. [HTEHCHBHE arponpoMHUCIOBE BUKOPUCTAHHS IHUX 3€MElb
MPU3BOAUTH 10 MPOTPECYIOUYOTO 3HMKEHHSI IXHBOT POJIOUOCTI Yepe3 YIIUIbHEHHS,
CTPYKTYpHY JErpajaiil0 Ta TOTIPIICHHS BOJHO-MOBITPSIHOTO PEXHUMY, IO
cripuunHse ekosioriyni  mpobimemu [9; 10]. OxpiM 3a3HadeHOro, TI00ATBHI
KJIIIMaTUYHI 3MIHH, 10 XapaKTEePU3YIOThCS MIABUILECHHSIM CEpPEIHIX TeMIepaTyp 1
3MEHIIICHHSAM KIJIBKOCTI aTMOChEpHHMX OIajiB, IHIMIIOIOTH MPOILECH JAerpaaarii
IPYHTIB, BKJIIOYAIOUM €po3it0 (BITPOBY Ta BOJHY), 3a0pYyJIHEHHS, MIJKUCICHHS Ta
3acojieHHs. Jlo modYarky MNOBHOMACIITA0HO! BIMCHKOBOI IHTEPBEHIIII MPOBIIHOIO
NPUYUHOIO Jerpajaiii rpyHTIB Oylia BOJHA €po3is, 1m0 OOyMOBIOBaja LIOPIYHI
BTpatu IpyHTY B miana3oHi 300-600 muibiioHIB TOHH. OHAK, BHACHIIIOK BIHCHKOBUX
Jii, aKTyaJdbHICTh HaOyJIM pyHHYBaHHS TIPYHTOBOrO MHPOQPLI0 Ta KOHTaMIHAI[s
arpoleHO31B.

['mobanpHe MoOMmMpEHHs Aerpajalii Ta OMyCTEIIOBaHHS 3€Mellb aKTyali3ye
3aCTOCYBaHHS TEXHOJIOTIA JAUCTAHUIMHOTO 30HAYBaHHA. Pe3ynbTaTH HayKOBUX
JOCIIIKEHb JIO3BOJIJIM PO3POOUTH HA OCHOBI E€MIIPUYHUX JIaHUX BeTreTalliiiHi
inaekcu (BI) — koMOiHallii MOKa3HUKIB SICKPABOCTI €HEPreTUYHUX MOTOKIB y P13HUX
CHEKTpalibHUX Jiana3oHax. IcHye Onuspko 160 Bapiamiiit Bl Haitbinbia
1H(pOpMaTUBHUM € HOpMaJi30BaHUM pi3HUIEBHI Beretamiinuil iHaekc (NDVI), mo
BH3HA4Ya€ PI3HUIIO SICKPABOCTI y YEPBOHIN Ta ONMkHIA 1HQpadepBOHIN 00JaCTAX
€JIEKTPOMArHiTHOTO CIeKTpa [9].

HaBenemo mpukian e(peKTUBHOTO BUKOPUCTAHHS CYNMyTHHUKOBUX JaHUX TPH
BU3HAUEHHI CTaHy jerpagaunii IpyHtTiB. OIlllHKa CTyneHs Jerpajamii puuil 3
BUKOPHUCTAHHAM MYJIbTUCHEKTPAIBHUX CYMyTHUKOBUX 3HIMKIB 3a mepioxa 2017-2024
pp. IpeAcTaBiIeHa Ha JOKaJIbHOMY PIBHI MekaX MI130LbKO1 TEpUTOPIATIbHOI TpoMaiu
PiBHEHCHKOI 00y1aCTi 3 ypaxyBaHHSIM MICIIEBOTO pelibedy, THUIY IPYHTY Ta HOro
¢i3uynux BrnactuBocTed. Ilpomec 00pOOKM CymyTHUKOBUX JaHUX BKIIIOYAE
pagioMeTpuyHe KajaiOpyBaHHsA, aTMOcC(epHy KOMIIGHCAIIIO Ta pPO3paxyHOK
KOe(IIIEHTIB BIAOUTTA IJiA MOJOJAHHS CKJIAAHOCTI Ta HEBHU3HAYEHOCTI, BJIACTHBHUX
JTYCTAHIIMHINA OIIHIN JeTpajalii 3eMejb, 3aCTOCOBYETHCS 1HTETPATUBHUM TMIAX1]1, 110
MOEAHY€E PI3HOMAaHITHI reonpocTopoBi AaHl. Lleil miaxin peanizyeTbes 3a JOMOMOTOIO
CIEL1aJII30BaHOi JBOPIBHEBOI MOJEINI 3JIUTTS pacTpoBux AanHux [11]. ns ouiHku
Jerpajaiii 3emenb OyJo 3acCTOCOBAHO JIBOpIBHEBY Mojienb. Ha meprmiomy piBHI
OKpeMO KaprtorpadyBajiucs Takl 1HIUKATOPHU, SIK 3MIHM POCIUHHOCTI Ta €po3is
IPYHTY, @ Ha JAPYroMy piBHI Il JaH1 3BOAWINCH B IHTETpajbHy KapTy Jerpajaiii
3eMHOT TOBEPXHI.

JI7ist BU3HAYEHHS IMHAMIKU POCIIMHHOTO MOKPUBY Ha JAOCIIXKYBaHIN TEPUTOPIL
OyJI0O 3aCTOCOBaHO METOJ JMCTAHUIMHOTO 30HAYBAaHHS 3 BUKOPUCTAHHIM
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CyNyTHUKOBHX 3HIMKIB. AHami3 3MiH MPOBOAUBCA HA OCHOBI PO3pPaxyHKy
HOPMaTI30BaHOrO 1HAEKCY pi3Hulll pocarHHOCTI (NDVI) (puc. 1).

Puc. 1. HopmoBanuii pisHUIIEBHH 1HAEKC POCIMHHOCTI AOCIIKYBaHOT TEPUTOPIi:
a— cepnenb 2017 p.; 6 — cepriens 2024 p.; Mexi AOCHIHKYBAHOI TEPUTOPIi.

KinpkicHl 3HaueHHsT OTpPUMAHUX I1HJEKCIB Oynau Kiacu(iKoBaHI Ha CiM
JTUCKPETHUX KaTETOPIiH, 10 BiJ0OpakaroTh CIIEKTP 3MIH Bl IHTEHCUBHOI Jerpajarlii
70 3HAYHOTO TMOKpAIlleHHS CcTaHy 3eMmenb. KoxkHild karteropii Oylo MNPHUCBOEHO
BIAMOBIAHUN mpocTtopoBuid mmap. Ilepuri Tpu karteropii (3HauHE MOKpAIICHHS,
CepeaHE MOKPAILCHHS, HE3HAYHE MOKPAIICHHs) IeMOHCTPYIOTh MMO3UTUBHY AUHAMIKY
3MIH y JOCIHIKyBaHOMY vacoBoMy iHTepBani 2017-2024 pp. Bigyanmizamis nux
KaTeropid 3JiiicHIOBanacsi 3 BUKOpUCTaHHSM Imapy Barren Soil Script (rosoro
IPYHTY), SKUW BHKOPUCTOBYEThCA [JIsi KapTtorpadyBaHHS TIPYHTY, ITOCIIIKEHHS
po3TalryBaHHS 3CYBIB 200 MacmTaliB epo3ii B pailoHax 0e3 pociauHHOCTI. CrieHapiid
roJIoro IpyHTy BKIJIIOYa€ 1HJEKC rojoro rpyHty (BSI) mo depBonoro kanamy, NIR
B08 — no 3enenoro kanairy, a SWIR-cmyra B11 — 1o cunporo xanainy.

0

Puc. 2. HopmoBaHuii iHIEKC «T'0J0T0» I'PYHTY JOCIIIKYBaHOT TEPUTOPIi:
a— cepnenb 2017 p.; 6 — cepriens 2024 p.; Mexi AOCHIHKYBAHOI TEPUTOPIi.
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[HAEKC MHOXKUTBCS, IIOO 301UIBITUTH HOTO SACKPABICTh. [HAEKC roJIOro IPyHTY AJIS
Sentinel-2:

BSI=((B11 +B04) - (B08 + B02))/ (B11 + B04) + (B08 + B02))

Ile cHoiBBIZHOIIEHHS € HOPMOBAHOIO KOPOTKOXBUJIBOBOIO 1H()pauepBOHOIO
pizHuLero rpyHT-Bosiora (NSDS), 1110 BU3HAYa€e BOJIOTICTh IPYHTY Yepe3 MOTJIMHAHHS
BOJIM KOPOTKOXBUIILOBUM 1H(ppauepBoHUM criocodom [10].

[Ile omuum LST (Land Surface Temperature) — 1ie MOKa3HUK TeMmmepaTypu
3€MHOI TOBEPXHI, IKMH BU3HAYAIOTh 3a JIOTIOMOTOI0 JUCTAHIIIMHOTO 30HyBaHHs. BiH
MOXxk€ OyTH BUKOPUCTAHUM JJIsi BUBYEHHS KIIMAaTUYHUX 3MIH, Jerpajaiii IPyHTIB,
OMyCTEIOBAHHS Ta 1HIITUX €KOJIOTIYHUX MPOIIECIB.

KomnuiekcHl mposiBU CONBOBOI Jierpadalii IpyHTIB MOXYTh OyTH HIBEJIbOBaH1
nUIIXoM XiMigHoi memiopartii. CydacHMM MiaxXiJ A0 BU3HAYEHHS IXHIX 30BHINIHIX
O3HaK Tnepeadavyae BUKOPUCTAHHS MYJIbTUCIEKTPAIbHUX CYNYTHUKOBHX 3HIMKIB
Landsat 8-9 myis omHOYACHOTO BI3yaJIbHOTO JETEKTYBAHHS ILUIOII PO3IMOBCIOKEHHS
3aCOJICHHS TIPYHTIB Ta MAaTE€MaTHYHOI OIIIHKH CTYMNEHsS 3acOJICHOCTI Ha OCHOBI
CHEKTPAIbHUX XapaKTepUCTHUK. J[Jisi BU3HAUCHHS Ta OI[IHKU MEX 3aCOJICHHS MOXKHa
BUKOPHUCTOBYBATU HACTYIIHI 1HJAEKCH 3aCOJEHOCTI IPYHTY [2]:

- NDSI (Normalized Difference Salinity Index), dopmyna: NDSI = (red —
NIR)/(red + NIR);

- Sil (Salinity index 1), popmyna: Sil = (red x NIR)/green;

- NDVI (Normalized Difference Vegetation Index), ¢popmyna: NDVI = (NIR —
red)/(red + NIR);

- VSSI (Vegetation Soil Salinity Index), popmyna: VSSI =2 % green — 5 % (red +
NIR).

Bubip nepcrnekTUBHUX 1HJIEKCIB BPaXOBYBAaB JIOCIKEHHS 1HO36MHUX HAYKOBIIIB
[12,13,14]. 30inbieHHs 3ac0oieHOCTI IpyHTy 301nblrye 3HaueHHs NDSI Tta Salinity
index. [lopiBHIOIOYM MeX1 1HAEKCIB, MOTPIOHO 3BEPTATH yBary Ha ryCTy POCIMHHOTO
nokpuBy, Tomy iHAekc NDSI xapakTepusye Mexi 3aCOIEHUX AUISHOK 1HBEPTOBAHO.
Ha Bigminy Bia Salinity index 1, 3HaueHHs sIKOro n00pe BI3yalli3ylOThb MEXi Ta
rpajgaimii crymeHs 3acojeHocTi. I[Hmekc 3aconenocti rpyHTy VSSI  3pocrae
MPOMOPLINHO 1HTEHCUBHOCTI 3acojieHHs. JlocnmiqHuku I[Hrynenskoi 3ponryBaibHOL
CHUCTEMH BCTAHOBWJIM 3aJICKHICTh CTYNEHIB 3aCOJICHHS YOPHO3EMY IIBJACHHOTO Bij
roro NDSI [15].

Bin3nauaeTrbcsi  3poCTaHHS  BIPOTIZHOCTI  BITPOBOI  €po3ii,  3yMOBJICHE
30UIBIICHHSIM Y TTOBEPXHEBOMY TOPU30HTI €pO31HHO HECTIMKUX IPYHTOBUX YACTHHOK
pPO3MipoM MeHII HiXK 1 MM, 0 (GOPMYIOTHCSI BHACIIIOK MEPEINOCIBHOTO 00pOOITKY
1] IpocanHi KyJabTypu. [Tunosi Oypi Ha TepuTopii YKpaiHu nepioguyHo (IKCYIOThCs
Ha miomax A0 15-20 muH ra, nepeBakHo y CTemoBiil 30HI, a OCTaHHIM IEP10JIOM
NOMmMUpPIOIOThHCA 1 Ha 30HY [lomices. [nentudikaiis nTuiIoBUX Oyp MOXKJIMBA 32 TaHUMU
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cynmyTHUKOBUX 3HIMKIB Sentinel-5P UV  Aerosol Index, mo BigoOpaxaroTh
KOHIIEHTpaIlito IpiOoHoaucepcHoro nuiy (puc. 3) [16].
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Puc. 3. [lomupenns nunoBoi Oypi y 30H1 Ykpaincekoro Ilomices
3a nanuMu cynyTtHuKa Sentinel-5P UV Aerosol Index (18.04.2020 p.)

boiioBi nii mpu3BOASATH 10 3HAYHOIO PYWHYBAaHHS MPUPOJHOTO CEPEIOBHUIIA,
30KpeMa 70 Jerpajallii TpyHTOBOTO MOKpHBY. BuOyxu, Bakka TEXHiKa, MOXKEXKI Ta
YTBOPEHHSI BUPB NOPYIIYIOTh CTPYKTYPY I'PYHTY, 3MIHIOIOTh MOTr0 XIMIYHUHM CKJIa[ 1
CHOPHUUYMHAIOTH €p03it0. BaKIMBUM 3aBAaHHSAM € ONEpaTUBHE BUSBJICHHS TaKUX 3MIH, 1
OIHUM 13 Hale(eKTUBHIMINX IHCTPYMEHTIB IJIsl IIbOTO € AMCTaHLIWHE 30HIYBaHHS
3emii (/133). CymyTHUKOBI 3HIMKH [IO3BOJISIIOTH BUSABIATH 3MiHH B TPYHTOBOMY
MOKPHUBI 3aBISKU aHAI3y CHEKTPATbHUX XapaKTepucTHk (puc. 4) [17].

I AR Secaash Lan caed

Puc. 4. PozmmdpoBka o3Hak: A — OpHI 3eMJIi, HOLIKOJPKEHI 00HOBUMU isMu; b — KpaTtepu Ta
60MOTypOanis; B — yImiabHeHHS ITPYHTY BHACHIIOK MaHEBPIB BiiicbKOBOI TexHiku; [ — pims 3
MOJKJIMBHMH O3HAKaMH 3a0pyTHEHHS I'PYHTY BHACIIIOK BifHH.
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OCHOBHI CYNMyTHHUKOBI TIaT(OPMHU, 110 BUKOPUCTOBYIOTHCS ISl JTOCIIKEHB:
Sentinel-2 (po3aiieHa 3aTHICTE 10-20 M, IIMPOKUN CHEKTpPaJIbHUI J1ala3oH);
Landsat-8/9 (30 M, HasBHICT iH(GpauepBOHUX KaHaIiB); planetscope (3-5 M, BHCOKa
netanizaiis, ane miatHa) Ta MAXAR (po3ainbnHa 3natHicTs Big 31 g0 50 cm Ha
MKCeJlb, MJIATHA).3a3HAaYMMO, 1110 OE3KOIITOBHI JJaHl ONTUYHOrO CyIMyTHHKa Sentinel-
2 MOXYTb HE OXOIIUTH BC1 30MTKH, aJle BOHH 3AJIMILAIOTHCS EKOHOMIYHO €()EKTUBHOIO
Ta JIOCUTh TOYHOK ajbTepHaTHBOIO JnoporuM nanuM MAXAR. Hanpuxnan, nani
Sentinel-2 mokazyrots 100 ckymuenp KpatepiB (BHAUICHI Oipro30BUM), IO
oxommoioTh 162 kpatepu 3rigHo 3 MAXAR (BumijeHi XOBTHM), IO CTaHOBUTH
62,5% Bix 3arambHOI KiUTBKOCTI KpartepiB, imeHTHiKoBaHUX MAXAR (puc. 4) [18;
19].

st aHamizy pyidHYBaHHS TPYHTY BHUKOPHUCTOBYIOTHCS CHEIiaibHI CIIEKTPaJIbHI
imgexcn: NDVI (Normalized Difference Vegetation Index) — mokasye cran
POCIMHHOCTI, 3HIKCHHS SIKOTO CBimuuTh mpo nerpanaiiro; NBR (Normalized Burn
Ratio) — BusIBIIsIE TOMIKOKEHHS BHACIIOK MOXex abo BuoOyxiB; MSAVI (Modified
Soil-Adjusted Vegetation Index) — amanroBaHuii il aHaji3y TPYHTIB 13 HU3BKUM
pPiBHEM POCIMHHOCTI.

MAXAR mcna 0
6 uepena 2022

3arampHa YaCTIHA EMABICHIIX BMPE

Sentinel-2. micia GombapayEaHHA  Sentinel-2, ByABTeHi BHPEN (MAXAR & Sentinel-2)

6 uepena 2022

Puc. 4. [lopiBHAHHS BUIUMOCT] YIIKO/DKEHb O0MOapIyBaHHSAM 32 JI0TIOMOTOI0
cynmyTHUKOBUX fHaHux Sentinel-2 i MAXAR.
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bepyun no yBarm Benuki 00’€MH TOMIKOIKEHb, OOMEXKEHHS PYYHOIO
BUSIBJICHHSI Ta PECYpPCOMICTKICTh I[bOTO MiAXOJY, Ha ChOTOJHI BUKOPHUCTOBYIOTh
aBTOMATH30BaHWI  aNrOpPUTM  BUSBICHHS  TMOWIKO/DKEHMX  JUITHOK  Ha
CUIbCBKOTOCIOJAPChKUX ~ MOJSX.  AJIFOPUTM  aBTOMATUYHOIO  BHSIBIICHHS
CIITbCHKOTOCIIOIAPCHKUX MOJIIB, MOMIKOKEHUX BINCHBKOBUMU JIISIMU Ta 17IeHTHIKAITIS
TIOIIKO/DKEHUX JIISHOK Ha HUX, CKJIAIa€ThCsA 3 TPHOX OCHOBHHX KpoKiB [19; 20]: 1)
€KCIEPTHE BU3HAUCHHS MOIIKOJKEHb IMOJS Jii CTBOPEHHS HABUYAJIBHUX 1 TECTOBUX
Ha0OpiB JaHWX; 2) BHUKOPUCTAHHS MOJEJIl MAIIMHHOTO HaBYaHHS, 30Kpema
kinacudikamis Random Forest (RF), nns po3mnizHaBaHHS MOIIKOKEHUX MOJIB; 3)
1meHTr(IKaIls BpaXXEHUX JTIISHOK IOJIIB 3a JIOIMOMOTOI0 MOPOTr0BOi CEerMEeHTaIlli 1
BUSIBJICHHSI aHOMaAJTI1.

Anroput™m 1IeHTH(IKYE TpsiMI MOIIKO/)KEHHST Ha TMOJSAX SIK aHOMadli Ha
300paxeHHsax Sentinel-2. Bin 3a0e3nedye  Oe3mepepBHE  aBTOMaTU30BaHE
CIIOCTEPEXKCHHS B PIi3HMX peErioHax i ce3oHax. Moro e(peKTHBHiCTb CTaHOBHThH
omm3bko 0,85. [leranbHa mpocTopoBa 1H(OpMaILis PO MOCTPAXKIAI! MO T03BOJTUTH
CTpaTErivHo CIPSIMYBaTH JOTOMOTY Ta CyOcH il HalOLIbII TOTPEOYIOUNM arpapisim.

BucnoBkn. BonHa Ta BiTpoBa €po3is, ME€XaHIUYHE YIIIJIbHEHHS, 3aCOJIEHHS,
3MiHa KJIIMaTy Ta aHTPONOTE€HHHMH BIUIMB € TOJOBHUMHU (PaKTOpaMH MOTIPIICHHS
IPYHTOBOTO MOKpPUBY. BUKOpUCTaHHS AMCTAaHUIMHOTO 30HAYBaHHSA 3emil €
MEPCIEKTUBHUM 1HCTPYMEHTOM JUIsl OLIHKK Jierpajaili IPYHTIB, JO3BOJISAIOYH
OMEPATUBHO 1 TOYHO MOHITOPUTH 3MIHM Ha BEJIUKUX TEPUTOPIAX, 11O MIATBEPIKYE
e(DEeKTUBHICTh BUKOPUCTAHHS CYIMYTHHKOBUX TexHOJOrid. HailOuibm epexTuBHUMHU
JUIs. OLIHKM cTaHy TIpyHTIB BusBmincs NDVI (pocnunuuii nokpun), NDSI
(3aconenictb), BSI (inpekc «romoro» rpynry) ta LST (temnepaTypHuil anamiz), mo
BIAHOCHUTHh iX KJIIOYOBHUX CHEKTPaJIbHUX 1HJAEKCIB. BHUKOpPHCTaHHS METOIB
MamMHHOrO HaBuaHHs (kmacudikaniss Random Forest) no3Bosisie aBTOMaTU4HO
11eHTU(IKyBaTH JIeTpajioBaHl AUISTHKH, 10 3HAYHO MIABMIINYE TOYHICTH OIIHKH,
BIIPOBA/HKCHHS aBTOMATH3AIlII0 MPOIECIB MOHITOPUHTY.

[Tomanpmi AOCTIIKEHHS] TOBUHHI OyTH 30CEpeKeHI Ha I1HTerparlii JaHuX
CYIyTHUKOBOTO MOHITOPUHTY 3 TIOJIbOBHUMH JOCHIDKEHHSIMH JUIS  TI1BUIECHHS
JOCTOBIPHOCTI OTPUMAHHMX pe3yJbTaTiB, PO3poO0Ill MPOTHO3HUX MOJEIeH dYepes
BUKOPUCTAHHS MITYYHOTO 1HTEJIIEKTY Ta MAIIMHHOTO HAaBYAHHS JUIsI MPOTHO3YBAaHHSI
JeTpaIalliiHuX TPOIECIB, JOCIIDKCHHIO BIUIMBY BIHCHKOBHX i Ha Jerpajariro
IPYHTIB, BKJIOUAIOUM aHAJi3 3MiH, COPUYMHEHHX OOMOBHMH MisIMH, Ta PO3POOKY
METO/IMK BITHOBJICHHS TOIIKOKEHUX 3EMEIb.

Cnucoxk BUKOPHCTAHUX JIZKepet
1. Tapapiko O.I'., Insenko T.B., Kyuma T.JI., Anamuyk-Uana H.I., binokinb
O.A.. ®opMmyBaHHS HayKOBO-METOJMYHUX 3acaJ CYIMyTHUKOBOT'O arpoeKOJIOTIYHOIO



460 leooesis ma 3emne8nopsOKy8aHHs.

MOHITOPUHTY B YKpaiHi. Aepoexonociunuii axcypuan, 2022. Ne 2. C.6-21. DOL:
https://doi.org/10.33730/2077-4893.2.2022.263312.

2. Kopanpuyk B.I1., BoiitoBuu O.I1. BusnaueHHs 3aCOIEHOCTI TPYHTIB
[aTynenpkoi  3ponryBanibHOI CHUCTEMH 3a CYMYTHUKOBUMH JaHUMH Y CHCTEMI
YIPaBIIHCHKUX 3aXO1B 13 XIMIYHOI Memiopallii. Aepoexonociunuu sxcypran. 2021. No
3. C.33-43. DOI: https://do1.org/10.33730/2077-4893.3.2021.240319.

3. Lyalko V.I., Romanciuc L.F., Yelistratova L.A., Apostolov A.A., Chekhniy
V.M. Detection of Changes in Terrestrial Ecosystems of Ukraine Using Remote
Sensing Data. Journal of Geology, Geography and Geoecology. 2020. Ne 29 (1).
P.102-110.

4. Mynpak O.B., Mopo3oBa T.B. EdekTuBHICTh CYMyTHUKOBUX JaHUX Y
CHCTEMI arpoeKOJOTTYHOTO MOHITOPHUHTY. Aepoexonoziunuu xcypran. 2023. Ne 3. C.
53-61 DOI: https://doi.org/10.33730/2077-4893.3.2023.287763.

5. Petrychenko V.F., Tarariko O.H. and Syrotenko O.V. Space technologies in
agri-environmental monitoring system. Agricultural Science and Practice. 2014. Ne
1. P.3-12.

6. Tapapiko O., Inbenko T., Kyuma T., binokine O. Epo3ist IpyHTIB SIK YUHHHK
OMyCTENIOBaHHS arpojaHamadTiB YKpainu. Aepoexkonociunut ocypuan. 2021, Ne
3. C. 6-16. DOI: https://do1.org/10.33730/ 2077-4893.3.2021.240316.

7. Kashnitskii A.V., Lupyan E.A., Balashov [.V. and Konstantinova A.M.
Technology for designing tools for the process and analysis of data from very large
scale distributed satellite archives. Atmospheric and Oceanic Optics. 2017. Vol. 30
(1). P. 84-88. DOI: https://doi.org/10.1134/S1024856017010080.

8. Ali A, Martelli R, Lupia F, Barbanti L. Assessing Multiple Years’ Spatial
Variability of Crop Yields Using Satellite Vegetation Indices. Remote Sensing. 2019;
11(20):2384. https://doi.org/10.3390/rs11202384.

9. Jemuenko O.B. EkosoriuHa XxapakTepUCTHKA CUIBCBKHX TEPUTOPIN
VYkpainu: cydvacHi peanii. Exonomixa ma cycnitbcmego. 2024. Bun. 66. DOI:
https://doi.org/10.32782/2524-0072/2024-66-20.

10. T'aBpuwmrok  A. Jlerpamamisi tpyHTIB B YKpaiHi HaOupae 00epTiB.
Agrotimes. 2021. 15 CluHs, 11:12. URL.:
https://agrotimes.ua/agronomiya/degradacziya-gruntiv-v-ukrayini-nabyraye-obertiv/

11. Parsova V., Stoiko N., Kryshenyk N., Mirzayev N. Application of remote
sensing method for determination of arable land degradation. Engineering for rural
development. 2020. P. 1712-1717. DOI:10.22616/ERDev.2020.19.TF441.

12. Khan N.M., Rastoskuev V.V., Sato Y. and Shiozawa S. Assessment of
hydrosaline land degradation by usinga simple approach of remote sensing indicators.
Agricultural Water Management. 2005. No 77. Part 1-3. P. 96—-109.



[Ipocmoposuii pozsumok 461

13. AL-Khakani E.T., Al-Janabi W.F., Saad R.Y. and Al-Kazaali H.M. Using
Landsat 8 OLI data to predict and mapping soil salinity for part of An-Najaf
governorate. Ecology, Environment and Conservation. 2018. Ne 24. P. 572-578.

14. Dehni A. and Lounis M. Remote sensing techniques for salt affected soil
mapping: application to the Oran region of Algeria. Procedia Engineering. 2012. Ne
33. P. 188-198.

15. Nguyen, C.T.; Chidthaisong, A.; Kieu Diem, P.; Huo, L.-Z. A Modified
Bare Soil Index to Identify Bare Land Features during Agricultural Fallow-Period in
Southeast Asia Using Landsat 8. Land 2021, 10, 231.
https://doi.org/10.3390/1and10030231.

16. bepexnsxk €.M., Haymoschka O.l., bepexnsk M.OD. erpanarmiiiai
MpOIIECH B IPyHTaX YKpaiHM Ta iX HEraTUBHI HACHIAKHU ISl JOBKULIA. bionoeiumi
cucmemu: meopis ma IHHOBAYII. Bum. 13, No 3-4, 2022
https://doi.org/10.31548/biologiyal3(3-4).2022.014.

17. Bonchkovskyi, O.; Ostapenko, P.; Shvaiko, V.; Bonchkovskyi, A. Remote
Sensing As a Key Tool for Assessing War-Induced Damage to Soil Cover in Ukraine
(the Case Study of Kyinska Territorial Hromada). Journal of Geology, Geography
and Geoecology. 2023. No32. P. 474-487.
DOI:https://doi.org/https://doi.org/10.15421/112342.

18. Kussul N., Drozd S., Yailymova H., Shelestov A., Lemoine G., Deininger
K. Assessing damage to agricultural fields from military actions in Ukraine: An
integrated approach using statistical indicators and machine learning. Infernational
Journal of Applied Earth Observation and Geoinformation. 2023. Vol. 125.
https://doi.org/10.1016/j.jag.2023.103562.

19. Duncan E., Skakun S., Kariryaa A., Prishchepov A. Detection and mapping
of artillery craters with very high spatial resolution satellite imagery and deep
learning. Science of Remote Sensing. 2023. Vol.7.
https://doi.org/10.1016/.s1s.2023.100092.

20. Hamedianfar, A.; Shafri, H.Z.M. Integrated approach using data mining-
based decision tree and object-based image analysis for high-resolution urban
mapping of WorldView-2 satellite sensor data. J. Appl. Remote Sens. 2016, 10,
025001.

21. Kupumoxk B.IL., Poxi T.A., Hens T.I. IlpoektyBanHS MpOTHEPO3IHHUX
TIIPOTEXHIYHUX 1 JIICOMETIOPAaTUBHUX 3aX0diB O0poThOU 3 sspamu. MicmobyodysarHs
ma mepumopianvie niavysanus: Hayk.-texH. 30ipHuk. Kuis: KHYBA, 2024. Bumn.
86. C. 411-425. http://mtp.knuba.edu.ua/article/view/310445.

22. IlleBuyk C.M., Homamenko I'.T., Poxi T.A. CywacHi wmeTomu
reo/ie3ndHoro kaprorpadysanns teputopiit: BukopuctanHs GPS ta T['HCC



462 leooesis ma 3emne8nopsOKy8aHHs.

texHonorid.  Ilpocmoposuii  poszeumox, Bun. 8§, 2024. C. 506-517.
http://spd.knuba.edu.ua/article/view/315889.

23. Poxi T.A. ExomanamadTHa OIIHKA CTPYKTYpU 3€MJIEKOPUCTYBaHHS
["aiiBOpOHCHKOI MICBKOI TEpUTOPIATbHOI TpoMaau. Jlanowagpmosnascmeaeo: HAyKOBO-
TeopeTHuHui KypHaji. / ronoBH. pea. I'. Jlenucuk. Binaung, BAITY im. Muxaiina
Koirrobuncekoro, 2024. Bur. 6 (2). C. 55-64. URL:
https://vspu.net/landscapescience/index.php/journal/article/view/54/60.

Doctor of Pedagogical Sciences, Professor Oksana Braslavska,
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USING SATELLITE DATA FOR SOIL DEGRADATION ASSESSMENT
IN AGRICULTURAL REGIONS OF UKRAINE

The article examines the use of satellite data to assess soil degradation in the
agricultural regions of Ukraine. It has been established that the main factors
contributing to soil degradation include water and wind erosion, the decline in humus
content, salinization, soil compaction, excessive plowing, and the impact of climate
change. Traditional methods of assessing degradation, particularly field studies, are
labor-intensive and costly, necessitating the use of modern satellite technologies. The
use of remote sensing (RS) enables real-time monitoring of changes in soil cover, the
detection of erosion processes, and the prediction of further degradation trends. The
methodology for applying spectral indices, including NDVI (Normalized Difference
Vegetation Index), NDSI (Normalized Difference Soil Index), BSI (Bare Soil Index),
and LST (Land Surface Temperature), was analyzed to assess changes in soil
structure, moisture content, and vegetation cover. A two-level monitoring model
integrating satellite data and geospatial analysis is proposed. It has been demonstrated
that the use of machine learning algorithms, particularly the Random Forest
classification, allows for the automation of degraded land identification and improves
the accuracy of analysis. Special attention is given to the impact of military actions
on soil cover, including the consequences of bombings, soil compaction by military
equipment, and soil contamination. The use of satellite platforms such as Sentinel-2,
Landsat-8/9, and PlanetScope enables the assessment of destruction scales and the
development of measures for the restoration of affected areas. The conclusions
emphasize the importance of implementing satellite technologies in the
agroecological monitoring system, which improves land resource management and
ensures the sustainable development of Ukraine’s agricultural sector. Further research
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should focus on the integration of satellite data with field measurements, the
expansion of additional satellite platforms, and the application of artificial
intelligence for predicting degradation processes.

Keywords: satellite monitoring; soil degradation; remote sensing; NDVI;
NDSI; BSI; LST; erosion; machine learning; agroecological monitoring.

REFERENCES
1. Tararik, O.G., Ilienko, T.V., Kuchma, T.L., Adamchuk-Chala, N.I., Bilokin,
O.A. Formuvannya naukovo-metodychnykh zasad suputnykovoho

ahroekolohichnoho monitorynhu v Ukrayini. [Formation of scientific and
methodological principles of satellite agroecological monitoring in Ukraine].
Ahroekolohichnyy zhurnal [Agroecological Journal]. 2, 2022, 6-21. DOI:
https://doi.org/10.33730/2077-4893.2.2022.263312. {in Ukrainian}

2. Kovalchuk, V.P., Voytovych, O.P. Vyznachennya zasolenosti hruntiv
Inhulets'’koyi zroshuval'moyi systemy za suputnykovymy danymy u systemi
upravlins'kykh zakhodiv iz khimichnoyi melioratsiyi [Determination of soil salinity
in the Ingulets irrigation system using satellite data in the system of management
measures for chemical land reclamation]. Ahroekolohichnyy zhurnal [ Agroecological
Journal]. 3, 2021, 33-43. DOI: https://doi.org/10.33730/2077-4893.3.2021.240319.
{in Ukrainian}

3. Lyalko, V.I., Romanciuc, L.F., Yelistratova, L.A., Apostolov, A.A.,
Chekhniy, V.M. (2020) Detection of Changes in Terrestrial Ecosystems of Ukraine
Using Remote Sensing Data. Journal of Geology, Geography and Geoecology, 29
(1), 102—-110. {in English}

4. Mudrak, O.V., Morozova, T.V. Efektyvnist" suputnykovykh danykh u
systemi ahroekolohichnoho monitorynhu [The effectiveness of satellite data in the
agroecological monitoring system] Ahroekolohichnyy zhurnal [Agroecological
Journal]. 3. 2023. 53-61. DOI: https://doi.org/10.33730/2077-4893.3.2023.287763.
{in Ukrainian}

5. Petrychenko, V.F., Tarariko, O.H., Syrotenko O.V. (2014) Space
technologies in agri-environmental monitoring system. Agricultural Science and
Practice, 1, 3—12 . DOI: https://doi.org/10.15407/agrisp1.01.003. {in English}

6. Tarariko, O., Ilienko, T., Kuchma, T. & Bilokin, O. (2021). Eroziya gruntiv
yak chynnyk opustelyuvan-nya ahrolandshaftiv Ukrayiny [Soil erosion as a fac-tor of
desertification of agrolandscapes in Ukraine]. Ahroecologichnyi zhurnal
[Agroecological journal], 3, 6-16. DOI: https://doi.org/10.33730/2077-4893.
3.2021.240316. {in Ukrainian}

7. Kashnitskii, A.V., Lupyan, E.A., Balashov, I.V. and Konstantinova, A.M.
(2017) Technology for designing tools for the process and analysis of data from very



464 leooesis ma 3emne8nopsOKy8aHHs.

large scale distributed satellite archives. Atmospheric and Oceanic Optics. 30 (1),
84-88. DOI: https://doi.org/10.1134/S1024856017010080. {in English}

8. Ali, A, Martelli, R, Lupia, F, Barbanti, L. (2019) Assessing Multiple Years’
Spatial Variability of Crop Yields Using Satellite Vegetation Indices. Remote
Sensing, 11(20) DOI:https://doi.org/10.3390/rs11202384. {in English}

9. Demchenko, O.V. (2024) Ecological characteristics of rural areas of
Ukraine: modern realities. Economy and Society, 66 DOI:
https://doi.org/10.32782/2524-0072/2024-66-20. {in Ukrainian}

10. Havryliuk, A. (2021) Dehradatsiia hruntiv v Ukraini nabyraie obertiv.
Agrotimes. Available at: https://agro-times.ua/agronomiya/degradacziya-gruntiv-v-
ukrayini-nabyraye-obertiv/ (accessed March 2, 2025). {in Ukrainian}

11. Parsova, V., Stoiko, N., Kryshenyk, N., Mirzayev, N. (2020) Application
of remote sensing method for determination of arable land degradation. Engineering
for rural development, 1712-1717. DOI:10.22616/ERDev.2020.19.TF441. {in
English}

12. Khan, N.M., Rastoskuev, V.V., Sato, Y., Shiozawa, S. (2005) Assessment
of hydrosaline land degradation by usinga simple approach of remote sensing
indicators. Agricultural Water Management, 77 (1-3), 96—-109. {in English}

13. AL-Khakani, E.T., Al-Janabi, W.F., Saad, R.Y., Al-Kazaali H.M. (2018)
Using Landsat 8 OLI data to predict and mapping soil salinity for part of An-Najaf
governorate. Ecology, Environment and Conservation, 24, 572—-578. {in English}

14. Dehni A., Lounis M. (2012) Remote sensing techniques for salt affected
soil mapping: application to the Oran region of Algeria. Procedia Engineering, 33,
188—198. {in English}

15. Nguyen, C.T., Chidthaisong, A., Kieu Diem, P., Huo, L.-Z. A (2021)
Modified Bare Soil Index to Identify Bare Land Features during Agricultural Fallow-
Period in  Southeast Asia Using Landsat 8. Land, 10, 231.
https://doi.org/10.3390/1and10030231 {in English}

16. Berezhnyak, E.M., Naumovska, O.I., Berezhnyak, M.F. Dehradatsiyni
protsesy v gruntakh Ukrayiny ta yikh nehatyvni naslidky dlya dovkillya [Degradation
processes in soils of Ukraine and their negative consequences for the environment].
Biolohichni systemy: teoriya ta innovatsiyi [Biological systems: theory and
innovations]. 13, 2022, 3-4, https://doi.org/10.31548/biologiyal3(3-4).2022.014. {in
Ukrainian}

17. Bonchkovskyi, O.; Ostapenko, P.; Shvaiko, V.; Bonchkovskyi, A. (2023)
Remote Sensing As a Key Tool for Assessing War-Induced Damage to Soil Cover in
Ukraine (the Case Study of Kyinska Territorial Hromada). Journal of Geology,
Geography and Geoecology, 32. 474-487.
DOI:https://doi.org/https://doi.org/10.15421/112342. {in English}



[Ipocmoposuii pozsumok 465

18. Kussul, N., Drozd, S., Yailymova, H., Shelestov, A., Lemoine, G.,
Deininger, K. (2023) Assessing damage to agricultural fields from military actions in
Ukraine: An integrated approach using statistical indicators and machine learning.
International Journal of Applied Earth Observation and Geoinformation, 125.
https://doi.org/10.1016/j.jag.2023.103562. {in English}

19. Duncan, E., Skakun, S., Kariryaa, A., Prishchepov, A. (2023) Detection
and mapping of artillery craters with very high spatial resolution satellite imagery and
deep learning. Science of Remote Sensing, 7
https://doi1.org/10.1016/;.s15.2023.100092. {in English}

20. Hamedianfar, A., Shafri, H.Z.M. (2016) Integrated approach using data
mining-based decision tree and object-based image analysis for high-resolution urban
mapping of WorldView-2 satellite sensor data. J. Appl. Remote Sens, 10, 025001. {in
English}

21. Kyryliuk V.P., Rozhi T.A., Dets T.I. Proiektuvannia protyeroziinykh
hidrotekhnichnykh 1 lisomelioratyvnykh  zakhodiv  borotby z  yaramy.
Mistobuduvannia ta terytorialne planuvannia: nauk.-tekhn. Zbirnyk. Kyiv: KNUBA,
2024. Vyp. 86. S. 411-425. {in Ukrainian}

22. Shevchuk S.M., Prokopenko N.I., Rozhi T.A. Analiz vykorystannia
heodezychnykh danykh pry planuvanni ta monitorynhu ahrolandshaftiv:
optymizatsiia zemlekorystuvannia ta okhorony pryrody. Prostorovyi rozvytok, Vyp.
7,2024. S. 445-458. {in Ukrainian}

23. Rozhi T.A. Ekolandshaftna otsinka struktury zemlekorystuvannia
Haivoronskoi miskoi terytorialnoi hromady. Landshaftoznavstvo: naukovo-
teoretychnyi zhurnal. / holovn. red. H. Denysyk. Vinnytsia, VDPU im. Mykhaila
Kotsiubynskoho, 2024. Vyp. 6 (2). S. 55-64. {in Ukrainian}



