Cepis «CinbCbKOrocnopapcbKi HayKu» ISSN 2306-5478
Bunyck 1(113) 2026 p.

YK 528.88:[502.5:63]-021.388](045)
https://doi.org/10.31713/vs1202611

MaKCEOTOB A. 0. [1; ORCID ID: 0000-0002-5486-634X]

K.N.H., AOLEHT,
XiMi‘-l M | [1; ORCID ID: 0000-0003-2383-5636]

OokTop ¢inocodii, ctapwm BUKNagay
'YMaHCbKWI HaLiOHaNbHUIA YHIBEPCUTET, M. YMaHb, Yepkacbka 061acTb

BU3HAYEHHA NAHAOLWWA®THOIO PI3BHOMAHITTA
ATPOJIAHALLA®TIB HA OCHOBI JAHUX AUCTAHLIMHOIO
30HAYBAHHA 3EMJI

Y ctaTtTi npoaHanisoBaHi HAyKOBO-METOAUYHI NiAX0AU LLOAO BUZHAYEHHS
Ta ouiHoBaHHA naHawadTHOro pisHOMaHiTTA  arponaHawadTiB  3a
MaTepianaMuM AUCTaHUINHOro 30HAYBaHHA 3eMai 3 KocMmocy. PosrnsHyTo
TeopeTUyHe MNIArPYHTA NaHAWAPTOMETPUUHOro niaxoAy — BiA KMACHMUYHMUX
KOHUenuin naHawadpTHOI eKonorii A0 cy4yacHuX reciHpopMauinHUX TEXHONOTIN.
MpoaHanizoBaHo n'ATb 6a30BUX KaTeropil MNPOCTOPOBOI  CTPYKTYpMU
arponanawad¢TiB: po3mMip, ¢popMa, LinicHicTb, pparMeHTalia Ta pi3HOMaHITTA
¢parmeHTiB. O6rpyHTOBaHO CUCTEMY 3 [AECATU KJYOBUX JIAaHAWAPTHUX
MeTPUK pANns  MOHiTOpuHry arponaHpwadrie Jlicocteny YkpaiHu, sKi
AEMOHCTPYIOTb CTAaTUCTUYHO 3HAYYLIMIA KOpensuwiiHUA 3B'I30K 3 piBHEM
PO30pPaHOCTI, YaCTKOK NPUPOAHMX YTiAb i WiNbHICTIO licocMyr. 3anNponoHOBaHO
n'aTupiBHeBY Knacudikauito crtaHy arponaHawadTiB 3a iHAeKcaMu
NaHawa¢pTHOro pi3HOMaHITTA Ta BCTaHOBJIEHO MOPOroBi 3Ha4YeHHA Ans
KOXXHOro ksacy. OnucaHo YAOCKOHaneHy MeTOAMKY aBTOMAaTWU30BaHOro
AewndpyBaHHA KNaciB Ha3eMHOro MOKPUBY LWIISIXOM CUHTE3Y ONTUYHUX
3HiMKiB Landsat-8 Ta papionokauiiHux paHux Sentinel-1, wo 3a6e3neuye
npocTtopoBe po3pi3HeHHs 8,25 M nNpu BUMKOPUCTaHHIi 6E3KOLWTOBHUX AAHMX.
MokasaHo npaKTUYHe 3acTOCYBaHHA NAHAWAGTHUX METPUK ANS aHanisy
AWHaMIKN  3eMIEKOPUCTYBAHHSl, MOAEJNIIOBaHHA CLeHapiiB  onTuMisauii
arponaHawadTiB Ta OUIHKM e(eKTUBHOCTI FPYHTO3aXMCHUX KOHTYpPHO-
MeniopaTUBHUX 3aX0AiB.

BctaHoBnEHO, WO AUCTaHUiHe 30HAYBaHHA 3eMJli NOCTAE AK KAOYOBUA
iHCTPYMEHT onepaTUBHOro BUSIBJIEHHS 3MiH, fIKi HEMOXXJIUBO BiACTEXUTH
TPaAULINHMMU METOAAMM NMOJSIbOBOro 06CTEXXEeHHA Yyepe3 o6MeXXeHun JocTyn
Ao TepuTopin. Mo-apyre, AocnipXKeHHs

PesynbTati npoBeAeHOro  AOCNIMKEHHA  NIATBEPAWNM  BUCOKY
e(deKTUBHICTb BUKOPUCTaHHA CYNYTHUKOBUX AaHUX Sentinel-2 ans BusBNeHHs
3MiH Y CTPYKTYpi arponanawad¢TiB. baratocnekTpanbHi iHaekcu, 3okpema NDVI
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(HopMmanisoBaHMit iHAEKC POCAMHHOCTI), AO3BONAIOTD NMPOCTEXUTU ANHAMIKY
POCNTMHHOIO NOKPUBY, piBeHb Aerpajauii 3emMenb Ta O3HaKU €epPoO3iMHUX
npoueciB. IHTerpauisa umMx aaHux y reoinpopMauinHe cepenoBulle Aa€e 3Mory
CTBOPIOBATM NPOCTOPOBi Mopesni, sKi BigoGparkalTb AK Cy4YacCHUM CTaH
TepUTOPiIN, Tak i TeHAeHUIi TpaHcdopMauii arponanawadTis y vaci.

KnwouyoBi cnoBa: 3eMneBnopsiaKyBaHHS;,  TpaHcdopmauis  yrigb;
36alaHCOBaHEe 3eMJIeKOPUCTYBAHHS; JlaHAWAdTHE PiSHOMAHITTS; AUCTaHUINHe
30HAYBaHHSA 3eMni; arponaHawadT.

MocTraHoBKa npo6neMu. AKTyanbHICTb TEMM HALIOrO AOCHIOXEHHS
obymoBneHa TuM, WO 3b6epexkeHHs NaHAWadTHOrO Pi3HOMAHITTA
HaneXuTb [0 MNepLoYeproBUX EKONOriYHUX 3aBAaHb, BU3HAYEHUX
BceeBponeicbkolo  cTpaTerieto  3i  36epexeHHa  bionoriyHoro Ta
navpwadTtHoro pisHoMaHitTa [10], KouBeHuieo npo GionoriyHe
pi3HOMaHITTA Ta EBponencbkol naHawadTHow KoHBeHuiclo [11]. B
arpapHux ekocucTeMax YkpaiHu ua npobnema HabyBae ocobnueol yBaru,
OCKIiNIbKW HafIMipHA PO30pPaHiCTb PiBHUHHOI YaCTUHU KpaiHM Npu3Bena Ao
CYTTEBOMO CKOPOYEHHA MpuMpogHMX naHawadTiB Ta perpapauil
arpobiopi3HOMaHITTA.

BipnosigHo no KoHuenuit 36anaHcoBaHoOro PO3BUTKY
arpoekocucTeM, KJIOYOBMM MEXaHi3MOM  peryfiloBaHHA pPEeYOBUMHHO-
eHepreTMyHoro 6GanaHcy Yy [OBKiNNi € NpocTopoBa CTPYKTypa
arponaHgwadty [9, C. 65]. HapgMmipHa o¢parMmeHTauis npupogHoro
Ha3eMHOro NOKPUBY NOPYLLUYE NPUPOAHI 3B'A3KM B EKOCUCTEMAX, 3MEHLLYE
IXHIO CTiMKiCTb Ta 30aTHICTb [0 caMoBigHoBMeHHA. He3aposinbHa
WiNbHICT MepeXi Mone3axXucHUX i NpoTUEepOo3iNHUX O06'eKTiB Y
arponaHpwadTax YKpaiHM 3HMXKYE SIK IXHIO EKOMOTiYHYy CTiMKICTb, TaK i
NPOAYKTUBHICTb CiflbCbKOroCMoAapcbKoro BUPOBHULTBA B LifIOMY.

Pa3omM 3 TMM icHyloua cucTeMa arpoeKosIoriYHOro MOHITOPUHIY
30cepen)keHa nepeBaXKHo Ha PiBHI OKPeMUX Cy6’eKTIB rocnofaploBaHHA Ta
nocisiB (arpoueHosis), a He naHawadTHUX CTPYKTYpP. Lle yHeMoxnuBnioe
CUCTEMHY OUIHKY CTaHy naHAwWadTHOro Pi3HOMAHITTA Ta YXBaJieHHs
HayKoBO OBrPYHTOBaHWX ynpaBRiHCbKUX piweHb. OTXe, MOLWYK HOBMX
KpuTepilB Ta BOOCKOHANEeHHs  MeTOAIB  OuiHKM  naHgwadTHoro
Pi3HOMAaHITTS i3 3aNy4YeHHsAM 3ac06iB ANCTaHLIAHOro 30HAYBaHHA 3eMni €
aKTyaslbHUM HAyKOBMM 3aBOAHHSIM Cy4aCHOI arpoeKosoril.

AHani3 ocrtaHHix pocnimxeHb i ny6nikauwin. TeopeTuyHi 3acaau
naHpwagpTHOI ekonoril Ta MeTonoNoril aHanisy NpoCTOPOBOI CTPYKTYpM
navpwadTiB  3aknageHi y  npausx:  bapaHoscbkoro B. A, [1],
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IpopsuHcbkoro M. [. [2], Myapaka 0. B. [8], Gardner R., M. Turner M. [15]
Ta E. Neef [14] Ta iHwwux. CyyacHy cucTeMy KinbKiCHUX NaHawadTHUX
iHoekciB  (naHpwadTHMX MeTpuk) po3pobus K. Maklapiran [14],
pe3ynbTaToM € nporpaMHe 3abe3neyeHHss FRAGSTATS, sike HUHI Haniyye
MoHapg, CTO CTAaTUCTUKO-MaTeMATUYHNX aNroOpPUTMIB.

B YkpaiHi pocnipKeHHAM MpOCTOPOBOI CTPYKTYpu naHpadTis
npucesiyeHi npaui: Oigyxa 9. M. [3], InbeHka T. B. [6], Tapapika 0. .,
Cvpotenka 0. B., BonowwuHa B. I. [7], CtagHuka A. M. [9], ToTuHsHa B. C.,
Kyumu T. J1. [12], Nanbko B. I., Monosa M. 0. [13] Ta iHwwux. MutaHHs
B3aEMO3B'A3KY NaHAWAPTHOI CTPYKTYpU 3 Biopi3HOMAHITTAM po3rnaganu
Cushman S. [14], Anderson J. R., Hardy E. E., Roach J. T., Witmer R. E. [18]
Ta iHwWi. MpoTe npobnema BMBOPY ONTUMaNbHUX NaHAWAPTHUX METPUK Ta
IXHbOI iHTepnpeTauii gna ymoB arponaHgwadrtie Jlicocteny Ykpainu
3aNULWAETLCS BiAKPUTOR.

Po3BuTOK MeTodiB  AMCTaHUilHOro 30HAYBaHHA 3emni  Ta
reoiHPpOpPMaLMHUX TEXHONOTIA BiGKPUB HOBI MOXIIMBOCTI ANS KifbKiCHOT
OUiHKM NaHAWApTHOro Pi3HOMAHITTA 3a CYNYTHUKOBMMUW 3HiIMKaMMu.
3okpemMa, paHi cucteM Landsat i Sentinel EBponencbkoro KocMiyHoro
areHTcTBa nepebyBatoThb y BilbHOMY AOCTYNi, WO pobuTb ix npuBabnMenuMun
ana  MacwTtabHoro MoHiTopuHry [17, c¢. 87]. T[Mpote noTeHuian
KOMGIHOBAHOro 3acTOCyBaHHS OMNTUYHWUX | pajapHUX 3HIMKIB Ans
BM3HAYeHHSA nNaHAWapTHOro pi3HOMAHITTA arpoekocucteM YKpaiHu
3aNULLIAETBCA HE[OCTATHBLO AOCAIAXKEHUM.

MeTa i 3aBaaHHa gocnimkeHb. CUCTEMATU3YBATU Ta NPe3eHTYyBaTU
HayKoBO O0OrpyHTOBaHYy CMCTeMy MeTofiB iHAMKauil naHpwadTHOro
Pi3HOMAHITTA arponaHawagTiB 33 AAHUMU OUCTAHLIMHOIO 30HAYBaHHSA
3eMni, nNpupatHY ONs BUKOPUCTAHHS Y CUCTEMi arpoeKosnoriyHoro
MOHITOPUWHIY Ta YNPaBNiHHA 3eMJIEKOPUCTYBAHHSIM.

Ona pocsArHeHHs MeTu BMpiLlyBanuncb Taki 3aBOaHHA: 06IpyHTYBaTU
KpuTepil  OuiHKM  NaHAowadTHOro  Pi3HOMaHITTA  arponaHawadTis
JNicocteny; BusBUTM edeKTUBHI  naHAWaPTHI  METPUKKU  LUNAXOM
KOpensuimHoro aHanisy, 3anponoHyBaTW LWIKany iHTepnpeTauii iHOeKCiB;
YAOCKOHaNUTH MEeTOAMKY  aBTOMATU30BaHOro  KapTtorpadyBaHHS
HA3eMHOro NOKPMBY 3 BUKOPUCTAHHSAM NOEAHAHHSA ONTUYHUX | pagapHUX
OaHUWX; NPOAEMOHCTPYBATU NPaKTUYHE 3aCTOCYBAHHA METPUK As aHanisy
OWHAMIKM 3eMNIeKOPUCTYBaAHHA Ta MOAEsIIBAHHS CLeHapiiB onTuMisauil
arponaHgwaodTis.

06’'ekTOM  OoCnifXXeHHsA € arponaHpgwadTHe pPi3HOMaHITTS
JlicocTenoBoi 30HM YkpaiHu (YMaHcbkui paitoH Yepkacbkoi obnacri).
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DocnipxeHHs 3piiicHioBanock Ha 20 TecToBMX arpapHuMx nosfiroHax
nnoweto 2500 ra koxxeH B YMaHCbKOMY paiioHi Yepkacbkoi obnacTi. Bubip
OINSIHOK MpPOBOAMBCA 3 YpaxyBaHHAM Pi3HOro0 pPiBHSA pPO30pPaHOCTI,
BUPA3HMX [JerpajauiHux npoueciB i HAsBHOCTI  pPi3HOMaHITHOro
POCNIMHHOIO MOKPUBY.

OCHOBHUMUW MeToAaMu [OCAIOXeHb BUCTYNanu: aepoKOCMiYHUMN
(newunopyBaHHs cynyTHUKOBUX 3HiMKiIB RapidEye 5 M, Landsat-8,
Sentinel-1 y nporpamax Erdaslmagine 10, BeamVisat 5 ta ArcGIS 10.2);
navpwadToMeTpuuHunii  (pospaxyHok 39 iHAekciB naHAwadTHoro
pi3HoMmaHiTTa y FRAGSTATS 4.2 geoma cnoco6aMu - y ¢ikcoBaHuUX Ta
KOB3aloumMx BikHax); cTaTUCTUUHUI (KopensuiiMHmin aHanis CnipMmeHa Ta
niHinHa MHOXWHHa perpecia  y SPSS 16.0); kaptorpadiuyHun
(BexTopu3auis i 30HyBaHHs pesynbTaTie y [IC); nonboBui (HazemHa
Bepuodikauis gewmndpysaHHs, BuMiptoBaHHs NDVI npubopom GreenSeeker
handheld crop Ha 108 nonsx nweHMUi 03UMoi).

Buknan ocHoBHOro marepiany pocnimxenb. CborogHi rnobanbHi Ta
perioHanbHi [aHi MNpo CinbCbKe TroCcnofapcTBO € HeobxigHUMKM ans
33,0BOJIEHHS Pi3HOMAHITHUX CycninbHMUX NoTpeb. 30KpeMa, HalioHanbHa
N MiXKHapogHa arpapHa noniTMKa, CBiTOBA TOPriBAsS Ta NPOAOBOSbYA
6e3neka 3Ha4yHOKW Mipol 3anexaTb BiA [OCTOBIPHOI Ta CBOEYaCHO!
iHbopMauil npo  BUPOBHMUTBO  CiNlbCbKOrOCMOAAPCHKUX  KYNbTYp.
BupiweHHs uboro 3aBpaHHA 3abe3nedyeTbCcs LWNAXOM OpraHisauil
MOHITOPMHIOBUX [OCNiAXeHb npupopgHoro cepepoBua. Cucrtema
arpoMOHITOPUHIY Ma€ onepaTMBHO HagaBaTWM BIJOMOCTI MpO CTaH
arpopecypcHoro noTeHLUiany, 30KpeMa MocCiBiB, Ha JIOKAJIbHOMY,
perioHanbHOMY Ta HaLiOHANbHOMY PiBHAX.

CynyTHUKOBI [aHi MOHITOPUHIY CTaHy MpPUPOOHUX pecypciB —
3eMeflbHUX, BOJHMX i OGionoriyHMx - HabyeawTb pepani 6inbworo
3HaYeHHs B Npouecax ynpaBiHHSA, YXBaNeHHS pilleHb i MPOrHO3yBaHHS B
arpapHoOMy CeKTopi eKOHOMiKU. [ToeAHAHHS AUCTAHLINHOMO 30HAYBaHHS i3
MoJentoBaHHSAM [a€ 3MOry CBOEYACHO OTpUMYBaTH iHpopMaL,ito npo cTaH
arpoeKkocMCTEM Ha 3HAYHUX TEepUTOPIAX i3 HaNeXHOoK MNPOCTOPOBOK
JeTanisauieto Ta 3a BiGHOCHO HEBEJIMKUX BUTPaAT.

CyyacHun naHpwadTOMETPUYHMI MiAXiA FPYHTYETLCA HA CUCTEMHIN
napagurMi Ta eKoCUCTeMHiM KoHuenuii. JlaHgwadT po3rnapgaeTbecsa SK
reTeporeHHa TepuUTOPIs, L0 CKNafaETbCa 3 KNacTepy B3aeEMOAiUMX
eKocucTeM, fAKi 3aKOHOMIpHO NOBTOpPHOKTLCA Yy npocTopi. CTpykTypy
naHAawadbTy NPURHATO aHani3yBaTW Ha TPbOX iEpapXiYHMX PiBHAX: piBEHb
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okpemoro ¢pparmeHTy (naTuy), piBeHb knacy (Tvny Ha3eMHOro NOKpuUBY) Ta
NaHpWwadTHUN piBEHb.

BceeBponericbka cTpaTeris BU3Hayae naHplwadTHe PisHOMAHITTS SK
«(dOopManbHUI BUPaA3 UWUCNEHHUX 3B'A3KIB MiX iHAMBIAYyyMOM abo
CycninbCTBOM Ta TonorpadiyHo OKPECSIeHOK TepUTOpPIEl, 30BHILLHIN
NposiB SIKUX € pe3ynbTaToOM BMAWBY MPUPOLAHMX Ta JIOACBKUX YMHHUKIB
npoTaroM nesHoro yacy» [10].

JNlaHpwadTHa CTPyKTypa BNAMBAE Ha PAA €KONOriYHWX MPOLECiB:
36epexeHHs 6iopi3HOMaHITTs, 3abe3neyeHHs EKOCUCTEMHWUX MNOCHYT,
30aTHICTb  MPUPOOHWMX CUCTEM [0 caMoBigHoBneHHs. OCHOBHUMM
CTPYKTYpPHUMU paKTopamy, WO BU3HAYaKTb Li MpoLecH, €: nyowa apeany
BUAY, pparMeHTOBaHICTb Ta i30M1bOBaHICTb GioToniB, KpaoBui edeKT Ta
Pi3HOMaHITTS cepefoBULL, iCHYBaHHS.

HapMipHa ¢parmeHTauis nNpuMpogHUX Yriflb CNPUYMHAE YOTMPU
B33a€EMOMNOB'AA3aHi HACNiAKWU: BTPATy CepefoBULLA iCHYBAHHS, NMOCUSIEHHS
KpanoBux edeKTiB, 3MeHLIeHHA Po3Mipy MNpUPOAHUX ¢parMeHTiB Ta
3pOCTaHHSA i3onsuil nonynauin. Ui npouecn npu3BogaTe 40 CKOPOYEHHS
reHeTUYHOro pi3HOMaHITTA, ocnabneHHa nonynauin i NigBULLEHHS
BPa3/IMBOCTi €KOCUCTEM [0 iHBa3il Ta KNiMaTUYHUX 36ypeHb.

3aranbHOBU3HAHUM iHCTpyMeHTapieM KinbKicHoT OLLiHKM
naHpwadTHOl CTPYKTYpM € naHawadTHi MeTpUKM - CTaTUCTUKO-
MaTeMaTU4YHi anropuTMu, Wo ob6yMcnTb cneundiyHi nNpocToposi
XapaKTepuctuku naHgwaodTie (popMy, nnolLy, KoHdirypauio Ta posnogin
efleMeHTiB) Ha OCHOBi KaTeropiiHMX KapT Ha3eMHoro nokpuey. Ha
CbOroAHi ONMcaHo nMoHag CTo nofibHux iHaekciB. BoHM 3ocepemkeHi y
nporpamHomy 3abesneyeHHi FRAGSTATS, po3pobneHomy JlabopaTopieto
naHpwadTHOI ekonorii YHiBepcuTeTy MaccavyceTc nif KepiBHULTBOM
K. Maklapirana [16, C. 691].

Ha nigcTaBi aHanisy HayKoBUX oykepen Ta HOPMATUBHO-METOANYHUX
OOKYMEHTIB BU3HAUYEHO Mnepenik KpuTepilB naHpWwapTHOro pisHOMaHITTS,
Lo MalTb 3HaYeHHA Ans 36epexeHHs 6iopi3HOMaHITTA Ta cTtabinbHoCTI
arpoekocucTeM. Ix 06'eHaHO y M'ATb OCHOBHWX KaTeropiii MpoCTopoBoi
CTPYKTYpu arponaHgwadty (tabn. 1).

Ons koxHoro kpuTepito 6yno BigibpaHo BignoBigHi naHawadTHI
MeTpuKM 3 6ibniotekn FRAGSTATS 4.2. 3aranomM Onsi aHanisy TecToBuX
arpapHux noniroHiB 6ynu po3paxoBaHi 3HayeHHs 39 iHpekci..
KopenauinHui aHanis BUKOHYBaBCA MiX 3HaYEeHHSIMM iHOEKCIB Ta TpbOMa
K/IOYOBUMUW  napaMeTpamMu  CTPYKTypu  arponaHpwacdTiB:  piBHEM
po3opaHocTi (%), YacTKol NpMpogHUX yrigb (%) Ta cyMapHOH OOBXMHOK
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nicocMyr (M) y Mexax TecTOBMX arpapHux MoniroHis. [paHWYHUM
3HaYeHHsIM CYTTEBOI 3afiexHocTi BBaxkanocb R > 0,6 npu p < 0,05 3a
CnipmeHom [18, C. 28].

Tabnuus 1
KpuTepii ouiHKu pi3HoMaHiTTa arponadawadTie Jlicocteny Ykpainu [2]
Kareropis PiBeHb PiBeHb Knacy PiBeHb nanpwadrty
CTPYKTYpH dparmenTy
Po3mip Mnowa okpeMoro | PiBeHb nicuctocTi; | YacTka npupogHux
NPUPOAHOro WiNbHICTb yrigb; DOBXMHA MeXi
6ioTony nicocmyr MiXX MPUPOSHUMMU
6ioTonamm
LlinicHicTb - HasBHicTb -
NpUpPoOAHUX SAEP,
KNHOYOBUX
ninsaHoK
Popma CknapHictb - -
dopmu
npUpPoaHOI
DiNSHKK
(kpanoswuit
edekr)
Q®parmeHTauis - PiseHb HasiBHicTb
dparmeHTauii; €KONOriYHUX
BiOCTaHb MiX Kopuaopis
6ioTonamu
PisHoMaHiTTS - - KinbkicTb Knacis;
PIBHOMIpPHICTb X
posnoginy

3a pesynbTaTaMy KOpensuiHOro aHanisy BcTaHoBneHo, wo 10
iHOeKciB i3 39 MaloTb CTaTUCTUYHO 3HaYywmit 38’'a3ok (R > 0,7; p < 0,001)
3 BuBpaHMMM napaMeTpaMu CTPYKTYpu arponaHgwadtis (tabn. 2).
3okpema, 10 MeTpuK KOpPenwTb 3 PiBHEM PO30PAHOCTI Ta 4YacCTKOK
NPUPOOHUX YTiab, @ 14 — 3 [OBXMHOK NiCOCMYT.

BapTo 3a3HauMTH, WO Oesiki 3 BUSABNEHUX ePEeKTUBHUX iHOEKCIB
KOpenTb Mix cobot (yTBopiooumn Y4oTUpK bYHKLiOHANbHI rpynu), wo
CBiAYMTb NPO iXHK YacTKOBY B3aEMoO3aMiHHicTb. Hanpuknap, y rpyny
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emnipuyHo 6nu3bkmx BxogAaTb ED, PARA, CONTIG, LSI, PLADJ Ta Al 3

koeoilieHTOM B3aeMHoI kKopensuii R > 0,99.

Tabnuus 2

CucTeMa onTUManbHUX NaHAWAaGTHUX METPUK 15 OLLIHKM
arponaHgwadTis Jlicocteny [2]

Inpekc Karteropisa PiBeHb 3B’130K 3 NOKa3HUKaMK
(ckopoueHHs) 3aCTOCYBaHHA | TEeCTOBMX arpapHuX MosiroHis
Hanbinbwmmn Po3wmip Knac/ Nicocmyru: -0,65
dparmenT (LPI) nanawagT
LinbHicTe Mex | Po3mip Knac/ Nicocmyru: 0,97
(ED) naHawagpT
Po3nogin sapep | LinicHictb Knac npup. | Po3opanictb: 0,73
(CAI) yrigs
PisHoMaHiTTS PisHoMaHiTTs | JlaHgwadTt Nicocmyru: 0,81; posopaHicTb: —
LLleHHoHa 0,78
(SHDI)
PiBHOMipHicTb | PisHOMaHiTTa | JlaHgwadpT Mpwp. yripas: 0,77; posopaHicTe: —
Cimncowna (SIEI) 0,83
KoHTakT @®parmenTauis | JlaHgwadt Po3opaHicTb: 0,88
(CONTAG)
OKpYy»XHicTb dopma Knac Po3opanicTtb: 0,74
(CIRCLE)
LLinbHicTb @parmeHTauis | Knac/ JNicocmyru: 0,80
¢dparMeHTiB naHgwaogt
(PD)
BnusbkicTtb @parmeHTauis, | Knac npwup. | Po3opaHicTe: 0,65
(PROX) izonauis yrigb
34yenneHHs @parmenTauis | Knac/ Nicocmyru: -0,74
(COHESION) naHawagt

Lle no3Bonse 3actocoByBaTh oauH 3 HUX (pekomeHgosaHo ED a6o
PARA) 3aMmicTb yciel rpynu, cKopouywuu obcar aHanisy 6e3 BTpaTtu
iHpopMaTmBHOCTI. OTPUMaHi pe3ynbTaTh y3rogXyrTbCs 3 BUCHOBKaMu S.
A. Cushman Ta iH. WoA0 eMNipUYHO HAAIMWKOBMX NaHAWADTHUX MEeTPUK
[16,C. 703].

Ons  BMBYEHHS  QYHKUIOHAaNbHOro 3HayeHHA  naHawadTHOI
CTPYKTYPU LLOAO NPOAYKTUBHOCTI arpoeKoCUCTEM BUKOHAHO perpecinHunim
aHani3 naHawagpTHMX MeTPUK Ta HOPMani3oBaHOro BereTauifHOro
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iHoekcy (NDVI) nweHuui o3umol. NDVI Bu3Hauyaecss 3a OaHuUMU
CynyTHUKOBOI 3MoMKM Landsat-5 Ta nigTBepAKyBaBCA Ha3eMHUMHU
BUMiptoBaHHAMM Ha 108 nonsix y YMaHCbKOMY panoHi.

flk popaTKOBI NPEeAUKTOPWU Y MOAEN MHOXMWHHOI NiHiMHOI perpecii
BpaxoByBaNMCb MaKcMManbHa KpyTusHa cxuny rnons (3a LUMP ArcGIS) Ta
TUN IPYHTY. 3a pe3ynbTaTaMu aHanisy BCTaHOBMEHO, Wo 26 % pgucnepcii
3HaveHb NDVI noscH0EeTbCA BKAKYEHMMU B MoAesnb NaHAaWapTHUMU
iHoekcamn (koediuieHT kopensauii MipcoHa - 0,507; koediuieHT
petepMiHaLii R? - 0,257; 3HauyLwicTb 3a kpuTepiem Piwepa p < 0,05; TecT
Hap6iHa — BatcoHa — 1,845). ABToKOpenaLia MiX 3a5MWKaMu BiACyTHS, LLO
nigTeepaKye akicte Mmogeni [15, C. 401].

Hanbinbwwnn Bnnme Ha 3HayeHHs NDVI cnpaBnanu iHoeKc WinbHOCTI
mex (ED), iHoekc posnoginy sapep (CAl), ingekc koHTakty (CONTAG) Ta
iHoekc pisHomaHiTTs LWeHnHoHa (SHDI) (p < 0,05). OTpuMaHi pesynbTaTy
CBiAYaTh, WO naHAwWadTHe Pi3HOMAHITTS, fiKe KifIbKiCHO ONUCYETLCA LUMHU
iHOeKcaMu, Ccnpusie nNigBULLEHHIO NPOAYKTUBHOCTI MocCiBiB  4yepes
NOKpaLLeHHS MNOCNYr 3anufieHHs Ta 6ioNoriYHOro KOHTPOHO WKiAHKMKIB. Lle
NigTBEPOXKYE  OOUINbHICTL  BKOYEHHS  NaHAWAPTHUX METPUK Y
pPO3paxyHOK BapTOCTi EKOCUCTEMHMX NOCAYr arponaHpwadTie.

3HayYeHHs NaHAWaPTHUX METPUK € BiIAHOCHUMM NOKa3HWKaMU, TOMY
BUHMKae noTpeba y po3pobLi WKanm ixHbOT eKoNorivyHol iHTepnpeTauii. 3a
OCHOBY npuUAHATA arpoeKonorivyHa knacudikauis CTPYKTYpHU
arponaHawadTiB, WO Po3noainse iX Ha N'ATb KaciB 3aJIeXKHO Bif, pPiBHSA
PO30paHOCTi Ta YacTKMU NpupoaHux yrigb [9, C. 74].

3acTocyBaHHSA perpeciiHOro aHanisy [o3BOAWIO BCTAHOBUTU
noporoBi 3Ha4YeHHsA NaHAWaGTHUX METPUK ANS KOXKHOro Knacy. Metoamka
po3pobnsnacbk nuwe ANAA TUX LWeCTU iHAEeKCiB, ANs SKMX KoedilieHT
JeTepMiHauii perpeciinHoi Mopeni nepesuuwysas 50 % (To6To iHaekc
LOCTOBIipHO BiAOGpa)kae BIAMNOBIOHUWA CTPYKTYPHUI MoOKasHUK). [Ons
yotupbox iHgekcis (CIRCLE, CORE, DCORE, PROX) koediuieHT feTepMiHaLii
BUABMBCS HMXX4Ye MOPOroBOro, WO CBIAYMTb MPO CKNAAHiWY HeniHinHy
3aJIeXKHICTb Ta BUMArae oKpeMoro BUBYeHHs (Tabn. 3).

Anpobauisa 3anponoHoBaHOI MeTOOUKU Ha TepuTopil YMaHCbKOro
pavoHy nokasana, LWo 3HayHa YacTUHA pamoHy OUIHITLCH fK
onTMManbHi 3a iHAeKcoM pi3HoMaHiTTA LlleHHoHa. [liBoeHHO-cXigHa
YyacTMHa YMaHCbKOro paloHy XapaKTepu3yeTbCs SK KpUTMYHA (HagMipHa
po3sopaHicts, SHDI < 0,38), wo BKasye Ha HeOBXiOHICTb BXWUTTS
HEeBIOKNAAHMX 3aX04iB 3 ONTMMI3aLil CTPYKTYPU 3€MJIEKOPUCTYBAHHS.
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Ta6bnuusa 3
MoporoBi 3HaYeHHA iIHAEKCIB NaHAWadTHOro PisHOMaHITTA Ans
knacuoikauii ctaHy arponangwadris [2]

CraH Po3sopasictb | Mpupoaxi | SHDI | SIDI | SHEI | SIEI [ CONTAG
arponaHawadTty yrinas
OnTuManbHuit <20 % >80 % >1,34 | >0,65|>0,66|>0,76 <66
Do6pun 20-37 % 63-80% | 1,21- |0,60-(0,59-|0,69-| 66-69

1,34 | 0,65 [ 0,66 | 0,76

3a00BiNbHUN 37-54 % 46-63 % 1,07- |0,55-0,52-|0,62-| 69-73
1,21 0,60 | 0,59 | 0,69

Hes3apoBinbHun 54-70 % 30-46 % | 0,94- |0,50-|0,46-|0,56-| 73-76
1,07 0,55 | 0,52 | 0,62

Kputuynumn >70 % <30 % <0,94 |<0,50|<0,46|<0,56 >76

KopekTHe Bu3HauyeHHs naHAwadTHUX MeTpuk notpebye TOYHOI
KapTu Ha3eMHOro NOKPUBY 3 NPOCTOPOBUM PO3Pi3HEHHSIM He MeHLwe 5-10
M. KomepuiitHi 3HiMkuM uboro knacy (RapidEye, SPOT, WorldView) €
epeKTMBHMMU, ane AOpPOrMMU. TOMY YacTUHOK [OCHIAMXKEHHS CcTano
0BrpYHTYBaHHA MOXJIMBOCTI BUKOPUCTaHHS BGE3KOLWTOBHUX 3HIMKIB
Landsat-8 (30 M) Ta Sentinel-1 Ans oTpUMaHHA MyNbTUCMEKTPANbHUX
306paxeHb 3 LOCTATHIM NPOCTOPOBUM PO3pPi3HEHHsM [14].

CynyTHuKkoBuMIi anapat Sentinel-1, ocHaweHWin papapoMm i3
CUHTe30BaHoto anepTypoto (SAR), Hagae 3HIMKM 3 po3MipoM nikcensd 5x10
M i € MOBHICTIO BIOKPUTUM ONS BUKOPUCTAHHSA. [pMHLUMNOBa BigMiHHICTb
Bif, ONTUYHMX 3HIMKIB MONSArae B TOMYy, WO PafapHUA CUTHAN PeecTpye
reoMeTpuyHi Ta Gi3MYHI napaMeTpu NOBEPXHi i HE 3aN1eXUTb Bif XMapHOCTI
Ta atMochepHMX yMOB, WO 0COBNMBO BaXKIMBO AN ONepaTUBHOro
MOHITOPUHTY.

[nsa cuHTe3y ONTUYHUX | pajgapHUX AAHWUX MOPiBHIOBaNUChL ABa
MeToau: MeTof, roloBHMX KoMrnoHeHT (PCA) Ta MeTop nepeTeopeHHs BpoBi
(Brovey Transform). BignosigHo [0 pe3ynbTaTiB OLUHKM TOYHOCTI
knacudikauil, MeTo nepetTBopeHHs bpoBi BUABUBCA ePeKTUBHILLNM: BiH
[O3BOSIMB OTPMMATW MyJfbTUCMNEKTpasibHe 300pakeHHs 3 MPOCTOPOBMM
po3pi3HeHHsM 8,25 M i TOUHICTI0O pPO3Mi3HaBaHHSA CilbCbKOrOCNOAAPChKMX
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yrinb 95,77 % (nomunka - 4,23 %), WO MNOPIBHAHHO 3 TOYHICTHO
KoMepLiliHUxX 3HiMKiB RapidEye 5 M (momMunka — 4,76 %) (Tabn. 4).
Tabnuus 4
MopiBHANBHA OLiHKA TOYHOCTI kKnacudikawii HA3eMHOro NOKPUBY Npu
Pi3HUX TUNax 06poBKM CyNnyTHUKOBUX AaHux [2]

Tvn gaHux Nic, km? Tpas. C.-r.yrinnsa, 3aranbHa
POCAMHHICTb, KM’ KM? nomunka, %
ETanoH 530 144 945 -
(RapidEye 5 M)
Landsat 30 M 676 17 451 >50 pns c.-r.
Landsat + 485 140 985 4,23 gna c.-r.
3nuTTa Bposi
(8,25 M)
RapidEye 5 M 570 153 900 4,76 pnsa c.-r.
(knacuoik.)

OkpiM BOOCKOHAnNeHHs anroputMy CUHTe3y, Yy [OCHIAXKEHHI
30iMCHEHO [peTanizauito €Bponewcbkoro knacudikatopa Ha3eMHOro
nokpusy CORINE Land Cover oo yeTBepToro piBHs iepapxii ans kateropii
cinbCcbKOrocnogapcbkux yrigb YkpaiHn. BusHauyeHo 20 knacis yetTBepToro
piBHS i3 ONMCOM AUCTAHUIMHUX Ta HAa3eMHUX 03HaK gewundpyBaHHs. Lle
[O3BONSE 3AiNCHIOBATM [ETaNbHIWMIN MOHITOPUHI CTPYKTYPW MOCIBHUX
naow, i CiBO3MiH Y CUCTEMiI aepPOKOCMIYHOro MOHITOPUHIY Ta iHTErpyBaTu
YKPalHCbKi AaHi y 3aranbHOEBPONenchbKi 6a3n ANCTaHUinHe 30HAYBaHHSA
3emni [6, C. 71.

TakoX BUSABNEHO 3aNeXHiCTb 3HaYeHb NaHAWAPTHUX METPUK Bif
NPOCTOPOBOr0 PO3Pi3HEHHS BXiJHUX AaHUX. IHOEKCU rpynu pPi3HOMaHITTS
(SHDI, SIDI, SHEL, SIEl) € HaNMeHLW YYTAMBUMU [0 3HUKEHHS PO3PI3HEHHS:
Mix Bu6ipkamum 250 m (MODIS) Ta 30 M (Landsat) BcTaHoBREHO Kopensuito
R > 0,62 (p < 0,001 3a NipcoHoMm). Lle po3Bonse 3aMiHOBaTU AaHi 3
po3pi3HeHHsM Big 30 M Ha paHi 250 M ons onepaTWBHOI perioHanbHOl
OUiHKM naHpawadTHOro pi3HOMaHITTA 6e3 cyTTeBOI BTPATU SKOCTI
pesynbTaTie [14].

Onsa aHanisy OVHaMIiKK nangwagTHoro pPi3HOMaHITTA
BUKopuctoByBanuck aaHi MODIS 3 po3pisHeHHsM 250 M 3a 2023-2024 pp.
Po3paxoBaHi 3HauyeHHs iHOeKciB ¢pakTanbHol po3mipHocTi (FRAC),
pisHoMaHitTTa LlenHoHa (SHDI) Ta opgHopigHocti CimncoHa (SIEI)
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[03BONUN NPOCTEXUTU MiXpiYHY MiHNMBICTb CTPYKTYpHU
arponaHpwadTie. B YMaHcbKOMY paioHi BUSIBIeHO 06epHEHY 3aexXHiCTb
MiXK MJIOLLEe CiNlbCbKOrocnoAapCbKUX Yriob i 3HauYeHHSAMU iHOEKcIB
naHgwadTHoro pi3HomanitTts (R = -0,85; p < 0,01 3a [MipcoHom).
3MeHLWeHHs nnoli opHux 3eMenb y 2023-2024 pp. ta y 2025 p.
BiANOBI#AN0 HaMBULWKMM 3HayeHHsM iHAekciB SHDI ta SIEl 3a yBecb
pPO3rNAHYTUI Nepioa.

Ons  ouiHkM  edeKTMBHOCTI  pPi3HMX  cTpaTerin  onTuMi3auil
arponaHgwadTie 6yno 3MoAeslbOBaHO TPU CLeHapil Ans ABOX NONIroHIB i3
Pi3HUM piBHEM CiNbCbKOrocnoaapcbKoro ocBoeHHs (12 Ta 64 % pinni
BignoBigHo): 1) 3aknagaHHA NicocMyr 3aBWMPLLIKK 15 M y300BX JOPIr i
nocepen Benukux nonie (>100 ra); 2) dopmyBaHHA cMyr Tpas'siHOl
POCSIMHHOCTI aHANOriYHOT WWMPKHK; 3) BUBEOEHHS epo3iiiHO AerpafoBaHuX
LiNAHOK 3i cknagy opHMX 3eMenb. 3a BinbLicTO iIHAEKCIB YCi TpU cueHapil
NMoKpaLlytTb naHawadTHe Pi3HOMAHITTA NMOPIBHAHO 3 NMOTOYHUM CTAHOM,
NPUYOMy HaMICTOTHIWMA edeKT CcrnocTepiraeTbCa Ha MONIrOHI 3
nepeBa)<aHHsIM opHUX 3eMenb (64 % pinni): 36inbwenHs SIDI go 0,92 npwu
noTo4yHoMy 3HaueHHi 0,76 [7, C. 9].

OkpeMo ouiHEHO edEeKTUBHICTb FPYHTO3aXUCHOI  KOHTYPHO-
MeniopaTUBHOI cucteMun 3emnepobcTBa, Wo nepenbayae BMBEOEHHA 3i
CKNapy OpHMX 3eMefib LINSHOK Ha CXuNax KpyTu3How noHap 3° Ta ix
3aNyXEeHHS YM 3aniceHHs. Y Mexax YMaHcbkoro paiioHy 11,38 kM2
CiNbCbKOroCcnofapcbKMxX yrifb pPO3TallOBAHO Ha CXWNaX 3 TaKUM KYTOM
Haxuny, Wwo ctaHoButb 1,9 % Big 3aranbHoi nnowi pinni. Peanizauis
BiAnoBigHMX 3axoniB 36inbWwWKTL 3Ha4YeHHA SHDI B cepeaHboMy Ha 2,64 %
B YMaHCbKOMY paloHi. [Ins okpeMux nosniroHiB NpupicT € 3Ha4YHO BULLUM:
TAN M28 - +10,84 %, TAM K12 - +9,94 %. Hasite nomipHe (5 %)
NigBULLEHHS BPOXAMHOCTI, 3yMOBJIEHE MOKPALLEHHSIM EeKOCUCTEMHUX
NOCAYT, LiJIKOM KOMMEHCYE CKOPOYEHHS MOCIBHMX MoLL,.

BucHoBku. CucrteMaTn3oBaHO HAyKOBO-METOAMYHI Migxoam Ao
iHOMKaUil naHawadTHOro pisHOMaHITTS arponaHawadTiB | BU3HAYEHO, Lo
TX NPOCTOPOBY CTPYKTYPY AOUINbHO OLiHIOBATM 3a N'ATbMa 03HaKaMW Ha
TPbOX iepapxiyHmux piBHsAX. 06rpyHToBaHO cuctemy 3 10 naHpwadpTHUX
iHOEKCIB, sIKi MalTb TICHUN CTaTUCTUYHUIA 3B'A30K i3 piBHEM PO30PaHOCTI,
YACTKOK NPUPOOHUX YTigb i WiNbHICTIO NnicocMmyr.

BcTaHoBneHo, wWo naHpwadTHi MeTPMKKU NosiCHIOTL 26 % Bapiauil
NMPOAYKTUBHOCTI MNLWeHMLi 03MMoi, Npu4yoMy Hanbinbwui Bnaue matoTs ED,
CAl, CONTAG i SHDI. 3anponoHoBaHO N'ATUPIBHEBY LKAy OLiHKN CTaHy
arponaHawadTiB i3 NTOPOroBUMU 3HAYEHHSMU KHOYOBUX iHOEKCIB.
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YDOCKOHaNeHo MeToauKy Knacudikauil Ha3eMHOro noKpuBY Ha
OCHOBIi NoegHaHHA paHux Landsat-8 i Sentinel-1, wo 3a6e3neynno BUCOKy
ToyHicTb (95,77 %). JoBeneHo edeKTUBHICTb BMPOBA[XKEHHS KOHTYPHO-
MeniopaTMBHOI  CUCTEMU 3eMJIEKOPUCTYBAHHS, AaKa nigsuLLye
Pi3HOMaHITTA arponaHAawadTiB | € EKOHOMIYHO AOLUINBHOH.

O6rpyHTOBaHO  [OOUINbHICTE  BUKOPUCTAHHA  AUCTaHUIAHOro
30HAYBaHHA [Aa OUIHKM naHAWagpTHOrO pPi3HOMAaHITTA, WO ChApuUsE
ebeKTUBHOMY YNpaBniHHIO 3eMeNbHUMUK pecypcaMu. BpockoHaneHHs
CUCTEMM arpoeKosIoriYHOro MOHITOPMHIY BM3HAYEHO SIK BaXK/IMBY YMOBY
CTasnloro po3BUTKY arpapHoro BMpo6HUUTBa.
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DETERMINATION OF LANDSCAPE DIVERSITY OF AGROLANDS BASED
ON REMOTE SENSING DATA

The article analyzes scientific and methodological approaches to
determining and assessing the landscape diversity of agricultural landscapes
based on materials from remote sensing of the Earth from space. The
theoretical basis of the landscapemetric approach is considered - from
classical concepts of landscape ecology to modern geoinformation
technologies. Five basic categories of the spatial structure of agricultural
landscapes are analyzed: size, shape, integrity, fragmentation and diversity of
fragments. A system of ten key landscape metrics for monitoring
agrolandscapes of the Forest-Steppe of Ukraine is substantiated, which
demonstrate a statistically significant correlation with the level of plowing,
the share of natural lands and the density of forest belts. A five-level
classification of the state of agrolandscapes according to landscape diversity
indices is proposed and threshold values for each class are established.

An improved method for automated decoding of land cover classes by
synthesizing Landsat-8 optical images and Sentinel-1 radar data is described,
which provides a spatial resolution of 8.25 m when using free data. The
practical application of landscape metrics for analyzing land use dynamics,
modeling scenarios for optimizing agrolandscapes, and assessing the
effectiveness of soil protection contour and reclamation measures is shown.

It has been established that remote sensing of the Earth appears as a
key tool for the rapid detection of changes that cannot be tracked by traditional
field survey methods due to limited access to territories.

The results of the study confirmed the high efficiency of using Sentinel-
2 satellite data to detect changes in the structure of agricultural landscapes.
Multispectral indices, in particular NDVI (Normalized Difference Index
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vegetation), allow us to trace the dynamics of vegetation cover, the level of
land degradation and signs of erosion processes. The integration of these data
into the geoinformation environment makes it possible to create spatial
models that reflect both the current state of territories and the trends in the
transformation of agricultural landscapes over time.

Keywords: land management; land transformation; balanced land use;
landscape diversity; remote sensing of the Earth; agricultural landscape.
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