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CYITYTHUKOBUI MOHITOPUHT IOCIBIB I1O YKPATHI

3abe3neuerns no0anbui020 eKOHOMIMHO20 3DOCIMAHHA CiNbCbK020 eocnodapcmea Ykpainu nompedye 0c60€HHA ma ephekmurHoeo
BUKOPUCIMAHHS [HHOBAUILIHUX MeXHOoA02ll. 30Kpema, CYnYMHUKOBUL AHAAI3 0AE MONCAUBICIY BIOCAIOKO8Y8AMU CIMAH CIAbCbKO-
20CN00apcoKux yeiob WAsIXoM MOHIMOPUHEY IXHIX AKICHUX Ma KiAbKICHUX NOKA3HUKI8 NPUPOOHO-KAIMAMUYHUX XAPAKMeEPUCMUK.
Y pamkax npoexmy Ceimoesoeo banky «Iliompumka npo3opoeo 3emaexopucmysants é Yxpaini» y cnienpaui komepuiiinoi komnamii
EOS Data Analytics i3 Incmumymom kocmiunux docaioncens HAH Ykpainu ma JIKA Ykpainu po3pobaeno mexnonoeiro cynymnuko-
6020 MOHIMOPUH2Y GUKOPUCMAHHS CIAbCOK020CNO0apChKux 3emens 6 Ykpaini. Ha ocHosi cmeopenoi mexnonoeii no6ydoéaro kapmu
Kaacugikayii 3emHo20 nokpugy na 6azi mpvox Habopie danux: nHazemui daHi 63006ic dopie, dani pepmepie ma cynymuukogi dati
(uacogi psadu onmuunux danux «Sentinel-2» ma padapnux oanux «Sentinel-1»). Jlns cmeopenns kapm Kaacugikauyiti 6UKOPUCMAHO
aneopumm Random Forest, peanizoeanuii na 6a3zi xmaproi naamgopmu Google Earth Engine. Ompumano oyinky mounocmi ma no-
PDIBHAHI naowi nocieié cinbCbk020cno0apcobKux Kyabmyp no eciii mepumopii Ykpainu. 3a pezynsmamamu ekcnepumenmy Ha6eoeHo
nopieHAHHA Kaacu@ikayii Ha 060X oKpemux Habopax 0aHux 045 HAGUAHHSA — HA3EMHUX OaHUX, 3I0paHux 63008 dopie, ma daHux
hepmepis. B pezyavmami ompumaro 6aridoearny kapmy nocieie cinbCbk020Cn00apcbKux Kyavmyp, Ky 6y10 npedcmaeneHo Ha ogi-
yiiromy nopmani JepycleoKadacmpy Ykpainu. Hasederno ocHogHi pesysvmamu, ompumani 8 Xo0i aHanizy ciabCbk020cnoo0apCcbKux
3emenv Ykpainu, a makodic pe3yabmamu nopieHsAHHsA 3i CMAMUCMUYHUMY OQHUMU.
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BCTVYII

CibCcbKOrocnogapchbkuii cekKTop YKpaiHu 3a0e3-
reyye 3HauHy YacTKy eKCIOPTY MPOayKIlii 10 KpaiH
€Bpocoio3y, A3zii, AMEpUKM, a IHTEHCUBHUU PO3-
BUTOK POOMTH MOTr0 OJHUM 3 BaXKJIMBUX YMHHUKIB
PO3BUTKY €KOHOMIKHU Ta CIIPUSIE TTOKPALIEHHIO MiX-
HapOOHMUX €KOHOMIYHMX 3B’SI3KiB. AHai3 0OCsTiB
BaJIOBOI MPOAYKIil CBITOBOTO arpapHOrO CEKTOpY
nokasye, 10 YKpaiHa B pa3M IOCTYNA€EThCsST Kpai-
HaM 3 aHAJIOTIYHUMU arpoKJIiMaTUYHUMU YMOBaMU
3a MPUOYTKOBICTIO (11 YKpaiHu BaJloBa MPOLYKIList
CUJIBCBKOI'OCIIOAAapChKUX KyJbTyp 3a 2018 pik cra-
HOBUTL 6.4 MIpa €Bpo, a 115 Icmanii Ta @paniii —
BimmoBimHo 25.7 Ta 42.4 mupa eBpo) [21]. I1pu 1bo-
MY Y CBITOBOMY PEUTHUHTY KpaiH 3a BAKOPUCTaHHSIM
3eMeJib  CiJTIbChbKOTOCIIOAAPChKOTO  MPU3HAUYEHHS
Vkpaina mocigae 8-me Micre, @paniisgs — 14-Te, a
Icrianis — 18-Te.

HocBin BUKOPUCTAaHHS CYMYTHUKOBUX NAHUX Y
arpapHiit cpepi BxkKe Ma€ YMMajIo pO3BUHEHUX KpaiH
cBiTy. Tak, MiHiCTEpPCTBO CiJIbCHKOTO rOCIIOIaPCTBA
CIIA (USDA) 10opoKy BUKOPMCTOBYE KapTh 3eM-
Horo nokpuBy (Cropland Data Layer) mist oumiHku
BpoxaitHocTi Ta o KyasTyp B CIIA [14]. denap-
TaMEHT 3 MUTaHb JOBKIiJLJIsI, XapuOBUX MTPOIYKTIB Ta
cinbebkoro rocrogapctBa (Defra) BennkoOpuranii
BUKOPHUCTOBYE KapTHU 3¢MHOTO MOKPUBY SIK OCHOB-
HUI iIHCTPYMEHT JIJIST aHaJTi3y Ta CTBOPEHHSI iHHOBA-
LIAHUX IIPOAYKTIB Ta IMOCJYT 11 Kpainu [16].

YV KaHazi 1opiyHO CTBOPIOIOTHCSI KapTu MOCIBiB
CLJIbCHKOTOCIIONAPCHKUX KYJIBTYD, SIKi BAKOPUCTOBY-
10Thcs JlenapTaMeHTOM CiJIbCbKOTO rOCoapcTBa Ta
arpornpoaoBosibcTBa (AAFC) 17151 mporHosy BpoxKaii-
HOCTI Ta IPUMHSTTSI OOIPYHTOBAHMUX YITPaBIiHCHKUX
pillleHb Ta JUIST OL[IHKM KOHKYPEHTOCITPOMOKHOCTI
cinbcbkoro rocnogapctBa. OcobsvBa yBara mpuii-
JISIETBCS T’ AT OCHOBHUM KYJIBTypaM (ITILIEHULIS, s4-
MiHb, pillaK, KyKypy/a3a Ha 3epHO Ta cos) [2].

Jlo HegaBHBLOTO Yacy B YKpaiHi Ha Jep:KaBHOMY
piBHi KapTuU 3€MHOIO0 MOKPUBY HE BUKOPHUCTOBY-
Baiucs. lle moB’s13aHO i3 3 HEPO3YMIHHSIM MOXKJIH-
BOCTEM, SKi BiIKpMBAalOTh JaHi TaKOro TUIY i, SIK
pe3yJbTar, BiACYTHICTIO caMOi KapTh y JepKaBM.
[IpoTe 3a paxyHOK 4uHHOI Tporpamu CBiTOBOTO
banky «IlinTprMKa poO30poro 3eMJIEKOPUCTYBaH-
Hs B YKpaiHi» L1 CUTYyallisl 3HaUHO TOKPaIIYEThCS,
i Kaptu Kiacudikallii 3eMHOTO ITIOKpPHBY CTalOTh
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BaXXJIMBUM JKEPEJIOM JOJaTKOBOI iH(popMalii ajs
YIIPaBIiHCBKUX OPTaHiB.

Husbkuii piBeHb BUKOPUCTAHHS CYYaCHUX TEX-
HOJIOTIN MigNMpUEMCTBAMU Ta AEP:KaBHUMU CTPYK-
TypaMu € OCHOBHOIO NMPUYMHOIO BiTHOCHO HU3b-
KOro piBHSI MPUOYTKY i3 CiIbChKOTOCIOAAPCHKUX
yrigb. 3a yMOBM ITOOYIOBU KapTu Kjacuikallii ta
il BUKOpMCTaHHi 5K 0a30BuUii iH(hopMaLiiiHUI TIPO-
IYKT MOXKHA pO3B’s13yBaTU 6araTo iHIIMX BaxKJIMBUX
MPaKTUYHUX 3aa4d. 30KpeMa, 3[iliCHIOBaTU orepa-
TUBHUI MOHITOPUHT CTaHY ITOCiBiB MPOTSITOM BChO-
ro BEreTaliifHOro TMepiofy, BUSBISATU «BUCHAXEHY
3emiato» [1, 4] Ta IPOBOAMTU PO3PaxyHKH €KOHO-
MiYHO BUTITHUX CIIOCO0OIB BeJIeHHS rocnoaapcTaa (B
TOMY YMCJIi i 32 paxyHOK 3MEHIIIEHHSI BUTPAT), Bifl-
CJIIIKOBYBAaTHU MOPYIIEHHS CiBO3MiH. OmHMM i3 cr1o-
CcO0iB BUPpIllIEHHS 1IMX MPOOJEM € BUKOPUCTAHHS
Cy4aCHUX CYITyTHUKOBUX TEXHOJIOTIH /1Sl ONITUMi3a-
Lii BUOOPY TUMIB CiIbCHKOTOCIIOAAPCHKUX KYIBTYP.

Kpim 11poro, 3ampoBaizKeHHsI TEXHOJIOTI CyIyT-
HUKOBOTO arpOMOHITOPUHIY Yy TIpOLIieC KEPYBaHHS
CiTbCBKOTOCIOAAPCHKUMU YTiIASIMU CTAE 111 OibIIT
aKTyaJbHUM HamnepeaoaHi BiIKpUTTS pUHKY 3€MJIi,
3arutaHoBaHoro Ha 2020 pik. MexaHi3M BUKOpPHC-
TaHHSI CYNMyTHUKOBUX JaHUX BiIKPUBA€E JOCTYM A0
00’€KTUBHOI iCTOpPil KOPUCTYBaHHSI 3e€MeJIbHUMU
pecypcamu [12, 13], cTBOploe MpaBOBi, TEXHIUHI Ta
3aKOHOJABYi MepelyMOBU IPO30POro, CrpaBe-
JIMBOTO Ta HAaJiliHOTO Tpoliecy 3eMJIEBOJIOAIHHS Ta
3eMJIEKOPUCTYBAHHSI.

ITOCTAHOBKA 3AJIAYI

J11s1 3a06e3rneyeHHs] MPO30POCTi, CIIpaBeIIMBOCTI Ta
HaAiHOCTI IMPOLeCy OpeHIU 3eMJIi, a Y MaliOyTHbHO-
My 1 mpomaxy, HeoOXigHa 00’€KTHMBHA iH(pOpMaLlis
MO peajbHe 3eMJIEKOPUCTYBaHHS Ta MOTOo icTopito,
CTaH PO3BUTKY CiJIbCLKOTOCIOAAPCHKUX KYJIBTYP 32
KOXEH Ce30H. YCi 1Ii MOKa3HUKU CYTTEBO BILIMBA-
IOTh Ha PMHKOBY BapTicThb 3emji. OgHak B YKpaiHi
HeMae 3arajJbHOJOCTYITHOT CUCTEMU 3 iH(hopMalli€to
PO peajibHE 3eMJIEKOPUCTYBAHHS Ta BJACHUKIB 3€-
menb. g iHpopmalliss MiCTUTbCST TUIIIE B IepKaB-
Hili KagacTpOBili CUCTEMi Ta HE € JOCTYITHOIO ISt
KopuctyBauiB. CaMe TOMY IOCTa€ 3ajadya CTBOPEH-
HsI MPOAYKTY, SIKUW 1acThb 3MOTY TTPOBOAUTH MOHi-
TOPUHT Ta POOUTU aHaJli3 CTaHY MOJIiB SIK 32 OTOY-
HU, TaK i 3a TOMepeaHi pOKU.
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Puc. 1. Mapipyty 30MpaHHs JaHUX JJIs1 O3UMUX Ta JIITHIX KYJIbTYp

Y mexax npoekty CBiToBoro 0aHky 3a (iHaH-
coBoi miarpuMku €C oIHNUM i3 HaNpsIMiB poOOTH €
BUKOPUCTAHHS CYMYTHUKOBUX JaHUX JJIS1 BUPILLIEH-
Hs 3aJadi MOHITOPMHIY 3€MJIEKOPUCTYBaHHSI Ha
TepuTopii YKpainu. Y mnomnepeaHi poKu BUKOPUCTO-
BYBaJIMCh HEBEJIMKI ITUJIOTHI paiioHU Ta 00JjacTi, Ha
SIKUX BiJNMpalbOBYyBaIUCh TeXHOJOTii. [[boro poky
nnst koMmepuiitHoi kommadii EOS Data Analytics
Tta IHCcTUTYTY KOCMiuHMX gochimkxeHb HAH Ykpai-
Hu Ta JIKA Ykpainu, sKi CHiJIbHO BUKOHYIOTH LIEi
MPOEKT, OYJ0 MOCTABJIEHO 3aBAAHHS PO3LIMPEHHS
JI0 MaciTabiB yci€l KpalHUM METOHO0JIOTIi Io0ymo-
BU KapTU 3€MHOIO ITOKPHUBY, PO3pOOJICHOI ITiI yac
BUKOHAHHS IIUJIOTHOrO IpoekTy y 2018 powi mis
TpboX obJacteil Ykpainu [6, 8—10]. Y mepcnekTusi
1o 2023 poKy B AepKaBHUX YCTAaHOBAX IJIAHYEThCS
PO3pOOUTH Ta BIPOBAAUTH OTIEpATUBHY TEXHOJIOTi IO
CYMYTHUKOBOTO MOHITOPUHTY.

BXITHI IAHI

TpamuuiiiHo HaBYaHHSI MojeJeil WIsi MoOYyIOoBU
KapTH 3¢MHOTO TTOKPUBY TPOBAAMTHCSI HA OCHO-
Bi YacOBUX PSIIiB CYITyTHMKOBOI iH(popMallii, a mis

HaBYaHHSI BUKOPUCTOBYIOThCS Ha3zeMHi daHi. s
MoOyIoBM KapTu KJiacu@ikalii 0yJJ0 BUKOPUCTAHO
TakKi HabOpU TaHUX.

Ha3zemnui oani 63006c dopie. 11 BUKOHAHHS ITPO-
exty y 2019 potii HazeMmHi naHi Oysu 3i0paHi B31OBX
gopir [22] srimHo 3 mporokoiaoM JECAM momo
300py HazeMHUX naHux [3]. 30ip naHux BigOyBaBcs
0 TEPUTOPii BCiel YkpaiHu y IBa eTanu: y KBiTHI —
30ip 03UMUX KYJIBTYP, Y YEPBHI — 30ip JIITHIX KYJIb-
Typ. Mapuipytu 0yayBanucs i3 BpaxyBaHHSIM Pi3HO-
PiIHOCTI KYJBTYp Ta KJIiMaTUYHUX 30H. Takox JJist
IUTaHYBaHHSI MaplIpPyTiB BpaxoBaHO BiJICOTOK CiJlb-
ChKOTOCIOAAPCHKUX ILIOII MO O0JIACTSIX BiZHOCHO
BCI€I IUIOIIII OpHUX 3eMeJib YKpainu (puc. 1).

Posnopin 3i0paHnx Ha3eMHUX JAHUX B3IOBX 10-
Pir o TUIax KyJbTyp KOPEIIOE i3 pO3IOALJIOM TLI011]
MaXXOpUTApHUX KyJbTYp B YkpaiHi. [aHi, 110 cro-
CYIOTbCSI HECITbCHKOTOCTIONAPChKUX TUIIB 36MHO-
ro MOKPUBY, YaCTKOBO TaKOX 30Mpaiucs Il 4ac
Ha3eMHUX JOCHiIKeHb, ajie 3Ae0iJIbIIOro OyJau 10-
JIaHi Mo oToiHTepmIpeTalil Ha OCHOBI 0e3XMapHUX
ONTUYHUX JaHMX Ta IIJISIXOM BMKOPUCTAaHHS Bim-
KPUTHUX JKepes iHdopmaliii (Tad. 1).
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Tabauys 1. Po3nomain 3i0paHnx Ha3eMHUX JAHUX B3I0BXK JI0Pir
Ta KoaaHuxX no oroinTepnperauii KJaacis, ki 0yJu BUKOpH-
cTaHi 171 mo0ynoBH KapT Kiacudikamii y 2019 p.

Cinbevkoeocnodapevki Kaacu

3epHOBI KyJIbTypU 3573
COHSAIIHUK 1371
Kykypynza 1141
Cos 740
Pinak 566
[HII KynsTypu 221
JiouepHa 79
Topox 71
Bypsix 65
Ipeuka 23

He cinbevroeocnodapevki kaacu

Heo6po6:toBaHi 3emuti 1754
Bona 678
BunorpanHuku 455
Jic 447
I TyyHi 00’exTH 445
Canu 367
[Ticku, xap’epu 250
bosoto 221

Tabauys 2. Po3noain nanux gepmepis no KyjasTypax

JlaHi depmepin
Kynsrypa (KiMBKicTB)

3epHOBI KyJIbTYpU 659
COHSIIHUK 779
Kykypynza 1681
Cost 429
Pinmaxk 528
3arajiom 4076

Jlani ghepmepie. 11poro poky 30ip Ha3eMHOI iH-
¢dopwmatii BinOyBaBcs TakoX 3a ydacTi (pepmepis,
sIKi Hamauu iHgopMalito npo cBoi noss. Lli naHi Ha-
SIBHI JIMIIIE JJIS IT’ITY o01acTeil YKpaiHu Ta MiCTSTh
B c00i iH(dopMallilo Jiuie Tpo MaKOpUTaAPHi KyJb-
Typu (3€pHOBiI KYJBTYPU, COHSIIIHUK, KYKYpYI3Y,
coto Ta pinak). Ha BiaMiHy Bin 3i0paHuX Ha3eMHUX

30

JaHUX IJ1s1 faHUX (pepMepiB HeMae KopeJsilii 3 mio-
IIIaMH TTOCiBiB IO 36 PHOBUX KYJBTYpax Ta KyKypy/a3i.
Posnoxin kinaciB mpuBeneHo B Ta01. 2.

Ha puc. 2 noka3zaHo TepuTopiaJbHe po3TallyBaH-
Hs JaHuX (epMepiB BiTHOCHO aaMiHiCTpaTUBHUX
obacTeil Ta KJIiMaTUYHUX 30H YKpaiHuU.

Cynymmnurogi dani, a camMe 4acoBi psIIU ONTUY-
HUX JaHMX «Sentinel-2» Ta pagapHux JaHUX «Senti-
nel-1» 3 mpocTopoBUM po3pidHeHHsIM 10 M 3a nepi-
on 3 1 kBiTHs 10 15 XXoBTHsI. Came 1ielt mepiof € nmo-
Ka30BUM JUISI CiJIbCbKOTOCITOAAPCHKUX KYJIBTYD, SKi
BHUCiIBalOTh (pepMepU Ta CeJITHU Ha CBOIX 3eMJIsix. Ha
puc. 3 mokKa3zaHO MMOKPUTTSI TepUTOpii YKpaiHu rpa-
HyJlaMU CYIIyTHUKIB «Sentinel-1» Ta «Sentinel-2».

METOJ PO3B’A3AHHA

¥V 2020 p. y Mexax BUKOHAHUX POOIT MoOya0BaHO
KapTy Kiacudikaliii 3a TOIIOMOT0I0 JBOX aJrOpUT-
miB — Random Forest, peanizoBaHOro y BifKpuTiii
xmapHiii atdopmi Google Earth Engine (GEE)
[17, 18] Ta BaacHoro aiaroputMa Kommnanii EOS
Data Analytics i3 BUKOpMCTaHHSIM KOHBOJIIOLIMHIX
HEMPOHHUX MepeK, a TAKOXK 3[I1iCHEHO MOPiBHSIIb-
HUI aHaIi3 OTpUMaHUX pe3yJbrariB. Hukue Mu Oy-
JIeMO PO3TJIIIaTy pe3yJIbTaTh, OTPUMaHI 3 BUKOPUC-
taHHIM Random Forest. Random Forest — ogun 3
MOMYJISIPHUX METOJiB MAallIMHHOTO HaBUYaHHS, 1110
MOJISITAa€ Yy BUKOPUCTAHHI aHCAaMOJII0 AEPEB pillleHb
Ta 3aCTOCOBYEThCS LIS 3amay Kiacudikallii, perpe-
cii i kyactepu3saiii. lepeBo pillleHb OyayeEThCS Ha
OCHOBIi HaBYaJbHOI BUOIPKM Ta BUKOPUCTOBYE I10-
HATTH iHQopMauiitHoi eHTpornii. Ha KoxkHoMy By3ii
JepeBa BUOMPAETHCS OAUH aTpUOYT 3 JAHUX, SIKUIA
HalOiIbII e(heKTUBHO pO30MBAE HABYAJbHY MHO-
KMHY Ha MIAMHOXWHM, 110 MAaKCUMAJIbHO BiIpi3HsI-
FOThCSI MiXX COOOTI0.

B nanomy kiacugikaTopi HaiOiIblI YyTIUBUM
napaMeTpoM UIsI TOYHOCTI Kiacudikalii € Kilb-
KicTh aepeB. st 3MeHILIeHHST YyTJMBOCTI Ta MOA0-
JIaHHSI CXUJIBHOCTI 10 MepeHaBYaHHsI BUKOPUCTAHO
Taki TEXHOJIOTIi, SIK MpOpimXeHHs (pruning) BxXe
OTPHMMaHOTO JepeBa. Bukopucranuii MeTon Kjiacu-
(ikamii ormcano B pobotax [5—11]. B pamkax miei
pobotn Bukopuctano 100 gepeB, a misl 3HMKEHHS
YYTJIMBOCTI Ta MOJOJAaHHSI CXUJIBHOCTI 10 TIepeHaB-
YaHHSI BUKOPUCTOBYIOThCSI TaKi TEXHOJIOTii, SIK 00-
pi3ka Bxe oTpuMaHoro aepesa. Knacugikatop RF

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2020. T. 26. No 6



CynymHuko8uii MOHimopuHe nocigié no Yxpaiuni

B Monicca ta Kapnatn
Jlicocten

@ Cren
o Jlani dpepmepi

0 100 200 300
— T ]

Puc. 2. TepurtopiajbHe po3TallyBaHHs JaHUX (hepMepiB Y aaMiHICTpaTUBHUX 00JaCTSX Ta KJliMa-

TUYHUX 30HaX YKpaiHU

«Sentinel-1» (ascending)

«Sentinel-1» (descending)

1_
=f
;ii_JJﬁ§
X
-
i

R
2.
Ay AV

Hp .

! :
Zae

¢ iy ﬂ“:ﬂ'

:\ P

«Sentinel-2»

Puc. 3. [TokpuTTSI ONTUYHUMM Ta paTapHUMU JaHUMM TEPUTOPii YKpaiHu

BUKOPUCTOBYE HaHi pi3HUX CYNYTHUKIB (pamapHi
«Sentinel-1» Ta ontuuHi «Sentinel-2»), 06’eqHaHi
B oJiH yacoBuii psia. CynmyTHUKOBI JaHi 3a BereTa-
LiAHWI nepiod MiCTSITh YaCOBY CKJIAJOBY, IO BilO-
OpaxkaeTbCsl Ha 3MiHi BEreTaTUBHUX XapaKTePUCTUK
POCIMH, IO OCOOJIMBO BaXKJIMBO Y 3a7ayi po3Mi3Ha-
BaHHSI KyJIbTypH. 3i0paHi Ha3eMHi JaHi TTONepeaHbO
po3aisieHi Ha ABi piBHI YaCTMHU — OHA JIJIsI HABYaH-
HSI, a iHIIIa — JJISI TECTyBaHHS 000X pe3yJIbTaTiB.

Bubip onucanoi MeTtomoJorii, 1110 0a3yeThcs Ha
BUKOPMCTAHHI YaCOBHUX PSOiB CYIYTHUKOBOI iH-
¢opmMmaiiii [5], TOSICHIOETbCS TTPAKTUIHOIO HEMOXK-
JIUBICTIO BU3HAUUTU BUJ CUIBCHKOTOCIOAAPCHKOT
KyJBTYpU, Malouud B PO3MOPSIKEHHI JIMIIE OJHEe-
JIBa CYITyTHMKOBI 300paxkeHHs. 3poOUTH 1ie MOXHA
JIMIlle B OMMHUYHUX BUMAAKaX (HAMPUKIAI, IyxKe
Jo0pe BUIHO O3WMUI pinak ITiJ yac Moro HBiTiHHSI
a00 03MMi 3epHOBI KYJIbTYpU HaBecHi). Taki X KyJb-
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TYpH, IK COHSIIIHUK, COsI, KyKypya3a, OypsiK, Tped-
Ka He MalOTh OU€BUIHUX O3HAK BiIMiHHOCTI MiXX CO-
0010 IIpY BUKOPUCTAHHI JIMIIIe ONTUYHOI iHpopma-
mii. 1o Toro X oTHUM i3 HallOCHOBHIIIINX HETOMIKiB
OINTUYHUX 3HIMKIB € BUCOKa YYTJIMUBICTh IO XMap Ta
TiHei. ToMy BKazaTu TUI KYJBTYpM i3 HaWBUIIOIO
TOYHICTIO MOXKHA JIMILIE 3 BUKOPMCTAHHSIM pamio-
METPUYHUX JaHuX «Sentinel-1» pa3oM 3 ONTUYHU-
MU JaHUMU «Sentinel-2» HaIIpHUKIiHIII CE30HY.

AHAJII3 PE3VJILTATIB

B poGoti nmpoBeaeHO eKCIIEpUMEHT i3 MOPiBHSIHHSIM
pe3yabTaTiB Kiacudikallii Ha IBOX OKpeMUX Habopax
JAHUX JIJIs1 HABYaHHSI — Ha3eMHUX JaHUuX, 310paHuX
B3IOBX J0pir, Ta 1aHuX hepMepiB. Lleit ekcriepuMeHT
JIa€ MOXJIMBICTh OLIIHUTH MOXJIMBICTh 3aMiHU 300py
Ha3eMHUX JJaHUX HabOpOM JTaHUX, SIKUM BOJIOIIIOTh
(bepmepu, AJ1s1 EKOHOMIT SIK JIIOJCHKUX PECYPCiB, TaK i
¢iHaHCOBMX BUTpAT Ha 30ip JaHUX.

TpaguuiiitHuM crmocoOOM OLIIHKM TOYHOCTI KapT
3eMHOr0 MOKPHMBY € MOOydoBa MaTpulli HEBiIMO-

Tabauys 3. 3HaYeHHs TOYHOCTI KapTH Kaacudikamii

Knac UA PA F1
ITyyHi 06’ekTH 57.1 92.5 70.6
3epHOBi KyJIbTYypU 96.3 99.3 97.8
Pinak 98.1 99.7 98.9
Ipeuka 100 13.7 24
Kykypynza 95.7 98.1 96.9
Bypsx 93.1 80.9 86.6
COHSAIIHUK 97.4 99 98.2
Cost 90.1 84 86.9
[H1i KynbTYpH 43.3 28.5 34.4
Jic 83.6 99.8 91
Heo6po6:toBaHi 3emuti 71.4 92.4 80.5
Binkputuii rpyHT 76.1 55.2 64
Bona 100 98.4 99.2
Bonoro 92.3 48.4 63.5
Topox 98.5 52.7 68.6
TpaBu 97.2 52.9 68.5
Canu, mapKu, JIiCOIOJI0CH 76.2 48.1 59
BuHorpanHuku 97 30.6 46.6
3arajibHa TOYHICTh 94.8

IIpumitka. PA — touHicTh BupoOHUKa, UA — TOUYHICTh
KopuctyBava, F1 — TouHicTs piBHs F1.
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BIZHOCTI Ha OCHOBi He3aJeKHUX HaHUX, SIKi He
BUKOPUCTOBYBAJIUCS NPU MOOYIOBI caMoi KapTu.
AJNbTEpHATUBHUM LUISIXOM OLIIHKM pe3yJbTaTy €
MOPiBHSHHS OTPUMAaHUX IUIOII i3 oilliiiHUMU cTa-
TUCTUIHUMMU naHuMu [20].

AHaJIi3 TOYHOCTI KapTu Kiacudikalii, oTpuma-
HOI Ha OCHOBI JaHUX B3I0BXK AOPiI, IIPOBEACHO Ha
TECTOBIM He3anexkHiil BuOipLi. B pe3ynbraTi 3araiab-
Ha TOYHICTh KapT Kjiacudikailii cTaHOBUTh 94.8 %.
TouHoCTI KapTu Kjacudikallii 1o Kjlacax HaBeAeHO
y TadJ. 3.

OtpuMaHy KapTy Kjiacudikaliii OyJio ITOPiBHSIHO
3i CTaTUCTUYHOIO iH(popMmallieto (puc. 4).

3 omrsioy Ha HasIBHICTh He3aJIeXXHOIro Habopy Ja-
HUX BiJ hepMepiB, Ha ixHili OCHOBI OyJI0 TOOY/I0Ba-
HO He3ayexHy Kiacudikamito. Ha ocHOBI TecToBuX
He3aJIeXKHUX JaHWX OTPUMAHO OLIIHKY 3arajibHoi
TOYHOCTI KapTH Kiacudikallii, ska qopiBHIoe 87 %.
Huxye HaBeneHO MOpPIBHSIHHS TOYHOCTEM Kapr,
OTpUMaHUX Ha OCHOBI JaHUX (pepMepiB Ta Ha3eM-
HUX JaHUX MO IM'SITH MaKOPUTAPHUX KYJIbTypax
(Tabmn. 4).

3 miarpamu, IIpUBEACHOIL HAa pUC. 5, 110 IIpU MO0y~
JIOBi KapTy 3 BUKOPUCTAHHSIM JaHUX (hepMepiB cTa-
€TbCsl 3HaYHA HEJOOLIIHKA 3arajbHOI TLIOII OPHUX
3eMeJIb 110 TepUTOpii YKpaiHu. 30KpeMa, HaliOiIbIa
PO30iKHICTh TUITOBA [IJIs1 00JIACTEN CTEIOBOI 30HU —
OpecbKoi, XepcoHChKOI, 3anopi3bkoi Ta Kpumy.

Taka 3HauHa po30iKHICTh MOB’sI3aHa 3 THUM, 11O
CKYITUEeHHS JaHUX (hepMepiB po3TallloBaHe y I’SITU
o0slacTsIX Ta Maike B ONHIM KJIiMaTUYHIN 30Hi.
Came 11€ i € IpUYMHOIO TOTO, IO HiBAEeHHI 00JIaCTi,
SIKi BiIPi3HSAIOTHCS TTOTOIHUMU YMOBAaMH Bill LIEHT-
pajibHUX Ta 3axiTHUX 00JacTeli, MalOTh B pe3yJbTaTi
3HAYHY HEIOOLIHKY IO Ha KapTi Kiacudikariii.
[TpoTte niist obnacteit, siKi iexkaTth B Tiil caMiii KliMa-
TUYHIN 30Hi, ajie BiagaJieHi Bil HaBYaJIbHUX JaHUX,
PI3HUIISI TAKOX € 3HAYHOIO (HampuKJIam, Ijs Xap-
KiBCBKOI 00J1aCTi).

Ha puc. 6 300paxeHo (pparMeHT KapTH KJacu-
dikaiii 3 BUKOPUCTaHHSIM JIMIIE TOYOK Big (pepMe-
piB Ta KapTa Ha OCHOBI 3i0paHUX Ha3eMHUX JIaHUX.
BupHo, 110 Benmki MacuBu 0OpOOJIIOBAHUX 3eMeb
PO3ITi3HAIOTHCS STK HEOOPOOTIOBaHI.

AHaJi3yl0uu OTpUMaHi TOYHOCTI Ta MOPiBHIOIOYN
TUIOII MOCiBiB, MOXHa 3pOOMTU BUCHOBKMU IO TE,
110 AaHi ¢pepMepiB HE MOXKYTh 3aMiHUTHU SIKICHOTO
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Puc. 4. TlopiBHSIHHS 3arajbHOI TJIOII CITBCHKOTOCTIONAPCHKUX KYJIBTYp 10 obmacTsx (2019 p.)
Tabauys 4. I1opiBHAHHS TOYHOCTEN MAXKOPUTAPHUX KJIACIB
npu moOyAoBi KapTh Kiacu(ikamnii HA 0CHOBI 1aHUX (hepMepiB Ta HA OCHOBI HA3eMHHX JAHHX
MaxopuTapHi Ha ocHoBgi gaHux ¢depmepin Ha ocHOBi Ha3eMHUX TaHUX
KYIETYpH PA UA F1 PA UA F1

3epHOBI KyJBTYpU 87.9 98.2 92.7 99.3 96.3 97.8
Pimax 96.6 95.8 96.2 99.7 98.1 98.9
Kykypynza 96.8 84 89.9 98.1 95.7 96.9
COHSIIHUK 90.3 95 92.6 99 97.4 98.2
Cost 71.1 73.6 72.3 84 90.1 86.9
3arajibHa TOYHICTD 87.1 94.8

300py HazeMHUX gJaHux. [IpoTe ix MOKHA BUKOPHC-
TOBYBATH SIK JOAATKOBY Ha3eMHY iH(popMalliio, sika
3a0e3reuye HezallexKHY MepeBipKy TOUYHOCTI MOJEi,
nmoOyI10BaHOT Ha OCHOBI 3i0paHuX JaHuX. 30Kpema,
KapTy, oTpuMaHy ajiroputMoM RF Ha ocHOBi 3i-
OpaHMX Ha3eMHUX AaHUX, OYJO BaJliJOBAHO HeE3a-
JICKHUMM NaHUMU (epMepiB. 3arajbHa TOUYHICTb
3epHOBMX KYJIBTYp ckiana 98 %, pimaky — 97.1 %,
KyKypyasu — 96 %, coHsuHuky — 95.5 %, coi —
82 %. Lli pe3ynbratu 10Ope KOPEIIOIOTh i3 OTpruMa-
HUMM TOUHOCTSIMU Ha OCHOBi TECTOBO1 He3aIeXKHOi
BUOIpKHU, SIKY 3i0paHO B3I0BX IOPIT.

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2020. T. 26. No 6

KapTta mociBiB CiIbChbKOTOCIIOAAPCHKUX KYJIBTYP
10 TePUTOPii BCiei YKpaiHu, 3 IKOIO MOXKHA 03HA0-
muTHCcs Ha odiuiinomy noptaii HdepxleoKanactpy
VYkpainum [15], € oCHOBHUM HagO0aHHSIM Ta PE3yJib-
TaTOM TPOEKTY. [eonopTan nae 6e3KOITOBHUN 10-
CTYII 10 MPOAYKTiB aHaJIi3y re0NnpOCTOPOBUX TAHUX,
a KOPUCTYBaTUCS LIUM CEPBICOM MOXYTb AepKaBHi
Ta MiCLIeBi OpraHu Bjlaiu, a TaKOX TEPUTOpiaJibHi
rpoManu. I3 BUKOpUCTaHHIM OTPUMAHUX KapT KJia-
cuikallii 3a KiJibKa POKiB MOCHiJIb BiIKpUBAETHCS
OijibIlle MOXJIMBOCTEN TMPU PO3B’SI3aHHI TPUKJIIAI-
HUX 3aja4 JJIs CiIbCbKOTO ToCIiofiapcTBa. 30Kpe-
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Puc. 5. BimxuneHHs 3araqbHOI MOCIBHOI TUTOIII TTPY TTOOYIOBI KapTh Kitacudikailii 3eMHOTO TTOKPUBY Ha OCHOBI TaHUX (ep-
MepiB Bifl IUIOII ITO KapTi HA OCHOBI HA3eMHUX JTaHUX

- 3epHOBI KYJIbTYpU ;- ITyyHi 06’ekTH

Il 3 - Pinax Bl 10— Jic

- I'peuxa - Heo6po6moBaHi 3emi

- Kykypynza B 12 - Micku, Kap’epu

I 6 — Bypsik B 13— Bona

[ 7 — Constnuk I 14 - Bonoro

7] 8— Cost Il 17 — Touepna

8 9 — Imwi xynsrypu [ 18 — Canm, mapku, sicononocn
["] 19 — Bunorpaguuku

~~ _ "] 16—Topox
—~— ~

Puc. 6. Ananiz oTpumaHoi KapTu Kiacudikallii Ha OCHOBI iHdopMallii, HaTaHoi BAACHUKAMU CiIbCbKOTOCOAAPChKUX YTi/lb:
a — TIOJIOXKEHHSI TECTOBOI IUITHKM, 6 — BUKOPUCTAHHS JIMILIE TOYOK BiJ (hepMepiB, 6 — KapTa Ha OCHOBI 3i0paHUX HAa3eMHUX
JMAHUX
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Ma, Marouu Kaptu Kiaacudikaii 3 2016 mo 2019 pp.
MO>XHa BU3HAUMUTH TOJIs1, SIKi YOTUPU POKU MOCIIiJIb
Oy/1u 3acCisiHi COHSIIIHMKOM. 3a YMOBM MPaBUJIbHO-
ro BUKOPUCTAHHS 3€MEJIbHUX PeCcypCiB COHSIIIHUK
Ha OAHOMY MOJIi MOX€ BUCIBAaTHCSI OJWH pa3 Ha CiM
POKiB, iHaKIIIe 1ie Iy>Ke BUCHaXYE 3eMIto. Haiioinb-
1Ii TepUTOPIl, IJIST SIKMX LI yMOBa HE JOTPUMYETHCS,
BUSIBJIeHO y MukonaiBcbKiii Ta KipoBorpaachbKii
obnacTsx, a ixHs IUIOoIAa CTAaHOBUTH IIPUOJIM3HO
35 tuc. ra'y KoxHiii 3 oonacreii. [Toxiona inpopma-
1IisT Ma€ OYyTH KOPUMCHOIO SIK JJISI MiCLIEBUX OpTraHiB
BJIaJIM, TaK i JUIsl AepXKaBHUX JIJIs1 TPaBUJILHOTO BU-
KOPUCTaHHS 3eMeJIbHUX PecypciB.

BUCHOBKU

Takum ynmHOM, B Mexkax IpoekTy CBiTOBOro 0GaH-
Ky Ha OCHOBI pPi3HUX He3aJe:KHUX Ha3eMHMX JaHUX
OTpHUMaHO KapTH Kiacudikallili 3eMHOIO0 MOKPUBY
i3 10-MeTpOBUM IIPOCTOPOBUM PO3PI3HEHHSIM IS
Bci€l Tepurtopii Ykpainu. 3arajibHa TOYHICTb IpU
LIbOMY Bapiroe Bix 87 % Ha OCHOBI mTaHUX (pepmepiB
10 94 % Ha OCHOBI 3i0paHMX JaHUX B3IOBX JOPIT,
110 JIa€ TiZICTaBU CTBEPKYBATH, 1110 BUKOPUCTAHHS
JuIIe JaHuX (pepMepiB He € JTOCTAaTHIM ISl OTpU-
MaHHS SIKiCHO1 KapTH. TakoxX MpU NOpPiBHSIHHI MO-
CiBHMX TIJIOLI IPY BUKOPUCTAHHI JaHUX (epMepiB
crmocTepirajach 3HayHa HEIOOLiHKAa IOPIBHSHO i3
CTaTUCTUYHOIO iH(OpMAalli€l0 Ta KAPpTOIO Ha OCHOBIL
3i0paHMX Ha3eMHUX JaHUX.

BuxkopucraHHs oTpuMaHOi1 KapTu Kiacudikarii
JTIO3BOJISIE PO3B’SI3yBaTW HU3KY TMPUKJIAAHUX 3a/1ad.
30Kpema, CiIbCbKOrOCHoJapchKi TOBAapOBUPOOHHU-
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SATELLITE CROP MONITORING FOR UKRAINE

Support of the economic growth of Ukrainian agriculture requires the development and effective use of innovative technologies.
In particular, satellite analysis makes it possible to monitor the state of agricultural land by monitoring their qualitative and
quantitative indicators of natural and climatic characteristics. Satellite monitoring of agricultural land use in Ukraine has been
developed within the World Bank program “Supporting Transparent Land Governance in Ukraine” in collaboration with EOS
Data Analytics and Space Research Institute National Academy of Sciences of Ukraine and State Space Agency of Ukraine.
Based on the developed technology, classification maps of the land cover were built based on three data sets: ground data along
roads, farmers’ data, and satellite data (time series of “Sentinel-2” optical data and Sentinel-1 radar data). To create classifica-
tion maps, the Random Forest algorithm was used, which is implemented on the Google Earth Engine cloud platform. An ac-
curacy assessment was carried out, and crop compared areas throughout Ukraine were obtained. According to the results of the
experiment, a comparison of the classification obtained from two separate training data sets (ground data collected along roads
and data of farmers) is given. As a result, a validated crop map was obtained. The map is presented on the official web-portal of
the State Geocadastre of Ukraine. The main results of the analysis of the agricultural lands of Ukraine, as well as, the results of
comparisons with statistical data, are presented.

Keywords: satellite monitoring, land use, World Bank, innovative technologies, remote sensing, land cover classification map,
time series of satellite data.
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