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O11iHKa MOCIBHUX ILIOI O3UMUX KYJbTYP
3a JaHMMH KOCMi4HOI 3iiloMKH 3 cynyTHuka Landsat
Ha repuropii /lonenpkoi ooacri

IIpedcmasneno axademivom HAH Yipainu B.1. JIaavrom

IIpoananizosano saminu eezemauiinozo indexcy nopmarizosanoi pisnuyi (NDVI) ma soonozo indexcy (WI) sa da-
HUMU cynymHukosux 3nimkie Landsat (3a 24 xeimus, 30 cepnus 2011 p. ma 5 xeimus, 11 cepnus 2016 p.) ons
BU3HaueHHs nAow, nocisié 03umoi nwenuyi 3a 20111 2016 pp. na /lonewuuni. Busisaeno, ujo niowa nocieié 03uMux
Kyavmyp y 2016 p. y n’samo pasie menwa, nixe y 2011 p. Jano ouyinky exonomiunux empam Jloneyvroi obracmi.

Knrouoei caosa: sezemauiiinuil indexc HOpManizoeanoi pisnuyi, 600HUl iHOEKC, 03UMI KYIbMYpu, CYnymuux
Landsat.

AKTyaJIbHICTh AOCIHiKeHHs. /[0CKOHAIO0 OIIHUTH eKOHOMIYHUIN CTaH arpOeKOCHUCTEeM JIOCHUTh
CKJIQJIHO, HABITh Y MUPHUI Yac. BUPOOHUIITBO, MOCTaYaHHSI, CIIOKMBAHHSI, 3a01a/KEHHSI, iHBeC-
TUIIIT — yce 11e 3MIHIOETHCS 11/l BIJTMBOM peasiiii BIlHU, 10 CIIPUYNHSIE 3aHETa]] HAJIArO/[PKEHOTO
MexXaHi3My (PYHKITIOHYBaHHS HAapPOIHOTO TOCIIOAAPCTBA, 30KpeMa CiTbChKOTOCTIOAAPCHKOTO BU-
poOHMIITBA. 3a TAKUX YMOB HaBiTh HAUTPYOIIINIT aHAJI3 €KOHOMIYHOI aKTHBHOCTI PErioHy Tepe-
TBOPIOETHhCS Ha CKJIQ/IHE 3aBJaHHS. BakJMWBOIO CKJIAJIOBOIO I OTpUMaHHA iHbopMaIlii /s
PO3B’si3aHHsI 3aBJlaHb arpoONPOMUCIOBOTO BUPOOHUIITBA € CYITyTHUKOBI CIIOCTEPEKEHHS 3a CTa-
HOM POCJMHHOCTI CyXO/IOJTY, 30KpeMa CLIbChbKOTOCITOIAPCHKUX YTi/1b.

Mertoto pocnikeHHst OyJI0 BU3HAYEHHS MOCIBHUX TLIOII O3UMUX KYJIBTYD 3a JaHUME CY-
nytHuka Landsat B 3oni 6oitoBux aiii ([loHenbka 06acTh) IS OIIHKY €KOHOMIYHIX BTPAT.

AHaJti3 oCTaHHIX JOCTIKeHb i myOikaii. PoboTu 3 MOHITOPUHTY arpapHuUX 00’€KTIB cire-
miasicramu HaykoBoro 1eHTpy aepoKOCMIYHUX JIOCHI/IKEHb 3eMJll [HCTUTYTY TeoJIOTTYHUX HAyK
HAH VYkpainu posnodaro y 1980-x p. [1, 2]. AkTuBHI po3poOKHU Ha/l CTBOPEHHSIM METOIUK TIPO-
THO3YBaHHSI BPOKAWHOCTI 03UMOI MIIEHUITI HA PiBHI aJIMiHICTPATUBHUX PAliOHIB 3a JIOMOMOTOIO
BUKOPUCTAHHS iH(pOpMATlil 3 MPUIA/IiB IUCTAHIIIHHOTO 30HIyBaHHS 3eMJi mpoBosithes 3 2001 p.
i 3HAMIUIM CBOE BiOOPasKeHHS B HAYKOBUX MpaIsix [3—35].
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Puc. 1. [lani 3 cynyrauka Landsat 5 3a 24 xBitas 2011 p. (a), 30 ceprng 2011 p. (6) i 3 cynyrnuka Landsat 8 3a
5 kBiTHsE 2016 p. (8), 11 ceprns 2016 p. (2). YMOBHI 1T03HAYEHHS: YEPBOHUM KOJBOPOM MTO3HAYEHO JI€PIKABHUIT
KODIOH YKpainu, cuHiM — Mexi obsacreil Ykpainu, sxosruM — Jiniio ATO, cranom Ha 2016 p.

[TupokomacintabHe 3acTOCYBAaHHS AUCTAHIINHOI iH(boOpMaIii s po3B’si3aHHsT 3aad ar-
POIIPOMHUCIIOBOrO BUPOOHMIITBA CIIOCTEPITAEThest B Kpainax €sporeiicbkoro cotosy, CIIIA, Pocii,
Binopycii, Kazaxcrani, Azepbaiimzkani Ta in. [6—8].

Y nmanomy nocaimkenHi indopmartiio, oTpuMaHy MIJISXOM aHaJi3y KOCMO3HIMKIB, BUKOPHCTA-
HO JJIs BUBHAYEHHSI CTaHy CilIbChbKOTOCIIOZAPChKOro BUpoOHMITBA JloHenbkoi obacTi, B 30Hi
poBeieHHs O0MOBKX i, 110 TAKOXK a0 MOKJIMBICTD 32 JOIIOMOTOI0 3aCTOCYBAHHS HEIIPSIMUX
OIIIHOK 3’sICyBaTy T'YMaHITapHY CUTYAIlif0 B THMYACOBO HEITIKOHTPOJIbHOMY YKpPaiHi perioHi.

Marepiaiu Ta MeTouKa AOCTiIzKeHH. /{151 TOPiBHAHHS TIJIOMNT MOCIBiB 03MMUX KYJIBTYP 32
pi3Hi POKM HAMU MPOAHATI30BAHO apXiB KOCMIYHUX 3HIMKIB 3 cymyTHuKa Landsat ma Tepuropii
Cxony Ykpainu. [{us ananisy 6yso B3sto aBa sHiMku (path — 176, row — 26 Ta 27 ) 3a 24 KBiTHSA
2011 p., sixi maiizke vHa 100% oxorumoioTs /loHenbKy 06acTh, 1Ba 3HiMKH 3 cynyTHrKa Landsat 5
3a 30 cepriust 2011 p. i gBa 3HiMKH 3 cynmyTHuKa Landsat 8 3a 5 kBiTHs Ta 11 ceprust 2016 p.
(puc. 1). 3a gomomoroio mporpamu 3 06pobku KocMiunux 3o6pakenb Erdas Imagine 6yio cdop-
MOBAHO 3 /IBOX CYCi/IHIX 3HIMKIB Ha OJIHY /IaTy OJIMH 3HIMOK, 3 BUKOPUCTAHHAM Iipolieypu Data
Preparation / Mosaic Images Ta Images Interpreter / Utilities / Layer Stack.

[l BU3HAYEHHS TIJI01I] TTOCiBiB 03MMUX KYJIBTYP HaMU BUKOPUCTAaHA METOIMKA OIIHKU TIOCi-
BiB 03UMUX KyJBTYp, po3pobiena criBpobitnukamu [TAK/I3 ITH HAH VYpainu [9—11]. CyTth
1i€1 METO/TUKY TTOJISITAE B 3iCTaBJIEHH] BereTalliiiHoOro iniekcy HopMmadizoBanoi pisuuili (NDVI) ta
BozrHOTO iHAEeKCY (W) 3a epioj; BUXO/y 3 3UMHM Ta 3a TIEPi0/l, KOJIM 03UMI KYJIBTYPH CKOIIIEeH] Ha
nossx. [apexc NDVI pospaxoByeTbes 3a hopmyior

NDVT = MR=ZRED (1)
NIR+RED

Ingeke WI (water index) sanponionoBatuii criispobitaukom [ITAK/I3 10KTOpOM reostoriyHmx

nayk O.I. Caxanpkum [11]. Bin po3paxoByeTbes 3a (hopmyioo

[ GREEN-SWIR
GREEN+SWIR

(2)

Ha nepmomy erarni BusHauaiu 3Ha4eHHs iH/1eKciB 3a (hopmysiamu (1) Ta (2) piist cynyTHUKIB
Landsat 3a kBitenn Ta ceprers 2011 ta 2016 pp. @opmysn HaOyBaOTh TAKOTO BUTIISILY:
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Puc. 2. Po3paxyHOK iHeKciB 3a jaHiMu 3 cymyTHrka Landsat 5 3a 2011 pik (¢ — NDV1 3a 24 ksitHs, 6 — NDVI
3a 30 ceprnst, 6 — WI 3a 24 xsitHst, 2 — WI 3a 30 cepriist) i Landsat 8 3a 2016 pik (0 — NDVI 3a 5 ksirtHs,
e — NDVI3a 11 cepunst, ¢ — W1 3a 5 kBitast, oic — W1 3a 11 ceprns)

mist cynytauka Landsat 5
ch4—ch3 _ ch2-ch7

NDVI= , Wl=——v——| 3
ch4+ch3 ch2+ch7 ©)

muist cymytHuka Landsat 8
ch5—-ch4 ch3-ch7

NDVI=———-, W[=—«—— 4
ch5+ch4 ch3+ch7 )

ne ch — HoMep KaHasy CyIyTHHKA.

Ha npyromy eTari o1fiHioBaJ/IM Pi3HUITIO MiXK 1HJEKCAMU 3a cepIieHb 1 KBITeHb OJJHOTO poKy. Ha
TPEThOMY €Talli, BUKOPUCTOBYIOUM OJIHOYACHO 3HaueHHs iHjekciB NDVI ta W1, Busnavanu rio-
1111, Ha IKUX OYJIN ITOCIBU O3UMUX KYJIBTYP.

Y cepriHi 03UMi KyJIBTYPH CKOIIIEHi, a BCs iHIIIA POCJAUHHICTD 111e IPUCYTHS, Y KBITHI TPUCYTHI
TLIBKU 03UMI KyJBTYPU, TOMY Pi3HUIIA Mixk 3HaueHHsAMU iHekciB NDVI ta W1 3a cepriens i kBi-
TEHb JIJIsT O3UMUX KYJIBTYP Biji eMHA. TaknM 4MHOM, Bi/i'€MHI 3HAUEHHS iH/IEKCIB XapaKTepu3y0Th
MTOCIBM 03UMUX KYJBTYP. TibKK 03UMi KyJIBTYPHU MAlOTh TaKU XapaKTep PO3MOJiNy 3HaUYEeHb
iH/IeKCiB, ycs iHIa POCAMHHICTD, HABIIAKY, B CEPITHI Ja€ mpupicT Giomacu, TOGTO PI3HUISA MiK
ingekcamu NDVI ta WT 3a cepriens i kBiterb Oyze goxatHoio. OqHoYacHe BUKOPUCTAHHS JABOX

ISSN 1025-6415. [lonos. Hay,. axad. nayx Yxp. 2017. Ne 6 53



B.1. JIanvxo, JI.O. Enicmpamosa, O.A. Anocmonos

Puc. 3. Pospaxynoxk pisnuti ingexciB NDVI ta W1 3a 2011
ta 2016 pp. @ — pizuuila Mixk 3HaveHHsAMU iHAekcy NDVI 3a
30 ceprast Ta 24 kBiTHS 2011 p.; 6 — pisHUIT MiK 3HAUEHHS-
mu ingexcy W1 3a 30 cepnus ta 24 kBitaa 2011 p.; ¢ —
pisuuIs Mixk 3Hadenuamu ingexcy NDVI 3a 11 cepras ta
5 xBiTHst 2016 p.; 2 — piznuig Mizk 3naderusIMu iHgeKcy W1
3a 11 ceprnst Ta 5 kBiTHs 2016 P.

<

Puc. 4. Busnayenns mjoll HOCIBIB 03UMHX KyJBTYp Ha
tepuTopii JloHelbkoi obracTi 3a ganumu cynyTtHuka Land-
sat 53a 2011 p. (@) Ta Landsat 8 3a 2016 p. (6)

IHEKCIB I BUBHAYEHHS IUIOI] O3MMKX KYJBTYp HeoOXinHe, 100 TOYHO BiZOKPEMHUTH 03UMIi
KyJIbTypu Bif iHmux o6’extiB. Hanpukiaz, Bukopucrants tinbku ingekcy NDVI He mae 3moru
BiZIOKpEeMJIIOBATH BOZIHI 06’€KkTH, a iHgeke W 3abe3reuye TaKky MOKJINBICTb.

3a mornomororo Tporpamu 3 06pobku kocMivaux 3HiIMKIB Erdas Imagine, i3 3actocyBanHsIM
npouenypu Spatial Modeler / Model Maker 6y.10 pospaxoBano snauenns ingexcis NDVI ta W1
st cynytauka Landsat 5 3a 24 ksitHst 1 30 ceprias 2011 p. 3a hopmyiioio (3), a TakoK st
cynyrauka Landsat 8 3a 5 kBithst i 11 ceprnst 2016 p. 3a popmyioro (4). Pesyabratu pospaxo-
BaHUX 1H/IEKCIB HaBe/IeHO Ha puc. 2. BiimM KoJbOPOM MTO3HAUEHO MAKCUMAaJIbHI 3HAUEHHST 1H/IeK-
ciB NDVTI ta W1, a yopaum — minimanpai. Makcumanbai 3nadennsd ingexkcy NDVI BigmosigaioTh
POCJIMHHOCTI, MiHIMaIbHI — TepuTopii 6e3 pocauHHOCTI. Makcumasbhi 3HaueHHst iHgexcy W1
BiZINOBI/IAIOTH BOJHII MOBEPXHI Ta POCJAUHHOCTI, MiHIMaJIbHI — TePUTOPIi, Jie HeMa€ BOJIHOI TO-
BepXHi 200 POCTMHHOCTI.

3rifHO 3 METOAMKOO aHaIi3y, Ha IPYroMy eTarri OyJI0 po3paxoBaHo pisauilo iHgekcis NDVI
ta W1 3a oius pik:

NDVI =NDVIg; 05 9011 = NDVIy, 04 99110

pisnuig 2011

WI pisunig 2011 =WI 30.08.2011 WI 24.04. 2011

(5)
NDVI =NDVI,, 052016 = NDV1 549016

pizunig 2016

WI pisauit 2016 =WI 11.08.2016 W1 5.04.2016°
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PesysibraTtu po3paxyHkiB 3a ¢hopmysiamu (5) HaBeseHO Ha PUC. 3.

Omninka ekoHoMiyHoOro edekrty. Ha puc. 4 BisyaabHO BUAHO 3MEHIIIEHHS TIJIOII ITOCIBiB 03U-
mMux Kysabryp B 2016 p. Byio 3po6iieno cripoby omiHuTH ekoHoMiuHi Brpatu J{oHelbkoi obacti
Bijt 60IOBUX il Ha cXO/i YKpaiHU Ha IiICTaBi pe3yJbTaTiB aHAII3y IJIOIL O3MMUX KYJIBTYD 32
2011 1 2016 pp. 3a marepiamamu KocMigHOiI 3ifoMku. [IpoBesieHi po3paxyHKN TOKa3aJIn, M0 T0-
piBasgHO 3 2011 p. y 2016 p. mioma 03UMUX KyJbTYp 3MeHIIUIacs B 'siTh pasiB. Crpodyemo
OILIHUTU OPIEHTOBHUI €KOHOMIUHUI eeKT, TOGTO BTPATH Bijl 3MEHIIIEHHS BPOKAIB Y BapTiCHO-
MY €KBIBaJIEHTI.

BupoityBaHi Ha TepuTopii YKpaiHU 03UMi KYJIBTYPH BKJIOYAOTh TaKi BUIA: O3UMY IIITIEHU-
1110, O3UMe JKUTO, O3UMUH SIMiHb Ta 03UMUI pinak. 3TiJIHO 3 aHAJI30M JaHUX, HaBe/eHux /[lep-
’KaBHOIO CTaTUCTUYHOIO ciry:k0010, y 2011 p. muroma mociBiB o3uMoi mimeHuili cranosuia 89 %
yCi€l 1101111 03UMUX KYJIBTYP, 03UMOTO STYMEHI0 — 9 %, a 03UMOTO KITA Ta 03UMOTO PillaKky pa-
30M — 0J113bKO 2 %. Y 2016 p. mig mociBu o3umoi mirenuti 0ysio BiaBenero 93,9 % yciel nori
03MMUX KYJIBTYP, 03UMOT0 sTuMeHIo — 2,7 %, 03umMoro kuta — 0,6 %, 03MMOro pinaky — OJIM3bKO
2,8 % [ 13]. sxepenom indopmariii 11o/10 BposkaitnocTi (i1 / 1 Ta) 0CHOBHUX 03UMUX KyJIBTYP OyJin
po6oru [12, 13], cTOCOBHO 1iHM BUKOPHCTAHO MaHi [14].

Po3paxyHOK eKOHOMIYHOI YaCTUHU TTPOBOIMIIH 32 TAKOIO CXEMOTO:

1) BU3HAYAIIM TJIOTITI O3UMUX KYJIBTYP 3 BUKOPUCTAHHSIM JIUIIE CYITy THUKOBUX Aanux Landsat
(nuB. puc. 4);

2) BIAMOBIIHO JI0 BiICOTKIB 3aliHATHUX IJIONT O3UMUX 32 JaHUMU Jlep:KaBHOI CTaTUCTUYHOI
carys;k6m [ 12, 13] po3paxoByBaJIH IO /JIsS KO;KHOTO THITY O3MMOI KYJIBTYPH JIJIs IAHUX, OTPUMA-
HUX JINIIE 32 KOCMIYHIMU 3HIMKaMU;

3) 3HaUeHHS TJIONI KyJbTYpH (THC. Ta) MHOKWJIM Ha ocepelHeHe 3HAUYeHHS BPOKAWHOCTI
(113 1 ra) i orpuMyBas 3HAYEHHST BATIOBOTO 360pY (THUC. T) JIJIsI KOKHOTO TUITY O3UMOI KYJIBTYPH,

4) 3HaYeHHS BAIIOBOTO 300y (THC. T) MHOKIIIN Ha 1iHy (TpH 3a 1 T) i TAKUM YMHOM OTpUMa-
JIU BeJTMUUHY TPUOYTKY (TPH).

3TiJIHO 3 pe3yJbTaTaMyu PO3PaxyHKY, OPIEHTOBHA BAPTICTh yPOXkKalo 03UMHUX KyasTyp [loHe-
1bKoi obacti y 2011 p. cranosuia 3737 mus rpH (467 muH gosapis), y 2016 p. — 601 muH rpH
(23 mutH f0J1apiB).

Jani momo Kypey aosapa O6yau B3t 3 (iHancoBoro nopraixy Mindiny Yipainu (http://
index.minfin.com.ua/arch/?nbu&2011-12-29): g 2011 p. 1 gosap = 8 rpu, ausg 2016 p. 1 gonap =
=26 TpH.

AHaJtiz oTprMaHUX pe3yJIbTaTiB MOKa3as, mo s JJoHenbkoi obmacTi mpubOyTOK Bifi BUKO-
PUCTAaHHS O3UMUX KYJBTYP Y TPUBHEBOMY €KBiBaJIeHTi 3HU3UBCS B 6 Pa3iB, a B 1071apOBOMY — B
20 pasis. Ile moB’sg3aH0 31 3MEHIIEHHSIM IO MTOCIBIB y I'ATh pa3iB, 31 3HMKeHHAM y 2016 p.
I[iH Ha OCHOBHI 03UMi KyJIbTypu TOPiBHSIHO 3 2011 p. Ta cTprbOKOM Kypcy joJapa GiabIin HisK y 3
pasu. 1li pesysbraTéi MOXKYTDH JaTH HEOOXijHE YSIBIEHHS PO €KOHOMIYHI 30UTKM Yy 3B’SI3Ky 3i
3MEHIIEHHSAM YPOKaiB 03UMUX KYJBTYP Y MeKaXx /I0CJIi/[)KYBaHOTO PErioHy BHACJII/IOK BIlICbKO-
BOTO KOHJIKTY, OCKiIbKH iHdopmaiis [lepkkoMctaTy YKpainu 1o 1iit reputopii abo He moBHa,
abo BiJICyTHs B3araJi.
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OIIEHKA ITOCEBHBIX ILJIOIIA/IEV O3MMbBIX KYJIBI'YP
1O JIAHHBIM KOCMWYECKOM CbEMKI CO CITYTHUKA LANDSAT
HA TEPPUTOPUU JJOHEIIKOM OBJIACTU

[IpoananmmsnpoBaHbl I3MEHEHNS BETeTAI[MOHHOTO WHeKca HopMasnn3oBanHoii pasnoct (NDVI) u BogroTO NH-
nekca (WT) 1o maHHbIM cIiyTHUKOBBIX cHUMKOB Landsat (24 ampesst, 30 asrycra 2011 1. u 5 anpenst, 11 aBrycra
2016 .) s onpesesieHNUA TI0MIA el ToceBOB o3uMoit mimenHuIepr 3a 2011 n 2016 rr. na Jlonerynne. Ycranosieno,
YTO TJIONIA/Th TIOCEBOB 03MMBIX KYJIbTYp B 2016 I. B 1sTh pa3 MeHbIire, yeM B 2011 1. /[aHa orjeHKa 5KOHOMUYECKUX
notepb JloHeIKoit 061acTH.

Kmouesvie cnosa: sezemayuonnviii UHOCKC HOPMALUOBAHHOU PASHOCMU, B0OHBIL UHOEKC, 03UMbLE KYIbMYpbL,
cnymuux Landsat.

V.I. Lyalko, L.A. Elistratova, A.A. Apostolov

Scientific Center for Aerospace Research of the Earth IGS of the NAS of Ukraine, Kiev
E-mail: alex@casre.kiev.ua

THE ESTIMATION OF CULTIVATED AREAS UNDER WINTER CROPS
BY LANDSAT SURVEY DATA OVER THE DONETSK REGION

The changes in the Normalized Difference Vegetation Index (NDVT) and the Water Index (WT) by Landsat im-
ages (April 24 and August 30, 2011; April 5 and August 11, 2016) have been analyzed to detect the winter wheat
areas for 2011 and 2016 within the Donechchyna. It is found that the winter crop area in 2016 is 5 times less
than in 2011. The economic losses of the Donetsk region are assessed.

Keywords: Normalized Difference Vegetation Index, Water Index, winter crops, Landsat.
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