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O11iHKa MOCIBHUX ILIOI O3UMUX KYJbTYP
3a JaHMMH KOCMi4HOI 3iiloMKH 3 cynyTHuka Landsat
Ha TepuTopii /loHenpkoi od1acTi

IIpedcmasneno axademivom HAH Yipainu B.1. JIaavrom

IIpoananizosano saminu eezemauiinozo indexcy nopmarizosanoi pisnuyi (NDVI) ma soonozo indexcy (WI) sa da-
HuMU cynymuukosux 3nimkie Landsat (3a 24 xeimus, 30 cepnus 2011 p. ma 5 xeimus, 11 cepnns 2016 p.) ons
BU3HAUeHH s N0, nocisié 03umoi nuwenuyi 3a 20111 2016 pp. na /lonewuuni. Busisaeno, ujo niowa nocieié 03uMux
xyavmyp y 2016 p. y n’amo pasie menwa, nixe y 2011 p. Jano oyinky exonomiunux esmpam Jloneyvroi obracmi.

Knrouosi caosa: sezemauyiiinuil indexc HOpMALizo8anoi pisnuyi, 600HUL iHOEKC, 03UMI KYAbMYpu, CYnymnux
Landsat.

AKTyaJIbHICTh AOCIHiKeHHs. /[0CKOHAIO OIIHUTH eKOHOMIUHUIN CTaH arpOeKOCHUCTeM JIOCHUTh
CKJIQJIHO, HABITh Y MUPHUI Yac. BUPOOHUIITBO, OCTaYaHHSI, CIIOKMBAHHSI, 3a01a/KEHHsI, iHBeC-
THUITIT — yce 11e 3MIHIOETHCS 11/ BIIJTMBOM peasiiii BIWHM, IO CIIPUYNHSIE 3aHETA]] HAJIATO/[?KEHOTO
MeXaHi3My (PyHKITIOHYBaHHS HAapPOIHOTO TOCIIOAAPCTBA, 30KpeMa CiTbChKOTOCTIOAAPCHKOTO BU-
pobHMIITBA. 3a TAKUX YMOB HaBiTh HAUTPYOIIINIT aHAJI3 €KOHOMIYHOI aKTHBHOCTI PErioHy Tepe-
TBOPIOETHCSI Ha CKJa/HE 3aBAaHHSA. BaskIMBOIO CKIQ0BOIO I OTpUMaHHS iHdOpMaliii s
PO3B’sI3aHHsI 3aBJlaHb arpoONPOMUCIOBOTO BUPOOHUIITBA € CYITyTHUKOBI CIIOCTEPEKEHHS 32 CTa-
HOM POCJIUHHOCTI CyXOIOJTY, 30KpeMa CLIbChbKOTOCTTOIAPCHKUX YTi/Ib.

Mertoto pocmikeHHst OyJI0 BU3HAYEHHS MOCIBHUX TLIOII O3UMUX KYJIBTYP 3a JaHUME CY-
nytHuka Landsat B 301 6oitoBux aiii ([{oHenbka 06acTh) /IS OIIHKY €KOHOMIYHIX BTPAT.

AHaJti3 oCTaHHIX TOCTIKeHb 1 myOsikaiii. PoboTu 3 MOHITOPUHTY arpapHuUX 00’€KTIB cire-
miasmictamu HaykoBoro 1eHTpy aepOKOCMIYHIX JOCTI/IZKeHb 3eMJTi [HCTUTYTy reoJIoTivHIX HayK
HAH VYkpainu posnouyaro y 1980-x p. [1, 2]. AkTuBHI po3poOKH Ha/l CTBOPEHHSIM METOIUK TIPO-
THO3YBaHHSI BPOKAWHOCTI 03UMOI MIIEHUI[I HA PiBHI aJMiHICTPATUBHUX PAliOHIB 3a JIONIOMOTOIO
BUKOPUCTAHHS iH(pOpMAaIlil 3 MPUIliB IMCTAHIIIHHOTO 30HIyBaHHs 3emJi mpoBoisithest 3 2001 p.
i 3HAINIUIN CBOE BiOOPasKeHHS B HAYKOBUX MpaIpsix [3—35].
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Puc. 1. [lani 3 cynyrauka Landsat 5 3a 24 xBitaa 2011 p. (a), 30 ceprng 2011 p. (6) i 3 cynyrnuka Landsat 8 3a
5 kBiTHst 2016 p. (8), 11 ceprus 2016 p. (2). YMOBHI [T03HAYEHHS: YEPBOHUM KOJBOPOM MTO3HAYEHO J€PIKABHUIT
KODIOH YKpainu, cuHiM — Mexi obsacreil Ykpainu, sxosruMm — Jiniio ATO, cranom Ha 2016 p.

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

Y nanomy nociimkenHi indopmartiio, OTpuMaHy MIJISXOM aHaJi3y KOCMO3HIMKIB, BUKOPHCTA-
HO JUIS BUBHAYEHHSI CTaHYy CLIBCHKOTOCIIOAAPCHKOTO BUPOOHUIITBA JloHenbKol obacTi, B 30Hi
poBeieHHsT OOHOBUX JIill, 0 TAKOXK /0 MOKJIMBICTD 32 OTIOMOTOIO 3aCTOCYBAHHS HEITPSIMUX
OIIHOK 3’sICyBaT! TYMaHITapHY CUTYaIlif0 B THMYACOBO HEIIKOHTPOJIbHOMY YKpPaiHi perioHi.

Marepiaim Ta METOUKA IOCHI/IZKEeHHS. /{151 TOPIBHSHHS TIJIOI ITOCiBiB 03MMUX KYJIBTYP 32
pi3Hi POKM HAMU TPOAHATI30BAHO apXiB KOCMIYHUX 3HIMKIB 3 cynmyTHuKa Landsat ma Tepuropii
Cxony Ykpainu. [{us anasisy 6yso B3sTo aBa sHiMku (path — 176, row — 26 Ta 27 ) 3a 24 KBiTHSA
2011 p., sixi maiizke va 100% oxorumiooTs /loHenbKy 06acTh, 1Ba 3HiMKHN 3 cynyTHrka Landsat 5
3a 30 cepmug 2011 p. i gBa 3HimMKu 3 cynmyTHuKka Landsat 8 3a 5 kBiTHs ta 11 ceprusg 2016 p.
(puc. 1). 3a gonomoroio mporpamu 3 06poOKU KocMiuHux 306paskens Erdas Imagine Gyito cdop-
MOBAaHO 3 /IBOX CYCi/IHiX 3HIMKIB Ha OJIHY /IaTy OJIMH 3HIMOK, 3 BAKOPUCTAHHAM Ipolieypu Data
Preparation / Mosaic Images Ta Images Interpreter / Utilities / Layer Stack.

[l BU3HAYEHHS 171011 TIOCIBiB 03UMUX KYJIBTYD HaMU BUKOPUCTAHA METOIMKA OI[iIHKHU T10Ci-
BiB 03MMUX KyJIbTYp, po3pobiena criBpobitHukamu [TAK/I3 ITH HAH Ykpaiau [9—11]. CyTb
1i€1 METO/IUKH TIOJISITAE B 3ICTABJIEHH] BereTalliiitHOTO iH1eKCcy HopMastizoBaHoi pisauti (NDVI) ta
BosiHOTO iHAEKCY (W) 32 mepios BUX0/y 3 3UMM Ta 3a TIEPio/l, KOJIM O3UMI KYJIBTYPH CKOIIIeH] Ha
nonsx. [agexe NDVI pospaxoByeThes 3a (hopMyioro

NDVT = MR=RED (1)
NIR+RED

Iupexc WI (water index) sanpononosanuii ciiBpobitiukom ILAK/]3 1oKTOpOM reosioriunmx
Hayk 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 kBitennb Ta ceprierb 2011 ta 2016 pp. @opmysu HaOyBaOTh TAKOTO BUTJISILY:
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Puc. 2. PospaxyHOK iHeKciB 3a jaHnMu 3 cymyTHrka Landsat 5 3a 2011 pik (¢ — NDV1 3a 24 ksitHs, 6 — NDVI
3a 30 ceprnst, 6 — WI 3a 24 kBitHst, 2 — WI 3a 30 cepriist) i Landsat 8 3a 2016 pik (0 — NDVI 3a 5 ksitHs,
e — NDVI3a 11 cepunst, ¢ — W1 3a 5 kBitast, oic — W1 3a 11 ceprns)

mist cynytauka Landsat 5
ch4—ch3 _ ch2-ch7

NDVI= , Wl=—w——| 3
ch4+ch3 ch2+ch7 )

mist cynytHuka Landsat 8
ch5-ch4 ch3—-ch7

NDVI=——— WI=———, 4
ch5+ch4 ch3+ch7 )

ne ch — HoMep KaHasry CyIyTHHKA.

Ha npyromy eTari o1fiHioBa/IM Pi3HUITIO MiXK 1HEKCAMU 3a CepIieHb i KBITeHb 0JIHOTO poKy. Ha
TPETHbOMY €Talli, BUKOPUCTOBYIOUM OJIHOYACHO 3HaueHHs iHjexkciB NDVI ta W1, Busnavuanu rio-
1111, Ha IKUX OYJIN TOCIBU O3UMUX KYJIBTYP.

Y cepliHi 03UMi KyJIBTYpPH CKOIIIEHi, a BCsT iHIIIA POCJAUHHICTD 111e IPUCYTHS, Y KBITHI TPUCYTHI
TLIBKU 03UMI KyJBTYPU, TOMY Pi3HUIIA Mixk 3HaYeHHsAMU iHekciB NDVI ta W1 3a ceprienb i kBi-
TEHb JIJIST O3UMUX KYJIBTYP Bijl eMHA. TaknM 4MHOM, Biji'€MHI 3HAUEHHS iH/IEKCiB XapaKTepu3yTh
MOCIBM 03UMHUX KyJIBbTYpP. TiJIbKK 03UMi KyJBTYPHU MalOTh TaKUl XapaKTep PO3MOJiay 3HaUYeHb
iH/IeKCiB, ycs iHIIA POCAMHHICTD, HABIIAKU, B CEPIIHI Ja€ MpUpicT 6ioMacu, TOOTO PI3HUIIS MikK
ingekcamu NDVI ta W1I 3a cepriens i kBiterb Oyze mogatHoo. OqHoYacHe BUKOPUCTAHHS ABOX
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Puc. 3. Pospaxynoxk pisuutii ingexciB NDVI ta W1 3a 2011
ta 2016 pp. @ — pizuuIira Mixk 3HadeHHsAMU iHgekcy 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 3Hadvenuamu ingexcy NDVI 3a 11 ceprmas ta
5 xBiTHst 2016 p.; 2 — pisnuig Mizk 3naueHusiMu ingexcy W1
3a 11 ceprnst Ta 5 kBiTHs 2016 P.

<

Puc. 4. Busnayenns mjoml HOCIBIB 03UMHUX KyJBTYp Ha
tepuTopii JorHelpbkoi obacTi 3a ganumu cynyTtHuka Land-
sat 53a 2011 p. (@) Ta Landsat 8 3a 2016 p. (6)

IHEKCIB /I BUBHAYEHHS IUIOIN] O3MMKX KYJBTYp HeoOXinHe, 106 TOYHO BiZOKPEMHUTH 03UMIi
KyJI6Typu Bij iHmux o6’exriB. Hanpukiaz, Bukopucrants tibku ingekcy NDVI He mae 3moru
BiZloKpeMJTIOBaTH BO/HI 00’€KTH, a iHgexkc W1 3abe3nedye Taky MOKJIUBICTb.

3a mornomororo Tporpamu 3 06pobku kKocMivaux 3HiMKiB Erdas Imagine, i3 3actocyBanHsIM
npouenypu Spatial Modeler / Model Maker 6y.10 pospaxoBano suadenns ingexcis NDVI ta W1
st cynytauka Landsat 5 3a 24 ksitHst 1 30 ceprias 2011 p. 3a hopmyiioio (3), a TakoK st
cymyTtauka Landsat 8 3a 5 kBitHst i 11 ceprinst 2016 p. 3a popmyioro (4). Pesyabratit pospaxo-
BaHUX 1H/IEKCIB HaBeJ/IeHO Ha puc. 2. BiimM KoJbOPOM 1MO3HAUEHO MAaKCUMAaJIbHI 3HAUEHHST 1H/1eK-
ciB NDVI ta W1, a yopaum — minimanpai. Makcumanbhi 3nadennd ingexcy NDVI BignosigaoTh
POCJIMHHOCTI, MiHIMaIbHI — TepuTopii 6e3 pocauHHOCTI. Makcumasbhi 3HaueHHs iHgexcy W1
Bi/ITIOBIZIalOTh BOMAHIN ITOBEPXHI Ta POCAMHHOCTI, MiHIMaJIbHI — TEPUTOPIi, e HeMae BOIAHOI T10-
BepXHi 200 POCTIMHHOCTI.

3rizHo 3 METOAMKOO aHAIi3y, Ha IPYroMy eTarri OyJI0 po3paxoBaHo pisauio iHgekcis NDVI
ta WI 3a ojiuH pik:

NDVI =NDVIg; 05 9011 = NDVIy, 04 99110

pisnuig 2011

WI pisunig 2011 =WI 30.08.2011 WI 24.04. 2011

()
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 ekoHoMiyHOTro edekrty. Ha puc. 4 BisyasabHO BUAHO 3MEHIIIEHHSI TIJIOII ITOCIBiB 03U-
mMux Kysabryp B 2016 p. Byso 3po6iieno cripoby omiHuTi ekoHoMiuHi Brpatu JoHelbkoi obacti
Bijt 60IOBUX il Ha cXO/i YKpaiHU Ha IiCTaBi pe3yJbTaTiB aHAI3y IJIOII O3MMUX KYJIBTYP 3a
2011 1 2016 pp. 3a maTepiamamu KocMigHOiI 3iioMku. [IpoBesieHi po3paxyHKN TOKa3aJIHn, MO T0-
piBasiro 3 2011 p. y 2016 p. momma 03uMHUX KyJbTYp 3MeHIIUIacs B 'saTh padi. Crupobyemo
OIIHUTH OPIEHTOBHUI €KOHOMIUHUI eeKT, TOGTO BTPATH Bijl 3MEHIIIEHHSI BPOKAIB Y BapTiCHO-
MY €KBIBaJIEHTI.

BupoiyBani Ha TepuTOopii YKpaiHU 03UMi KyJIBTYPH BKJIOYAIOTH TaKi BUIU: O3UMY IIIIICHU-
1110, O3UMe JKUTO, O3UMUH SUMiHb Ta 03MMUI pinak. 3TiJIHO 3 aHAI30M JaHUX, HaBe/eHux /lep-
’KaBHOIO CTaTUCTUYHOIO ciry:k0010, y 2011 p. muroma mociBiB o3uMoi mimeHuIr cranosuia 89 %
yCi€el 10111 03UMUX KyJIBTYP, 03UMOTO STYMEHI0 — 9 %, a 03UMOTO KITA Ta 03UMOTO PillaKky pa-
30M — 6sn3bK0 2 %. Y 2016 p. mig mociBu o3umoi menutti 6ys1o Bigsexeno 93,9 % yciei monti
03UMUX KYJBTYP, 03UMOTO0 stuMeHto — 2,7 %, o3umMoro xuta — 0,6 %, 03uMoro pinaky — GJIM3bKO
2,8 % [13]. Isxepesom irdopmartii 1110710 BposkaitHocTi (11 / 1 Ta) OCHOBHUX 03UMEX KYJIBTYP Oyiu
poboru [12, 13], cTOCOBHO 1iHM BUKOPHCTAHO MaHi [14].

PospaxyHOK eKOHOMIYHOI YaCTUHU TTPOBOIMIIH 32 TAKOIO CXEMOTO:

1) BU3HAYAJIM ILJTOTI O3UMKX KYJIBTYP 3 BHKOPUCTAHHSIM JIMIIIE CYTy THUKOBUX jaHnX Landsat
(nuB. puc. 4);

2) BIZTIOBIAHO /10 BiZICOTKIB 3alHSATHUX ILJIOII O3UMUX 3a AaHUMU [lep:kaBHOI cTaTHCTUIHOL
carysx6m [ 12, 13] po3paxoByBasIH IO AJIST KO;KHOTO TUITY O3UMOI KYJIBTYPH JIJISI JAHUX, OTPUMA-
HUX JIMIIE 32 KOCMIYHUMU 3HIMKaMU;

3) 3HaueHHS IJIONI KYyJLTYpH (THUC. Ta) MHOKWJIM Ha ocepe/lHeHe 3HaueHHs BPOKAHOCTI
(113 1 ra) i oTpuMyBasIN 3HAYEHHST BAJIOBOTO 300pYy (THC. T) /ISt KOKHOTO THUITY O3MMO] KYJIBTYPH;

4) 3HaYEeHHS BAIOBOTO 300py (THC. T) MHOKIIN Ha 1iHy (TpH 3a 1 T) i TAKUM YMHOM OTpUMa-
JIU BeJTMYUHY PUOYTKY (TPH).

3Ti/IHO 3 pe3yJbTaTaMu PO3PaxyHKY, OPIEHTOBHA BaPTICTh yPOXkKal0 03UMHUX KyJabTyp [loHe-
116K01 obsacti y 2011 p. cranosuia 3737 mura rpH (467 muta gosapis), y 2016 p. — 601 murs rpH
(23 mutH 0JTapiB).

Jani mogo Kypcy mosapa Oyiu B3sti 3 dinancoBoro nopraixy Mindiny Ykpainu (http://
index.minfin.com.ua/arch/?nbu&2011-12-29): s 2011 p. 1 gosap = 8 rpH, A 2016 p. 1 gosap =
=26 rpH.

AHastiz oTpuMaHUX pe3yIbTaTiB MMOKa3aBs, mo s JJoHenbkoi obmacTi mpubyTOK Bifl BUKO-
PUCTAaHHS O3UMUX KYJIBTYP Y TPUBHEBOMY €KBiBaJIeHTi 3HU3UBCS B 6 PasiB, a B 1071apOBOMY — B
20 pasis. Ile moB’sg3aH0 31 3MEHIIEHHSIM TIJIOMII MTOCIBIB y I'ATh pa3iB, 31 3HMKeHHAM Y 2016 p.
I[iH Ha OCHOBHI 03UMi KyJIbTypHu TOpiBHSIHO 3 2011 p. Ta cTpubKOM Kypcy [oJapa Giabin HisK y 3
pasu. Lli pesyabraTéi MOXYTD JaTH HEOOXiHE YSIBJIEHHS PO €KOHOMIYHI 30UTKM Yy 3B’SI3Ky 31
3MEHIIEHHSAM YPOKaiB 03UMUX KYJIBTYP Y MeKaXx JI0CJIi/[>KYBaHOTO PErioHy BHACJII/IOK BiliCbKO-
BOTO KOHJIIKTY, OCKiIbKH iHdopmaiis lepkkoMctaTy YKpainu 1o 1iit reputopii abo He moBHa,
abo Bi/ICYTHs B3araJi.
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OIEHKA ITOCEBHBIX ILJIOIIA/IEV O3MMbIX KYJIBI'YP
1O JIAHHBIM KOCMWYECKOM CbEMKI CO CITYTHUKA LANDSAT
HA TEPPUTOPUU JJOHEIIKOM OBJIACTU

[IpoananmmsmnpoBaHbl I3MEHEHNS BETeTAIIMOHHOTO HHeKca HopMasin3oBanHoii pasnoct (NDVI) u Bogroro nn-
nekca (WT) o maHHbIM criyTHUKOBBIX cHUMKOB Landsat (24 ampesst, 30 asrycra 2011 1. u 5 anpenst, 11 aBrycra
2016 1.) aa onpesesieHUA MIoMIA el ToceBOB o3muMoit mimenuIer 3a 2011 n 2016 rr. na Jlonerynne. Ycranosieno,
YTO IIJIOMIA/Th TIOCEBOB 03MMBIX KYJIbTYD B 2016 I. B 1sATh pa3 MeHbIire, yeM B 2011 1. /lana orjeHKa 5KOHOMUYECKUX
notepb JloHerkoit 06acTm.

Kmouesvie cnosa: sezemayuonnviii UHOCKC HOPMALUOBAHHOU PASHOCMU, B0OHBIT 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
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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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