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AHAJIN3 OCHOBHBIX METOIMK ITPOTHO3UPOBAHUSA YPOKAHHOCTH C
INOMOIIBIO JAHHBIX KOCMHNYECKOI'O MOHUTOPHUHI' A, IPUMEHUTEJBHO
K 3EPHOBBIM KYJbTYPAM CTEITHOM 30HbI YKPAWHBI

Jlnst  perioHiB  YKpaiHM aKTyaJbHOIO € 3ajJada BHU3HAYCHHS IPOJYKTUBHOCTI
CLIbCKOTOCTIOAAPCHKUX 3€MENb Ta MOCTIHHUI MOHITOPUHT iX BHKOpuUcTaHHA. CTaTTs HOCHUTH
OTJIsAIOBUI XapakTtep. Ha ocHOBI aHanu3y BiOMHX POOIT MO BUKOPHUCTAHHIO CYIYTHHKOBHX
CUCTEM IUCTAHIIMHOTO 30HIYBaHHS 3eMJIi JUIS BUPINICHHS TEMAaTHYHUX 3aa4 YKpaiHu ¥y
00J1aCTi  CITBCBKOTO TOCIOJAPCTBA IMPOBOAUTHCSA aHAM3 BIJOMUX METOJUK BH3HAYCHHS
BEreTallifHUX MpHU3HAKIB POCIMH. PO3risgaroTbess 0COOIMBOCTI BU3HAUEHHS CTaHy POCIHH 1
BUPINIYIOTECS 1HINI 3a/adi y 00JacTi CUTbCHKOTO TOCHOJIApCTBA, MIATOTOBIEHUM Mepexil 10
BUPIIICHHS 33]1a4 TOYHOTO 3eMJICKOPUCTYBAHHS.

KuarouoBi cjoBa: naucraniiiiHe 30HAyBaHHS 3€MIM, BEreTalllifHI 1HJIEKCH, I1HIEKCH
3€JICHOCTI, IHAEKCH BMICTY a30TYy.

JInst pernoHOB YKpauHbl aKTyallbHOM SIBIIECTCA 3a7ada ONpPENEICHUs NMPONLYKTHUBHOCTH
CEIIbCKOXO035MCTBEHHBIX 3€MEJIb U MOCTOSIHHBI MOHUTOPUHT MX UCMOJIb30BaHMsSA. CTaThbsi HOCUT
0030pHBIN xapakTep. Ha ocHOBe aHanm3a M3BECTHBIX Pa0OT M0 MCIOJL30BAHUIO CITYTHHKOBBIX
CHCTEM JIMCTAaHIIMOHHOTO 30HJIMPOBAaHUS 3€MIIM JJI1 PEUICHUs] TEMAaTUUYECKUX 3a7a4 Y KpauHbl B
00JIaCTH  CENBCKOTO XO3SAMCTBA MPOBOAUTCS AaHAIM3 W3BECTHBIX METOAMK OMpEIeICHUs
BEreTAIlMOHHBIX IPU3HAKOB pacTeHUH. PaccMaTpuBarOTCS OCOOEHHOCTH  OMpEICICHUS
COCTOSIHMSI PACTEHMM U pEIIaroTCs Jpyrue 3amadd B OOJAcCTH CEJIbCKOTO XO3sHCTBa,
MOATOTORJICH MEPEX0]T K PEIICHUIO 3a/1a4 TOYHOT'O 3eMJICICITHSI.

KuioueBble cj10Ba: AUCTaHIIMOHHOE 30HAMPOBAHME 3€MJIM, BETE€TAIMOHHBIE WHJIEKCHI,
MHJIEKCBHI 3€JIEHOCTH, UHJIEKChI COICPKAHUS a30Ta.

For the regions of Ukraine is the actual task of determining the productivity of
agricultural land and permanent monitoring of their use. The article is a review. On the basis of
well-known work on the use of satellite remote sensing to solve the problems of Ukraine in case
of agriculture the analysis of the known methods for determining vegetation characteristics of
plants. The features determine the status of plants and other problems are solved in the field of
agriculture, the transition has been prepared for the challenges of precision farming.

Keywords: remote sensing, vegetation index, broadband greenness, canopy Nitrogen.

BBegenne. OCHOBHBIMM TeMaTHUYECKMMM  3aJladaMH  CHUCTEM  JMCTAHIMOHHOIO
3oHaupoBanus 3emnu (/I33) B o0nacTu CenbCKOrO XO3SHCTBA SBISIIOTCA: WHBEHTapH3allus
CEJIbCKOXO3SUCTBEHHBIX YTrOJUN, KOHTPOJIb COCTOSHUSI ITOCEBOB, BBIJICIICHHE YYacTKOB 3PO3HUH,
3a0071aUMBaHMs, 3aCOJICHHOCTH M OIYCTHIHMBAHUS, ONpPE/EICHNUE COCTaBa IOYB, CIEKEHHE 3a
KayeCTBOM M  CBOEBPEMEHHOCTBbIO  MPOBENEHUS  Pa3IMUHBIX  CEIbCKOXO03HCTBEHHBIX
MEpONpUATHHA, HaOMIONEHHE 3a IUHAMUKOM pa3BUTHS CEIbCKOXO3SHCTBEHHBIX KYJIBTYP U
NPOTHO3UPOBAHUE YpOXKaWHOCTH [3, 4].

ITocranoBka 3agaum. XapakTEpHBIM IPU3HAKOM DPACTUTEIBHOCTH U €€ COCTOSHUS
ABIIIETCS CHEKTpajibHAasi OTpa)kaTelbHas CIIOCOOHOCTh, XapaKTepHu3yroascs OOJIbIINMU
pa3auuusMU B OTPAKEHUHM H3JIydeHUs pas3HbIX MnH BoaH [10]. Ilosromy 3HaHuMS O cBs3U
CTPYKTYpbl M  COCTOSIHUS DPACTUTENBHOCTH C €€ CIEKTPalbHBIMU  OTpa)KaTeJIbHBIMHU
CIOCOOHOCTSIMHU JIKAT B OCHOBE PEIIEHUS] TEMAaTHUECKUX 33]a4 CEITbCKOT0 X03sIHCTRA.



st paGoThl CO CHEKTpalbHON MH(OpMAILMEH CTPOAT TaK HA3bIBAEMBIC «MHJEKCHBIC»
n3o0pakeHus. Ha ocHOBe KoMOMHANMii 3HAYCHUH SPKOCTH B PA3TMYHBIX CHEKTPATHHBIX
KaHaJlax ¥ pacu€ra MO 3TUM 3HAYCHUSAM «CIEKTPAIBHOTO HHJEKCa» CTPOATCS H300paKeHHS
00BEKTa, COOTBETCTBYIOIIEE 3HAYCHUIO MHJEKCA B KaKJOM IHKCEJe, YTO MO3BOJISET BBIICIUTDH
UCCIIETyeMbIii OOBEKT M OLIEHUTH €ro cocTosiHue. CreKTpaabHbIe WHACKCHI, UCTIOIb3yeMble IS
OLICHKH COCTOSIHUSL PACTUTENBbHOCTH, TMOJYYHJIM Ha3BAaHUE BEreTAlMOHHBIX HHIEKCOB.
Bererannonnbie MHAEKCHI BRIBOASTCS UMIepuueck. B HacTosiee BpeMs u3BecTHO okoso 160-
TH BapHAHTOB BETETAIMOHHBIX MHAEKCOB. OHM MOAOUPAIOTCS IKCHEPUMEHTANIbHO, UCXOAS W3
U3BECTHBIX OCOOCHHOCTEHN OTpasKaTeIbHON ClIOCOOHOCTH pacTUTEIbHOCTH U 1oYB [10].

Pe3ysabTaTH uccienoBaHmi.

1. llpumepbl pacuéTa W NPpUMEHEHHMs] BereTalMOHHBLIX HMHAEKCOB. /[[ns pacuéra
0oJbIIel YacTH BEreTallMOHHBIX MHJIEKCOB HCIIONB3YIOTCS JBa HauOojee CTaOWIIbHBIX y4acTKa
CIEKTPAJILHOM OTpaxkaTtenbHOU crocobHocTn pactrenuit [1, 7, 10]. Ha kpacHyro 30HYy criekTpa
(0.62-0.75 MKkM) IPUXOAUTCS MAKCHMYM TIOTJIOMICHHS COIHEYHOTO HM3IIydEHHS XJI0POPUILIOM, a
Ha OmmwkHIOI HHPpakpacHyro 30HY (0.75-1.3 MKM) MakcMMaibHOE OTpPAKEHUE COJTHEYHOU
SHEPruu KJIETOYHOM cTpykTypoir mucra (Puc. 1) [5]. B cBa3m ¢ 3TUM BbICOKas
doTocuHTeTHYECKAsT AKTHBHOCTD (CBSI3aHHAs ¢ OOJBIION (PUTOMACCOI PACTHUTEIBHOCTH) BEAET K
OoJiee HU3KUM 3HAYCHUSIM KOX(D(GUIMEHTOB OTPaKEHHsI B KPACHOM 30HE CIEKTpa M OOJBLINM
3HaYeHUsM B OykHel nHppakpacHon obOnactu. OTHOMIEHHE STHX IMOKa3aTele Ipyr K ApYry
MO3BOJIIET YETKO OTMEIATh PACTUTEIBLHOCTD OT IPYTUX MPUPOJHBIX OOBEKTOB.
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Puc. 1. YyacTku XapakTepucTUYeCKO KPUBOH 0TPAKEHUS PACTUTEJIbHOCTH
(ycpeaHeHHoi1), ncnoJsb3yemsle s pacuera NDVI ¢ nomomsio nanasix MODIS.

Jns 006pabOTKM KOCMHMYECKMX CHHUMKOB pa3paboTaH CIENUabHBIA [POrpaMMHBIHI
koMIuiekc ENVI n criennanbHbIi KanbKyasaTOp BereTalnoHHbIX HHIekcoB B ENVI, koTopsrit
MIO3BOJIIET PACCUUTHIBATh 27 BET€TAlMOHHBIX MHIEKCOB, UCIOJIB3YEMBIX Ul OLIEHKH COCTOSTHUS
pactutensHOcTH [1, 2, 5, 7, 10]. WHAEKCH CrpynmupoBaHbl B KaTErOPUH MO CBOWCTBY
PaCTUTENBHOCTH, KOTOPOE OHM XapaKTEpPU3YIOT.

Broadband Greenness (5 WHAEKCOB): HHAEKCHI «3€JIEHOCTH», PACCUUTHIBAEMBIE I10
JTAHHBIM B NIMPOKHUX CIIEKTPAJIBHBIX 30HAX:

Normalized Difference Vegetation Index

NDV] = ENIRZPRED (1)
PNIRTPRED 1
Simple Ratio Index
SR = BNIR )
PRED1

Enhanced Vegetation Index



EVi= 25 ( PNIR—PRED ) 3)

IR TEPRED—7-5PELUETL

Atmospherically Resistant Vegetation Index
ARV] = PnR—(2PRED—PELUE) 4)

pnir+H{2ZPRED—PELUE) ’

SumGreenlIndex
SGl = PNIR—PRED (5)

PNIRTPRED~PELUE)

Wuaexcel 3T0# rpymnibl 0TpaxaroT o0lee KOJIUYECTBO PACTUTEILHOCTH U UCTIOIb3YIOTCS
JUISL OLIEHKH €€ COCTOSIHUS MPU PEILIEHUHU HIMPOKOro Kpyra 3ajgad. OHM CyMMUPYIOT U OTPaXaroT
BIUSTHUE TakuX (paKTOpOB, KaK COJAEp>KaHUE XJIOpOoQuiia, IUIOMIAIb JUCTOBON MOBEPXHOCTH,
COMKHYTOCTb M CTPYKTypa PAacTUTEIbHOI'O MOKpOBa. BereranmoHHble MHAEKCHI 3TOW TPYIIIBI
XOpOIIIO KOPPEIUPYIT C HHACKCOM (QoTocuHTeTHYecKu akTuBHOW pamauanuu (fAPAR) wu
uHAeKcoM JncToBOi moBepxHOcTH (LAI). X MOXHO MCHONB30BaTh Mpu padboTe C JIOOBIMU
MYJIbTUCHEKTPATBHBIME a9POKOCMHUYECKUMHU CHUMKAMHU BBICOKOTO, CPEIHEr0 WU HHU3KOTO
paspelieHus, y KOTOPhIX €CTh CIEeKTpaiabHble KaHaibl B kpacHou (0,60 - 0,75 MkMm) u OnuxHER
uHppakpacuoii (0,75 - 1,3 MkM) 30HaX.

OcCHOBHOE Ha3HAYEHHE OSTUX MHJAEKCOB — KAPTUPOBAHUE PACTUTENBHOIO IOKPOBA,
BBISIBJICHHE ITUIOIIAJEH MOKPBITHIX M HEMOKPBITHIX PACTUTEIBHOCTHIO, OLEHKA ¥ MOHHTOPHHT
COCTOSIHUS PaCTUTENILHOTO IIOKPOBA, OLIEHKA IPOAYKTUBHOCTH U YPOKAMHOCTH.

Narrowband Greenness (7 HHIEKCOB): MHAEKCHI <«3EJIEHOCTUY», PACCUUTHIBAEMbIC IO
JIAHHBIM B y3KHX CIIEKTPaJIbHBIX 30HAX:

Red Edge Normalized Difference Vegetation Index

NDW'}'GS _ Prso~Pros (6)

PrsotPros ,

Modified Red Edge Simple Ratio Index
mSRTﬂS _ Prs07Pass (7)

ProstPass 1

Modified Red Edge Normalized Difference Vegetation Index
mND‘JImS — Prso~Prso (8)

PrsotPros—2Psas ,
VVogelmann Red Edge Index 1
VOG1 = Bzee (9)

Przo
)

VVogelmann Red Edge Index 2
__ Pvaa—Prar (10)

VOGZ_ PristP7z0 ,
Vogelmann Red Edge Index 3

VOG3 = BrasTPrez (12)

Pris+Przo
)

Red Edge Position Index
RedEdgePositionindex=NDV l,0s+mSR205+V0OG1;+VOG2+VOG3. (12)

Wupekcel 3TOM rpynmbl  TakkKe OTpaKaloT —o0Ilee KOJUYECTBO U COCTOSIHUE
pactutensHOCTH. Bee, ckazanHoe ans npenplnyiiei rpynmnsl unaekcoB (Broadband Greenness),
CrpaBeTMBO H 371ech. OTIUYMe B TOM, YTO I PAcUETOB ATHX HHICKCOB HCIOJIB3YIOTCS
3HaYeHUs KOA(PPHUIMEHTOB OTpakeHHs Ha ydyacTke crekrpa oT 0,690 mgo 0,750 MM, T. e.
paccmaTrpuBaeTcs o006iacTb OMKHETO0 HMHGPAKPaCHOTO CKJIOHA CIEKTPAIbHOW KPHUBOM
pacturenbHocTH (red edge).



Hcnonp3oBanue 3HaueHUH KOA(PQUIIMEHTOB OTPAXEHUS B Y3KHX CIEKTPAJIbHBIX 30HAX
MO3BOJIICT C TIOMOIIBIO HHJEKCOB (DMKCHPOBATH Jake HEOOIbIINE W3MEHEHHS COCTOSHUS
pactutenpHOCTH.  Pacder  MHAEKCOB  BO3MOXKEH  TOJBKO IO  THUIEPCIEKTPAIBbHBIM
a3POKOCMUYECKUM CHHMKAaM.

Light Use Efficiency (3 unnekca): nHaeKCH 3 (PEKTUBHOCTH UCIIONb30BAHUS CBETA!

Photochemical Reflectance Index

PR] = Ps217Ps7o (13)
P531+P5?o1
Structure Insensitive Pigment Index
SIP] = PBeooPsss (14)
PzootPezo

Red Green Ratio Index
RGI = Pgreen (15)
Pred

Wupekcbl 3Toi rpymmbl  OTpaxkaroT 3(P(EKTUBHOCTh, C KOTOPOW PACTUTEIBHOCTD
croco0Ha MCIOJIb30BaTh MOCTYHAOIIUN cBeT A (oTocuHTe3a. OHM XOpOIIO KOPPEIUPYIOT C
(P PEKTUBHOCTHIO YCBOCHHUS YIIEpo/la M C AaKTUBHOCTHIO POCTA, a TAaKXKE TECHO CBS3aHBI C
HOJIOIEHNEM (POTOCUHTETHUECKU aKTUBHOM pajualiyy.

BereranMoHHBIE WHIEKCHl YYUTBHIBAIOT COOTHOLICHHE MEXKIY PAa3IMYHBIMUA THUIIAMHU
IOUTMEHTOB Ul OLEHKH oO0med 3((eKTUBHOCTH HUCIOJIb30BaHUS cBeTa. VIHAEKCHl MOMOTraroT
OLICHUTh PpOCT M  MNPOAYKTMBHOCTb  PACTCHMM, YTO aKTyaJbHO IPU  PELICHUU
CEIbCKOXO35MCTBEHHBIX 3aa4.

Canopy Nitrogen (1 uHIeKC): HHAEKC COlEepKaHMs a30Ta B PACTUTEIHLHOM OKPOBE:

Normalized Difference Nitrogen Index

lag(piiiﬂ)_lﬂg(plzgﬂ) (16)

lﬂg(ﬂiiiu)-'-lﬂg(ﬂlzeﬂ) )

NDNI =

OTOT MHJEKC OTPakaeT KOHIIEHTPALMIO a30Ta B PACTUTEIBHOM MOKPOBE. A30T BXOAMT B
coctaB OenkoB, xyopoduiila ¥ MHOTUX JPYTUX OpPraHWYECKHX COeAMHEHWH. Bricokne
KOHIIGHTpallul 0ObIYHO HaOrofatoTcss B ObICTpopacTylied pacTutenabHOCTH. Ilpu a3oTHOM
TOJIOJIAHUU JIUCThsI TNpPHOOpeTaroT OJeHO-3€EHYI0 OKpacKy, MENbYalT, YMEHbIIAETCs
BeTBiieHUEe MoOeroB. [Ipu u30BITKE a30Ta yCHIMBAETCS POCT, TKaHU OOPa3yIOTCS PHIXJIbIE,
[[BETCHUE 33JIepPKMBaeTCs. BererarmoHHbIe MHIIEKCHI, YYBCTBUTEIBbHBIE K XJIOPO(UILITY, 4acTo
OJTHOBPEMEHHO OTPaXKaroT Cojiep kaHue a3oTa. J{Jis pacuera OTHOCUTENILHOTO CO/IEP/KaHMs a30Ta
B PACTUTEIBHOM IOKPOBE UCMOJb3yeTcs cpeHnid nHppakpacHblii nuanazod (SWIR).

Dry or Senescent Carbon (3 uHAEKCca): HHACKCHI COICPXKAHUS yIiIepoja B BHJIE JIUTHUHA
U 11E€JUTIOJIO3bI:

Normalized Difference Lignin Index

10g(p1?54)—10g(p1:gn) (17)
lﬂg(p1154)+lﬂg(pizguj

Cellulose Absorption Index

NDLI =

CAIl = U.5(p2{]00+p22{]{])— p2100 (18)
Plant Senescence Reflectance Index
PSRI = Psee"Psoo (19)

Prso



OTH MHAEKCH pa3paboTaHbl s ydyeTa OOIero KOJIMYeCTBa «CyXOro» Yriiepojaa B BUIC
JUTHUHA ¥ LEJUTI0NI03bl. Takoi yriepoa B OOJbIINX KOJIMYECTBAX MPUCYTCTBYET B IPEBECUHE U
B MEPTBBIX WM CYXUX PACTUTENbHBIX TKAHAX. YBEINYEHHUE 3TUX [10KA3aTEIed MOXKET OTpa)xkaThb
IPOLIECC «CTAPEHUs» U OTMUPAHUs pacTeHuH. [y pacueTa OTHOCUTEIBHOIO COEpKaHMsl a30Ta
B PAaCTUTEIHHOM IOKPOBE HCIIONIb3YeTCs CpeaHmii nHppakpacHblii quamna3oH (SWIR).

OTH UHJEKCHI IUPOKO UCIOIB3YIOTCS IIPU OLEHKE [10KapOIIaCHOCTH Ha TEPPUTOPHH.

Leaf Pigments (4 uHAekca): WHAEKCH COAEPIKAHUS HUTMEHTOB — KapOTHHOHMIBI U
AQHTOLIMAHUHBI:

Carotenoid Reflectance Index 1

o= ()G

Carotenoid Reflectance Index 2

)
CRI2 = (p:m) (p:m) (21)
)

(20)

Anthocyanin Reflectance Index 1
ARI1 = () - (=
Psso Proo

Anthocyanin Reflectance Index 2

AR e () - .2

HHI[GKCLI 3TOH IpYIIIbI OOCHUBAKOT MMUI'MCHTBI, XapaKTCPHBIC JJI1 paCTeHI/Iﬁ B COCTOSAHHHN
CTpGCC&. K HHUM OTHOCATCA KapOTI/IHOI/II[I)I U aHTOIMWAaHUHBI, KOTOpI)IG Ha6JIIOI[aIOTC$[ B
SHAYUTCIIbHBIX KOJHUYCCTBAX Y yrHeTeHHOﬁ PACTUTCIILHOCTH. I/IHI[eKCBI HC YUYHUTBIBAKOT
XJIOpO(l)I/IJIJI, TaK KaK OH M3MCPACTCA C HCIIOJIb30BAHUCM HHIACKCOB «3CJICHOCTH». O6JIaCT$IMI/I
MMPUMCHCHHA HWHJICKCOB Leaf Pigments SBIIETCS CEIIbCKOE XO3SUCTBO (MOHI/ITOpI/IHF COCTOAHUA
NoJied W OILIEHKa YPOXallHOCTH), a TaKKe BBISBICHHE YYacTKOB PACTUTEIBHOTO MOKpPOBA,
Haxo4dgmuxcs B CTpECCOBOM COCTOSIHUH.

Yacto HWHJCKCBI MOT'YT IMOKa3aTb CTPECCOBOC COCTOAHHUE PACTUTCIIBHOCTU €UIC OO0 TOTIO,
KaK OHO 6y,ZleT 3aMCETHO «HCBOOPYKCHHBIM TI'JIA30M)>. I[J'I}I HX pacucTa UCIOJIB3YIOTCI NAaHHLIC B
y3KI/IX CHCKTpaJ'II)HI)IX 30HaxX BUAUMOIO Juaria3oHa.

Canopy Water Content (4 wuHIeKca): WHICKCHI 7S OICHKH COJIEp)KaHUs BIAard B
pacTUTENBHOM HOKPOBE:

Water Band Index

(22)

WBI = Beoe (24)
Pora
Normalized Difference Water Index
NDW] = Bes77Pizsa (25)
P95?+P1241,
Moisture Stress Index
MS] = Bises (26)
Pgig,
Normalized Difference Infrared Index
NDIJ = Be1s~Pisss (27)
P919+P1649.

OtHn HHIOCKCHI paspa60TaHLI IJI1 OLICHKW COACPKAHUA BJIard B PAaCTUTCIBHOM ITOKPOBCE.
Conepxanre BOJABI — BaXKHBIM I[OKa3aTellb, BBICOKOE COAEpPKAHWE BJIATM XapakTEepHO s
3I0POBOM PACTUTEIBHOCTH, KOTOpas ObICTpee pacTteT u Oosiee ycTolumBa K moxapam. Jlms
pacueToB MHJEKCOB HCIIOJIb3YeTCsl ONMKHUN U cpeAHni MH(paKkpacHbIN Auama3oHbl. MHIEKCH



IIMPOKO TPUMEHSIOTCS TMPH OICHKE IM0)KapOOMAaCHOCTH Ha TEPPUTOPUU BMECTE C MHACKCaMHU
rpymbl Dry or Senescent Carbon.

Kaxnas u3 nepeyrciaeHHbIX TPy WHACKCOB MpeAHa3HayeHa I OLIEHKHA KaKoro-inbo
U3 CBOICTB pacTUTEIBHOIO IOKPOBA M COJEPXKUT HECKOJIBKO HHJIEKCOB. [l KOHKpPETHBIX
NPUPOIHBIX YCIOBUHM M PA3IMYHBIX 3a/1a4 OJHH MHJEKCHI U3 TPYIIBI MOTYT JaTh OoJjiee TOUHbIE
pe3ynbTaThl, yeM Apyrue. CpaBHUBAs pe3ylbTaThl PACYETOB MHJIEKCOB C MOJEBBIMU JAHHBIMU,
MOYKHO BBIOpaTh MHJEKC, MAKCHMAaJIbHO TOYHO OTPAXKAIOIIUH HCCIETyeMoe CBOMCTBO. Takum
00pa3oM CyIIECTBEHHO MOBBIIIAETCS TOYHOCTh PE3yIbTATOB MIPH MOCieayolel oopadoTke.

Haubonee monysipHsiii 1 gyacto ucnoib3yemblit uaaeke - NDVI (Normalized Difference
Vegetation Index) — HopMasIM30BaHHBIA PAa3HOCTHBIN MHAECKC PACTHTEIHLHOCTH, BIIEPBBIC ObLT
onucan Rouse B.J. B 1973 r. — mnpocToil KOJWYECTBEHHBIN IOKa3aTelb KOJUYECTBA
(bOTOCUHTETUYECKH aKTHUBHOW OMOMacchl (OOBIYHO HAa3bIBAEMBIl BEreTAllMOHHBIM HHAEKCOM).
OmMH W3 caMbIX paclpoOCTPaHEHHBIX M HCIOIB3YEMbIX HMHJICKCOB JUISI pELICHUs 3ajad,
UCIONB3YIONINX ~KOJMYECTBEHHBbIE OLIEHKH pacTUTENbHOro TMoKpoBa. [IpoananusmpoBas
NepeYeHb BETETATHBHBIX WHIACKCOB M MX MapaMETPOB MBI TaK)KE MPUILINA K BBIBOIY, YTOOBI
MCIIOJIb30BATh JJIsl HAIIMX JajJbHEHIINX uccaenoBanuil BereratuBHbli nujaexc NDVI.

[To cauMKamM, /1€ €CTh TOJIBKO KpacHasi U OMKHsS WHPpaKpacHas CIIEKTPaJIbHBIE 30HBI,
MOKHO paccyuTaTh TOJIbKO JBa HAeKkca — NDVIu RVL

Hopmanu3oBanHnsblil pazHocTHBINA BereTannonnbiii naaekc NDVI (Normalized Difference
Vegetacion Index) xapakTepusyeT IUIOTHOCTh PAaCTUTEIBHOCTH, UYTO MO3BOJSIET PACTEHHUEBOIAM
OLICHUTHh BCXOXKECTh M POCT PACTCHUH, MPOIYKTUBHOCTh yroauil. MHIEKC paccuuThIBaeTCs Kak
pa3HOCTh 3HAuYeHUH KOA(h(GUIMEHTOB OTpakeHUss B OmkHeld WHPPaKpacHO M KpacHOU
obnactsx cnekrpa (tabmuua 1) [5], nen€unas Ha ux cymmy. B pesynbrare 3nauenuss NDVI
MEHSIOTCS B nuamna3ose ot -1 mo 1.

W3zBectHo [1, 2, 5, 7], 9uT0 mist 3eN€HONM paCTUTEIBHOCTH, OTPAKEHUSI B KPACHOM o0nacTu
CIEKTpa BcCerjJa MeHblle 4YeM B OmmkHeld uHGpakpacHON 3a CYET MOIJIOUICHHsS] CBeTa
xsopoduiuiom. I[Tostomy 3Hauenne NDVI mist pacTuTenbHOCTH HE MOTYT OBITh MEHBIIIE HYIIS.

Tabnuya 1
3Hauenus K03¢gpuueHTa OTPAKEHHUS /sl PA3JMYHBIX THIIOB 00bEKTOB
Tun o6bexTa Koadppunuent Koaddunuent 3nauenue NDVI
OTpaKeHMsI B KPACHOM | OTpaskeHUs B
00J1acTH crieKTpa OJKHEH
nH(ppakpacHOU
o0JacTu cnekTpa
['ycras 0,1 0,5 0,7
pPacTUTEIHLHOCTh
Paspspxennas 0,1 0,3 0,5
pPacTUTEIHHOCTh
OTkpbITast IOYBa 0,25 0,3 0,025
Oo0maxka 0,25 0,25 0
CHer u e 0,375 0,35 -0,05
Bona 0,02 0,01 -0,25
HckyccTBeHHBIC 0,3 0,1 -0,5
MaTepuabl
(6eroH, acdanbT)

Pacuér mHmekca A1 KaxI0ro MuKcejga KOCMUYECKOTO CHUMKA MO KPAacHOW U OJIMKHEH
uH(ppaKpacHO! CHEKTPaTbHBIM 30HaM MO3BOJISIET NOJYYUTh MPOU3BOIHOE H300pakeHNE — KapTy
NDVI (puc. 2).
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Puc. 2. Kapra NDVI

NDVI mno3BosnsieT BBIIBUTH NPOOJIEMHBIE 30HBI YTrHETEHHOW pAacCTHTENBHOCTH, JaBas
BO3MO>KHOCTb ITPUHHMMATh PEIICHUs, HAIIPABJICHHBIC HAa IOBBILICHUE YPOXKAHHOCTU. YYacTKH C
Pa3IMYHBIM COCTOSIHUEM PACTUTEIBHOCTU WK 00BEMOM 3en1€HOM (pruTOMacchl M300paXkatoTcs Ha
kapte NDVI paznuunbimu nseramu (puc. 2) [5]. Ilyrém cratuctuueckoit oOpabOTKU KapT
NDVI, kpome onpeneneHus KOIMYECTBA (PUTOMACCHI, MOXKHO TAaK)K€ BBIJICIUTH TUIOIIAAN [TOCEBA
Pa3JIMYHBIX CEIbCKOXO35MCTBEHHBIX KyJIbTyp. NDVI sBisleTcs MHTErpaJbHbIM IOKA3aTENEM
pa3BUTHS PACTUTEIBHOCTH, OOLICTIPUHATHIM HHIUKATOPOM «3€JIEHOT0 B OTPAXKEHHOM OT
IIOBEPXHOCTHU 3€MJIM COJIHEYHOTO U3JIy4YEHUS».

Ha Tteppuropum 3eMHOM MOBEPXHOCTH, HE TOKPHITOH oOmauHocThiO, NDVI ectb
WHJIUKATOPOM YYacTKOB C 3el€HOM pacTutesnbHOCThI0. NDVI paccunthiBaeTcs kak OTHOLIEHUE
pa3HOCTH SIPKOCTU THKcener n3odpaxenus B unppakpacaom (MK) u kpacaom (K) nuanazonax
CIIEKTpa K UX CyMMe:

NDV] = Bnir—Pred (28)

Poir+Pred

HpI/I 9TOM, YEM OoJIbllIce 3HAYCHHE JAaHHOI'0O HHJICKCA, TEM Ooiee ﬂpKOﬁ ABJIACTCA

PacTUTENIBHOCTD.
Pacuér NDVI TEPPUTOPUN  YKpauHbl C HCHOJb30BaHHWEM HH(pOpMaLUU
cnekrpopaaunomerpa KA HOAA mnposoauics no popmyne [2]:
2ZK-1K
NDVI=—— (29)
1K+2K

rae 1 xaHam — BUAMMBINA auarna3oH (muymHa BoJHb 0,58 — 0,68 MKkM),

2 KaHaJ — BUAMMBIN quana3oH (mmHa Boausl 0,725 — 1,1 Mxm).
Hwxe nHa puc. 3 mpuBeneHa TeMaThuyeckas KapTa, KOTOpas HaryisiIHO JEMOHCTPUPYET
pacnpenenenne NDVI B nepuosa Bereranuu pacTUTENILHOCTH Ha TeppuTOopuu YKpauHsl B 2007

roay [8].

Puc. 3. Unaexkc Bereranuy pacTUTEJbHOCTH HA TeppuTOpUM YKpaunsbl 3a 2007 r.



Ha ©puc. 4 npuBeneHsl CpaBHUTEIbHBIE XapaKTEPUCTUKH  HOPMAIM30BAaHHOTO
BEreTaIl[MOHHOI0 HHJIEKCA Ha TEPPUTOPUH Y KparHbI 3a eproa BecHa — oceHb 2002 — 2007T. [8].
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Puc. 4. CpaBHI/ITeJIbHLIe xapaKTepHCTmm HopManmoBaﬂﬂoro BereTammHHoro
unjaekca (NDVI) na teppuropuu Ykpaunsl 3a nepuoj BecHa-ocenb 2002-2007r.

Junamuka ce30HHOro m3MeHeHuss NDVI no3BoisieT olieHMBaTh COCTOSIHUE PACTEHUN B
pasHbIX (hazax pa3BUTHSL.

Jlns oueHku npupocta 6uomacchl pacteHuil B [5] Ha ocHoBanuu NDVI paccunrtsiBaics
OTHOCUTEJIbHBIN MOKa3aTeab pa3BUTHs pacTuTeabHOCTH Kveg:
Spaca (30)
Scyma

Kveg =

rae Scyma — Bce nukcenu B guanaszone 0,007 — 0,2 NDVI (cyma),
Spact — Bce nukcenu B quanazone 0,2 — 0,6 NDVI (pacturensHOCTS).
Pesynbrarhl pacu€ra OTHOCHUTEIBHOTO TMOKa3aTess pa3BUTUS pacTuTenbHOocTH Kveg B
VYkpaune 3a 2002 — 2007 roga cBeneHsl B Tadnuie 2 [8] 1 oTpakeHbl Ha Auarpamme (puc. 5) [8].

Tabnuya 2
PesyabTaTsl pacuera Kveg B Ykpaune 3a 2002-2007 roga

Ykpauna. Kveg.
2002 2003 2004 2005 2006 2007

Mapt 0,081 0,011 0,02 0,12 0,09 0,19
Amnperb 0,181 0,11 0,21 0,29 0,55 0,61
Maii 6,96 2,01 4,12 6,1 6,28 5,83
Hronn 8,06 6,24 6,14 10,14 6,41 6,84
Hronb 10,11 11,01 9,3 12,8 10,54 10,2
ABrycr 4,01 2,96 8,1 10,6 8,6 7,92
Centsiops | 2,01 1,11 15 8,4 8,11 6,64
OxkTs0ph 0,77 0,48 0,66 0,89 0,97 0,95




OepeieHb KBITEHS TPaBEeHb VEPBEHL  NWNEHL CEpNeHb BEepeceHb KOBTEeHL

@2002 m2003 02004 w2005 [D2006 m™2007

Puc. 5. luarpamma 3aBucumoctu Kveg oT BpeMeHHU B BereTallMOHHbIN Nepuoja B
Ykpaune 3a 2002-2007 rona

AHamu3upys 3aBUcUMOCTb Kveg OoT BpeMeHU B BEreTallMOHHBIN Mepuos B YKpauHe 3a
2002 — 2007 r., MOXHO CJIeJIaTh BBIBOJ, YTO CaMbIi OOJIBIIION IPHUPOCT 3eIEHOM OMoMacchl ObLT B
2005 1. A 3HAUUT U ypoXKall CEIbCKOXO3SUCTBEHHBIX pacTeHuil B 2005 r. mporHo3upoBasics
HaubOosiee BBHICOKMM, B CPaBHEHHMH C JPYTUMH TOJaMH, M STH MPOTHO3BI COBUIHCH. YpOxkKau
03UMOM MUIEHUIIBI 1 MHOTHX CEJIbCKOXO3SICTBEHHBIX KYIbTYp B 2005 r. Obuin HauBbIcIIUMU [8].

2 Omnpenenenue 3acyxu. B 2007 r. Obuiu mpoBeaeHbl pabOThl MO MOHUTOPUHTY
MOBEPXHOCTU TEPPUTOPUM YKpPaWHBI HA MPEAMET OMPEACNICHUS 3aCYINUIMBBIX 30H C MOMOIIBIO
JMAHHBIX TUCTAHIIMOHHOTO 30HAMpoBaHUs 3emuu [8]. 3acyxa - Hambosee HeOJIAronpusTHOE
MIPUPOTHOE BO3ACHCTBUE HA CEIIbCKOXO3SHMCTBEHHOE MPOM3BOJACTBO. PaHHEe BBISBICHHE STOTO
BO3/ICIICTBUS MO3BOJISIET YMEHBIIUTD TOCIeACTBUA 3acyxu. Ha TemMaTuueckoii kapte (puc. 6) [8]
MOKa3aHO COCTOSTHUE BJIAroCoIepaHusl MOYBbI HA TEPPUTOPUU Y KPAUHBI.

" MO
R B -0,538461539 - -0,39:
B -0,393643032 - 0,34

| -0,344680851 - -0,304
10, 304556355 - 0,267
oy 1-0,267904500 - 0,23

RS [ 1-0,232769031 - -0, 1%
1=0, 196581197 - 0,154

B -0,154811716 - 0,100

B -0, 100558650 - -0,01¢

I -0,018509207 - 0,282

[y

Puc. 6. Kapra Biarocoaep:aHusi NouBbl Ha TEPPUTOPUM YKpauHsl 3a 23 mas 2007
roaa no 1anubiM KA Terra (MODIS)
KpacHpiMH OTTEHKamMM IOKa3aHbl Y4aCTKM MECTHOCTH, HauOosiee MOoCTpaJaBlIne OT
3acyxu B Mae 2007r.
B kauectBe mpumepa Hanbosiee MOCTPaJaBIIMX OT 3aCyXxH oOjacTeil YKpauHbl Ha puc. 7
NpUBeJeHa TeMaThdeckas kapra XepcoHckoil obmact [8]. TEMHO-KOPUYHEBBIMH OTTEHKaMHU
MOKa3aHbl Y4aCTKH MECTHOCTH, KOTOPbIE UMEIOT HAaMEHbIIIEE BIAroCoAepKaHHe.
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Puc. 7. Baarocoaep:aHnue no4Bbl Ha TEPPUTOPHH XePCOHCKOMH 00s1acTH 32 23 Masi
2007 rona no nannsiM KA NOAA.
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3 Onpeaenenne TUNOB IPYHTOB. OOMacTHEIMU yrpaBieHUsIMHU «OOIIePKPOIIOUICTD
Bonbinckoit, XMenpHUIKOM 1 PoBeHcKol o0acTell MpoBOAMINCH UCCIEIOBAHUS BO3MOXKHOCTH
WCIIOJIb30BAHUS JIAHHBIX KOCMHYECKOW CHhEMKH JJIS OMpPEACNICHUsS] TUIIOB TPYHTOB U CO3JaHUS
kaptocxeMm (puc. 8, 9) [8].

KAPTA PO3MOAINEHHA NDVI HA TECTOBIW AINAHLI
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Puc. 8. BolesieHne KJIacCOB M0 HHAEKCY BereTalun Ha TECTOBOM Y4YacTKe Mo
manHbIM KA Landsat



Kapra
poznoginedHa NDVI Ha TecTosin ainAHui (c.BepecTeuko)
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Puc. 9. BoiiesieHne KJIacCOB 10 HHAEKCY BereTallui HA TECTOBOM Y4YacTKe M0
nanabiM KA TERRA(MODIS)

Hnsa pacturenpHocT MHAEKC NDVI nmpuHHMaeT MNOJIOKUTENbHBIE 3HAYEHUS, U YEM
Oonblie 3eneHass guromacca, TeM OHM Bblle. Ha 3HaueHus MHIEKca BIMSAET TAaKXe BUAOBOU
COCTaB PACTUTEIBHOCTH, €€ COMKHYTOCTb, COCTOSIHUE, OKCIIO3ULUS M Yrojl HAaKJIOHa
IIOBEPXHOCTH, IIBET TMOYBBl IOJ Pa3pEKEHHOM PpacTUTEIBHOCTbIO. IHIEKC yMEpeHHO
YYBCTBUTEJICH K U3MEHEHHSM ITOYBEHHOTO (hOHA, KPOME CITydaeB, KOT/Ia TyCTOTa PACTUTEIHLHOTO
nokpoa Huxke 30%. MHaexkc MokeT npuHMMaTh 3HadeHus oT -1 mo 1. Jlna 3eneHon
pacTUTENLHOCTH HHJEKC 0OBIYHO MprHUMaeT 3Hadenus ot 0,2 1o 0,8.

NDVI moxer ObITh pacCUUTaH Ha OCHOBE JIOOBIX CHMMKOB BBICOKOTO, CPEIHEr0 WU
HU3KOIO pa3pellieHusi, WMEIOIUM CHeKTpajibHble KaHaibl B KpacHoM (0,55-0,75 Mkm) u
uH(ppakpacHom auanazone (0,75-1,0 mxm) [6]. Anroput™m pacduera NDVI BcTpoeH npakTuyecku
BO BCE pacCHpOCTPAHEHHBbIE IMaKEeThl MPOrpaMMHOr0 OOecleueHus, CBsI3aHHblE ¢ 00pabOTKOI
JTAHHBIX JUCTaHIIMOHHOTO 30HAMPOBaHUs (Tabnuma 3).

Tabnuya 3

Kom0uHannu kaHa/i0B KaMep CIYTHHKOB HCIIOJIb3yeMble Ui pacdeta NDVI



Hcnonbzyembie kakanel (gnuea sonks) | MpocTpascTeeHHoe
KocMuueckni Pa3PEILEHnE
anapat/Mpnbop
FOALAVHRR 1(0.58-0.68 mem), 2 (0.72-1.0 mem) 1100 w,
Terra(Aqua/MODIS|L [0,62-0,67 Mew], 2 [0.841-0.876 wkw]  [250 m,
Landsat(4)/M55 |5 (0.6-0.7 mem), & (0.7-0.8 Mem) uan 7 20w,
[0.8-1,1 mkm]

Landsat{5)/TM 2 [0.63-0.69 mem], 4 [0,76-0,50 mew) 20 M,
Landsat7/ETM+ |3 [0,63-0.69 mkM], 4 [0.75-0,90 mem) 20 M
ED-ﬁl [Hyperion, |4 [0,630-0,690 mkmM) 5(0,775-0,805 mem] |30 m,
LI
Fesourcesat-1 2 (0,62-0,68 mem) 3 (0,77-0,86 Mew /3 5.8 m/23,5
IRS-P6)/LISS-4/ [[0,62-0,68 wim) 4 (0,77-0,86 min)/ 2 M./50-70 u.

I55-3/AWIFS I'_Ellﬂ-EI.ES Mk | 4 (0,77-0,86 mkm]

RS(1C/1D)/LISS [2(0.62-0.68 mkm] 3 [0.77-0.86 mkm) 23,3 M

POT 2, 4 E (061 - 0,68 Men], 3 (0,78 — 0.89 Mim] EEI M,
MonuTop-3 3 [0,626-0,672 mew] 4[0,783-0,883 memn]  [20m,
ICBERS-1, 2/CCD [3(0,63 - 0,69 Mewm] 4 (0,77 - 0,89 mkm] 20 M,
Terra/ASTER 2 [0.63-0.69 mew), 3 (0.76-0.86 M) 15w,
THEQS 3(0.62-0.69 mim) 4 (0,77-0,90 micm ) 15 M,
EROT 5 2 (0,61 - 0,68 wkm), 3[0.78 - 0.83 meku] 10w,
-ﬂx_I_DE.-"A‘-.-'NIH 3 (0.61-0.69 mkm) 4 (0.76-0.89 mem] 10 M,
Formosat-2 3 [0,63-0,69 mkM] 4 (0,76-0,30 Mkm ] B M,
FapidEye 3(0,63-0,685 mkM) 5 (0,76-0,85mMkn] |5
jlompsat-Z 3 (0,63-0,69 mkm) 4 (0,76-0,90 mem) 4 M,
ErbView-3 3 (0,625-0,695 mkm) 4(0,76-0,90 mkm] M w
[konos 3 (0,63 - 0.70 mem), 4 (0,76 - 0.85 mem] 3.2 m,
Cuickbird 2 (0,63 - 0,69 ukM), 4 [0.76 - 0,9 Mem) 244 - 2,88 M,
Pecypc-AK 2 [0,60-0,70 wew) 3 (0,70-0,80 mew] Z- 3 M
Worldiew- 2 5 (0,63-0,69 mkm) 7 (0,77-0,89 mem] 1,84 wm,
|GeoEye-1 E (066 -0 69 MkM] 4 (078 -0,92mkn] 165 m,

4. Ucnonb30BaHue KapT BereTallMOHHBIX HHIEKCOB, MOJYYeHHbIX M0 KOCMHYECKUM
cuuMkaM. Kak u3BeCTHO, OTpakeHHE paCTHUTEIBHOTO IIOKPOBA B KpacHOM U OumkHEl
UHpaKpacHON 00JAaCTsAX SJEKTPOMArHUTHOTO CIIEKTpa TECHO CBS3aHO C €ro 3eJeHOM
¢duromaccoit. [Iyst Toro 4roObl KOJIMYECTBEHHO OIIEHUTH COCTOSHHUE PACTUTEIBHOCTH, IIUPOKO
npumenserca uHaekc NDVIL NDVI xapakrepusyer Takxke IUIOTHOCTb PAaCTUTEIBHOCTH,
IIO3BOJISIET PACTEHUEBOAAM OLIEHHUTHh BCXOXECTh M POCT PACTEHUMN, NMPOAYKTUBHOCTH YTOIUH

(puc. 10).
NIETO wowv novi SUMA
x
g =100 %
g -90%
CTENEHb Q -80%
PA3BUTHSI .70% MMOTHOCTb
3ENIEHON ® .60% MOKPBITUS
EWOMACCH! ﬁ % XBOWHBIMA
W 5 NECAMM
& -40%
~30%
mx -20%
L3S 10 %
OTCYTCTBHE OTCYTCTBUE
BCSIKOW XBOAHON
PACTHTENIbHOCTH PACTUTENILHOCTH
(BOJA (CHET, NEA,
TOPb, i NIACTBEHHBIE
NAPbI) -0.05 NECA)
— e

Puc. 10. 3nayennst NDVI u cooTBeTCcTBYIOIIIHE HM THIIbI PACTUTEJIBHOI0 TOKPOBA.

5. MOHHUTOPHMHI CeJIbCKOXO3SIICTBEHHBIX TEPPUTOPMIi ¢ HCNOJIb30BAHHEM
KOCMHYECKHX CHUMKOB CPeIHEro M BbICOKOro pa3pemenus co cnyTHukoB TERRA, AQUA,



LANDSAT, IRS. Cnyrauku Terra 1 Aqua mo3BOJISIOT MOJMy4aTh WHGOPMALIMIO HA OOLIUpPHBIE
TEPPUTOPUU B THICSYM KBAJPATHBIX KWJIOMETPOB JBaXIbl B JI€Hb, 4YTO CIOCOOCTBYET
OIIEPaTHBHOM OLIEHKE CEIbCKOXO03MCTBEHHBIX yroauii B Macuradbax 1:350000—1:1000000 [2].
Cnyrauku Landsat u IRS mo3BossitoT mosydarh JeTaaIu3upOBaHHYIO HH(MOpPMAIUIO C
4acTOTOM 2 pa3a B MeCAll M TPOBOJHUTH HCCIEJOBAHUS TEPPUTOPUM B MACHITAOHOM psiay
1:15000-1:300000 [2].
MOHHUTOPHUHT CENBbCKOX035MCTBEHHBIX TEPPUTOPHUIA:
1) OKTs0pp—Mapr:

o W3yuenne TMHAMUKHA CHEKHOTO TOKPOBA;

o OneHka BiIaroHaKoIJICHUS;

° OrnieHKa MaBOAKOBOW CUTYaIINH;

o OneHka TOTOBHOCTH YIOJUH K CJIEIYIOIIEMY CE30HY.

2) Anpenb—Maii:

. Omnpenenenye MIONMAAN TAITHU, 3aHUMAeMO 03UMBIMHU KYJIbTYPaMHU;

. OrnpezenieHue MmIomaay 3eMellb 0e3 OCeHHEe! MOCcIeyOOpOYHON 00padOTKU MOYBHI;

o O1eHKa COCTOSIHUSL O3UMBIX KYJIBTYpP JUIS BBISBIICHHS W ONpPEACTICHHS TUIOMIAAN apeaioB
JErpajiupOBAHHBIX U MOTUOIINX O3UMBbIX;

o Omnpenenenne TUIOMAIN 3€Meb, HA KOTOPBIX MPOBEACHBI MHKEHEPHO- MEIHOPATUBHBIC
mepomnpusaTs. OIieHKa KadecTBa MPOBEICHHS OCYIIHTEIBHON MEITHOpPAIUH;

o Omnpenenenue ioMIaaN 3eMeb, 3aHATBIX CEJIbCKOX03SiCTBEHHBIMH KYIbTYPaMH;

o Omnpenenenre CTENEHN YBIAKHEHUS TIOYB;

o Omnpenenenue TeMnepaTypbl IOBEPXHOCTH.

3) HoHb—HIOJIb:

o OmnpeneneHre IUIOMAAM 3€MENb O]l 3€PHOBBIMH, IPOMANIHBIMH W TEXHHYECKUMH
KYJIBTYpPaMu;

o OrneHka coCTOSIHUS BCXOAOB KYJbTYD;

o BrrsiBiieHME 09aroB NOBHIIIEHHON 3aCOPEHHOCTH 3€PHOBBIX KYIBTYP;

o Omnpenenenve Mmiaow@aau napoB (Mapbl — IMOJIsA, HE 3aHSATHIE CEbCKOXO3SHCTBEHHBIMU
KYJBTypaMu, HAXOSIIAECS B CTAINH BOCCTAHOBJICHNU);

. OneHka cTenmeHu 3acOpeHHOCTH MapoB. OmnpezaeneHue IJIOLIATUM HApOB, TPEOYIOIIHUX
IPOBE/IEHUS IPOTUBOCOPHSIKOBBIX MEPOIIPUSTHUH;

o BrisiBIIeHHE 04YaroB MOpa)XeHUs 3€PHOBBIX KYIBTYP BCJIEICTBHE CTHXUHHBIX SBICHUH
(rpan, IMBHHU, yparaHsbl, 3acyxa, OKapbl);

o JluHaMuKa CEHOKOCHBIX paboT. OmpeneneHue IUIOMAAM CKOLIEHHBIX CEHOKOCHBIX
YOI,

o OmnepaTuBHas OLIEHKA COCTOSIHUSI PACTHTEIBHOCTH, OIIeHKa (pUTOMACCHI ypoxKas;

. IIpoBeneHue paboOT MO OIMpPENENIEHUI0 YYacTKOB, TPEOYIOIIUX BHECEHUs yI0OpeHuil u
SAJJOXMMHKATOB B ITOYBY ISl TOBBIIIEHUS MPOTYKTUBHOCTH CENTbCKOXO35IICTBEHHBIX KYIbTYP;

o MOHUTOPHHT U OIIEHKA Ka4eCTBa OPOCUTEIBHBIX PadoOT;

o [Tporao3upoBaHue U MpeBapuTENbHAS OLEHKA YPOKaHHOCTH.

4) ABrycT—CEHTSOPb:

. MOHUTOPHHT YOOPOUHBIX PaboT;

. OneHka TOTOBHOCTH YrOJUH K CIEIYIOIEMY CE30HY.

KocMmuueckne CHUMKHU BBICOKOTO pa3pelIeHus MO3BOJIAIOT PEIIaTh 3aJa4y UCCIIEI0BAHUS
TUAPOJOTHYECKOTO pEeXHUMa II0YB, YCTAHOBJICHHS HWCTOYHHKOB W TpaHUI] OOBOJHEHHS,
BbIZICJIEHUsT (10 KOCBEHHBIM IMPU3HAKaM) apeajioB pPaclpOCTPaHEHUs pPa3IMYHBIX BUJIOB
pacteHuil. JlaHHBIE JTUCTAHIIMOHHBIX HW3MEPEHUM IIOMOTalT CJIEAUTh 3a COCTOSTHUEM
€CTECTBEHHBIX yrOJWW, MAacTOMIN M CEHOKOCOB, BBISBISATh M KOHTPOJHMPOBATH Pa3BUTHE
9PO3UOHHBIX TPOIECCOB U BBIPAOATHIBATH MPOTHBOIPO3UOHHBIE MEPOTTPHUSITHSI.



6. O0bexT mucciaenoBanus. OOBEKTOM JAIbHEHIIEr0 WCCIENIOBAaHUSA IIAHUPYETCS
n30paTh CTEMHYIO 30HY YKpauHHI [9], KOTOpas MpOTSIHYJIach C IOT0-3amajaa Ha CEeBEPO-BOCTOK
YKpPauHCKUX TEPPUTOpUN, OT HHU30BHM peku JlyHail 10 10kHBIX oTporoB CpenHepycckoi
BO3BBIILIEHHOCTH Ha pacctosgHue cBoiiie 1000 kunometpos. [llnprHa cTenHON 30HBI MEHSAETCS OT
105 xm Ha 3anazae 1o 310 km Ha BocToke. Ha nonrore Ilepekornckoro nepeuieiika IuprHa CTENN
nocturaer 450 kM. B cremHON 30He VYKpawHBI PACTONOXKEHBI ClEayIolmue 00JacTu:
3anopoxckasi, JuHenponerpoBckas, Opecckasi, XepcoHckas, Huxonaesckas, Jlyranckas wu
Honeukas. [lnomans crenHoN 30HbI YKpPauHbl COCTaBISIET 245 ThIC. KBAaJIPATHBIX KUJIOMETPOB,
win 41 % TeppuTOpUU CTPAHBI.

Penbed ykpamHCKMX cTenel paBHUHHBINM, HO HEOIHOPOAHBIM. FOro-3amamgHyro,
[EHTPATBHYIO U CEBEPOKPHIMCKYIO 30HY 3aHMMAET ClIabopacuiicHEHHas! HEerTyOOKUMHU Oamkamu,
Mectamu 1uiockas [IpuuepHomopckass Hu3MeHHOCTh. Ha BOCTOKE OHa NEpexoauT B Y3KYHO
BOJIHUCTYIO [IpnazoBCcKyt0 HU3MEHHOCTD.

VYKpauHCKME CTENM paclojOKEHbl Ha  YEThIPEX pPa3ju4HbIX IO CTPOCHUIO
reoMOp(OJOTHUECKUX YPOBHSX: JIOHENIKOM, MPUIHETPOBCKOM, OYICKO-JIHEIMPOBCKOM H
npuuepHOMOpcKoM. CTpoeHHE KaKJ0T0 YPOBHS, UX BBICOTHI, 0COOEHHOCTH (hOPM MOBEPXHOCTH
U UX TeHETUYECKOe pa3sHoOoOpasue, TIyOrHa pacuIeHEHHs ONPEIEISIOTCS HEOTEKTOHUYECKIMU
JTBUKEHHUSIMH U CBOCOOPA3HBIM COUETAaHMEM SK30TEHHBIX MPOIIECCOB.

Kimmarnueckue ycnoBus crenei YKpauHsl Msarde, 4em B crersax Bocrounoit EBpasun. B
CTEMHOW 30HE pPAaBHUHHON YacTH VYKpawHbl HauOOJBIINE TEIJIOBBIE PECYpPChI, CaMblil
MPOJIOJDKUTENbHBIN BEreTaIlMOHHBIN MEPUO/I, caMas MaJiasi YBIQKHEHHOCTD.

Cpennsis temrepaTypa siHBapst oT 2 10 9 rpaaycoB Hupke Hyns, urons +20..+24°C.
be3moposnsiii nepuoa npopomkaercs 220 nHel Ha 3amane 30HbI, 150 — Ha ceBepoO-BOCTOKE,
BEreTallMOHHBINA TiepuoA (Bpemst it pocta pacteHuit) mmurea 210—245 nueit. 'ogoBas cymma
ocagkoB u3Mmensierca or 450 mm Ha ceBepe 30HBI 70 350—300 mm B IlpuuepHomopse.
MakcumyM 0CaJKOB BbINAJAET B NEPBOI MOJOBUHE JieTa. BMecTe ¢ TeM 4acThl BECEHHE-JIETHUE
3aCyXH, OCOOEHHO Ha IOro-BOCTOKE 30HbI. CHEKHBIM MOKPOB HEYCTOMYMBBINA, 3UMON OOBIUHBI
OTTEMEIH.

CrenHasi 30Ha YKpauHbl — 3TO OJIHAa W3 MpHU3HAHHBIX >KUTHUL EBpomnbl. [laxoTHble
3eMJIM COCTaBIISIOT OKOJIO 75 % ee 3eMenbHOro GoHaa. 37ech BRIPAIIUBAIOT 3€PHOBHIE, TITaBHBIM
00pa3oM O3UMYIO MIICHHILY, KYKYPY3Y, B FOKHBIX pailoHaX — pHUC. U3 TeXHUYECKUX KYIbTYp
npeodsiajaloT MOJICONHEYHHK, COS, KICHIEBUHA, JIEKAPCTBEHHBbIE U A(DUPOMACITHYHBIE TPaBbI
(xopuanap, mandgeii, naBanna). Ha ceBepo-3amajae 30HBI, B CEBEPHBIX CTEMAX BBIPAIIMBAIOT
CaxapHyl CBEKJIy. YKpaumHCKHME CTenmu Ooratbl NPUPOJHBIMH pECypcaMH — [EHHBIMU
WCKOIIAa€MbIMU, PABHUHHBIMHU 3E€MJISIMU, TUIOJIOPOAHBIMH MOYBAMH, FOXKHBIM TEIJIOM M CBETOM,
MPECHBIMU BOJAMU KPYMHBIX pPEK. DTO pealibHble MNPEANOCBUIKH ISl Pa3BUTUS HAPOJHOTO
XO035I1ICTBAa Ha NMPOMBIIIEHHON OCHOBE C MOCJIEI0BATEIbHBIM MPEOI0JIEHUEM HEOIaronpusTHHIX
IIPUPOJHBIX yCIOBHM [9].

Takum 00pa3oM B JanbHEHIIEM IUIAHUPYETCS NMPOU3BOAMUTH aHAIW3 U IJIAHUPOBAaHUE
TJIOZIOPO/INSL 3€PHOBBIX KYJIBTYp B CTEMHOW 30HEe YKpauHbl (a2 MeHHO, [loHenkoi u Jlyranckoi
00J1aCTSAX) TP MOMOITH JAHHBIX KOCMHYECKOTO MOHHTOPUHTA 3€MJIM YKPAWUHCKUM CITYTHHKOM
«Ciu-2» myrém aHanu3a BereraTuBHOro nHIekca NDVI.

BoiBoabl. ['71aBHBIM TIPEUMYIIIECTBOM BETETAIIMOHHBIX MHICKCOB SIBISETCS HAJIEKHOCTH
U JIETKOCTh MX MOJYYEHHUs, a TAKKe IIMPOKUM AMana3oH pelIaeMbIX C UX MOMOIIBIO 3ajau.
Bererannonnsiii uagekc NDVI sBisieTcss OCHOBHBIM MHCTPYMEHTOM TIPH TIPOBEACHUH Ooiiee
CIOKHBIX TWUIIOB aHalKM3a, pe3yJIbTaTOM KOTOPBIX SBISIIOTCSA TEMaTUYECKHE  KapTbl
CENbCKOXO035MCTBEHHBIX 3eMenb. Heqoctatkamu ncnonb3oBanuss NDVI unaekca siBastoTCS:

. HEBO3MO>KHOCTh UCIIOJIb30BAaHUSI  JIAHHBIX, HE  TPONICANIMX  JTall
paIOMETPUUYECKON KOPPEKIHH (KaTHOPOBKH);
. HaJWU4he TIOTPEIIHOCTEH, BHOCHMBIX TIOTOJHBIMH  YCIOBUSIMH, CHJIHHOU

001aYHOCTBIO U JBIMKOIL;



. OTpaHUYEHUE 0 UCIOJIb30BAHUIO ChbEMKHU TOJILKO BPEMEHEM CE€30HHOM BereTaluu
JUTSL ICCTIEIyeMOT0 PETHOHa.

VYKka3zaHHbIE HEJOCTATKU OMPENETSIOT HANpPABJICHUS Uil JAAJbHEUIIUX HCCICIOBAHMM.
Nunexkc NDVI B nanbHedeM IUIaHUPYETCS MCIIOIB30BaTh IS PEIICHUS 3aJlad TOYHOIO
3emienienusi B peruone Jlonenkoit u Jlyranckoi o0nacteil mpu MCHOJIb30BAHUU KOCMUYECKUX
CHUMKOB OT YKPaWHCKOIo ciyTHUKa «Ciu-2».
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