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Jns pa3paboTku 1UGPOBBIX KapT MOCEBHBIX IUIOMIAZACH B CEIHCKOM
XO341CTBE, a TAKXKE TOBBIIICHUS YPOXKANHOCTU BO3JEIBIBAEMBIX KYIbTYp 4epes-
00pabOTKy TOJYYEHHBIX C MCKYCCTBEHHOTO CIyTHHKAa 3€MJIM CBEJICHUI
HEOOXOoANM psii cpeAcTB. i momydeHus u3 cetu VIHTepHET HEOOXOAMMBIX IS
OCYIIIECTBIICHHS paboThI KOCMHYECKHUX CHHMKOB, COJIEpIKaIINX
MYyJIbTUCTICKTPAIbHYI0 W THIEPCHEKTPAIbHYI0 HH(POPMAINIO, JOCTYIHYIO, B
OCHOBHOM, B 0asze JMaHHBIX HCKYCCTBEHHOro cmyTHuka «Landsaty u gp.,
ucnons3yoTcss  «USGS  LandsatLook  Viewer», «USGS Earthexplorery,
«SAS.Planet», «Google Earth Engine» u 1.n1. mporpammsl. [Ipu nemudpoBanun
CHUMKOB, TIOJYYEHHBIX B pe3yNbTaTe IUCTAHIIMOHHOTO 30HIWPOBAHUS 3€MHOMN
MOBEPXHOCTH, HCIONB3YIOTCA CHelHuanbHble nporpamMMubie obecrieueHus (110)
ERDAS Imagine, ER Mapper, PCI (EASI/PACE), ENVI, Pakypc (Photomod),
SmartTech (MET, HRPT), E-Systems (E-Star). /lanee mepemnada oOpabOTaHHBIX
cBefeHud Ha Kapty ocymectBisiercss ¢ nomompbio [MC, ArcGIS (ArcView,
ArcScene, ArcGlobe, ArcCatalog), a Takke Maplnfo, Panorama, QGIS u npyrux
[1O. Kpome BbllIeyKa3aHHBIX CPEJACTB B IMPOBEICHUHM TOYHBIX HAOIIOIEHUI 3a
CEIIbCKOXO3SMCTBEHHBIMU ~ yTONBSIMH W TMACTOWIAMU  BEIUKO  3HAYCHHE
BozmoxkHocTel [1O «ExactFarming» u OecnunotHukoB. B ocHOBHOM, mpu
U3yYeHUH, NEeMUPPOBAHUN W HAOIIOIEHUIX 32 PACTCHUSAMH, UCTIONB3yeTcss NDVI
(Normalized difference vegetation index, Hopmamu3oBaHHBI BereTanrOHHbIN
MHJIEKC — A3TO MOKa3aTeib 3/I0POBbSl PACTCHHS, KOTOPHI BBIUUCISIETCS TI0 TOMY,
KaK pacTeHHe OTpakaeT W IOTJIOIIAET pa3Hble CBETOBbIC BOJHBI). OH TO3BOJISET
OIIPEETUTh COCTOSIHUE POCTA PACTEHUN Ha UCCIETYEMOM IOJE, MOXKapOOolacHbIe
MECTa, a TaKXKe OLECHUTh YPOXKAMHOCTh 3eMIIe/IE]bUECKUX IUIOIaAed WU
NpPOU3BOAUTEIBHOCTh nacTOWII. JlaHHBII MeTON, B OCHOBHOM MCIIOJIb3YyET
CIIEKTpaJIbHbIC CBOMCTBA JIyueil, najaromux Ha pacrerus (puc.l).
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Puc.1. KpuBbie cBOIiCTB NMTMEHTOB PACTEHUH OTPAKATh U MOIJIOIATH CIIEKTPbI

CnekTpanbHasi XapakTEpUCTUKA PACTEHUM OMpeaesieTcsi CHOCOOHOCThIO UX
JUCTBHEB OTpa)xaTh, IMOIJIONIATh W MPOIMYCKaTh SHEPrUI0 COJHEYHBIX Jydeu



(pammanuio). B nucTeax pacteHuil copepxarcss NUrMeHTbl. OHM OTIMYAIOTCS 1O
CBOICTBaM OTpa)kaTh U IOIJIOLIATh CHEKTPbI, 00ECIEUNBAIOT Pa3HOCTh OTTEHKOB
LBETOB JIMCTHEB pacTeHUU. XJIOpOoYUILI, B OCHOBHOM, Morjomaer cunioro 400-500
HM U KpacHyto 600-700 HM 00JacTH CHEKTpa COMHEYHBIX JIydel. A 3ejieHbIe Ty4uu
OTpaXkaeT, MO3TOMY JIUCThS MHOTMX 3J0POBBIX pPACTEeHUI 3€JE€HOro IBEeTa.
OCHOBHOM TMOTOK OTpa)kKa€MbIX OT JHCTa Jy4yed MNPUXOJUTCA Ha OJIMKHUE
uH(ppakpacHble JTy4ud, AJMHA BOJH KOTOpbix paBHa 700-1300 um. Ero BennumHa
cocrasiger or 30 10 70 % or oObema moToka OOIIel sHepruu, nagarouieil B
3aBUCUMOCTH OT BHUJa pacTeHus. B oOnactu wuHpakpacHOro nuama3zoHa C
JUIMHHBIMU BOJIHAMM KpUBasl CIEKTPAIBHOIO OTPAKEHUS 340pOBbIX JucTheB 1300-
2500 uM BHOBBH moHmkaetrcs. Korma pactenus OoraThl XJI0podHILIOM, OHU
0oOpeTaroT HaCBIIEHHBIN 3€JeHbIA LBET, YTO SBISAETCA MOKa3aTeleM UX 3/I0POBbS.
CrekTpbl B TAKOM CJTydae OTPa)KatoTCs U MOTJIOMIAI0TCS UMU TakK, KakK MOKa3aHo Ha
puc. 1. IIpu HenocTaTke Kakoro-nbo ¢akTopa cocTaB MUTMEHTOB U3MEHSETCS, B
pesynbrate oOpasyercs JApyras croekTpaibHas kpuBas. llpu BbruMcieHuu
HOPMAJIM30BaHHOI'O BETE€TAIlMOHHOTO MH/IEKCA PACTEHUI MPUMEHSETCS CIeAYOIast

dbopmyna:
NIR — RED

NDVI = QiR+ RED

rIe,
NIR - ko3 durueHT oTpakeHus: B OauxKHEH HHPpaKpacHON 00JIaCTH CIIEKTPa;
RED - ko3 duiiueHT oTpakeHus B KpacHON 00JIaCTH CIIEKTpa.

Nunexkc Beraucinenuss NDVI moxer wmenstscss oT (-1) mo 1. Ecmm
nokazarenb NDVI Haxomutcss B mpenenax oT (-1) mo O oH mokasbiBaer
HEOpraHUYeCKue 3JIEMEHTHl (CHETr, BOJa, MOYBa, MECOK, KaMeHb, JOPOTH U JIp.).
3HauYCHKE JAaHHOTO [MOKa3aTes IS pacTeHui OpiBacT oT 0 g0 1(Tadm. 1).

Tabnuya 1.
3navyenue NDVI pa3inuHbIX 00beKTOB 3¢eMHOM NMOBEPXHOCTH
Ko>xdpuument Ko>xppuumenr orpaskenuss B | 3HaueHue
Tun oobexTa OTpasKeHHsl B KPACHOM O01oKHel nHppakpacHoii NDVI
00J1aCTH ClIeKTpa 00J1aCTH ClIeKTpa
I'ycras 0,1 0,5 0,7
pPacTUTEIHHOCTD
Pazpsokennas 0,1 0,3 0,5
pPacTUTEIHHOCTD
OTkphbITas ovBa 0,25 0,3 0,025
O0naka 0,25 0,25 0
CHer U nen 0,375 0,35 -0,05
Bona 0,02 0,01 -0,25
UckyccTBeHHBIE 0,3 0,1 -0,5
MaTepuaisl (OeToH,
acdainbt)

[Ipu n3ydeHun BeretanimoHHOro MHaeKca pactenuit mo NDVI, B ocHOBHOM,
perucTpupyercs B 3 C€30Ha — BECEHHHM IEpPHOJ Pa3BUTHS, CEpEIMHE JieTa



cepeaune oceHu (puc. 2). Ha puc. 2 mnokazaH oOpaOOTaHHBIM KOCMHYECKHI
CHHUMOK, TIOJIYYEHHBIH B cepeuHe oceHH. [lnomanb ¢ pacTeHUSAMH COACPKUT
Pa3HOILIBETHBIE THUKCENIU. B KaueCTBEHHBIX CHUMKAX KaXIbl MHUKCEIb MOXET
npumMepHo otobpaxats 10-30 meTpoB 3emHOI moBepxHocTH. 3HaueHue NDVI B
3€JICHBIX MHUKCENIIX MOBTOPHO 00paOOTaHHBIX KOCMUYECKHMX CHUMKOB paBHO 0,5-
0,6 B 3aBUCHMOCTH OT HACBIIIEHHOCTH I[B€Ta, YTO TOBOPUT O 3J0POBOM
pactutenbHoM mokpoBe. Ecnu 310 3Hauenue paBHO 0,7, 3TO MOKa3bIBAET T'YCTYIO
pacTUTENIBLHOCTD, cajibl. B Mectax, riae ectb BbIcOXIUEe TpaBbl, 3HaueHne NDVI
pasoo 0,15, d4ro roBOopUT O
HaJUYUU  TaM  OPraHUYECKUX
OTXOZOB, B JTOM CcClly4ae 3]1eCh
nokazarenb NDVI Hukorma He
oyner paBeH 0. Ha xocMuueckux

NDVI=0,15

__ NDVI=0,23

CHUMKaX, MOJIYYEHHBIX B
001auHy0 HOToly C
UCKYCCTBEHHOTO CIyTHHMKA, 3TO
3HaueHue  paBHo 0. M3-3a

OIMOOYHBIX JIAHHBIX B  3TOM
clly4ae BBIOMPAIOTCS KOCMHYEC-
KWE CHUMKH, CJICJIAaHHBIC B SICHBIC
Oe3o0ilaunple OHU. Tak Kak B
Halllel CcTpaHe Majo O0JIaYHbIX
THEHN, 3TOT METOJl UMEET OOJIBIIOE
3HaueHue. B BoJHOM MOKpoBe Ha
3eMIIeJIETTbYECKUX WIH MaCTOMIIIHBIX Puc. 2. lannnie NDVI
TEPPUTOPUSIX 3HAUCHUE UHJEKca paBHO —0,25.  3emileneb4ecKHX Yroauii 0CEHBIO

B nacrtosiee BpeMs MOBBIIIACTCS 3HAYEHHE HMCIONIB30BaHUS ApoHOB. 1o
Hay4YHBIM JIaHHBIM, B OYyIIIEM YPOBEHb HCHOJb30BaHUs IpOoHOB nocturHet 80%.
Ha ceromgnsmuuii nenp 3gdextuBHo padoraer HOBBIM ApoH «P4 Multispektraly,
MPOU3BOIUMBIA YacTHOW Kutaiickoil kommanueit «SZ DIJI Technology» mus
CEJIbCKOT0 XO035IMCTBA. PazpelieHue MaHHbBIX, MOJYYEHHBIX YCTPOWCTBOM, OYEHbB
BbicOko€. OHHM OTIMYAIOTCS TOYHOCTHIO. Kaxaplii muKcenb cnocoO0eH 0ToOpa3uTh
MpuUMepHO 3-4 CM 3€MHOU MOBEPXHOCTU. IJTO MO3BOJISIET B PEXKUME PEATBHOTO
BPEMEHU C TOYHOCTHIO TMOCMOTPETH COCTOSHUE POCTAa PACTEHUN Ha IMOCEBHBIX
TUTOMIASX, YETO U HA KaKMX ydacTKaxX He XBaTaer.

[IpumeHeHne TakuX METOJOB B YIPABICHUU CEIbCKUM XO3SHCTBOM
MO3BOJISIET TOBBICUTH KOHTPOJIb 32 XOJIOM PabOT Ha 3eMIICNIETBUYECKUX YTOJbAX,
COCTOSSHUEM pOCTa PACTCHHM, IOYBBI, MOBBICUTH YPOXAWHOCTH, BBITOJHUTH
paboThI B KOPOTKOE BpeMsi, U3y4aTh OMOMACCy MacTOMUII.
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