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Ha OCHOBE SKCIIEPHMERTANBHBIX MATEPHATIOB U CYTHUKOBBIX JAHHBIX MPOAHANMINPOBAHDI B3AUMO3ABH-
CHMOCTH MEK/Y HOPMATM3IOBAHHBIM TuddepeHUHANBHEIM BErETAUROHHBIM HHICKCOM | CYMMapHO# Npu-
xonsel paguane, CyMMapHBIM HCITAPEHUCM, cpenHeli IPU3EMHOR TEMIEPATYPOH BO3JIYXa 3a BereTanu-
OHHBI EPHOJ, 2 TAKKE TAKUMHA CTPYKTYPHBIMH XapaKTEPUCTHKAMU PACTHTEJILHOTO MOKpOBa, KAK €ro
HAJ3eMHas (PUTOMACCA M HAI3eMHas NEPBUUHAA OUONOrHIECKas NPOAYKIHA. Asanuz npoOBOIHACA Ha OC-
HOBE TAHHBLIX 7S PABHUHHDBIX TeppuTopHil Epponeiickoi yactn Poccun u Bamagnoii Cubupu. TTokasako,
YTO IS STUX TEPPHTOPHI IIHPOTHBIE PACHPENEIIEHNs: BENHIHH BErCTAHOHHOrO HHACKCA U paccMaTpuBa-
eMBIX CTPYKTYPHBIX XaPAKTEPHCTUK PACTUTEIBHOTO MOKPOBA HE COBMANAIOT. 3aBUCHMMOCTH MEXKEY CTPYK-
TYPHBIMEA XAPAKTEPHCTHKAMH PACTUTENLHOIO MOKPOBA (brToMacca, IPORYKUHMSA) ¥ 3HAUSHUSMH BETETa-
LUOHKOTO HALEKCA HMEIOT BMfL (PyHKIMI C HACKIIECHUEM. 3aBHCUMOCTH MEXY 3HAUSHUAMN BETETALHOH-
HOTO HHAEKCA W PACCMATPHBAEMBIMY KIHMATHUECKMMH NapaMeTpami MMEroT KOMOKOIOOOpasHbIH BUI.
TpoBeneHHLIA AHAIH3 TOKa3al, UTO HOpMAaTH30BAHHBIH muddepeHuuanbHBIR BEreTAUMOHHBIA HHASKC HE
ABNAETCH HEIHKATOPOM IS 3HAYCHUI HAA3eMHOM NEPBAHOH SHONOrA9ECKON NPOJYKIHH PACTATENEHOIO

IOKPOBA H €r0 Hag3eMHOT (PUTOMACCHI B IPEJENax pacCMATPHBAEMBIX TEPPUTOPHH.

BBEJIEHUE

PacTurenpHbIl [OKPOB Hai3¢MHBIX ZKOCHCTEM
UrpaeT CYLIECTBEHHYIO pOJb B KAUMATHYECKOH CH-
cTEeMe MIaHeTbl. M3MeHeHHs B ero CBOHCTBaxX IO-
POKIAIOT H3MEHEHUS B PaIHAllHOHKHAIX XapakTepH-
CTHKAX [OBEPXHOCTH CYIIH, €€ [IEPOXOBATOCTH, [H-
HAMHKH [POUECCOR Temnos/larooOMeHa B CHCTEMC
aTMochepa—TIONCTANAIAs HOBEPXHOCTD. HsmeHs-
I0TCA PHEprooGMeH MEXAy CYIIEeHd H armMoctepod,
GHOrCOXUMHYECKHE IPOHECChl B FIO0AILHOM M pe-
rHoHATLEOM MacmTabax [1-3].

C pa3sBHTHEM CHCTEMBI CIYTHHKOBOTO MOHHTO-
PHHFa PaEAN¥OHHbIX MO KIMMATHYECKO# CHCTe-
MbI pa3padaThIBAMHACH JUCTAHIIHOHHBIE METO/BI aHAa-
NHM3a ¥ KapTHPOBAHHS HA3CMHOIrO pAacTHTEIBHOI'O
IOKPOBa Ha NOKAJIbHOM, PETHOHANLHOMH U riio0aib-
HOM ypoBHAX. IIpAMbIC H3MepeHus CTPYKTYPHBIX Xa-
PAKTEPHCTHK PACTHTENBHOTO MOKPOBa (TaKHX Kak
(puromacca, GHONOrHIECKas NPOXYKIHA, HHIEKC JId-
CTOBOH IMOBEPXHOCTH ¥ AP.) AAs OONBIIKX TEPPHTO-
pHii NPaKTHIECKH HEBO3MOXHbL. (36BIYHO HX 3HAYE-
HHSI OTIPEENAIOT Ha IKCOEPHMEHTANBHBIX IIOMHAA-
Kax | T0JIyueHHBIE PE3YyABTAThl PACHPOCTPAHAIOT Ha
CPAaBHATENILHO OTHOPOAHDBIC HO KIMMATY H TUILY pac-

THTeNLHOCTH PErHOHBl. AHAMN3 XApaKTEPHCTHUE
[ONCTHNAIOLIEH MOBSPXHOCTH C HOMOIIBIO JUCTaH-
[IHOHHBLIX METONOB, CCHOBAHHAIX Ha €€ OTPaXaTelb-
HEIX CBOICTBAx, B HACTOSILEE BPEMS NO3BOMAET NO-
Ny4ATs UHGOPMALKIO O AOCTATOUHO GOABIIAX TEP-
puTopusix. ONHAKO HA OTpakKaTeNbHBIE CBOMCTBA
MONCTHNAIOIEH MOBEPXHOCTH BJIMAET MHOXECTBO
dhaxTOpoB: (PEHOJOTHIECKOE COCTOSHAE PACTHTENb-
HOTO MOKPOBA, NOMUHAPYIOUIHA BUJ PaCTCHHH, THI
(uTOoUEHO3a, CTENEHb €ro NOBPEXIEHHUS, YCIOBHI
HaGniofeHns (BLICOTA COMHUA, Yroia HAGHIOMEHHS),
ocgeleHne (FOAA NpPAMOli B PaccessHHOH pagHailuH,
TPO3PaYHOCTh ATMOCGEPHI), NOTONHbIE YCIOBUA {0b-
MAYMHOCTD, BIAKHOCTE BO3MYXa, TEMIIEPATYPA BO3AY-
xa), THII B BIasKHOCTD [IOYBBI H 1p. TOYHOCTE JaHHbIX
CIly THUKOBOTO MOHHTOPHHIA PACTATENBHOTO IIOKPO-
Ba TAKKe 3aBHCHT OT MHOTOUHCIEHHBIX (PaKTOPOB
TEXHHUYECKOrO XapaKTepa, B TOM YHC/Ee OT KOPPEKT-
HOCTH ydeTa 3eHUTHOro yriaa ConHua, reOMETpHH
HaOniogennii, Apedda KanuOpOBKM anmapaTypel,
npeiica opOMTHI CIIyTHHKA H IP.

PACTHTEALHOCTh MOTNOUIAST COJIHEYHYIO PalHa-
LU0 TPEHMYIIECTBEHHO B BHIHMOM (kpacHOM)
(0.58-0.68 MKM) Juana3oHe COTHEYHOTO CHEKTPA,
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OTPAXKAeT H PACCEMBAET €€ B GNIKHEeM HH(pakpac-
roM (0.73-1.1 Mxm) fHanasoHe. DIEKTPOMATHHUTHBII
CBETOBOH CNIEKTP PaCTRETEABHOTO [IOJIOTA H3MEHSET-
€l ¢ THIIOM PACTHTENLHBOCTH H ¢ Er0 pOCTOBOi hazol
IPyE Pa3sIuYHBIX YCIOBHAX BHEWHEN Ccpefbl. OTO
CBONCTBO PaCTHTENILHOrO MOKPOBA HCIONB3YETCA B
MHCTAHUMOHHBIX METONAX NS AHANM3a PA3BUTHS
PacTHTENBHOCTH M ee cocToskud. Haubonee yacro
HCTIONB3YIOT H3MEPEHUS, TONYYaeMbIe C TIOMOMILIO
YCOBEPILEHCTBORAHHBIX  PAaHOMETPOB  BBICOKOTO
paspemenua AVHRR (Advanced Very High Resolu-
tion Radiometer), KoTOpbIe YCTAHOBIEHBI HA CITYTHH-
kax HanuoxansHOro ympaBaeHns MO HCCNETOBAHMIO
okeana m atMoctepnl (NOAA) CIITA. dukcupyemoe
PaMOMeTPaMH BOCXOJSINEE OT 3eMIH H3yUYeHHE B
BUOHMOM I ONMXHEM HH(PaKpacCHOM [aana3OHax
NEKTPOMACHHTHOTO CHEKTPA KCMOML3YIOT JJIs OIH-
CaHHsi CTPYKTYPHBIX XapaKTEPUCTUK PACTHATENLHOIO
nokposa. C 3Tol HENbIO NPEATOKeH Ps PAZTHUHEIX
anreOpan4ecKux KOMOMHAUMI Pe3ynbTaTOB CIYTHH-
KOBbIX H3MEPEHUH B YKa3aHHBIX THATIA30HAX CIEKT-
pa, KOTOphie ObiMN HA3BAHLI BEreTALMOHHBIMU HH-
gekcamu [4, 51.

B nacroameii paoTe Ha OCHOBE IKCHEPUMEHTANDb-
HBIX MaTCPHANIOB ¥ CIYTHUKOBBIX JJAHHBIX [[POAHATIH-
3MpOBaHbl B3aMMO3AaBHCHMOCTH MeXy Haubonee
YHHBEPCANBHBIM HHAEKCOM BETETAHOHHOH aKTHRHO-
CTH Ha3eMHOM PACTHTEIBHOCTH — HOPMAIR30BAHHbIM
ordhbepeHIHaATEHBIM BETETALMOHHBIM HHIEKCOM, C
OJIHOI:'! CTOPOHBL, B PATOM KIAMATHICCKAX napamMmeT-
pPOB H (DUTOMETPHYECKHX XapaKTEePHCTHK pacCTH-
TENBHOTO MOKPOBa ¢ APYroM.

NDVI 1 CTPYKTYPHEIE
XAPAKTEPUCTHUKH PACTUTEJIBHOTO
MOKPOBA

Hopmanuszosanusii nudpepeHUHATBHBIA BeTe-
TauuoHHbIi uuRekc (Normalized Difference Vegeta-
tion Index — NDVI) onpenensieTcs Kak HOPMHAPOBAH-
Has pa3sHOCTh APKOCTeH M300paKCHHS MONCTHIAIO-
el MOBEPXHOCTH B BHMMOM (KpacHoM) (f3) H
OnmkHeM uH(ppakpacHoM ( f;) nHanasonax

NDVI = 22201

Hhi+f2
3BnaveHus 3TOH BETHYMHBI MOTYT H3MEHSTHCS B IHa-
naszoue or —1 go 1. JIns nogcTHnAIEd N0BEPXHO-
CTH, [HOKPBITOH 3€NIEHOH PaCTATENBHOCTRI), BEIMYHHA
f> Bcerna 0oMbIIe BEIHYHHLL f), IOITOMY 3HAYECHHSA
NDVI nonoxurensibie. Ha 0CHOBE CIyTHHKOBBIX H
Ha3eMHBIX H3MEPEHMI YCTAHOBICHO, YTO AJIs pacTe-
Hull B HOpManbHOM coctosiHun NDVI Gauzok k 0.6~
0.65, nuskue 3Hauenns NDVI (nopsagka 0.3-0.4) cu-
IETEALCTBYIOT O HEAOCTATKE BJAArH HIIH O 3a60NeBa-
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HHH pacTeHHH, A1 MYCTLINL OTMedaeTcs NDVI un-
xe (.02 [6, 7]. B pape paort [8—10] sToT unpexc pac-
CMaTPHBaETCS KakK COBOKYIIHOCTL  YCIIOBHIf
OKPYKAIOMIEH Cpeibl, KOTOpPBIE OMpPENeHsioT CKO-
POCTh MNPOAYKIHACHHOTO TNPOLECCa pPacTUTENBHOIO
nokpoea. [Io MEeHHIO aBTOpOB 3THX paGor, NDVI
ABNACTCS HHTEr PATBHBIM [IOKA3aTeIeM BEreTAIIHOH-
HOU AKTHBHOCTH HA3¢MHOI pacTHTETLHOCTH.

IMocne Belydcrienna zHadenuii NDVI Bozuukaer
3afayva, KakKuM oGpazoM Ha OCHOBE STHUX BENHYNH Xa-
PAKTEPH30BaTh CBOMCTBA PAaCTHTENBHOTO MOKPOBa
H, B IEPBYIO O49epeNb, ET0 CTPYKTYPHBIE XapakTepu-
CTHKH, TAKWC Kax Han3eMuas puroMacca, Han3eMHas
neppuYHas OHONIOruYecKkas npoyxiuus (net primary
production — NPP), uHgeKc JHCTOBOH MOBEPXHOCTH
(leaf area index — LAT). Hagzemuas duromacea onpe-
HeaseTcss KOMHIECTBOM OPFaHHYeCKOI'o BellecTBa
HAE3&MHOM YACTH PACTUTENLHOCTH HA EXHHUIIC MG~
magn. PaccunThiBacTcs 3Ta BelMdYHHA B eNHHUIAX
CYXOr'0 BECa OPraHHYecKOro BEllecTBA H H3MEPSeT-
¢s1, KaKk paBuno, B T/ra. Hagzemuas nepeiuHas 6uo-
JorudecKas IpONyKIHs ONpedesieTCs KONHYECTBOM
OpraHHYECKOro BEUIECTBA, HAPACTAXOLIAM 34 OIpe-
AENEHHbIA HHTEPBAN BPpeMEHH (OOBIMHO 3TO TOM) Ha
€IHHULE MIOLANM B HAJ3EMHOH YACTH PaCTHTEIbHO-
ro nokposa. PaccunreiBaerca NPP B emuHnIax cyxo-
ro BECa OPraHHIecKOro BeECTBa H H3MEPALETCS, KaK
MpaBUNO, B T/Ta B rog. MeTons! eeruacienns NPP no-
gpodbHO paccMoTpeHb! B [11]. MlHoeRc AuCTORONH no-
BEPXHOCTH MOKa3bIBaeT, BO CKOIBKO Pa3 OJHOCTO-
POHHSISL IOIIAAE THCTHEB NPEBLUNAET INIOMATEb MH-
HEMAJIBHOTO OCHOBAaHWA BEPTHKAIBHOrO cronda,
BHYTPH KOTOPOIO 3TH JUCTLS HAXORATCH.

Ha ocHOBe Ha3eMHBIX H3MEPEHHH i CIYTHUKOBOM
HH(popManuu OBLIH YCTAHOBICHBI JIOKANBHBIE CTa-
TUCTHYECKHE 3aBHCUMOCTH Mexny NDVI u nponyk-
IHeH HEKOTOPBIX CENbCKOXO3AUCTBEHHBIX KYAbTYP.
Hanpumep, B [12] paccMoTpeHa 3aBHCHMOCTE YpO-
Kasg XJIONKAa HA 3aCONEHHOH TOYBE OT 3HAYEHME
NDVI, B [13] npuBegeHbl COOTHOIIEHHS 3HaYCHME
Ha3EMHOI (YUTOMACCHI Psida 3EPHOBBIX KYNBTYP U
snaucHui NDVL

Mopenn npopykiuoHHON adhdekrusrOCTH (pro-
duction efficiency models — PEMS) DO3BOAAIOT Bbl-
YHCHATH NOMNIOMICHHYIO PACTHTEABHBIM MOKPOBOM
(poTOCHHTETHYECKH AKTHBHYIO panuauuio (absorbed
photosynthetically active radiation — APAR) ua ocso-
Be COYTHUKOBOIO MOHUTOPHHTA NONCTAIAIOWEN HO-
BEPXHOCTH H TEM CaMBIM CBSI3aTh CHYTHHKOBBIE IAH-
Hble ¢ OHOTOrHYECKOM MPOAYKTHBHOCTBIO KAK HA pe-
raoHanbHOM [14-16], Tak B rmoGanbHOM YpPOBHAX
[17-19]. Mopenu 3TOro THIA OCHOBAHLI Ha AJITOPHT-
Me Kymapa—Monreirra [8], cornacHo xoTopomy
HacTk (POTOCHHTETHYECKA AKTUBHON pagHatyH, NO-
PIOIBEHHOE pacTUTenbHbIM noxkpoeoM (fraction of
Ne 4
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photosynthetically active radiation — FPAR), siBasiercs
dykuueii or NDVI. Ha ocnose sHadennii FPAR u
COYTHMKOBBIX N2HHBIX O MOCTYNAKWEH HA MOACTH-
HAOMYI0 OOBEPXHOCTE (POTOCHHTETHHECKH AKTHE-
HOM paJiHalHi MOXHO paccuuTaTh 3Ha4eHus APAR.
[TponyKTHBHOCTh PACTHTENLHOIO MOKPOBA ONpene-
naetca kak yakius APAR u agexTHBHOCTH, € KO-
TOpOH pacTHTENBHOCTE DpeobpasyeT APAR B uto-
Maccy. MeTog fIpiMeHseTCsl KaK I npuOIHKeHHO-
FO pacyeTa HPOCTPAHCTBEHHOTO paclpe/ieaeHus
NPP pa3sniuHBIX THIOB DACTHTEILHOCTH, TaK M 1A
NONYYEHHs] OLEHKH MEXCEe30HHOH NMHAMUKH 3TOH
pennunnsl. B PEMs cTpykTypa pacTHTCABHOrO nO-
10ra i ero (PeHOI0THS ONPENEHKOTC KaK (PyHKIAH
FPAR. Pasnuuust B napaMeTpU3alil MOAEREH, Ipex-
HONOXEHNIX O CTPYKTYPE pacTUTENBHOCTH, IPERIIO-
naraeMoi UyBCTBHTENBHOCTH K (PakTOpaM OKpyKa-
I0LIel Cpefbl NPUBOAST K TOMY, 4TO IOJAYYaeMble
OUEHKH TS (PUTOMACCHI ¥ IEPBUYHON TPORYKLHM
BAPLUPYIOT KaK B IPOCTPAHCTBE, TAK H BO BPCMEHH
[11,20]. KoaddanueHTs KOPPEeAsSLHN MEXAY M-
PHUUECKH M3MEPEHHBIMU 3HAYECHUSMH M UX MOAE/b-
HbIMH OUEHKAMH Hag3eMHOH (PUTOMACCHI M Ha3eM-
Hoit NPP gexat B guanazoue ot 0.5 o 0.9 [21].

3HavyeHde HHJIEKCA THCTOBOH NMOBEPXHOCTH ONpe-
pensiercd (POTOCHHTEZHUPYIOLEH YACTHIO pACTEHHI.
LAl okaspiBaeT GOABIIOE BIUAHHE Ha H3IMEHEHHE
CIEKTPANBHOIO COCTaBa OTPaKeHHOW pajuauud u
BXOIUT HPAKTHYECKH BO BCE MOAENH IPOAYKHHOHHO-
TO NpoLEcca B KAYECTBE OOHON M3 OCHOBHBIX Xapak-
TEPHCTHK PACcTHTENLHOrO nokposa. Ha ocHoOBe akc-
MEPUMENTANBHBIX JAHHBIX H COYTHHKOBOH HHGOp-
Mauus ObUtd nonyvensl 3apucumoctd LA ot NDVI
[9, 22]. Onenka LAl Ha OCHOBE CILYTHHKOBBIX FAHHBIX
C yYETOM MOPOCTPAHCTBEHHOTO paclpefeneHus Ju-
CTHEB, UX I[BETR, NIOYBEHHOTO BIHSHEA, NI Pas3jiHd-
HBIX CBETOBBIX ycnoBHil Oblaa caenana B [23]. C uc-
MOJIb30BAHMEM 3IKCIEPUMEHTATLHBIX HAaHHBIX OBLIO
foKasaHo, 4To omubKa B oneHke LA no cnyTHHKO-
BBIM JAHHBIM N7l MaJbiX 3HAYEHHH JHCTOBOCO HH-
nekca (mo 1 M%/m%) nesnayurtensHa (He Gonee 1%).
Onnako ¢ pocromM 3HadeHmid LAI omurOka yBeauan-
BaeTcA U cocraBiacT bonee 35% mnz LAI or 3 no
5 m2/v%. B [24] orMeueno, uTo npe 3HadeHuAx LAI
BbIie 6 M2/M? KOppensaunoHHas cBa3b Mexay LAL u
NDVI orcyrcTByeT. Bennuuua LAL xapakTepH3yer,
B 44CTHOCTH, COMKHYTOCTH MOJIOra PacTHTEABHOTO
HOKPOBA, BEIMYHHY €0 NMPOEKTHUBHOIO HOKPLITHA.
Hanpumep, B yMepeHHBIX minpoTax CeBepHOTO 1MO-
MYIIapHsT BPOEKTHBHOC MNOKPBITHE PACTUTEIBHOTO
nokposa gocruraer 100% npu 3vavennu LAL pag-
oM 3 m2/m? [25, 26]. B [27] orMeuaeres, aro NDVI
HMeeT MakcuMansHoe 3HadeHue npu 40-60% npoex-
TUBHOTO OKPBITHS PACTHTEILHONO Nokposa. B [28]
clenad BBIBOJN O TOM, MITO NPH COMKHYTOM PacTH-
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TONYBATHUKOB, JEHNCEHKO

TENILHOM [IOJIOTE M3MEHEHUS OTPaKeHMs B Onmxaii-
meM HH¢PaKpacCHOM AHAIIA30HE CIEKTPA HEe IPOKCXO-
naT. B [29] yeranosaeHO, YTO CYTHAKOBLIE TaHHEIC
uH()OPMATHBHEI IHIIE IIPH COMKHYTOCTH PaCcTATENb-
Horo nokposa MeHee 50%, T.€. MpH CYIIECTBOBAHHH
KOHTpAcTa PacTUTENBHOCTE—TIOUBA. JTO YCIOBUE Xa-
pPaKTEpPHO [ APHAHBIX H MIOIy2PHAHBIX PETHOHOB, a
TaxsKe RJIA PAHOHOB C PA3BHTLIM PacTHTENbHBIM ITO-
KPOBOM B Havalle BEereTAlHOHHOrO NEpHOfa. ¥ crewi-
HOe npuMeHeHre nadopManne 0 NDVI npu nsyuenuu
pPacTHTENLHOrO MOKPOBA APHAHLIX U [0JYAPUAHBIX
PErHOHOB MHPA, B UACTHOCTH, [/t KapTorpaguposa-
HHA ONYCTLIHUBaHuA, H3yueHns 3acyx [30, 311, mon-
TBEPKAAET BBIBOZBI aBTOPOB paboThI [29].

METOAUKA MCCIAETOBAHUWA
U AHAIIM3 PE3VIIBTATOB

B pafoTe HCNOAB30BAMMCH CPEJHHE 3HAYMCHHS
NDVI za seretangonssle nepuofbl 1982-2000 rr. Ha
IPOCTPAHCTBEHHON CeTKe ¢ paspetienuem 1°X 1°
reorpacduteckoil IupoThH i JoaroTsl [32]. Cpeanne
33 BEreTAllHOHHBIE NEPHOABI BENMYMHBI CYMMapHOrO
WCTIAPEHMs] BBIYHCICHLl HA OCHOBE RAHHBIX [33].
CpenHue 3524eHHs OPH3EMHON TEMIIEPATYPbI BO3IY-
Xa 33 paccMaTpHBaeMble NEPUOMbI ONpEeleIeHbl W3
Bazs1 ganueix UEA/CRU [34, 35]. BenuunHbl cyM-
MApHOW CONHEYHOH pagHaUMH 3a BEreTAUHOHHBIC
[EPHOMNBI PACCUHTAHBI HA OCHOBE IAHHDbIX, TPUBENCH-
HBIX B [36].

Ananms BzamMoceasu NDVI ¢ KmaMaTHYeCKUMH
mapaMeTpaMHi B CTPYKTYPHBIMH XapaKTepUCTHKAMH
PACTHTENBHOTO MOKPOBA MPOBEJEH HA JAHHLIX NI
paBHEHHHBIX Teppuropnii Esponeiickoit wacra Poc-
cud u Bananuoii Cnbnpu. I'opHbie palloHBI He pac-
CMATpPHBAKACH, TAK KaK B ropax HaOMIOMaloTCsA TakKue
[ONONHATEILHBIE ONTHYECKHE 2(pPEKThI, KaK pasHasi
OCBElIEHHOCTE CKIIOHOB, BAUAHHE 3aTEHEHHOCTH, pe3-
KO¢ H3MEHEHWE TeMIIePaTypHbIX H pajHallHOHHBIX
[PaTHEHTOR | Ap., KOTOPbIC TPEOYIOT CIEUHMATLHbIX
METOOB HccneqoraHmsl. PaccMaTpaBaeMble TEPPHTO-
PMH Pa3HOPORHBI KaK IO KNXMMATHYECKAM Napamer-
paM, Tak H A0 COCTAB/SAIOIMM WX THHAM PacTHTE/Ib-
HbIX popmauyit. NS 3THX TEeppHTOpUH UMEeTCs
fonpiuast 5a3a MaHHBIX SMIMPUYECKUK 3HAYEHHHA nep-

BUYHOM GHOTOTHYECKOH NPONYKIHE W (QUTOMACCHI
[37, 38].

BasucuMoCcTH MexXay 3HaqeHmsMu NDVI, kauma-
THYECKHX TapaMeTpOB U CTPYKTYPHBIX XapaKTepH-
CTHK PACTHTENBHOIO NOKPOBA MOJYYEHBI HA OCHOBE
CPABHEHES JJAHHBIX B KAKJIOM Y3/1€ TPagyCHOM CETKH
IS paccMaTpPHBAEMBIX TEPPHTOPHI.

Ha puc. | npuBeeHb! IMAPOTHEIE PacNpeeneHus
BeNUYHH Hafg3eMHbix NPP B pHTOMACCE] MO JaHHBIM
U1 BTOPOH NONMOBHHEBI XX BEKa, a TAKXKE BENHIHH
Ne 4
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Puc. 1. lllupoTHele pacnpefeNic HEA BENHINH HOPMan3oBaHHoro gucdgepenunansHoro sereTablHorHoro kHaexca (NDVI) (a),
Haj3eMHON NepBHUHON SHonoruueckoil npogykuun (NPP) (6) u nansemuoit uromaccesl (P) (B) nng Esponeiickoil uactu Poc-
cuu (cnnowgas nuuust) u 3anagsoi Cubupn (DyHKTHPHAS JTHHNS).

NDVI gna Esponefickoit yacta Pocenn u 3anagHo
Cubupr. MakcuManbpHBIC 3HAYECHHMA YCPEOHEHHBIX
no mwuportam 3Havesnid NDVI pa paccqaTpuBaembix
TEPPHTOPHAX NPAKTHYECKH OTHHAKOBbI — 0KomNo (.7
(puc. 1a). Ha Epponeiickoi wactu Poccun 3Ta 3Haue-
Hug NDVI pabaropgarotes B nosice WKHPOT OKONO 58°—
62°N. B 3ananxoii CHOMpH MaKCHMAILHBIE 3HA'E-
Hust NDVI xapakrepssl gitg Sonee y3Koro nosica m-
poT okoso 57°-59°N. Ha Espouneiickoit yactu Poc-

W3BECTHUA PAH. PU3UKA ATMOCPEPLI 1 OKEAHA

cuH oxHee 58°N mabmopaeTcsa NageHHe 3HAYEHHHI
NDVI nputauzarensro go 0.37 s pajione 47°N, no-
cne yero zHaveHuss NDVI ysennunsaores go 0.5 k
45°N. CepepHee 62°N HaOMI0aeTCA NIABHOE YMEHE-
menye sHadenuii NDVI no 0.52 okoao 69°N. Qs 3a-
nagnofi Cudupu obias TeHJeHLHS H3MEHEHNS 3Ha-
yeHr#i NDVI aHamorm4sa xapakTepy H3MEHEHHI
3TOH BeaMYHHbl Ha EpBponeiickoll gactu Poccun.
Krory or 57°N mabmiogaercsa najcHUE 3HAUCHHH
Ne 4
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NDVI nputauzurensio go 0.59 s paifiore 54°-53°N.
[0xnee 53°N 3pauennst NDVI ymensmarores o 0.46
B paiiore 51°N. Cepepree 59°N NpoHCXOIUT MIIaBHOE
yMeHbInenne 3navennit NDVI no 041 okono 70°N,
mocne vero 3uavenus NDVI HesHaunTensHO yBENH-
yngaroTea go 0.44 k 71°N. K ceBepy ot 71°N 3na4e-
uusg NDVI ymenbmatores o 0.27 B pafione 76°N.

M3 rpadukoB Ha pac. 16 BufgHO, 4TO IMIHPHYE-
CKHE 3aBUCHMOCTH 3HaYeHUH Haa3zeMHERIX NPP oT mnH-
pPOTBI ANl pazHbIX PETHOHOB POCCHE CYHIECTBEHHO
pasnuuatoTcs. Ha Espomneiickoil yactn Poccum mam-
Gonpiume 3uadenns NPP nposBisaoTcd B osce IiH-
pot oxono 54°-39°N (makcumym NPP okono 8.7 1/ra
33 BEreTAUMOHHBIA TepHO] AOCTHraeTcs B padoHe
58°N). Ansa 3anaguoi Cubupyu NHPOTHHIH AHANMA30H
¢ HanbonbiaMHy 2HaueHusAMU NPP Oonee y3rui nNpH-
GmuzuTennHo 54°-57°N ¢ magcuMymoM NPP okono
6 1/ra 3a BereTanMOHHBIA Nepuoj B pafioHe 56°—
57°N. Jna Epponetickoi yacrn PocCli xapakTepHo
peskoe najgenue 3nadeHmii NPP k cepepy u 1ory ot
[IHPOTHOH 30HBI ¢ HANOONBIINMH €€ 3HAYEHHUAMH: 10
2.6 1/ra 3a BereTAIMOHHBIA nepyuoyn B paitone 50°N u
5.3 T/ra 3a BereTauUOHHBLIA NIEPHO] B paitore 61°N.
B 6onee wo:xHbIX mHpoTax Eeponeiickof wactu Poc-
cud nabNoIacTed He3HAYHTENBHOE YBENHYeHHUE 3HA-
vennit NPP no 3.4 1/ra 3a BereTauuoOHHLIA Nepuop.
K cesepy ot 61°N npoponxaeTcs yMEHbIIEHHE 3HA-
uenuii NPP. B nosice nmpot 61°~65°N oHO HezHayu-
TenbHOE, 10 4.5 T/ra 3a BereTAMOHHLIN NIepHoN, 3a-
TEM pe3Koe YMeHbIIeHRe Ao 1.7 T/ra 3a BereTansoH-
HBIHl nepuof B padoHe 68°-69°N. Ina 3amapnoi
CunGHpH XapakTePHO PE3K0e YMEHbIIEHRAE 3HAYEHAH
NPP & 1ory ot 55°N f10 3 T/ra 3a BereTaHOHHBIH fe-
puon B paifone 51°N 1 JOCTaTOYHO NIABHOE YMEHb-
menme zHaveHuil NPP k cepepy ot 58°N go 7.3 1/ra
3a BereTal[MOHHBIH NepHon B paiiode 76°N.

W3z rpachukos na puc. 1B ClefyeT, 4TO IMIUpHe-
CKHE 3aBHCHMOCTH (PUTOMACCHI OT INHPOTHI A pac-
CMaTpHBAacMBIX PEerHOHOB PoccHH HMeroT Cylne-
creennble otnauna. Ha Esponeifickoit wactu Poccnn
HauGonsIMe 3HAYEHHSA (PUTOMACCE] IPOABAAIOTCA B
nosice HUPOT 0KoNo 55°—-60°N ¢ MaRCHMyMOM OKOJIO
190 1/ra 8 paitorne 58°N. na 3anaguoi Cabupu 1mu-
POTHBIA AHANA30H ¢ HANOOILIIHMY 3HAYCHUAMH (U~
TOoMacchl fonee y3Kui, npubnusureasHo 57°-60°N, ¢
MakcuMyMoM okono 140 t/ra B pasione 57°N. Ina
Erponeiickoit yacTu PoccHH XapakTEPHO pe3Koe na-
JeHHe 3HaYeHHH (hHTOMACCh! K IOTY OT INHPOTHOH
30HBI ¢ HAHOONBIIAMH €€ 3HAYECHHAMH JIO 3HAUCHHS
2.1 1/ra B paitone 50°N. K rory ot 50°N cymiecrsen-
HbIX M3MEHCHHI (PATOMACCHI HE MPOHUCXONHUT 34 HC-
KaroyeHneM 45°N, rme 3HaueHHs (PUTOMACChI BO3-
pactaroT 10 18 T/ra 3a cueT TEpPHTOPHH, MOKPEITHIX
ceBePOKABKA3CKHMH PETOPHBIMU FYOOBLIMH U Y-
GoBo-rpaboseivMu necamu. CerepHee 60°N na Eppo-

W3BECTHS PAH. $U3HMKA ATMOC®EPEI H OKEAHA

TONYBATHHWKOB, TIEHUCEHKO

nefckoll gactu Poccuyt NMPOHCXORAUT yMEHBIEHHE
3HAYCeHHH Han3eMHoifl (pHTOMACCH! PACTHTENBHOTO
noxposa npabansureXsHo 10 129-130 1/ra B palione
62°-63°N. K cesepy ot 63°N BILIOTb [0 NPHNOJAD-
HBIX IAPOT Haﬁmonae'rcs: YMEHBLICHAC CI)HTOMEICC[)[
A0 22.1 t/ra. Jas 3anaguoil CuGHpH TakxkKe Xapak-
TEPHO Pe3KO¢ YMEHbIIeHue (PHTOMACChl K HOTY OT
IHPOTHON 30HBI ¢ HAHOOINBINMM €€ 3HAYEHHEM A0
suagenms 12.3 1/ra B paitone 51°N. K cesepy ot 60°N
BIVIOTH O NPHNONAPHBIX MMPOT Habmogaeres 6o-
Jiee ONNABHOC YMCHBIICHHAC q)HTOMaCCb[ JO 3HAYEHHA
2.1 1/ra B patione 76°N.

W3 npegcrapieHHbIX rpa(huKoB IMPOTHBIX pac-
npenenennit senuuurH NPP, ¢mromaccer @ NDVI
ciaegyet, 49To u3MeHeHus 3HadeHmid NDVI ne
CXORHBE ¢ W3MeHeHnamMu 3naveHutt NPP u ¢puromac-
CBi, T.€. C H3MEHEeHHSIMH CTPYKTYPHBIX XapakTepu-
CTHK pPacTUTENLHOTO MOKpOBa. TakuM 00pasom,
MOXHO NpEeANnoiIoXHUTh, YTO Ha 3HadeHHe NDVI
snagennst NPP # uToMacce! He OKa3biBaloT Cylle-
CTBEHHOrO BAUSAHUSA.

Ha puc. 2 npencrasnensl 3apucamocty NDVI or
sHayeHnid napsemHod NPP gnsa paccmarpupaeMbrx
Tepputopril EBponeiickoit vactu Poccun (a) u 3a-
nagaoii Cubupn (6). ns npejacraBieHHbIX MHO-
KECTB TOYEK XapaxTepHO VMEHBIIEHHE [HAIa30Ha
usmenennd 3HaueHmii NDVI ¢ pocroM 3nadenni
NPP. [Ina Esponefickoit udacTi Poccum 3HaudeHus
NPP uzMessioTed B quanazode ot 0.9 mo 11.4 1/ra 3a
BEreTALMOHHLIA NEepHON NpY M3MEHEHWH 3HAYEHHH
NDVI B guamaszose ot 0.18 go 0.74. Ina 3anapguoit
Cubupu 3Ha4eHud NPP n3menarorcs B juanasone or
0.5 no 9.7 t/ra 3a pereTaNBEOHHLIN NePUOT IPH U3MeE-
HeHrH 3pauenus NDVI s ppanazone ot 0.21 go 0.75.
s Epponefickol yacTi Poccum XxapakTepHa OTHO-
CHATENbHAS PAaBHOMEPHOCTb pacnpefeNeHus TOoYeK
HPEACTABNEHHOIO MHOXKECTBA IO BCEMY NHANAZ0HY
n3MeHeHud Beanunani NPP, B TO Bpems Kak s tep-
patopnn 3anagHol CaoHpH XxapakTepHO pacnojoxe-
HHe BOMBIAHCTBA TOYEK PACCMATPUBAEMOrO MHOXKe-
cTBa B guanasoue maMeHenna NPP or 0.5 mo 6 T/ra 3a
BEreTalEOHHBIN [ICPHON.

Ha puc. 3 npepcraeaens! 3apacuMoct NDVI or
3HAYECHWA HagzeMHO# curoMacchl 711 EBponefickoi
yactu Poccun (a) n Sanmaguoi CaoupH (0). 3anace! ¢u-
Tomacchl Ha EBponefickoil wactu PoccHi H3MeHAK0TCH
B guanasone oT 1.2 o 271.3 1/ra, Ha TeppuTopuu 3a-
nmaguoil Cabupyu — B granasode oT 1.2 mo 228.8 1/ra.
Kak nns Epponetickoit yacta Pocenn, Tak u ans 3a-
nagHoi Cabupy HaHOONBINEH JTHANA30H H3MEHEHHS
NDVI xapaktepeH mas ¢puromaccsl ot 1.2 fo 10 1/ra.
Ha Tteppuropun Esponeiickoit yactd Poccum ans
3TOrO AUANA30HA N3MEHEHHS (PHTOMACCHI 3HAYEHHS
NDVI usmensirorcea ot 0.18 mo 0.66, a gna 3anagHo#
Cubupr or 0.21 mo 0.7. Jna Esponeiickoil HacTi
Ne 4
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NPP, 1/ra 3a serer. nepuog

Puc. 2. 3aBHcHMOCTL HOPMaIH30BaHHOTO AudepeHunansHoro BereTanuoHnoro netekca (NDVI) ot Hansemuoll nepeusHoi
6uonoruyeckoll npoayxuuu (NPP) st Esponefickoit yactu Poccuu (2} 1 3anagnoii Cudups (6).

Poccnu xapakTepeH IHANIA30H H3MEHCHUS 3HAYCHHIT
NDVIor (.44 g0 0.74 npn u3MeHeHUH (DHTOMACCHI OT
10 po 271.3 t/ra. Jas Tepputopun 3anannoi Cudu-
PH IIpH H3MeHeHHHA puToMaces 0T 10 go 30 r/ra us-
MeHeHust 3naverHmit NDVI ocTrarores B 1OCTATOYHO
mxpokoM gramazoHe ot 0.31 go 0.71, npu n3Mmene-
Huu tputoMaces! ot 30 no 112 1/ra fuanazoH H3MeHe-
Hust 3HaueHH# NDVI neckonsko cyxaercs (0.48—
0.74), npu pancHedIeM yBeJHYEHHH 3HAYEHHH (u-

7 HW3BECTUS PAH. PUSHUKA ATMOCOHEPEI 1 OKEAHA

TOMACCHI HANA30H A3MeHeHnA 3Hadennid NDVI (0.6 —
0.75) cranoBUTCS CpaBHHM C AHANa30HOM, XapakTep-
HbIM [Nl AHAJOTHYHBIX 3HAUeHUH (PHTOMACCHI Ha
Esponetickoii yacta Poccrn.

B Tabn. 1 npHBENEHBl CTATHCTHYECKUE XapaKTe-
puctuky sennauesl NDVI nnst paznagnbeix nHTEpB2-
JIOB 3HAYEHHH (PHTOMACCHI H NEPBUYHON IPONYKLNH.
W3 MaTepraios, RpefCTABIEHHEIX Ha prc. 2 1 3 U B
Tabu. 1, cnegyer, 4TO ¢ YBeRHYEHUEM 3HAUeHHH mpo-
2006

ToM 42 MNe 4



530

NDVI

o
~l1
T

»
]
.
.
’
>
(L8NS

)

T
:
:
.
.
.
,.

rawgy
r
N
>
>

0.5

E

TN TN »ip;ﬁ
N
1]

3

0.3

vy

oy
™,
(S

[
»

TrOAYBATHMKOB, JEHHCEHKO

NDVI

1
07 P ax s
. . s ala RS
. ry

T
IR
"

A

'E"-EE »

3

0.5

FraPrEiREyy
TN 1 i..,:.'..
BoEy ey
. ERNREE LNy
e
e
N
Ly -

>

0.3

OO
Y

|
50 100

1
250
P, 1fra

150 200

Pue. 3. 3aBrcuMOCTEL HOpMann3oBaHHoro FidhepeHIHANEHOrO BereTauonHoro Hagekca (NDVI) oT HanseMHO#E QUTOMACCH
(P) nast Esponeitckoit gacti Pocenn (a) 1 3anapuoi Cubnpu (6).

AYKIHEH H 3anacos (bHTOMaCCbI B TEUESHHC BETETALN-
OHHOTO IepHoia HaﬁJIEOJIaCTCH OOCTAaTOYHO OBICT-
pulit BoIxon 3uavenmii NDVI Ha craSo Mensrompics
RUANA30H. DTO CBA3AHO C TEM, UTO ONITHYECKHE CBOH-
CTB& PaCTHTENBHOTO MOKPOBA 3aBHCAT OT CHOCOGHO-
CTH 3€JICHBIX JMCTHEB PACTEHHH nornouatk (poTo-
CHHTETHUECKH aKTHBHYIO pagnaumio. OTpaxkeHHe OT

HU3BECTUS PAH. ®H3HKA ATMOC®EPLI U OKEAHA

PacTHTENBHOTO NOJIOra CBA3AH0 € COREPKANBEM 3e/1e-
HBIX (XIOpohHANb]) MHCMEHTOB B JIHCTBE PAacTCHHA
[39]. 3aBMCHMOCT® COEPKaHHS XNOPO(HINIA B 3€0e-
HBIX YACTIX PACTEHHH OT MHTEHCHBHOCTH HOIIIOLIE-
HHUSA UM pafAaluy ApjaseTcs QyHKUHEH ¢ HACKIIEHH-
eM. 3uauchga NDVI paccumTbhiBalOTCA Ha OCHOBE

OTPaKATENbHbIX XaPAKTEPHCTHK IIONCTANArOWILH No-
Ne 4
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E, mm 3a BereT. nepuog,

Puc. 4. 3apucuMOCTE HOPMANH30BAHHOTO TU(pepeHnHankHOTo BereTallHoHHoro HHaekea (NDVI) oT cymMMapHoro ucnapenus

(E) 3a sererallHOHHBIH neproy ans Epponeiickolt acTy Poccun

BEPXHOCTH H 110 3TOH NPHIHHE PACCMOTPEHHEIE 3aBH-
cuMocTH 310l Beanunyel o1 NPP u ¢pmromaces! Tak-
3Ke HMEROT BHI (DYHKLIHH C HACKHIICHHEM,

3aBUCAMOCTH, IIPEICTaBNEHHRIE HA pAC. 1 -3, 103-
BOJAIOT CHEJNATE [IPednoioKeHne o ToM, 9To NDVI
He SABISISTCH TPAMOH XapaKTepUCTHKOH CTPYKTYp-
HBIX CBOHCTB pacTHTEILHOFO MOKpPOBa HA3EMHBIX

H3BECTH PAH. PU3HUKA ATMOCPEPEI 1 OKEAHA

(a) m 3anangnoi Cubnpu (6).

9KOCHCTEM H CBA3aH C HEKHMH JPYTHMH XapaKTepi-
CTHKAMH OKPYXaioIel cpelbl, HAIIpAMEP, ¢ KIHMa-
THIECKAMH.

Ha puc. 4 npeacrapnens! 3apacamoctu NDVI ot
3HAYEHHH CYMMAapHOTo ucnapenns st Esponeiickoi
yacTtd Poccnn (a) 1 3anaguoi Cronpu (6). Ha Eepo-
netickoi qacTi Poccuu 3Ha4YeHHS CYMMAPHOTO BCa-
2006 T*
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0, TIT:/M? 3a BeTeT. repuoy

Puc. 5. 32BUCHMOCT: HODMATH30BaHHOTO AntdepeHIRaNEROrO BereTayuonHoro uugexca (NDVI) ot cymmapHoil ipuxofs-
tweit panuanuu () 3a seretanyuonsiil nepuoa Ans Esponeiickoil wactu Pocoa (a) u Samagmoi Cubupn (5).

PEeHUs H3MEHSIOTCS B CpeiHeM B guamnaszoxe ot 90 go
272 MM 3a BEreTAIIHOHHBIA NEpUOA, A 3anagHoR
Cubupn 3TOT AHMana30H HECKOJbKO COBHIAETCA B
CTOpOHy MEHBHIRX 3HAYEHEH 0 TeXHT B rpaHnuax oT
44 po 251 MM 3a BereTALHOHHBIA nepHon. Jna MHo-
JKECTBA TOYEK, IIOTYUYEHHOro Ana Esponelickoi ya-
ctdd Poccnn, xapakTepHO yBEIHUYEHHE MOTHOCTH TO-

N3BECTHA PAH. PU3NMKA ATMOCPEPEL M1 OKEAHA

ek g snagennit NDVI, npepsnuatomux 0.5, Ous
MHOXKECTBA TOYEK, NOJAYUSHHOro 3714 3anagHold Cu-
OupH, XapaxTepeH Oojee YeTKHi BHE 3aBUCHMOCTH
NDVI oT cyMmMapHOTO HCIapeHHAS 3a BEreTAIHOHHbII
nepaol. MOXHO NPeITOR0XUTD, UTO 3TO CBA3aHO C
Gonee HHTEHCUBHOHN AHTPOTOTEHHOH HACPY3KOI Ha
sKocucTeMbl Epponefickofl dactu PoccHu, 4em Ha
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Puc. 6. 3asucamocts HopMarH3oBaHHOro pudidepeHInaNbHOTO BereTanuoHnoro aanexca (NDVI) or cpensei 3a BereTauu-
OHHBE{ nepHof npH3eMHol TemnepaTypr! Bosfyxa (T) nns Esponetickoil wactu Poccnn (a) n 3anagsoit Crbupu (6).

skochcTeMbl 3anagHod CuOupd. HameTupruasics
TEHCHINs yMenblnenns 3nadenud NDVI opu cym-
MapHOM HCOIApeHHH, NMpebpilnaoiesM 250 MM 3a Be-
TeTANHOHHLIA Neprof (pHc. 4a), TO3BOISET NPENNO-
JIOXKHTh, YTO 5TA paccMaTpUsaeMas 3aBHCHMOCTD
uMeeT napadOmHICCKuil BHA,

Ha puc. 5 npencrasnens! sasucumoctd NDVI ot
3HAYCHMI CyMMapHO# NPUXOMILE] pafHauni 3a Bere-
TAlHOHHBI nepHon ana Eeponefickoil yactu Poccnn

HU3BECTHA PAH. PHU3IHKA ATMOCPEPBI H OKEAHA

(a) n 3anaguoit Croupu (6). Jna Epponefickoi yacru
Poccrn 3Ha9eHIS CYMMAPHOH paTHALNN N3MCHSIIOTCS B
auanazode ot 1.33 mo 2.06 I'Ix/M? 3a BereTauOHHbIIA
neprod, Aad 3ananHoit CUOHpPH 9TOT AHANa30H He-
ckobKO Bonee yaxuii — ot 1.44 go 1.98 IMx/m? 3a Be-
reTauMoHHBld nepuop. Has Esponefickofl 4vacTu
Poccuu HauGonbinas NIOTHOCTb TOUYEK pacMaTpHBA-
eMOI'0 MHOKECTBA XapakTEepHA [Nsl 3HAUCHHIH CyM-
MapHO# npuxopsimed paguammu ot 1.5 go 1.8 Tx/m?
MNe 4

TOM 42 2006



534

ToOIYBATHHUKOB, JEHHMCEHKO

Ta6auua 1. CraracTudeckue xapaktepucruku NDVI juisi pa3HBIX JHANIA30HOB 3HAYEHUH CTPYKTYPHBIX XapaKTEPUCTHK
PACTHTENBHOTO IOKPOBA: CPENHEe 3HAUeHUE (X ), MUHNMATBHOC SHAUCHHE (X)), MAKCUMalbHOE 3HAYEHHE (X, ), CPe-
Hee KBAIpPaTHYECKOe OTKJIOHEHHE (C,), KoathpHLUUEHT BapHaI|HK (V,, %)

T?{T{‘;E‘é‘; Ouanazon H3MEHEHHI Hag3eMHOH dbHTOMAacCCH! (T/T2a) ﬂﬂana(:::ro/;{am;;a :gf;ﬁiﬁﬁﬁi?&? ﬁipﬂﬁ&ﬁymﬂu

XapaxTe-

PHCTHEE | ¢-10 10-30 | 30-70 | 70-112 | 112-180|180-250| O0-2 24 4-6 68 8-10

Esponeiickan yacts Poccrn
x 0.47 0.59 0.61 0.64 0.65 0.67 0.48 0.52 0.65 0.65 0.64
Xoin 018 | 044 | 052 | 051 | 056 | 056 | 018 | 024 | 050 | 054 | 056
Xmax 0.66 (.65 (.70 0.72 0.74 0.73 0.63 0.65 0.73 0.74 0.71
G, 0.10 0.05 0.04 0.05 0.04 0.03 0.12 0.08 0.04 0.04 0.04
v, 21.3 8.8 6.7 7.0 5.9 5.0 25.1 16.1 6.5 6.4 6.3
3anapgHas Cubupnb

x 0.46 0.53 0.60 0.65 0.66 0.70 0.42 (.56 0.66 0.67 0.68
Xonin 021 | 031 | 048 | 052 | 060 | 065 | 021 | 033 | 052 | 054 | 063
oy 070 | 071 | 074 | 074 | 075 | 075 | 064 | 071 | 075 | 075 | 074
o 0.12 0.10 0.06 0.05 0.03 0.02 0.09 0.08 0.04 0.06 0.04
vy 25.1 19.0 10.4 7.6 438 34 21.0 14.3 6.7 8.7 5.1

3a BeTeTAUMOHHBIA NEPHOA, B TO BpeMsi Kak s 3a-
nagnoi Cubupu aHaNTOTYMYHAs CHTYAlMA CBOMCTBEHHA
IS OWANA30HA W3MCHEHHS CYyMMAapHOH NMpAXOASIIeH
pamuanuu ot 1.56 1o 1.72 I/x/M? 3a BereTaluOHHbLA
nepuon. CrnegyeT OTMETHTD, 9TO 3aBHcnMocTs NDVI
OT CYMMAapHO! pajHanyH 3a BEreTalUOHHBIN Nepuox
Kak wisi Epporneiickon gacti Poccun, Tak u s 3a-
naprol Cubupu uMeeT NapaboAHYECKMIA BUT C BEp-
LMHAME COOTBETCTBEHHO OK0a0 1.64 u 1.7 TTlxk/M?,
nprdem 1 Esponeiickoil gactu Poccuu xapakTep-
HO NNIAaBHOE yMeHplleHwe 3HaudeHuid NDVI ot Bep-
AL TapaGonbl, B TO BpeMsl Kak s 3anagHoi Cu-
OUpH XapaKTepHO HOCTATOYHO PE3KOE YMEHBIICHHE
3paveHni NDVIL

Ha puc. 6 npepcrasiaensl 3apucaMocTa NDVI ot
3HaYeHni cpegHeil 3a BereTallHOHHBIH NEPHO], NPU-
3eMHOH TeMOepaTypbl BO3dyxa Ansa Epponefickoi
yactu Poccnn (a) u 3anaguoil Cubupn (6). Jna Es-
ponefickoii wactn Poccam 3HaueHus cpenHed npu-
3eMHOE TeMmrepaTyphl BO3[yXa 3a paccMaTpUBae-
MBI TepHOl M3MEHSIOTCA B JHanazoHe oT +8.4 f10

HU3BECTHUSA PAH. PU3HNKA ATMOCOEPLI 1 OKEAHA

+24.1°C, nna 3anapHoit CHOHpH 3TOT JHANA30H HME-
et rpasnsl o7 +4.8 go +21.6°C. Paccmartpusaemas
3aBUCHMOCTE Kak mnsi Esponeiickoi gacra Poccun,
Tak M jus 3anagHoil CHOApE HMeeT KOIoKOIo00-
pasHblil BUJ ¢ BEPUWIKHEOA NpUMepPHO B +16°C ana Es-
poneiickoit gacti Poccuu u B +17°C 1n1s 3anagHod
Cunbupn.

CraTHCTHYECKHe XApPAKTePHCTHKH BEIHYHHBI
NDVI pasg pa3sauyHbIX HHTEPBANOB 3HAYEHUH pac-
CMATPHBACMBIX KTHEMaTHYEeCKAX TapaMeTPOB MPUBe-
nenel B Taba. 2. M3 npeacrasnendsix Ha puc. 4-6
MHOKECTB TOUYEK H CTATHCTHYECKHK XapaKTePHCTHK
(Tadn. 2) cnenyeT, UTo 3aBuCEMOCTE NDVI oT KinnMa-
THYECKHX TapaMeTpOB NpocMaTprBacTcd Oonlee OT-
YeTIHBO, 4eM 3aBHCHMOCTE NDVI oT crpyRTYpHBIX
XapPAKTEPHCTHK PACTATENBHOTO MOKpOBa. B wacTHO-
cTH, 3aBUCHMOCTE NDVI O CTpyKTYpHBIX XapakTepH-
CTHK PacTHTEIBLHOCTH, OCOOEHHO TIPH MAITbIX HX 3Ha-
YEHMSX, UMEET OYeHb OOJNBUIYI0 BapHaGelbHOCTD.
B 3TOM HAaxXOZuT OTPaXKEHHE TOT (haKT, UTO PACTH-
TETHHOCTEL 001a]aeT KOHTPHHTYHTUBHBIM TIOBEACHH-
e 4
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Ta6auga 2. CtaTACcTHYECKHE XapaKTepHCTHEE NDV] 1iist pasHLIX THANA30HOE 3HAYEHMA KIMMATHYECKHX NAPAMETPOB
(obo3HaueHHA cM. Tabi. 1)

Juana3os H3MEHEHNA CYMMAPHOTO HCIAPEHUS (MM 33 BErCTALIMOHHEBIN HepUoN)

Xapakrepuc-
THKA 0-80 80-120 120-160 160-200 200-240 240-280
Esponeiickas vacts Poccun
X - 0.53 0.56 0.61 0.65 0.63
Xenin - 0.24 0.21 0.30 0.43 0.49
Xnax - 0.64 0.68 0.74 0.75 0.72
o, - 0.09 0.12 0.10 0.63 0.05
v, - 15.9 20.6 159 9.7 8.2
3amnanguas Cubupb
X 0.39 0.53 0.63 0.62 0.66 0.68
Xenin 0.21 0.32 0.47 0.46 0.48 0.53
Xenax 0.53 0.67 0.73 0.74 0.75 0.74
Gy 0.07 0.07 0.06 0.07 0.05 0.4
v, 16.8 13.4 8.8 10.5 8.2 5.6
Huanason u3meHenua npuxofsuell cymmapHoi pagnamua (Fx/M? 33 BereTalnOHHbI NEpUON}
1.3-1.51 1.51-1.59 1.59-1.68 1.68-1.8 1.8-1.94 1.94-2.08
Esponelickasa gsacrs Poccum
X 0.56 0.63 0.67 0.63 0.55 0.41
Xinin 0.38 0.52 0.55 0.56 0.40 0.18
Xnax 0.66 0.70 0.72 0.73 0.74 0.63
G, 0.06 0.05 0.03 0.04 0.08 0.11
v, 9.8 7.3 4.6 6.0 14.1 277
3anagnas Cubmnps
X 0.35 0.44 0.62 0.69 (.58 0.47
ZXenin 0.21 0.29 0.47 0.58 0.41 0.34
Xinax 0.43 0.63 0.74 0.75 0.72 0.69
Gy 0.06 (.06 0.05 0.03 0.08 0.12
v, 16.5 13.4 8.4 5.0 14.5 25.1
Huanaszon u3MeHeHns CpeIHEH 3a BETeTAUMOHHBIN NEPUOR NPH3EMHOM TeMilepaTyps! Bo3gyxa (°C)
4-8 8-12 12-15 15-18 18-22 22-25
Exrponeiickas sacrs Poccuu
x - 0.55 0.63 0.67 0.57 0.37
Xmin - 0.38 0.50 0.57 0.37 0.18
Xinax - 0.64 0.72 0.74 0.69 0.55
Ty - 0.05 0.04 0.03 0.07 0.09
v, - 9.1 6.2 4.3 11.8 25.3
3ananuas Cubups
X 0.36 0.47 0.61 0.67 0.60 -
Xmin 0.21 0.32 0.47 0.54 0.34 -
Xonax 0.46 0.60 0.71 0.75 0.74 -
O, 0.06 0.06 0.05 0.04 6.09 -
V, 16.8 12.2 8.1 6.1 15.7 -
W3BECTHA PAH. ®U3UKA ATMOCPEPEL 1 OKEAHA Ttom 42 N4 2006
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€M C PEryJsITOPHBIME CBOBCTBAMH, YTO 00YCIaBIUBA-
eT OucHbL GONBLIYIO CTENeHb HeMPEACKa3syeMOCTH e
OTKJIHKA HA T HIM MHbIE M3MEHECHHS OKpPYKaIOUIeH
cpelbl Kak NPUPOFHOTO, TAK H aHTPOTOTEHHOro Xa-
pakTepa.

BEIBOJbI

IMpoaHanu3MpORAHO H3MEHEHHe BeInuKb NDVI
B 3aBHCHMOCTH OT KJIHMAaTUYECKHX NapaMeTpOB H
CTPYKTYPHBIX XapaKTePHCTHK PAacTHTENbHOTO I10-
KPOBa Ha OCHOBE JIaHHbIX A7 TeppHTOpuil EBponei-
ckoit yacta Poccnu i 3amagHoil Cubupi.

IMokasaHo, uTo 3aBHCHMOCTE MexXy NDVI u Takn-
MH CTPYKTYPHBIMH XapaKTEPHCTHKAMH PaCTUTENBHO-
ro MOKpOBa, Kak Haj3eMHas NepBHYHas OHONOrHye-
cKkasi TPONYKUES M HajseMHas (PHTOMAcCa HMEET
OLICTPBIN BLIXOJ HA IUIATO. PaccMaTpHBaeMbIe 3aBU-
CHMOCTH HMEIOT GonbLIol paszbpoc o NDVI npu Ma-
JIBIX 3HAYEHIAX OHOMOMMYECKOH npoayKuuy U ¢puro-
MAacChl, KOCIa PacTHTENbHbBINA TTOKPOE HE COMKHYT H,
CNENOBATENLHO, BEINKO OTpaxkKeHue OT Nouekbl. C po-
CTOM CKOPOCTH HAPACTAHUA 3EJIEHOH PacTMTENBHOM
MacChl, C YBEIMYEHHEM 3HAYEHHH Ha3eMHOU (UTO-
MAacChl, C YCIOKHEHHEM afaNTHBHOHA 1 3THUKAUMOH-
HOM CTPYKTYD PacTHTENBHOrO NOKPOBa pa3dpoc 3Ha-
uenuit NDVI ymensinaetcda. CpaBHeHHE IMHPOTHBIX
pacnpeneaenni BenmunH NDVI, vagzemuoi Suomora-
YecKOH MpOIYKIMI M Hal3eMHOH (PHTOMACCHI HOKa-
3al0, 970 B 3THX PAaCHpelelcHuAX HE COBIAJAKOT
MAaKCHMYMBI 1 CKOPOCTH H3MEHEHHs YKa3aHHbIX Be-
THYHH. DTO CBHIETEIBCTBYET O TOM, 4To NDVI cna-
60 oTpaXkaeT CTPYKTYPHBIE XapaKTEPHCTUKH PAacTH-
TENLHOTO MOKPOBA.

SasncuMocTd Mexqay NDVI U TakuMn KJIuMAaTH-
YecKMMY MapaMeTpaMH, KaK CyMMapHas [pPHXOAs-
mas pafuanysi, CpefHss NpH3EMHas TeMnoeparypa
BO3/IyXd, CYMMapHOe UCTapeHHe 3a BereTaldOHHbIH
HepHON, HMEFOT KONOKOonooOpasseii suj. M3 mony-
yeHHOH 3aBucEMocTH Mexay NDVI @ cymmapHOk
NpUXOQAIIEH pajuangeii 3a BEreTauHOHABIH NEPUON
crepyeT, yTo MakcaMym NDVI ana Esponefickoi 4a-
cru Pocenn nexut B maanasone 1.5-1.7 TIx/m?, pas
Zanaguoit CHOMPH 3TOT JHANA30H HECKOIBKO yXKe H
uMeeT rpaHuubl 1.65-1.72 TTIx/M%. 3aBHCAMOCTD
mexpny NDVI u cpegHell NPpH3eMHON TEMIIEPATYPO#
BO37YyXd 34 BereTALKOHHBIH NEPUO]] XapaKTepU3yeT-
¢ magcumyMoM NDVI npuGnusaressno B KHTEPBa-
ne ot +16°C o +17°C kak jpns EBporneiickoii yacTn
Poccuu, Tak 1 ans 3anaguon Cudnpu. MakcuManb-
Hple 3HaucHus NDVI kak (pyHKUMH OT CYMMapHOro
UCTIAPCHMS 32 BEreTallHOHHbIH MEPHOM AN paccMar-
PHBAEMBIX TEPPHTOPHI AOCTUrAIOTCA NP 3HAUESHH-
ax cymmapuoro ucnapenns ot 160 go 230 mm. Caepy-
eT OTMETHTB, 4To Ans Esponefickoii wactu Poccun

M3BECTHSA PAH. PHU3HUKA ATMOCPEPBL M1 OKEAHA

roONYBATHUKOB, JEHHUCEHKO

zapucumocta NDVI oT cymMMapHOil ApuXOasmei pa-
TWalldd U CpegHel NPU3eMHOM TEMIEPaTypPhbl BO3NY-
Xa AMEIOT KONOKOJ000pasHblil BHE CO 3HAYATENLHO
Gogee MIOCKOH BEPIINHOH, YEM aHANOTMYHBIE 3ABH-
cuMocTH i 3anaguoi CabupH.

TIpoBegeHHBI aganu3 nokasai, 4yTo NDVI ue ss-
JAETCS. MEIUKATOPOM [t 3Havenuit Hagzemuoli NPP
M Haa3eMHOU (PUTOMAcChl B FPaHHUAX PacCMOTPEH-
HBIX, JOCTATOYHO Jonsiuux TeppuTOopRil. Taxum 06-
pazoM, ucnonezosanue NDVI B monensx pns onpe-
OeNneHus CIPYKTYPHBIX XapaKTEPHCTHK PacTHTEIb-
HOr'O MOKPOBA HA3EMHBIX SKOCHCTEM EBpomeickoi
yactd Poccuu B 3anaguoit CubHpu fOCTaTOYHO Npo-
Gaemarnuno. B To ke epems ucnonbsopanue NDVI
AN TMPOTHO3a TAKHX KIHMATHYECKHX HapaMeTpoB,
KaK NpH3EMHAs TeMNepaTypa BO3pyXa ¥ CyMMapHas
NPHEXONSAINAS PATHALHS, MOXKET OBITH YCTIEHIHBIM.

PaGoTa BbINONHEeHA 1pH flogfepkKe Poccuiickoro
¢ouna dpyumaMeHTATBEHBIX HCCIETOBAHEM (MPOEKTEI
NeNe 04-05-64746, 05-05-65167).
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Interrelation between the Vegetation Index and the Climatic Parameters
and Structural Characteristics of Vegetation Cover
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Abstract—The interrelations between the normalized difference vegetation index and the total incoming radi-
ation, total evaporation, mean surface-air temperature over the vegetation period, and the structural character-
istics of vegetation cover, such as its overground phytomass and overground primary organic production, are
analyzed on the basis of experimental and satellite data. The analysis was made with the use of the data obtained
for flat regions of European Russia and Western Siberia. It is shown that, for these regions, the latitudinal dis-
tributions of the values of the vegetation index and the structural vegetation-cover characteristics under consid-
eration do not coincide. The relationships between the structural characteristics of vegetation cover (phytomass,
production) and the vegetation index have the form of functions with saturation. The relationships between the
vegetation index and the climatic parameters under consideration have a bell-shaped form. The analysis made
has shown that the normalized difference vegetation index is not an indicator for the values of the overground
primary organic production of vegetation cover and its overground phytomass within the areas under consider-
ation.
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