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TpyaoeMKOCTb U3MEPEHMI (PUTOMACCHI HA POOHBIX MJIOIIAAKAX CAECPKUBAET SKCTPANOISILIAIO TOUEUHBIX
JIaHHBIX HA TEPPUTOPUH, COMIOCTABUMBIE C XO3ICTBEHHBIMU YTOABSIMHU VI JIAHAIA(MDTHBIMU SIMHULIAMM.
BereranioHHbIE MHIEKCHI, PACCUUTHLIBAEMbIE IT0 KOCMUYECKUM CHUMKAaM, OOBIYHO PaCCMAaTPUBAIOTCSI KaK
WHIUKATOPHI 3eJICHOM (DUTOMAaCChl U MCMOJIb3YIOTCS ISl €€ TUIOLIAAHBIX OLICHOK. B McciiemnoBaHum peliia-
eTcd 3aJa4ya yCTAaHOBUTb MH(GOPMATUBHOCTh HOPMAIM30BAHHOTO PA3HOCTHOTO BEreTAalIMOHHOIO MHAEKCA
NDVI B 3aBUCUMOCTH OT (ppaKILIMOHHOM CTPYKTYPhI >KUBOM U MEPTBOM HaA3€MHOM (pUTOMACCHI, CE30HHOMN
IUHAMMUKU GUOJIOTMYECKOTO KPYroBOpoTa, TMAPOTEPMUUECKUX YCIOBUM U JaHmnadgTHOM mosuuuu. Mc-
MOJIb30BaHbI PE3yJIbTaThl €XXeMeCSIYHbIX U3MepeHU ppakimii Haa3eMHol (huToMacchl Ha 13 rToniaagkax B
duTOIEHO3aX 3aJIECCKOKOBBUILHOM M KOBEUIKOBOM (hopManinii B BypruHcKkoii crenu (3anoBegHUK “OpeH-
Oyprckuit”) ¢ Mas 1o ceHTsI0pb B 2015—2020 rr. 1151 Kaxkaoro cpoka no KocMuyeckuM cHuMkam Landsat
paccuutanbl 3HaueHuss NDVI Ha Bcex miomiagkax. [Umore3bl 0 reo60TaHUYECKUX, TUAPOTEPMUUYECKUX,
(deHoJIorMuecKrX U JaHamadTHbIX pakTopax uHGopMmaTtuBHocTu NDVI npoBepsiinchk pacueToM Koadpu-
LIeHTOB Koppenstuuu CrimpMeHa, CpeacTBaMu TUCIIEPCUOHHOIO 1 MYJIBTUPErpeCCMOHHOro aHanu3a. He-
coBnaneHue ce3oHHbIX MMKOB NDVI u 3eeHoit ¢puToMacchl He comiacyeTcsl C paclpOCTpaHEHHBIM Mpe-
CTaBJICHMEM O IIPsIMOM MHAMKalmmoHHoM 3HaueHn NDVI. O6mias sxxuBast puromMacca 6oJjiee 4eTKO Koppe-
JIMpYEeT C MHIEKCOM B MIOHE M MIoJie, cilabee — B KoHIEe ce3oHa. NDVI oka3zaicss 4yyBCTBUTEIbHBIM HE
CTOJIBKO K 3aIiacaM 3eJIeHO# (PMTOMACCHI KaK TAKOBOI1, CKOJILKO K Macce U J0Ji€ Pa3HOTPaBhsI K COOTHOILLIE-
HMUIO XXUBOM 1 MepTBoOi (putomMacc. B mo3nHeBeceHHee U paHHeaeTHee BpeMss NDVI Hanbosiee TecHo CcBSI-
3aH C pa3HOTPaBbeM, B MI0Jie — cO 3J1akaMu. [ToaTBepauiiach rMIOTE3a O BO3MOXKXHOCTU SKPAHUPOBAHMS 3€-
JIEHOM MacChl BETOIIbIO, YTO IIPUBOAUT K cHIKeHUI0 NDVI HecMOTpst Ha coxpaHeHME UJIU POCT 3eJIeHOi
duTomaccel. NDVI MoXeT 3aHMXaTh peajbHYIO 3eJIEHYI0 (PUTOMACCY, €CIIU IIPOUCXOIUT PE3KUIA IIPUPOCT
MAacchl BETOIIM, OOBIYHO — BO BTOPOIi MOJIOBMHE JieTa M Hayajie oceHu. NDVI 6osee anekBaTHO oTpakaeT
COCTOSIHME HaI3eMHOI1 (MTOMACCHI CTEITHBIX COOOIIECTB, IIMTEILHOE BpEMsI He ITOABEPraBIINXCS BO3ACH -
CTBUIO TTOXKApOB, 110 CPAaBHEHUIO C TOPEBIIMMHU COOOILIECTBAMMU U 3ajIeXKaMU.

Karoueswie cnosa: NDVI, ByptuHckast crerb, dpakiny (UTOMACCHI, pa3HOTPaBbe, BETOIIb, CE30HHASI O1-
HaMuKa, 3aJIeXb, Tapb
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BBEAJEHUWE

JuHaMuyeckue psabl M3MepeHUil (pUTOMACCHI,
0COO0eHHO ee PPaKIIMOHHOTO COCTaBa, OTHOCSTCS K
yucly HauOoJiee TPYAOSMKMX BUIOB MCCIIEIOBAHUS
¢yHkuMoHnpoBaHusa JaHmmadToB  (basuneBuu
u ap., 1978; TutnsgHoBa u np., 2018). B To xe Bpems
MOTPEeOHOCTh B JAaHHBIX O ¢uTOoMacce Beluka. Bo-
IIEPBEIX, 3TO CBSI3aHO C €€ PECypCHBIM 3HAUYCHUEM
(YpOXaitHOCTb CEJIbCKOX035IiICTBEHHBIX KYJIBTYP, Ka-
YeCcTBO MacTOMIIL, 3ariachl TpaB Ha CEHOKOCaX, 3ala-
CBI IpeBEeCUHEI 1 1Ip.). Bo-BTOpHIX, huTOMacca — Ha-
JNEXXHBIA MHIWKATOP 2KOJOTMYEeCKUX YCJIOBUM U UX
aHTPOMOTeHHBIX TpaHchopMmaluii. B-TpeTbux, oHa
BBICTYNAET KaK MHIMKATOP 3allUIIeHHOCTU JIaHII-
madTa OT K30AUHAMUYECKMX IPOIIECCOB (3PO3UH,
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nedasaumu, cejieii, TepMoKapcTa U Ip.) U HapyIIeHUn
pexuMa ctoka. Ce30HHast U MHOTOJICTHSISI IMHAMMKA
duTOMAaCCHI M €€ COCTABJISIONINX BaskKHA JIJISI OLIEHKU
YCTOMYMBOCTU SKOCHUCTEM KaK CITIOCOOHOCTHU BbIIEP-
JKWBATh TOT WJIM MHOM AVAIIa30H €CTECTBEHHBIX M aH-
TPOIIOT€HHBIX KoJiebaHuii cpenbl. Tpy1oeMKOCTh 13-
MepeHUit (GuToMacChl HA HEMHOTOUYKCIEHHBIX TPOO-
HbIX IIoIaaKaX M HEBO3MOXHOCTb OXBAaTUTHh BCE
COCTaBJISIONINE JIaHAIATHOrO pa3HooOpasus
CHEpKMBAIOT TIOJNIydeHHE OIIEHOK IlapaMeTpOB
GYHKIIMOHUPOBAHUSI, KOTOPHIE MO3BOJISUIN OBl KC-
TPaIroJupOBaTh TOYCYHBIC PE3YIbTAThl HA TEPPUTO-
puM, COIOCTABUMBIE C XO3SIIICTBEHHBIMU YTOIbSIMU
Wiy JaHamagTHBIMYA eTUHULIAMMU.
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B mocnengnue nBa—Tpu OECITUIETHS OCTpPOTa
3TOM MPOOJIEMBI, Ka3aJ0Ch Obl, CIJIaXKMBaeTCsI OJ1aro-
Japsi JOCTYITHOCTA MHOTOKAaHAJbHOM KOCMMWYECKOM
nH(OpMaIINK U TTOSIBJICHUIO pa3HOOOpa3HbIX MHASK-
COB COCTOSTHUSI KOMITOHEHTOB JaHmimagToB. HopMa-
JIM30BAHHbBINA Pa3HOCTHBIII BEreTallMOHHBIN MHIOCKC
(NDVI) noBoIbHO JaBHO TPAKTyeTCs KaK MHINKATOP
3eJICHOI HaJi3eMHOM (puTOMAaCChl, OTpaKaloLINiA MH-
TeHCUBHOCTb (poTrocuHTe3a. CBsizb NDVI ¢ peanb-
HOIT Hang3eMHOM (pUTOMAacCOM Jale BCEro MCCeIy-
€TCsI IPU BhISIBJIEHUH (haKTOPOB BapbUPOBaHUS YPO-
XKAMHOCTU CEIbCKOXO3SIMCTBEHHBIX KyJIbTyp (Nagy
et al., 2018), BYaCTHOCTH — IPUIMH BHYTPUITIOJIEBOTO
BapbupoBaHus (Verhulst, Govaerts, 2010; I'yasHoB,
2019). OgHo M3 TpaIUIIMOHHBIX 00JIaCTel IIpUMe-
HeHusa NDVI cranu ncciemoBaHmsI MEXXTOI0BOTO Ba-
peupoBanus 3HaueHuit NDVI u ¢Bs131 ¢ KiimmMaTude-
ckuMu GIyKTyauusiMu U TpeHnamu (de Jong et al.,
2012; Encakos, Tenataukos, 2013; Kypranosu4, [o-
JgstuHa, 2015; Han et al., 2019), uasmMmeHeHUsIMU 3eM-
nemnonb3oBaHus (Peng et al., 2019). YcraHosieHa
IIPOCTPAHCTBEHHAsI HECTAIIMOHAPHOCTh OTHOIICHUIA
mexny NDVI u knmumatnyeckumu ¢pakropamu (Gao
et al., 2012; Zhao et al., 2015).

B TO ke BpeMs1 HaKOIUIEHME JTUTepaTypHBIX daH-
HBIX CBUAETEIBCTBYET O HEOOTHO3HAYHOCTU TPAKTO-
BOK 3TOro uHaekca. OnucaHo HeMajao orpaHUYeHU
Ha OPSIMOJMHEHYI0O NHTEePIIPETAlINI0 1 YTOYHECHUA
JUIST pa3HBIX reorpadguyeckmx yciaoBuit. Tak, BBICO-
Kas1 koppensuust NDVI ¢ 3eeHoii Maccoit rmosrydyeHa
JUIST 3aCyIUJIMBBIX pailoHOB (30JOTOKPBUIMH M Ip.,
2020). s necoB pe3ysibTaThl IPOTUBOPEYMBHI: IS
pa3HBIX PErMOHOB MOJYYeHBl KaK CHUJIbHBIE CBSI3U
(Encakos, 2012), Tak u cinabble (3aauxaHoB U Ip.,
2010). ITonydyeHbl maHHBIE O HEPABHOLIEHHOMN WH-
¢dhopMaTUBHOCTU UHIEKCAa B pa3Hbie ce30HBI (Lyle et
al., 2013), mpu 3KCTpeMaJIbHBIX IIOTOOHBIX YCIIOBUSIX
(Piao et al., 2014; Nagy et al., 2018). YcranoBneHa
BbICOKasi 4yBCcTBUTeJIbHOCTH NDVI K 3Kojornue-
CKMM XapaKTepPUCTUKAM MECTOOOMTAHUS — II0YBaM,
BlIaxkHoCcTU, peabedy (Gamon et al., 2013; Araya
et al., 2017; Maynard, Levi, 2017; Piedallu et al., 2019;
Tormm vt ap., 2016). O6palnaeTcss BHUMaHWE Ha HEOI -
HO3Ha4YHBIe cooTBeTcTBUS Mexxny NDVI u duromac-
COM, CBSI3aHHBIE C OOJIBIIIUM KOJIUUYECTBOM OApEBEC-
HeBaIOIINX U yChIXalolux creoei (JImmkueBa u np.,
2012), BpeMeHHOI1 U3MEHUYMBOCTHIO aCIIEKTOB ITOCEe-
BOB (KykoB u np., 2013), pa3nuyHON apXUTEKTOHU-
KOl JTOMWHAHTHBIX BHMIOB pacTeHUII IO Ce30HaM
(Epommenko u ap., 2018), “HachlmeHreM” IIpy BHICO-
KOl TYCTOTe pacTuTeIbHOro mokposa (CaBuH U Ip.,
2015), HecoBnameHEM Ce30HHBIX MaKcuMyMoB NDVI u
nponyktuBHocty (Pymes u ngp., 2016). B pabGote
B.B. MuxaiinoBa ¢ coaBTopamu (2021) mjiast TyHApO-
BBIX COOOIIECTB CPEICTBAaMU PErpPeCCUOHHOIO MOIE-
JIMPOBAHUSI BBIIIOJIHEH IIepexol OT Oe3pa3sMepHBIX
nokaszatesieii NDVI Kk MeTpuyeckuMm BeIUYMHaAM
XJI0pOo(MIUIOBOTO MHAEKCA, II0 KOTOPOMY OLICHEeHAa
Macca aBTOTPOMHBIX OPraHOB pacTEHUI 1 OIIpeaesie-
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Ha (pmToMacca cooOImecTBa ¢ Y9eTOM OCOOEHHOCTEM
€e HakKOIUIEHMS U paclpeneicHUsT B pacTeHUSIX.
B ¢Bs131 ¢ 3TUM CTAaHOBUTCS SICHOM HEOOXOIUMOCTh U
obpaTHoI1 3agaun: ctporoit Bepudnkamum NDVI o
Ha3eMHBIM M3MepeHUSIM (pakuii Hag3eMHO (pu-
TOMACChl — >KMBOU U MEPTBOM 1 CBSI3AHHOU C pa3HbI-
MU arpoOHOJIOTMYEeCKMMU IPYHIIaMU paCTECHUIA.

B HamemM wcciienoBaHWM TMOCTaBJeHa 3amayda
ycraHOBUTH 3aBUCUMOCTh NDVI ot dpakiimoHHOM
CTPYKTYPBI KMBOIW U MEPTBOI HaI3eMHOI (puTOMac-
Chbl, CE30HHOI TUHAMMWKU OUOJOTUYECKOTO KPYTrOBO-
poTa, TMAPOTEPMUYECKUX YCIIOBUI rojia v JaHaadT-
HOi MO3ULIMKA HA OCHOBAHWU MHOTOJIETHUX CE30HHBIX
W3MEPEHUIA B 3aITOBEHOM CTEITHOM JiaHa1IagTe.

MATEPHAJIbBI 1 METO/IbI

B xauecTBe MOJEIbHONM TEPPUTOPUU JJIs1 TIPOBE-
JIEHUS MCccIIefOBaHMit OBLII BEIOpaH yyacToK bypTiH-
cKasl cTenb 3amnoBenHuUKa “OpeHOyprckuidi” u ero
oxpaHHasi 30Ha. B 6oTaHuKO-reorpauyeckomM OTHO-
IIEHUW 3TOT 3afoOBEIHbIM KJlacTep paclojOXeH B
MOA30HE Pa3sHOTPAaBHO-IEPHOBUHHO3IAKOBBIX 3a-
Boypkcko-Ka3zaxcranckux creneit (Cagpponona, Kain-
MBIKOBa, 2012), B 1mouBeHHO-reorpadmuieckoM — B
MoA30HE YepHO3eMOB 10KHbIX (KpacHasi KHUTa MouB
..., 2001).

Ha Tepputopun bypTuHCKOIT cTenu ObLIO 3a/10-
KEHO 6 cTallMOHAPHBIX MOHUTOPWHTOBBIX CTEITHBIX
YYaCTKOB B Pa3HbIX 9KOJIOrMuecKux ycjioBusx (dyca-
eBa u ap., 2016; MaxkcyroBa u ap., 2016; [ycaesa,
MakcyrtoBa, 2017; Dusaeva et al., 2019). Pacturenb-
Hble COOOIIIECTBA HA yYacTKaX OTHOCUJIMCH K pa3iny-
HBIM TIpyIIIaM accolualuii aByx popmaimii — Stipeta
zalesskii u Stipeta lessingiana, — coo01ecTBa KOTO-
pBIX Hanbosee pacrpoctpaHeHsbl (KaaMmbeikoBa, 2012)
Ha MCCJIEAyeMOM 3alOBEIHOM KJjacTepe). Y4acTKU
Ne 1 1 4 B HauGoIblIEH CTeNeHU TTIoCTpaaain OT me-
peBblNaca B J03aMOBEIHbIN MTepuo, a ydacTok Ne 5,
PacHoJIOXEHHbI B OXpaHHOI 30HE 3allOBEAHUKA —
CcTapoBO3pacTHasl 3ajeXb. B mpenenax y4acTKOB Bbl-
Oupasuch nMapbl MOHUTOPUHTOBBIX TJIOIIANEH, pa3-
neneHHble rpaHuueid rapu 2014 r. (ropesmas (A),
Heropesias (b)), rae exxeronHo MpoOBOAUIUCH T€0-
0oTaHMYeCKUEe OMMCAHUS U YKOChl HalI3eMHOU hu-
toMacchl ([lycaeBa u np., 2020).

I'eoGoTaHMYeCKME OTTMCAHUS BBITIONHSUIUCH C UC-
MMOJIb30BAaHUEM CTaHAAPTHBIX T€000TAHUUECKUX M-
tonuk (IlomeBast reoboranuka, 1964, fpomeHko,
1961, Pa6oTHOB, 1992). YueT Ham3eMHO (DUTOMACCHI
MPOBOIMIICS METOIOM YKOCHBIX Iutoinaneii (ba3uie-
Bu4, TutnssHoBa u Ap., 1978) B cepenmHe Mecsiia ¢
Masl 110 ceHTsI0pb ¢ 2015 1. PacTteHus cpe3anuchk Bpo-
BEHb C MOYBOIi, Ha IuIomankax mno 0.25 m?> B 3-kpat-
HoiT moBTOpHOCTH. [ToTydeHHBIE 0Opa31bl BRICYIITN -
BaJIMCh IO BO3AYIIHO CyXoi Macchl. OTOOp BETOILIHU B
KaXIOW TIpymiie W B3BellMBaHWE OOpPa3loB OCY-
IIECTBIISINCH B JIabopaTtopHBIX ycnoBusx. [looctrnky
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OoTOMpany BpyYHYIO Ha YKOCHBIX IUIOIIAAKAX, IIOCTIE
TOT'O KaK ¢ HUX cpe3aiu pacteHus. I1poOnl ounima-
JIUCHh OT ITOYBHI 10 U MOCJIE BBICYIIIMBAHUS.

Pacyer NDVI mis1 TepputopuaibHBIX €IWMHUIL,
COOTBETCTBOBABIINX II0 reorpauieckmM KOOpAU-
HaTaM IUIOIIAaKaM ONpoOOBaHWUSI, MPOBOIWJIICS IIO
0e300JlayHBIM KOCMMYEeCKMM cHMMKaM Landsat c
pa3zpemeHreM 30 M 3a CpOKM, COOTBETCTBOBABIIINE
JIaTaM II0JIEBBIX OIIpeAeIeHIIA Haa3eMHOM (PMTOMACCHI.
M3 25 cpokoB usmepeHnuii puromaccel B 2015—2018 u
2020 IT. KOCMMYECKMMHM CHUMKAMHM U pacyeTaMu
NDVI o6ecriedeHo 16, B Tom yucie 3 — i Mast, 3 —
JUIST UIOHSI, 3 — 11 Uioisi, 4 — JJIs aBrycTa, 3 — JJIs
CEHTSIOpSI.

Ha ocHOBaHUM NMEOIIMNXCS TaHHBIX CPEICTBAMU
nporpaMmebl Statistica 7.0 MeTogaMu KOpPPESIIOH-
HOTO U IMCIEPCUOHHOTO aHalu3a MpoBepsiach ce-
pMsl TUIIOTE3 O Teo0OTaHWUYECKUX, TUAPOTepMUYEC-
CKUX, (PEHOJOTNYECKUX 1 JIaHAIIAa(THBIX haKTopax,
onpenesomnx naHPopMatnBHOCcT NDVI kak nH-
JIMKaTopa 3eJIeHOU (PUTOMACCHI.

I'mmrore3a 1: arpobuonorndeckne TpyIIrsl pacTe-
HMII BHOCSAT HEOAMHAKOBBIM BKJIad B MNPOCTpPaH-
CTBEHHOE M BpeMeHHO BapbupoBaHue NDVI. UH-
CTPYMEHTOM MPOBEPKMU TMIOTE3HI ObLI pacyeT Hella-
paMeTpUYeCKUX KO3IPDUIIUSHTOB KOPpEaSLUuU
Cnupmena mexny NDVI 3a kaxnablit cpok 1 UTO-
MAacCoO¥ TPyIIl pacTeHUId — 3JIaKOB, pa3HOTPaBb,
OCOK, 00DOBBIX, MOJTYKYCTAPHUYKOB U KyCTAPHUYKOB.

lTunore3a 2: TecHOTa CBSI3M U BUI 3aBUCHUMOCTU
Mexny NDVI u ¢utomaccoit onpenensiercst das3oit
pa3BUTHSI COOOIIECTBA B TO0BOM IInKJle. CpaBHUBA-
JIICh MOAYJIb M 3HAK KO3(MPUIIMEHTOB KOPPEISIINN
CnnpmeHa JJId pa3HbIX MECALIEB HE3aBUCHUMO OT
KOHKpETHOTrO roja. Jlenanock IomylieHue, YTo Ipo-
CTPaHCTBEHHOE BapbMpOBaHHUE MOKazaTeneil (huTo-
Macchl U NDVI B KOHKpeTHBbII Mecsill He 3aBUCUT OT
TUIPOTEPMUIECKUX YCIIOBUIA roaa.

Tunore3a 3: TecHOoTa CBSI3M U BUJl 3aBUCUMOCTU
mexay NDVI u puromaccoii MOXET MEHSIThCS B 3a-
BUCUMOCTU OT TUAPOTEPMMUYECKUX YCIOBUM roja.
Xon TeMIiepaTyp U OCAJIKOB B TeUCHUE BereTalluOH-
HOTO TNepuoia ¢ Mas Mo CEHTIO0pb, pasaudaloniuiics
OT Troa K TOdy, MOXET OIPENEIISITh XapaKTep CBSA3U
nccienyeMbix nokazareneii. CpaBHUBaIUCh KOppe-
JISIOMK, TIOJAyYeHHBbIE pasfeilbHo mo romam (2015,
2016, 2017, 2018, 2020) He3aBUCUMO OT MecsIlia U3Me-
peHus. [IpoBepsiioch MpeanoaoXkeHue, 4To TECHOTa
CBSI3U, T.€. TIPABUJIO COMPSIXKEHHOTO MPOCTPAHCTBEH-
Horo BappupoBaHusg ¢uromacchl 1 NDVI, Bo3pacra-
€T B Iro/ibl C HEKOTOPBIM CIleLIM(UIEeCKO KOMOUHa-
LIMei Terio- 1 BJIaro00ecreueHHOCTH.

Tumnore3a 4: TecHOTa CBSI3M U BUI 3aBUCUMOCTH
mexay NDVI u ¢puromaccoit cienuduaHbI IJIsk CO-
o0111ecTBa HE3aBUCUMO OT CE30HHOM (pas3bl ero pas-
BUTHS U TUAPOTEPMUUECKUX YCIIOBUIA rojia, HO OIpe-
JIeNsTIoTcsa “ucropueii” cooOiiecTBa, T.€. OBLIBIMU
(IO yCTaHOBJIEHMS 3aIIOBEIHOIO peXXrMMa) CIIoco0aMu
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3eMJICTIOIb30BAaHUS 1 IJINTEIBHOCTHIO ITOCIEIIOXAap-
Holi cykuieccur. CpaBHUBJIMCH KOPPEJSLIMU 151 OT-
JIeJIbHBIX IJIOIIAaA0K HEe3aBUCUMO OT Troja U Mecslia
HaOJIOAeHUI C NPEeaNoI0KEeHHEM, YTO BapbUpOBa-
Hue ¢putomaccel 1 NDVI Bo BpeMeHU MOTYMHSIETCS
eIUHOMY NpaBUJIy HE3aBUCHUMO OT JIaHIIIAa(THOM
MMO3ULIUH.

Tunore3a 5: TecHoTa CBSI3M U BUIl 3aBUCUMOCTU
mexny NDVI u ¢puromaccoii B KaxKIblii MOMEHT Bpe-
MEHU OINpeNesioTC pas3iuuusIMu JIaHaadTHOR
TMO3UILIMN COOOIIECTB, CXOMHBIX MO BUIOBOMY COCTa-
BY, 8 UMEHHO — MPUYPOUYEHHOCTHIO K BBITTYKJION WU
T1ockoii Me3ogopme pelibeda, MPUHAIIEKHOCTHIO K
BO3BBIIIIEHHOU (CTPYKTYPHO-3PO3MOHHOM) UJIN HU3-
MEHHOM (II0JIMHHO-0aJIOYHOI) MECTHOCTH, XapaKTe-
pPOM TIOYBOOOPA3YIOILIUX MOPO U TPaHyJIOMETPUYE-
CKHM cocTaBoM IouB. CpaBHUBAJIUCHh KOPPESILIAU
JUJIsl pa3HbIX CPOKOB HAOJIIOAEHUS C TIPEAIOJIOXKEHU -
€M, YTO IIPOCTPAHCTBEHHOE BapbUpOBaHUE (UTO-
Macchl 1 NDVI B nanammadTe onpeneasieTcs OTHUM 1
TeM 3Ke MPaBUJIOM He3aBHMCHMO OT Tojla U Mecsiila Ha-
OJIIOIEHUA.

PE3YJIBTAThI
Cesonnas dunamuxa @parxuyuii pumomaccot u NDVI

CpenHue 3HaYeHMs IIoKa3zaTejeil Haa3eMHOM
durtomaccel 1 NDVI mo mecsgiam I1oka3aHBI B
Taba. 1. JlaHHBIE CBUIETEIBCTBYIOT O HECOBIIAIE-
HUU ce30HHBIX TuKoB NDVI (Mmaii), 3eneHoit ¢puto-
Macchl (MIOHb), BETOLIM (MIOJb) W IOACTWIKHU (aB-
ryct). CMellleHrue Ce30HHBIX MMKOB Ha 0oJiee Mmo3/-
HUE CPOKM OT KMBOM (UTOMACCHI K BETOIIM U
MOACTWIKE OTpakaeT HOPMAaJbHBINA IS CTEIIM XOI
npoiecca TpaHcopmauuu ¢utoMaccsl (TutiassHoBa
u ap., 2018). OgHako HecoBmnameHue muka NDVI u
3eJIEHOI (pruTOMAaCChl HE COIIaCcyeTCs C pacIpocTpa-
HEHHBIM IIpEICTaBJICHUEM O IIPSIMOM MHIUKALIMOH-
HoM 3HayeHn NDVI, 4To npuBoauT K HEOOXOTUMO-
ctTu Oojee NEeTaJbHOIO aHajlmu3a; ero pe3ybTaThl
nmpuBoasTcsa Huke. B yvactHocTu, B 2015 1. Takoe He-
coBHaJeHUEe OTMeYaloCh Ha 3-X Iutolankax u3 12, a
B 2020 1. — Ha 2-x (mpuueM, npyrux). ComiacHo pe-
3yjbTaTaM JIUCIIEPCUOHHOrO aHaiau3a (1Mo TecTam
LSD, Newman-Keuls, Tukey) Bce n3y4eHHEbIE IJ10-
IIaAKW He oTandarTcs no 3HauyeHussM NDVI B kax-
JIoM Mecsilie ¢ Mast 1o ceHTs10pb 2015—2018 1 2020 rr.,
YTO COIJIACYETCSI C UX BLIOOPOM KaK IIpeACcTaBUTENCH
OQHOIO THUIIA PACTUTEIBHOCTA U OAWHAKOBBIX WU
OJIM3KMX TUITOB COOOIIECTB B Mapax mjoianok. Mc-
KJTIIOUEHUE COCTABJISIIOT 5—6 map miomanok (u3 144)
B Mae, UI0JIE€ U aBIYCT€; B MIOHE M CEHTSIOpE MOCTO-
BEPHBIX OTJIMUMIA HE ObLIIO COBCEM.

OO61as Haa3eMHast (huToMacca, BKIIIoYaloas 3e-
snenyio maccy (G), Berous (D) u moactuiky (L), 3a
BECh IIepUOJ U3MEPECHUI MOTYUHSIETCS HOPMAJIbHOMY
pacnpeneaeHUIo, PaBHO KaK U OTAEIBHO 3a KasKAbIiA
Mecdan npu p > 0.10. DTo cBUAETEIBCTBYET 00 OMHO-
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Taomuna 1. Cpennue 1o 12 nomankaM 3HaYeHUs 3eJIeHOM U MepTBOl HangzeMHoi ¢utomacchl 1 NDVI no mecsiiiam

(Habmogenus 2015—2018 u 2020 rr.).

Mecsn Mait Wionp Hrone Asryct | CeHTSI0pD

Kon-Bo nsmepenuit puromacco 62 61 54 62 62
Cpennsist o6wiast 3enenast puromacca (G), r/m> 106.32 139.39 106.13 89.33 62.91
CraHIapTHOE OTKJIOHEHUe 3HayeHmit putomaccesl G, /M2 | 33.38 41.79 317 29.01 23.52
Cpennsist o61iast Macca Beroruu (D), r/m2 120.9 131.24 153.05 145.92 156.83
Cpennsist Macca nonctiku (L), r/m2 124.7 133.01 151.02 160.89 154.18
Koi-Bo uamepenuit NDVI 37 38 38 49 37
NDVI 0.56 0.43 0.33 0.28 0.23
CranpapTHoe OTKJIOHeHue 3HaueHuit NDVI 0.05 0.09 0.05 0.03 0.03

POMHOCTH MCCJIeMyeMOM BHIOOPKY M BapbUPOBAHUM
PACTUTENILHBIX COOOIIECTB BO BpEMEHM 1 IIPOCTPaH-
CTBE TIOI YPaBHOBEIIEHHBIM BIIMSTHHEM OOJIBIIIOMN
rpynIrel GaKTOPOB, HU OMWH U3 KOTOPHIX HE SIBIISICT-
cs1 IaBHBIM. THBIMU clToBaMu, CE30HHBIE U MEXTO-
JIOBBIE OTKJIOHEHUS OT “HOpPMaTUBHOI” (hrUTOMACCHI
Pa3HOTPaBHO-TUITYAKOBO-KOBBUIBHBIX CTEIeil B3a-
MMHO KOMIIEHCUPYIOT ApYT Apyra. O61as macca Be-
tomw (D) xapakTepusyeTcss HOpMaJIbHBIM pacrpee-
JICHWEeM 3a BeCh Tepuon HaOIIOIeHUM, OTHAKO IS
KaxKJI0ro Mecsilia Mo OTAEJIbHOCTU OTJIWYUS OT HOP-
MaJIbHOTO pacIipeneiieHus moctoBepHBI. CiemoBa-
TEJIbHO, KaXXIBIM IIepHOI BETeTAIlMOHHOTO CEe30Ha
XapaKTepu3yeTcss HepaBHOBECUEM IMpoliecca OTMU-
paHus 3eIeHoM pUTOMaCChHl PUTOIIEHO3a U, BEPOSIT-
HO, ee¢ TTOTPeOICHNST KOHCYMEHTaMM U penylieHTaMH1
(TIpSIMBIMU TAHHBIMU O KOTOPOM MBI HE pacroiaracm).
DTO 03HAYaeT BO3MOXKHOCTBH CYIIECTBEHHBIX OTJIH-
YUt B MPOTEeKaHWHW 3TOTO TIpoliecca OT Tofa K Toay B
3aBMCUMOCTHU OT TMAPOTEPMUUYECKUX YCIIOBUii. 3ee-
Hast ¢puToMacca, ee (pakiMU IO arpoOMOIOTHYE-
CKMM TpyIIaM M Macca MOACTWJIKH HOPMaJTbHOMY
pacrnpeneaeHUIo He TIOAYMHSIOTCS HU B OIMH U3 Me-
CAIIEB W B 1IeJIOM 3a mepuon uaMmepeHuii. I[lo atoit
MIPUIMHE B TaJIbHEUIEM IJIST CTATUCTUIECKOTO aHa-
JIN3a UCTIOIB30BAIUCH HEMTapaMeTPUIEeCKUE METOIBI.

Ce3onHas QuHamuka 0oau azpoouosocUvecKux
epynn 6 gpumomacce

ITo manapM 301 u3MepeHus Ha 12 ToIomagKax B
TedeHue 5 JieT (TSITh pa3 rof) U ellle Ha OMHOI — B Te-
yeHUe 2 JIeT MeTruaHHOe 3HAaYeHME TOJIN 3JTAKOB B 3€-
JleHoit ¢utomacce — 73% (amanasoH ot 32 10 96%),
a JOJIM pasHOTpaBbsl — Bcero 12% mpu MaKCHUMyMe
63%. 3eneHast (puToMacca B HAMOONBIIECH CTEIICHHN
oTIpenesIsIeTCs MacCoM 3/1aKOB: HelmapaMeTpUuIeCKUii
koadunueHT Koppensiuu CrnupmeHa (KKc) co-
crapistet 0.85. Ha BTopoM MecTe 110 BKJIagy pa3HoO-
tpaBbe (KKc = 0.62), Ha TpeTbeM — ITOIYKYCTapHUYKI
(KKc = 0.37). Ilpu 3TOM cTaTUCTUYECKas CBSI3b (DU~
TOMACCHI 3JTaKOB 1 pa3HOTPAaBbsI JOCTATOYHO cj1abasl,
xoTsa u nocroBepHasa (KKc = 0.30) YeenuueHnue pu-

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 3

TOMACChl pa3HOTPABbSI PE3KO CHIKAET JOJIIO 31aKOB
B ¢putomacce (KKc = —0.67), 4To, BUIUMO, OTpaKaeT
3amna3abiBaHue (peHoda3bl HauboJiee aKTUBHOI Bere-
TallMU 3JIaKOB, 110 CPAaBHEHMIO C PA3HOTPABbEM; B Ha-
yajie ce30Ha 3TO OCOOEHHO XapaKTEPHO IS TOPEB-
X cooburecTB. OIHAKO 0OpaTHOE HEBEPHO: YBEJIN-
yeHUe (pUTOMACCHI 3J1aKOB HMKAK HE OTpaXkaeTcsl Ha
nmoiie pazHoTpaBbs B ¢puromacce (KKc = 0.02).

Hons 3ammacoB xknBoii (pUTOMACCHI pa3HOTPaBbs B
duToLEeHO3€E 10 Macce BCErIa YMEHbIIIAeTCs OT Masd,
KOTJ/Ia B €r0 COCTaBe MPUCYTCTBYIOT 3eMephl U 3de-
mepounsl (Pedicularis physocalyx Bunge, P. sibirica
Vved., Iris pumila L., Gagea pusilla (F.W. Schmidt)
Schult. & Schult. f., Tulipa biebersteiniana Schult. &
Schult. ., Valeriana tuberosa L.,), urpaoiue ocooeH-
HO 3HAYUTEJILHYIO POJIb B COOOIIIECTBAX IOCTIE IT0XKa-
POB, K KOHIly BererallMoHHOTo ce3oHa (puc. 1). Ha
HEKOTOphIX IuTomankax (7a, 70, 5a) ciadboe yBeaude-
HUE HOJU pa3HOTPaBbs B HEKOTOPHIE TOALI OTMEYa-
Jioch B ceHTs10pe. Ha momaake 5a (HU3MeHHast ak-
KyMYJISITUBHO-IEHYAALIMOHHAsT paBHUHA) 3TO MpPO-
WCXOIUT 3a CUYET Bererauuu U LBeTeHus1 Taraxacum
serotinum (Waldst. & Kit.) Poir., mocturaloiero 3Ha-
YUTEJIbHOTO OOUJINS B COOOIIECTBE B CBSI3U C 3aJIEXK-
HBIM XapaKTepOM PaCTUTEILHOIO IIOKPOBa Ha 3TOM
yuacTtke. Ha miomankax 7a u 70 (I10J10roHaKJIOHHbIE
JIeHyIallMOHHbIE YBAJIbl) B KOHIIE JIeTa 1 HavaJje oce-
HHM OCHOBY (pHTOMACCHI pPa3HOTpPaBbsl (GopMHUpyeT
Galatella villosa (L.) Rchb. f., Ho abcomoTHBIC 3HaYE-
HUS KMBO# (pUTOMACChl pa3HOTPaBbsl HEOOJbIIINE;
yBEIWYEHHE NOJM PasHOTpaBbs B OOIIMX 3amacax
KMBOT HaI3eMHOI (PUTOMACCHI OIIPEALIISIETCS CyIIe-
CTBEHHBIM CHMKEHHMEM 3aIlacoB XWBOI (pMTOMACCHI
371aKOB. J10J1s1 371aKOB B pTOMacce He OOHapyKMUBaeT
OQHO3HAYHOI TEHICHIIMU B TEYCHME BEreTallMOHHO-
TO IIEpHO/Ia, XOTs Ha HEKOTOPHIX THTomankax (2, 4, 6)
OHa 3aMETHO Bo3pacTaeT B ceHTs10pe. IIpu 3TOoM Ha
YKa3aHHbIX IUIOIIAJKaxX 3arachl (pruToMacchl 371aKOB
OCEHBIO CHMXKAIOTCSI WM HE3HAYUTEILHO BO3pacTa-
10T (IpeMMYILIEeCTBEHHO 3a cueT Stipa capillata L..), a
JTOJISI 3JIAKOB B 3aItacax KMBOM Haa3eMHOI (puTOoMac-
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Puc. 1. BHyTtpuce3zoHHoe (Maii-ceHTI0pb) BapbMpPOBaHUE JOJIM PA3HOTPaBbs (@) U 31aKoB (0) B kuBoil hutomacce 3a 2015—
2020 rr. Mean — cpenHee, SE — crannaptHas ouinbka, Raw Data — naHHble u3MepeHuit Ha TUIoLaaKax.
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Puc. 2. 3aBucumocts NDVI ot nonu pasHoTpaBbs B XuBoM (putomacce (a) 1 xkxuBoii puroMacchl pa3HOTpaBbs (0). ¥ — Koad-

duument koppensiuuu [Tupcona, p — ypoBeHb 3HAUMMOCTH.

Cbl YBCJIIMYUBACTCA 3a CUCT CHMKCHMUA (bPITOMaCCLI
pasHOTpaBbi, a MHOTAA U ITOJIYKYCTAPDHHNYKOB.

3asucumocmv NDVI om ce3onnbix usmerenui
cocmaesa gumouyero3a (eunomesa 1)

Ol1ieHKa KOppeJISIMOHHOI CBSI3U 110 BCEil COBO-
KyITHOCTH TIIOIIAIOK Oe3 y4eTa rofa 1 ce30Ha IMoKa-
3ana, uto NDVI Hanbosee 10CTOBEpHO KOppearupyeT
¢ Maccoii pa3HoTpaBbs (KKc = 0.68) (puc. 2) u noieit
pasHoTpaBbsa B puromacce (KKc = 0.57), xors 3ene-
Has (puToMacca Kak TaKoBast OIIPeIesIeTCS B OCHOB-
HoMm 3nakamu (KKc = 0.85). bosee Toro, npu noie
371aKoB B (putoMacce 6oJiee 0.8 u rpu 6onbIIoi pu-
TOMacce 3J71aKoB (0OBIYHO B aBrycte u ceHTs10pe) NDVI

NCCIEOJOBAHUME 3EMJINM 3 KOCMOCA  Ne 3

MMeeT TeHACHIINIO K CHIDKCHUIO: MCKITIOYaloTCs 3Ha-
yenus 6onee 0.3 (puc. 3). B cBsI3u ¢ 3TiM TpedyeT
MPOBEPKU TUIOTE3a O YACTUYHOM SKPAHUPOBAHUU
npeobIamaomnX B XUBOM Macce 3JIaKOB BETOIIBIO,
pe3yabTaThl KOTOPOI TIPUBOISTCS HITXKE.

3asucumocmo ungopmamuernocmu NDVI om ¢azwbt
ecemMayUOHHO20 nepuoda (eunomesa 2)

OlleHKa TIpoBelcHA MO COBOKYITHOCTU M3Mepe-
Huit Ha 13 mIolaakax B TeUeHue S5 j1eT 3a 16 CpoKOoB,
obecrieyeHHBIX 0e300JIJaYyHbIMU  KOCMOCHUMKAMMU.
BoisiBiIeHBI TTOMECSIYHbIC pa3indus B MH(pOpMaTUB-
Hoctu NDVI kak nHmukaTopa o61ieil puroMacchl 1
duUTOMACCHI OTHEITBHBIX arpoOMOIOTMYECKUX TPYIIIT
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1 1

0 0.2 0.4 0.6 0.8
onst 3makoB B hutomMacce

0.1
1.0

XOPOIIEB u mp.

0.30 : : : : .
] S
0.26
0.24
E 0.22
020
0.18
0.16

0.14 ' 3'
0 20 20 60 80

Macca 371aK0B, T/M>

F=—0.3389;: p = 0.0402
1 1 1

100 120

Puc. 3. 3aBucumocts NDVI ot 10111 3/1aK0B B XX1BO#1 hrTOMAacCce 3a BCe MeCSLIbI (@) 1 OT KMBOM (pUTOMACCHI 3J1aKOB B CEHTSIO-
pe (6) 3a 2015—2020 rr. » — ko3 bumeHT koppensiuuu [Tupcona, p — ypoBeHb 3HAUMMOCTH.

(Tabi. 2). O6pamaeT Ha ceOsI BHUMaHUE, YTO SIUHOMI
TEHIECHIIMY POCTa WU CHYKEHUS B TEYSHUE roIa MH-
dopmatuBHocTu NDVI kak nokaszareneit putomac-
cel HeT. B Mae u ntoHe 3aBucuMocts NDVI ot Mmacchl
pa3HOTpaBbsl 0OJIee TeCHasi, YeM OT MacChl 371aKOB.
B utone NDVI onpenensieTcss B OCHOBHOM Maccoif
371aK0B. B aBrycre 3T 1B TpyIImbl BHOCST IIPUMEPHO
oaunHaKkoBbIe BKIaabl. Heckonbko 6osee cuabHas 3a-
BucuMocTb NDVI oT Macchl pa3HOTpaBbsl MPOSIBIISI-
€TCs B HEBO3MOXHOCTH HM3KHMX 3HaueHuit NDVI
(menee 0.27) mpu OoJiblIOl Macce pa3HoTpaBbs. [1pu
MaJIoil Macce pasHoTpaBsbs (10 15 r/M?), BO3MOXEH
Oonbiroit nuamnazoH 3HadeHuit NDVI — ot 0.22 no
0.35, T.e. BHOCAT BKJIaJ ApyTWe TPYNIIbl PACTEHMIA,
0COOEHHO MOIYKYCTapHUYKHU, YTO XapaKTePHO B HE-
KOTOpBIe Tonbl A8 mioinanok 2b, 7b, 1A, Haxons-
IIUXCS B pa3HbIX YCIIOBUSIX peybeda.

B centsaope NDVI He 3aBUCUT OT Macchl 1 JOJIH
Pa3HOTpPaBhbs U 371aKOB, HO ITPU 3TOM MOSIBJISIETCS TTa-
panokcajabHasl MOJOXHUTeNbHas (B OTIUYME OT JIpY-
TUX MECSLIEB) CBSI3b C MMOKAa3aTeNIsIMU, XapaKTepusy-
IOLLIUMU TIPEBBIIIIEHE MOPTMACC (BETOIM, TTOACTUIIKH,
CYMMapHOII MOPTMAacCCBhI) HaJl >KMBOM MacCOi, YTO
TpeOyeT OTNIEeIbHOTO MOSICHEHUS.

Jloruka ce30HHOro pUTMa CTEIlei IoACKa3bIBaeT
obpaTHOE: B CEHTSIOpE YCMJIICHHOE OTMMPaHUe XXUBOM
Macchl M, COOTBETCTBEHHO, HAaKOIUICHWE BETOIIU
JIOJDKHO IIPUBOIUTH K SKPAaHMPOBAaHUIO (POTOCUHTE-
3UPYIOIIMX OPTaHOB CyXMMH M cHIDKeHHneM NDVI.
OnHako MOJyYeHHBIM HEOXUIaHHBIM pe3yabTaT 1ie-
JIMKOM OOYCJIOBJIECH OCOOEHHOCTSIMU (PUTOIPOIYK-
nroHHoro npouecca B 2015 r mo cpaBHeHMIo ¢ 2017—
2018 rr. B 2015 1. Bce n3aMepeHuUs1 moKa3aau HU3KUE
NDVI npu oOmHOBpPEMEHHO MajJOM OTHOLICHUU
moptMacce (D, G, M) k xuBoii macce. MHBIMHU clTOBa-
MU, BETOIIIb HE MOTIJIa 0Ka3aTh 0OJIbIIIOE DKPAaHUPYIO-
11ee BIMSIHYE Ha KMBEIE 3¢JIeHbIe OpTraHbl, Macca KO-
TOPBIX ObIJIA TOCTATOYHO OOJILIIION IS Hadajla OCCHU

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 3

61aromapst HamboJee TerioMy 3a 2000—2021 rr. ceH-
T6pio (+15.6°). CpaBHeHUE CTPYKTYPHI (PUTOMACCHI
nokazaio, 4to B 2015 r., mo cpaBHeHuto ¢ 2017 u 2018 rr.,
Ha HEKOTOPBIX IUIOILIAAKAaX ObLIa CYyIIIeCTBEHHO BHIIIIE
Macca 1 J0Js1 XKUBBIX 3J1akoB (5A, 5b, 7B) u monyky-
ctapHUUkoB (1A, 1b, 2A). OgHaKo MJIOIIAAKU C BbI-
cokoii (o cpasHeHwMIo ¢ 2017 1 2018 rr.) Maccoii 3;1a-
KOB U TIOJIYKyCTApPHUYKOB OTJIMYAJIUCh HU3KUMU
3HayeHUussMu NDVI. UHbiMUu c1oBaMu, BO30OOHOBJIE-
HHe BereTaluy 3JIaKoB (HO He pa3HOTPaBhbsI) B OUYEHb
TeruioM ceHTsI0pe 2015 . conmpoBOXIAIOCh POCTOM
¢dutomaccel, Ho cHuzkeHreM NDVI. Xopoliio BugHo,
YTO IIPYA COMOCTAaBUMBIX 3HAYEHUSIX KMBOM (DUTO-
macchl (40—80 r/m?) B Mae u ceHTs10pe 2015 1. (puc. 4),
¢oToCMHTETYECKAsI AKTUBHOCTb, NPUBOMSIINAS K
pocty NDVI, 6bl1a cylliecTBEHHO BBIIIE BECHOIA.

3asucumocms ungopmamuernocmu NDVI
om eudpomepmuueckux ycaosulii (eunomesa 3)

M3BecTHa BbhICcOKasg 4yBCTBUTEAbHOCTH NDVI k
TeMmIieparypam u ocankaM (Pynes u np., 2016). IIpo-
BepKa TUITOTe3bl ObLIa HECKOJBKO 3aTpydHEHa He-
OIMHAKOBOU MpeacTaBlIeHHOCThIO TaHHBIX NDVI o
MecsdalaM M3-3a OTCYTCTBUSI 0€300Ia4HBIX KOCMO-
CHUMKOB OJIM3KUX K CPOKY HAa3eMHOIO U3MEpPEHUS
duromaccel. CpemHeMecSUYHBIE TUAPOTEPMUUECKIE
mokaszareau (TeMrepaTypbl U OCaaKK) HU IJIsl OMHOTO
U3 MSITU MECSI1IEeB ce30HAa He JaJI OAHO3HAYHBIX 00b-
SICHCHU TTOBBIIIEHHBIX MJIN ITOHVKEHHBIX KOPPEJIsi-
LM TIO0 CPAaBHEHUIO C IPYrMMM rogaMu. Mexrono-
Bble pa3nudus B uHpopmatuBHocTd NDVI nokasza-
HBI B Ta01. 3.

M3 Bcex moka3zaTelieii XkuBoi (puToMacchl Haubo-
Jiee yCTOMUYMBOM OT roga K roay oka3ajaach IOJOXM-
tesbHas cBsi3b NDVI ¢ Maccoii pa3HOTpaBbsl, XOTS C
JIOJIeii pa3HOTPAaBbsI CBSI3b MPOSIBIISIETCS HE KaXKIbIi
ron. 3aBucumoctb NDVI ot o61ieii XuBoii MacChl U
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Taomuna 2. KoadbduuueHT Koppensuuu CrimpMmera Mmexay 3HaueHussMu NDVI 1 nmokazarenssmMu puromacchl o coBo-
KYITHOCTU HabJroaeHuii Ha Beex ruiomaakax B 2015—2018, 2020 rr. (245 usmepeHuii)

IMoka3zarenn Maii HrwoHb Hronb ABrycr CeHTs10pb

Oo6uias xuBast ¢utomacca G 0.38 0.67 0.64 0.54 —-0.37
3naku Z 0.07 0.25 0.59 0.35 —0.20
PaznorpaBse R 0.61 0.54 0.18 0.40 —0.27
BoGoBrie —0.16 0.18 0.15 0.10 0.04
Ocoku 0.29 0.14 0.10 0.13 —0.12
IMomykycTapHmaku 0.36 0.07 0.04 0.10 —0.25
Kycrapuuuku 0.03 0.09 0.23 0.02 —

Z/G —0.51 —0.36 0.10 —0.30 0.22
R/G 0.36 0.38 0.01 0.29 —0.15
Betoub 3makoB Dz —0.01 —0.20 0.08 —0.12 0.30
BeToun pasHoTpaBbst Dr 0.40 0.38 0.12 0.42 —0.19
IMonctunka L —0.03 —0.36 0.09 —0.04 0.23
BeTouub obwast Dt 0.05 —0.18 0.08 0.02 0.23
Moprtmacca M 0.04 —0.25 0.13 —0.01 0.25
®duromacca HagzemHass F=G +V+ L 0.10 —0.04 0.29 0.10 0.13
Dt/G —0.12 —0.53 —0.22 —0.28 0.51
L/G —0.16 —0.53 —0.26 —0.28 0.43
M/G —0.17 —0.55 —0.32 —0.30 0.51
G/F 0.17 0.55 0.32 0.30 —-0.51

TMpumeuyanue. ZKupHbIM KypCUBOM BBIIEIEHBI CTATUCTUYECKU JOCTOBEepHBIe 3HaYeHus mpu p < 0.05.

Macchl 3JIaKOB ITOJIOXWUTEIbHA, HO HE KaXKIObIil IO
nocroBepHa. MUudpopmarusHocts NDVI kak mHmn-
KaTopa XMBOW (PUTOMACCHI M €€ COOTHONICHUI C
MoOpTMaccaMM OKa3zajlach HamOoJjiee BBICOKOM B ca-
MbIi 3acynmuBbiii 2018 . B Hambomee BiIaXKHBINA U
terblii 2016 . okasanmuch OoJiee CIIAOBIMM CBSI3U
NDVI ¢ xuBoii puToMaccoii 1 HeIOCTOBEPHBIMHU — C
MoKazaTeJsSIMU MOPTMAacCC, OMHAKO HET JOCTaTOYHBIX
OCHOBaHUI OOBSICHATHh 3TO UMEHHO TUAPOKIMMATH-
YeCKMMH YCJIOBHUSIMM, MOCKOJIBKY MBI pacrojiaracM
manabpIMU NDVI Toibko 3a Mait 1 aBTyCT.

YCTOMYUBEL OT rojia K TOy MOJIOXKUTEIbHAS CBSI3b
NDVI ¢ noneii 3eneHoit MacChl B 00l HAA3€MHOM
duTomMacce M, HAOOOPOT, OTpULATEIBHBEIC CBSI3H
NDVI ¢ nokaszarenssMu, XapakKTepU3yIOIIUMUA OTHO-
IIeHWue MOpTMacc (BETOIIM, MOACTWIKM, OOIIeit) K
3eJIeHOI Macce. DT (paKThl MILTIOCTPUPYIOT 3aBUCH -
mocTth NDVI He ToJBKO OT XXMBOW (PUTOMACCHI KaK
TaKOBOM, HO U OT CTCIIEHU ITePEKPHITUS 3EJICHBIX Op-
raHOB OTMEPIIUMHU (IIPEeXAe BCETO — BETOIIbIO), KO-
TOpast Bappupyert 110 MecsiaMm. [103ToMy BO3HHUKaET
HEOOXOOMMOCTh YCTAaHOBHUTH, OBIBAIOT JIM CJIy4yau,
korga NDVI u xuBas uToMacca MEHSIIOTCS 3a Bpe-
MEHHOI MHTepBaJl B IIPOTUBOIIOJIOKHBIX HallpaBJie-
HUSIX (4TO MPOTHUBOPEUYUT OXKMIAEMOI 3aKOHOMEP-
HOCTH) ¥ MOXHO JIM 3TO OOBSICHUTDL SKpaHNPOBaHUEM
3eJIeHBIX OPraHOB BETOIIBIO MJIU (IJ1 HU3KUX pacTe-
HMIA) TIOACTUIKOM.

NCCIEOJOBAHUME 3EMJINM 3 KOCMOCA  Ne 3

JI1s1 Kaxxgoro roga ObLIO COCTaBJIEHBI MYJIBTHUPE-
rpeCCUOHHBIE TUHETHBIE MOIEIM METOIOM IIPSIMOTO
nomaroBoro Beibopa (Forward stepwise regression,
F = 1), rme 3aBucumas nepemenHass — NDVI, neza-
BucuMbIe iepemeHHbie — G, R, Z, Dt, L, M (cM. Ta6u1. 2,
3). OHu 1oKa3aimm, 4To BO Bce rombl 3HadeHuss NDVI
ONMCHIBAIOTCS 3HAYSHUSIMM JIMOO XMBOU (PpUTOMAC-
CBhI, TMOO MAacChl pPa3sHOTPaBhbsl, JTNOO COBMECTHBIM
a¢ddeKToM MacChl pa3HOTPaBbs M MAaCChl BETOIIH
(mubo obGieit MopTMacchl). MakcuManbHOE 3HaYe-
HUE J0J1 OOBSICHEHHOM Aucnepcun (KoapuimeHt
nerepmuHaiim R*2) cocraBuio 0.73 B 2018 1. (Tadmn. 4),
muHnManbHoe — 0.40 B 2015 1. B 2018 1 2020 rr. mpmn
OJIM3KMX 3HAYSHUSIX JKMBOI MacChl pa3HOTPaBhsI (OC-
HoBHOTO (hakTopa NDVI, kak ObUIO TTOKA3aHO BHI-
1lIe) yBeJMYEHUE MAacChl BETOIIM COMPOBOXIAIOCH
cammkenneM NDVI. Ilpu ogmHakoBoit 3ejieHON pu-
TOMAacce HAKOIUIEHME BETOIIN TaKXe CIOCOOCTBYET
camkenno NDVI, narmpumep, B 2020 1. — B MI0HE 110
cpaBHEHUIO ¢ MaeM, B 2016 I. — B aBrycre I10 cpaBHE-
HHIO ¢ MaeM, B 2015 1. — B CeHTSIOpE 1Mo CpaBHEHUIO C
MaeM.

ITpu ob1ieM mpaBuie MOJOXUTEIbHON KOppessi-
oy Mexny 3eneHoi puromaccoit 1 NDVI, maccoit
pasHoTpaBbsd 1 NDVI oOHapy:KeHbI 3ITM30IMYECKIE
OTKJIOHEHUSI OT 3TOTO IIpaBWjia, KOTOPhIE BO BCEX
clTydasix 0ObSICHSIOTCS SKpaHUPYIOLLIE POIbIO BETO-
mu. Tak, B 2018 . Ha T. 1A n 1b magenmne NDVI ot
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Puc. 5. Ce3onHast nmHaMuKa xuBoit ¢puromaccsl (FM_green), maccol noactuiiku (Litter), macest Beromu (V_SUM) u NDVI
B2018 . 5,6, 7, 8,9 — HOMepa MecsileB. a — Turoliaaka 1A (HU3MeHHOE MOJIOTOYBAIMCTOE THUIIE OAKK). 6 — IIoManaKa 2A
(BO3BBIIICHHAS CITA00HAKIIOHHASI IPUBOAOPA3EIbHAS TOBEPXHOCTD). 6 — TUIOIIAAKa 4A (HU3MEHHAS TJI0CKAsT ICHYIAllOH -
HO-aKKyMYJISTUBHAsl paBHUHA).

aBTyCTa K CEHTSIOPIO IIPOUCXOIUIIO HECMOTPSI Ha POCT
3eJIeHO#t (hUTOMACChl, HO CONPSIKEHHO C POCTOM
MAacCHI BETOIIH, KOTOpasi, BEPOSITHO, SKpaHUPOBaja
3elieHyIo puromMaccy (puc. 5, a). Ha 1. 2A 10T Ke ah-

¢dekxT HabIoHaICcsa OT UIOHS K miomo (puc. 5, 6), HA

T. 4A 1 4b ot o4 K aBrycry (puc. 5, 6).

3asucumocms ungopmamuernocmu NDVI
om uHOUBUAYanbHbIX 0COOEHHOCMeEll cO0buecmaa
KOHKpemHoeo ypouuuja (eunomesa 4)

PaccuuteiBanuce KOppeCdluuu aJjisa Kaxaon Mo-

JIeJIbHOM MIoIaaKu otaeibHo. COmTacHO pe3yibTa-

TaMm, TIpUBEICHHBIM B Taby. 5, o0mass 3aKoHOMEp-

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 3
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Taomuna 3. Hemapamerpuueckue KoadduumeHtsl koppensunu CnupMeHa Mexiy nokaszaresisiMu utomaccsl 1 NDVI

10 Tojam (Bce IUIOLIAAK1, BCE CE30HbI)

Ton 2015 2016 2017 2018 2020
Mecsupl, obecrieueHHble faHHBIMU N DVI 5,6,8,9 5,8 7,8,9 6,7,8,9 5,6,7
KonnyecTBo U3MepeHUit 48 24 36 51 39
I'TK CensgauHoBa 3a miepuon Maii—CeHTIOPh 0.31 0.58 0.30 0.17 0.30
IMoxazarenu Koaddunuenrt koppensunu
Oo61as xxuBas putomacca G 0.23 0.47 0.76 0.82 0.78
3naku Z 0.00 —0.05 0.72 0.79 0.72
PasHotpaBbe R 0.66 0.76 0.42 0.74 0.37
Bo6GoBbie 0.33 —0.20 0.37 0.15 0.29
Ocoku 0.16 —0.01 0.02 0.13 0.08
IMonykycTapHUYKMN —0.11 —0.19 0.03 0.23 0.04
KycrapHuuku —0.06 0.14 0.25 H.n. 0.27
Houst 3makoB B xkuBoit (puromacce Z/G —0.42 —0.31 0.00 —0.34 0.01
Houst pasHOTpaBbsl B kuBoit putomacce R/G 0.63 0.66 0.25 0.65 0.09
Jlos1s1 moyKyCTapHUYKOB B XKMBOI (huTOMacce —0.17 —0.24 —0.26 —0.19 —0.18
Betoius 3makoB Dz —0.17 —0.05 0.29 0.02 —0.29
BeToub pazHoTpaBbst Dr —0.31 0.29 0.08 0.12 —0.26
Berouib 6060BbIX —-0.29 —0.16 0.07 —0.04 0.12
Beroib ocok —0.11 0.08 —0.13 —0.03 0.09
BeTo111b MoyiyKyCTapHUYKOB —0.23 —0.36 —0.25 —0.12 —0.14
IMoactunka L —0.17 —0.24 —0.09 0.11 0.06
Berous o6mas Dt —0.18 —0.08 0.24 0.01 —0.30
Moptmacca M -0.29 —0.26 0.06 0.12 —0.06
®durtomacca HagzemMHass F=G + D + L —0.12 —0.09 0.28 0.33 0.20
Dt/G —0.40 —0.25 —0.58 —0.69 —-0.71
L/G —0.21 —0.33 —0.60 —0.59 —0.44
M/G —0.36 —0.29 —0.66 —0.68 —0.60
G/F 0.33 0.29 0.66 0.68 0.60

KoshduumeHT netTepMruHaIU MYJTbTUPETPECCUOHHOTO YPaBHEHMUST

G,Z,R,Dt,L,M 040 | 058 0.70 0.73 0.62

HpI/IMC‘{aHI/IC. )KI/IpHBIM KYPCUBOM BbIACJICHBI CTATUCTUYECCKU NIOCTOBCPHBLIC 3BHAYCHUS TIPU p <0.05.

Taomuna 4. MynbTuperpeccuoHHoe ypaBHeHUe 3aBucumoct NDVI ot nokasareneit ¢urtomacce B 2018 1. (Maii—ceH-
Ts10pb, 13 moianok). Meton npsiMoro moiaroBoro Beioopa rnpu F = 1. [locToBepHbIe KO3(PUILIMEHTHI BBIASISHBI XKIP-
HBIM IIPUQPTOM.

Koaddurnment gerepmunaunu R*2 = 0.73, IMoanpasnennsiit R*2 = 0.71. F = 31.624, p = 0.00000.

Beta — ctanmapTusoBaHHBII perpeccoHHbI KoaddunueHT; Std. Err. Beta — omm6oka koaddunmenTa Beta; Std.Err. B —
perpeccuoHHbIi KoadduiieHT; B — ommbka koaddunuenrta B, t — kputepuii CTbloneHTa; p — YpOBeHb 3HAUMMOCTU

Beta Std.Err. Beta B Std.Err. B t p-level
CBOOOIHBII YWieH ypaBHEHUS 0.24 0.01 16.09 0.00
Kusast butomacca 0.19 0.42 0.00 0.00 0.45 0.66
KuBast macca pa3HOTpaBbsi 0.40 0.16 0.00 0.00 2.45 0.02
KuBas macca 3J1akoB 0.43 0.35 0.00 0.00 1.23 0.22
CyMMapHas Macca BEeTOIIN —0.28 0.08 —-0.00 0.00 —-3.40 0.00

IMpumeuanue. 2KupHbIM 1IPpUGTOM BbIIEJIEHbBI CTATUCTUYECKU AJOCTOBEpHBIe 3HaueHus rpu p < 0.05.

NCCIEOOBAHUME 3EMJIM N3 KOCMOCA  Ne 3 2023
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Tabomuna 5. Hemapamerpuyeckue koadhduMeHTs Koppeasdiuu CriupMeHa MexXIy XapaKTepucTukKaMu (putomMaccel u
NDVI o4 12 miomanok (Maiti—ceHTs16pb, 2015—2020 rr.). BykBeHHbII MHIEKC “A” COOTBETCTBYET rOpPEBIIMM ILIOLIAI -
KaM, MHAeKC “b” — He UCIBITaBIIMM IT0XXKapHOTo Bo3acicTBusa B 2014 T.

1A 1B 2A 2b 4A 4b S5A 5b 6A 6b TA 7b
O6iuuas xxuBast puromacca G | 0.59 0.62 0.71 0.74 0.66 0.64 0.34 0.21 0.69 0.77 0.82 0.64
3naku Z 0.44 0.56 0.59 0.49 0.54 0.30 0.33 0.15 0.38 0.51 0.66 0.61
PasHotpaBbe R 0.80 0.76 0.69 0.70 0.80 0.83 0.29 0.62 0.84 0.86 | 0.70 0.81
BoGosbie —0.10 0.12 0.62 0.33 0.07 0.01 0.28 0.43 0.50 0.78 | 0.06 0.17
Ocoku 0.49 0.29 0.26 0.36 0.08 | —0.42 — —0.24 0.35 0.34 | —0.02 -
IMonykycrapHUYKKA —-0.16 | —0.11 0.18 0.59 | -0.30 | —0.32 | —0.38 | —0.11 0.50 0.60 0.14 0.06
Kycrapauuku 0.14 0.36 — — — — — — — 0.31 0.42 0.14
Bertotub 31akoB Dz —0.14 0.05 | —0.28 | —0.05 | —0.29 | —0.53 | —0.17 | —0.12 | —0.14 | —0.27 | —0.27 | —0.05
Berours pasHorpasbst Dr —0.16 0.07 | —0.58 0.02 0.14 | —0.64 | —0.23 | —0.20 | —0.34 | —0.16 | —0.50 | —0.46
BeTorns 6060BbIX —0.27 | —-0.06 | —0.27 | —0.04 | —0.25 0.03 | —0.33 0.04 | —0.25 | —0.22 | —0.06 | —0.37
BeTomnis ocok 0.06 | —0.41 | —0.20 | —0.13 0.08 | —0.20 — — —0.30 | —0.10 | —0.18 -
Berowb nonykyctapunukos | —0.31 0.18 | —0.46 0.11 | —0.40 | —0.27 | —0.47 |—0.04 | —0.44 | —0.64 | —0.29 | —0.24
IMoncTunka L —0.44 | —-0.40 | —-048 [ —-0.28 | -0.22 | —0.14 |-0.34 | —0.19 | —0.11 |—-0.26 | —0.13 | —0.15
Beroiub o6uras Dt —0.22 0.08 | —0.35 | —0.11 | —0.32 | —0.64 | —0.23 | —0.18 | —0.15 | —0.44 | —0.27 | —0.05
Moprtmacca M —-0.31 | -0.20 | —0.47 | —=0.25 | —0.31 | —0.31 | —0.28 | —0.18 | —0.15 | —-0.42 | —0.28 | —0.14
duromaccaF=G+V+L | —-0.08 0.14 | —0.12 0.06 | —0.04 | —0.24 | —0.23 | —0.11 | —0.06 | —0.21 0.02 0.36
Houns 3nakoB Z/G —0.22 0.16 | —0.36 |—0.55 | —0.52 |—0.76 | 0.04 | —0.35 |—0.79 |—0.79 | —0.38 | —0.13
Honst pazHotpasbsi R/G 0.67 | 0.57 | 0.47 0.60 0.70 0.76 | 0.25 0.68 | 0.74 0.73 0.57 | 0.74
Jonst 6060BbIX —0.11 0.10 0.61 0.26 0.03 0.00 0.20 0.28 0.46 0.64 | 0.04 0.07
J1o151 MOMyKyCTapHUIKOB —0.35 | —0.47 | —0.04 0.33 | —0.47 | —0.40 | —0.58 | —0.15 0.23 0.31 | —0.16 | —0.38
Dt/G —-0.58 | —-0.51 |—0.74 | —0.79 | —0.76 | —0.87 | —0.39 | —0.36 | —0.59 | —0.81 | —0.69 | —0.58
L/G —-0.56 |—0.76 | —0.59 | —0.64 | —0.60 | —0.46 | —0.44 | —0.43 | —0.50 | —0.70 | —0.42 | —0.55
M/G —0.60 | —0.71 | —0.65 | —0.82 | —0.78 | —0.65 | —0.43 | —0.43 | —0.58 | —0.81 |—0.58 | —0.61
G/F 0.60 0.71 0.65 0.82 0.78 | 0.65 | 0.43 0.43 0.58 | 0.81 0.58 0.61

IMpumeyanue. ZKupHbIM KypCUBOM BBIIEIEHBI CTATUCTUYECKU TOCTOBEepHBIe 3HaYeHus rpu p < 0.05.

HOCTb COXpPaHSIETCS, TIOATBEPXKAAETCS OONBIIIMHU 10
MOJIIYJII0 3HAYEHUSIMU KO3(DDOUIIMEHTOB U SIBJISIETCS
eOIUHOM IUIST OOJNIBIIMHCTBA IUIoIIagoK. OCHOBHOI
BKian B 3HayeHUsa NDVI Ha m10060ii miioniaake BHO-
CUT Macca pa3HOTPaBbsl, BKJIAJ, 3JIaKOB BCEIa MEHBIIIE.
PasHuiia B TeCHOTE CBSI3Eii Ha TOPEBIIMX U HETOPEB-
IUX TUIoIagKaxX Haubojiee YETKO IIPOSIBIISICTCS B
YpOuMIIax IIpUBOIOPa3ACIbHBIX TOBEPXHOCTEI BO3-
BBILIIEHHBIX paBHUH (2A 1 2B, 6A 1 6b): Ha Heropes-
mux Iromankax (¢ uagekcoM b) csizu NDVI aBisi-
IOTCsI 001ee HaaeXKHBIM MHINKATOPOM COOTHOIIEHUS
XKMBOM M MEpPTBOM MaccChl, YeM Ha ropeBmnx. Ha
OCTaJIbHBIX IJIOLIAAKaX 3TO pa3jindure TOXKe €CTh, HO
OYeHb He3HaYuTeabHOE. POCT moiIu BeTOIIM M IO~
CTWJIKM B HaOA3e€MHOM (puTOMacce COIPOBOXKIAETCS
cHimxeHueM 3HaueHuit NDVI. 13 obmiero npasuiia
YETKO BBIICISIOTCS CJIAa0OBIMU KOPPEISIIUSIMU ITLIO-
manku SA u 5b, KoTophie, B OTJIMYKE OT OCTaJIbHBIX,
PacIIOJIOXKEHBI Ha 3aJIeXKHOM YYaCTKE M OTHOCSTCS K
KOBBUIKOBOU (Stipeta lessingianae) dopmanuu. ®u-
TOoMAacca 3J1aKOB OKa3bIBacT HanOOoJIbIllee BIMSIHIC HA
NDVI (00b19HO 3a cYeT MIOHS-UI0Ns) Ha IToIagKax
7A n 7Bb. DTN 1wioiank oTan4aeTcsa HanOOIbIINM

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA  Ne 3

pazHooOpa3ueM KoBblIel: Stipa capillata, S. lessingi-
ana, S. pulcherrima, S. zalesskii. [loMuMO KOBbUIEI B
cooOlllecTBax BCTpPEUYarOTCs Apyrue TUIOTHOAEPHO-
BuHHBIE (Festuca valesiaca Koeleria cristata) n pbIXjio-
nepHoBuHHbBIe (Poa transbaicalica, Agropyron pectinatum)
371aKU. DTU TUIOLIAAKU PACIIOJIOXKEHBI Y CEBEPO-BO-
CTOYHOI I'paHUIIbl 3alOBEAHWKA Ha TOJOTOBBIMYK-
JIOM yBaJie CeBEPHOIO TMPOCTUPAHUS U OTJIUYAIOTCS
HAVMMEHBbIIIEA MAacCO M HOJIEN pa3HOTPaBbs IO CPaB-
HEHUIO C IPYTMMM TuioiiankamMu. OqHO3HAYHOMN 3aKO-
HOMEPHOCTH Pa3inynil TECHOTBI CBSI3U MEXIY ropeB-
LIMMU U HETOPEBIIMMU TUIOLIAAKAMU HE OOHAPYXKEHO.

3asucumocmeo ungopmamugrnocmu NDVI
om AaHOwapmuoll no3uyuu coodulecme (eunomesa 5)

IIpeanomnaranock, 4To pas3auuus Gpakuuii GuTo-
MacChl MEXIy aHAJOTMYHBIMMU COOOIIECTBAMM pa3-
HBIX YCIIOBUI penbeda 1 MUKPOKIMMAaTa MOTYT B TOI
WJIN WHOMN CTEeIeHU oTpaXaTbCsd BEreTalilMOHHBIMU
WHIECKCaMU.

Koadpdunmentsr koppensauuu CriipMeHa, II0Iy-
YyeHHBIE I10 BBIOOpKe 13 TUIOIMIAmOK OTHOEIBHO OIS
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KaXXIOro CpoKa, IT0Ka3bIBAalOT, Ha IIEPBBIA B3IVIS,
napamgoKcaiabHbIe pe3ybTaThl. /111 HEKOTOPHBIX Maii-
CKUX, NIOHBCKHMX 1 UIOJIBCKHUX CPOKOB ITOTYyYeHBI IO~
noxutenbHble Koppelsinuu (0.58—0.74) NDVI ¢ no-
KazaTeJIsSIMA MOpPTMAacc (BETOIIb, ITOICTIIKA, O0IIas
MOpPTMAacca) 1 MX OTHOILIIEHUSIMU K XKUBOM (prUTOMAacce.
ITo cMbIcly BereTallMOHHOTO MHIEKCa TaKOro He
JokHO ObITh: NDVI moikeH yBeaIu4uBaThesl C po-
CTOM MAacCChl 3eJICHbIX OpPTaHOB UM YMEHbBIIAThCSI — C
POCTOM MacChl OTMEPIINX OPTraHOB, KOTOPhIE K TOMY
2Ke, KaK MOKa3aHOo BHIIIIE, MOTYT MAaCKMPOBAaTh XKHBbIE
JIMCThSI HU3KMX pacTteHuii. OqHako oOparmiaeT Ha ce-
Og BHUMaHMNE, 4TO IIJIST TEX K€ CPOKOB 3apnKCUpoBa-
HBl TIOJIOXKUTENIbHBIC TOCTOBEPHbIE KOPPEIIIun
(0.64—0.80) c obwieit xxuBoii (uToMaccoil u/vian
MAacCOM XKMBOT'O Pa3HOTPaBbs 1 3]1aKOB. MITHadye ToBo-
psi, 4eM OOJIbllle 3eJICHOM (UTOMAaCChl HAKOIIWIO
CTEITHOE COOOIIIEeCTBO K KOHKPETHOMY CPOKY Ha0JII0-
JIEHUSI, TEM OOJIbIIIE OHO COOEPXKUT U MopTMacc. J1o-
CTOBEPHbIE CBSI3W MEXIy XXUBOi hutomaccoit 1 NDVI
OIPEAESIOTCS Pa3IUUUSIMU COOOIIECTB IO TOJIoXKe-
HUIO B penbede. MccaemoBaHHbIe TUIOMIANAKNA 0Opa-
3yI0T TpW TIpynnbl. Hambosnee BhICOKME 3HaYEHUS
dutomaccel 1 NDVI xapakTepHbI 1jis1 COOOIIECTB
BO3BbIIIeHHBIX (380—410 M) yBajOoB 1 MpUBOAOpPa3-
JIeIbHBIX IOBEpXHOCTEH (TT. 6A, 6B, 2A, 2B). Camble
HM3KMWe 3HadeHUs knBoii ¢putomaccel 1 NDVI B pas-
HBIE€ MECSIIIBI ¥ TOAbI OOBIYHO XapaKTEPHBI A1 CO00-
IIECTB HU3MEHHBIX II0JIOTOYBAJIMCTHIX pAaBHUH C Ha-
clienueM maxoTHoro pexuma (TT. SA, 5b) n yBanu-
croro mHuma 6anku (1T. 1A, 1B). Bo3amoxHo, 3ToT
¢akT oTpaxkaeT HEraTUBHOE BIMSIHUE CTEKAHMSI XO-
JIOMHOTO BO3IyXa B MOHIZKEHUS ¢ BbIcoTOi 260—280 M
Ha GUTONPOIYKIIMOHHBINA mpouecc. TpeThio rpymmy
00pa3yloT IUIOIIAAKU HU3MEHHBIX PaBHUH C HacJje-
JIueM IacTtouinHoi nurpeccuu (TT. 4A, 4B) 1 Tono-
roit moBepxHocTtu yBaia (TT. 7A, 7b), KoTopble UMe-
10T IIPOMEXYTOUHbIE XapaKTePUCTUKH.

B cenTs16pe HabmonaeTcs ociadjieHue nHpopMa-
tuBHOCTM NDVI Kak mHaukatopa pasnnuuii GuTo-
MacChl Ha IjIoliaakKax. OTo OObSICHSIETCS, BUAUMO,
MUHMMAaJIbHOII BapuaOeIbHOCTHIO (OLIECHEHHOM IIO
cpemHeKBampaTUIecKoMy OTKIoHeHn0) NDVI u
XKMBOI HaA3eMHOM (DU TOMACCHI MEXKIY IUIOIIaAKAMU
M0 CpaBHEHUIO C APYTUMU MecsanaMu. DakTUIecKu,
10 3TUM IBYM ITOKa3aTeIsIM MOJIEeIbHEIC TUIOIIAIKI B
CEHTSIOpe HUYeM He OTJIMYAIOTCS APYT OT Apyra. B 11e-
JIOM 3a IO MPOCTpaHCTBEHHAsI BapuadesbHOCT, NDVI B
rpynIie MOIEJIbHBIX IUIOLIAAOK yOBbIBaeT OT Mas U
HIOHSI K CEHTsIOp10. B TO 3Xe BpeMs1 111 BapuabeIbHO-
CTH XXMBOI HaA3eMHOI1 (hpTOMacchl Kak TaKOBOIi ce-
30HHasA TCEHACHLIMA OTCYTCTBYCT. 1_[0 3HAYCHUAIM
CPEIHEKBAAPaTUIECKOTO OTKJIOHEHUSI BBIAEISIETCS
TOJIBKO MIOHB: BapuabeIbHOCTh OOJIbIIIE, YEM B Mae U
CEeHTSIOpe, HO He OTJIMYaeTCcsI OT BapruaOeJIbHOCTH B
WIOJIE U aBryCTe.
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OBCYXIEHMUWE PE3VJIIbTATOB

UccnenoBanue nokasano, yto NDVI kak uHgu-
Katop 3ejJeHOli (uTomMacchl onpeaeasieTcss COOTHO-
IIEHUEM MaccChl arpobuosoruyeckux rpymnmn. Bxian
STUX TPYNIT B OUTOMACCY OIpeeIsIeTCs] pa3IniueM B
CEe30HHOI AMHAMUKe 3aracoB (puToMacchl 3JIaKOB U
pa3HOTpaBhbsl, a TAKXKe C HEKOTOPOM POJIbIO MOJIYKY-
cTapHUYKOB. [Tpu 3TOM eciiu ce30HHbI# TPeH I 3amna-
COB XHBOI (pUTOMACCHI 3JIaKOB U Pa3HOTPaBbsl He-
pPEIKO COBIAAAET, TO aOCOMIOTHBIE 3HAYEHUS U JOJIH,
HaIpPOTHUB OOBIYHO CyIIeCTBeHHO pazinuuatorcs. [1o-
JIYKYCTapHUYKU BO BTOPOI MOJIOBUHE JiETa MOAEP-
JKUBAOT (GOPMUPYEMYIO 3a CUET Pa3HOTPaBbsl TEH-
JIEHIINIO K CHUXKEHUIO JOJIY 3JIaKOB B OOIIMX 3aIacax
XKMBOM Hang3eMHOM ¢uTtoMacchl. B xome ce30HHOI
JTUHAMUWKM 3aIachl (GUTOMACChl pa3HOTPaBbS U MOJTY-
KYCTapHWUYKOB JIMOO JOCTUTAIOT HanOOJIee BEICOKMX
3HaYeHU#l OIHOBPEMEHHO, COBMECTHO YMEHbIIIas
JIOJTIO 3J71aKOB B YKOCaX, JIMOO KOMIIEHCUPYIOT MTUKO-
Bbl€ 3HAUEHUSI 3aracoB (hUTOMAacChl APYT Apyra. YBe-
JINYeHre 3amnacoB (pUTOMAaCChl TOJYKYCTaApHUYKOB,
aKTUBHBIN MIPUPOCT KOTOPBIX MPUXOIUTCS Ha JIETHEE
BpeMsi (Astragalus macropus Bunge, Eremogone korin-
iana (Fisch. ex Fenzl) lkonn., Onosma simplicissima L.,
Thymus marschallianus Willd.) mo3BoJisieT COXpaHsITh
3TY 3aKOHOMEPHOCTb MPU YBEJIUUYEHUHN 3aI1aCOB XKU-
BOIi (pTOMacchl 3J1aKOB WJIM HEKOTOPOM CHUKEHUU
>KMBOM (hbuTOMacChl pa3HOTpaBbsl. B mo3gHeeTHUA U
OCEHHUH Meprobl 3HAYEHUSI 3aI1aCOB XXUBOI (hUTO-
MaccChl MOJIyKyCTapHUYKOB, aKTUBHBII MTPUPOCT KO-
TOPBIX MPUXOJUTCS Ha 3TO BpeMms (Artemisia austriaca
Jacq., A. marschalliana Spreng.) nocTuraloT Makcu-
MaJIbHbIX MTMKOBBIX 3HAUYEHUI, B TO BpeMs Kak 3arachl
JKUBOM (prTOMAcChl pa3HOTPaBbsi MUHUMAaJIbHbBI. Ta-
KUM 00pa3oM, MOJyKYCTApHUYKU B KOHIIE CE30Ha
MIPUHUMAIOT Ha ce0s1 poiab “peryisaropa” IOJIM 3ja-
KOB B OOIIMX 3aItacax XXMBOIM HaI3eMHOI (puToOMacChl.
OTO TOATBEPXKAAETCS CTAaTUCTUYECKU 3HAUYMMOM
KOppeJsiMeil Nojeil 3J1akOB U TIOJYKYCTApPHUYKOB
(KKc = —-0.49).

Bereranmonnsiit nHnekc NDVI oka3zazics BecbMa
YyBCTBUTEJIILHEIM HE CTOJBKO K 3amacaMm 3eJICHOM
duToMacchl KakK TaKoOBOI (KOTOpble B M3Yy4YEHHOM
CTEITHOM JIaHAIa(Te KOHTPOJUPYETCH, IJIaBHBIM
o0pa3oM, 3JlakaMH), CKOJIbKO K Macce 1 J0Jie pa3Ho-
TpaBbsl U COOTHOIIEHUIO XUBOI U MePTBOil (puUTO-
Macchl. Ha mromangkax ¢ HAauOOIbIIIMMU CTaTUCTUYE-
CKM 3HAYMMBIMH NoKa3areasiMu Koppensauuu NDVI u
JKUBOM (DUTOMACCHI PA3HOTPABbs B 3TOM IPyIIIe HAu-
oosiee oOMIILHBIL: Achillea nobilis, Artemisia armeniaca,
Centaurea marschalliana, Dianthus campestris, Falcaria
vulgaris, Galatella villosa, Galium octonarium, G. ru-
thenicum, Medicago romanica, Oxytropis spicata, Po-
tentilla humifusa, P. orientalis, Salvia stepposa, Scor-
zonera stricta. Ha TopeBIINMX MJI0IIAaIKaX B TIEPBHIE TO-
Ibl TIOCHe TIoXapa BeIUKo obunue Sisymbrium
polymorphum, Tulipa biebersteiniana, Scorzonera austriaca,
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Ferula tatarica, Eremogone biebersteinii, Scorzonera
stricta.

Cnenyer mpyHUMAaTh BO BHUMaHHUE, 4YTO MHPOP-
MaTuBHOCTh NDVI BapbupyeT B TedeHHE TEIUIOTO
neproga. DTOT pe3yIbTaT COIIACyeTCs C JIUTEpaTyp-
HBIMU JAaHHBIMU 110 (pUTOMACCe CTEITHOM pacTUTEIb-
Hoctu (Hemuena, 2018). O61iasa xuBas putomacca
0oJjiee YETKO KOppEeIMpyeT C MHAEKCOM B HIOHE U
uiojie, cjabee — B KOHIIE ce30Ha. B rmo3nHeBeceHHee
u paHHesnieTHee BpeMsi NDVI Haubosiee TecHO cBSI3aH
C pa3HOTpPaBbeM. DTO OOBSICHSIETCS TEM, YTO B 3TOT
rnepuroa OOJIBIIMHCTBO BUIOB Pa3HOTPaBbsl XapaKTe-
pu3yloTCsl HanboJiee akTUBHOM BereTalmei u 1BeTe-
HueM. B Mae B cocTtaBe pa3HOTpaBbsl IIPUCYTCTBYIOT
adeMepsl 1 3PeMeporIbl, JalolIie 3HAYMTEIbHYIO
4yacTb (PUTOMACCHI 3TOI TPYIIbl, OCOOEHHO Ha He-
JIaBHO BHITOPEBINMX y4acTKax. B utone, HecMOTps Ha
HaCTyIUIeHEe 3aKOHOMEPHOI /Il CTeneii may3bl Be-
reTalii, OCHOBHasi (DOTOCHHTETUYECKasi aKTUB-
HOCTb, oTpaxaemas NDVI, npuxogurcsa Ha 31aKu.
B aBrycre u ceHTa0pe (byHKIIMIO TToaaepKaHus -
TOMAacChl IpU CJIa00M pa3BUTUM PA3HOTPABbS OEPYT
Ha ce0s1 IOJIyKyCTapHWYKM, Ilepexomsinue B ¢aszy
nBeTeHUs 1 Berwiecka Bereranun. Mtak, NDVI mo-
KeT IIPUHUMATD O0JIbIIIE 3HAYSHUS TMOO TTPU BbICO-
KOl ToJIe pa3HOTpPaBbs, IMOO IIPU BHICOKOI1 T0JIE IO~
JIYKyCTapHUYKOB.

Haiiin nanHbIe moka3aiu, 4YTo He BCIKUI pOCT 3e-
JIeHo# (puToMacchl TpuBoaUT K pocty NDVI, a nuiib
COOTBETCTBYIOIIUI OIpelesieHHON (ha3ze BereTalu-
oHHoro nepuoga. B 2015 r. mpu ommHakoBoit pUTO-
Macce NDVI umesno 6ojiee BbICOKME 3HAaYEHME B Mae,
YeM B CEHTSA0pe, KOTOPBIN OTIMYAJICS BHICOKOM TEM-
nepaTypoi M BJIaXKHOCTbIO M aKTUBHOI BereTalueil
371aKO0B. JIJIs1 TIIIIEHULIBI TAKXKE OTMEYAIOCh, YTO OTHU
u Te Xe 3HadeHuss NDVI moryr cooTBeTCTBOBAaTh
pa3HOM TUIONIAAN ACCUMUWJISILIMOHHOMN MOBEPXHOCTHU
B 3aBUCUMOCTH OT ¢a3bl pazsutus (I'yasiHos, 2019).
Crenyetr OTMETUTb, UTO HE TOJIbKO Ha UCCIIEeNyeMbIX
IUIOIIaAKax, HO U BO BCEM JaHAIIadTe MEXIypeubst
Vp1ei-byptu 1 Bypiu (B TOM 4ucie B 3allOBEOHOM
BypruHckoii crenn) B ceHtsiope 2015 r. ObL1a ITOBBI-
IIeHa BCTpeYaeMOCTb Hu3kmx 3HadyeHuit NDVI (0.1—
0.2) mo cpaBHEHUIO C APYTUMU TOJaMU NECITUIETHUSI,
3a UCKIIIOYEHMEM 3KCTpeMajibHO Xapkoro 2010 r. u
BKCTpeMaIbHO XOJIOTHOTO CeHTI0ps 2019 1. (+10.6°).

B uiesiom moaTBepauiach runore3a 0 BO3MOXHO-
CTU KPaHUPOBaAHUS 3€JIEHOM MacChl BETOIIbIO, YTO
OpUBOIUT K cHYkeHuto NDVI HecMoTpsT Ha OTCYT-
CTBHE YMEHbIIIEHUS 3ejIeHOl (pruTomMacchl. DTo gaje-
KO He Bcerna sBJisieTcs oOIMM NpaBUJIOM; CKOpee,
CBUIETEJBCTBYET O BO3MOXHOCTHU (HO HeoOsi3aTesb-
HOCTU) MCKaXEHUM OXMAAEMbIX IOJOXUTEIbHBIX
koppeaauuit Mmexny NDVI u xuBoii duromaccoit
(TIpexxae BCero — pa3HOTpaBbsl, B MEHbBILEH CTENIEHU —
3J1aKOB), 0COOEHHO B CEHTSIOpE.

TakuMm o6Gpa3oMm, TIpUBEACHHbIE PE3YIbTAaThl MO-
Ka3bpiBaioT, YTo NDVI oTpaxaeT He CTOJBKO peaib-
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HYIO 3eJIeHy10 (hbuToMaccy, CKOJIbKO MH(OpMalIUIo O
OajaHce NPOM3BOACTBA HOBOI 3ejJeHOM MacChl M
MPOM3BOICTBA MOPTMAcChl. BereralimoHHble WHIEKCHI
NDVI MmoryT 3aHMXaTh peaibHYIO 3eJIEHYI0 (pUTO-
Maccy, €Cjy MIPOUCXOIUT PEe3KUIi TPUPOCT MacChl Be-
TOIIM, OOBIYHO — BO BTOPOI ITOJIOBUHE JIeTa U HavaJie
OCEeHM, HO MHOrJa U B MtoHe. HemanoBaxkHoe Busi-
HY€ OKa3bIBaeT WMCTOPUSI pa3BUTUS (DUTOLIEHO3OB:
JUIST PUTOLIEHO30B 3aJIexkeil 1 OBIBIINX Tapeil MHIEKC
NDVI cyliectBeHHO MeHee MTH(POPMATUBEH KaK UH-
JIMKAToOp XKUBOH (pUuTOMAacChl, YeM I HeHapyIIeH-
HbIX yyacTkoB. Ha 6osiee HU3Ky10 nHOOPMaTUBHOCTD
BEreTallMOHHBIX MHAEKCOB Ha 3aJieXXHbIX y4yacTKax
CTerieii, Mo CpaBHEHUIO C KOPEHHBIMU COOOIIEeCTBA-
MU UMEIOTCS YKa3aHUs U B iuTepaType (AropxkaHaeB
u ap., 2021).

AHanm3 cocTaBa M CTPYKTYPHI (DUTOLIEHO30B I10-
Kazaj, 4YTO KaXI0e€ COOOIIEeCTBO MCIIONb3YET CBOU
MEXaHU3MBI IJISI JOCTVKEHUSI HEOOXOAMMOTO YPOBHSI
XKUBOIT Hanm3eMHOU ¢uromacchl. Tak, IUIOIIAIKMH,
MOIIEPXKUBAIOIINE CTAOMJILHO BBICOKYIO (OTHOCH-
TeJIbHO ApYyrux) duromMaccy (TT. 6A, 6b, 2A, 2B), xa-
paKTepu3yIOTCs Bcerga OONBIIMM, YeM Ha IPYyrux
IUIOIIAAKAX KOJIMYECTBOM BHIOB IIOJYKYCTapHUY-
KOB, TIPUCYTCTBHUEM TIUIOTHOAEPHOBMHHOIO 3J1aKa
Helictotrichon desertorum (Less.) Nevski, Han0o0JIb-
MW 3HAYEHUSIMU POEKTUBHOIO ITOKPEITUST Koeleria
cristata (L.) Pers. Ilo-BuaumMomy, MeHee CTaOMIBHO
Ha TIoAAepKaHWe BBICOKOTO YPOBHS XKUBOUW (hUTO-
MAacChl BJIMSIET IIPUCYTCTBUE B COCTaBe COOOIIECTB
PBIXJIOAEPHOBUHHOTIO 371aKa — Agropyron pectinatum
(M. Bieb.) P. Beauv., Bbicokoe 00MIME KOTOPOTO Xa-
PaKTEepHO MJIsI Y4aCTKOB 4 U 7, TIOBBILIIEHHOE O0WINE
Stipa capillata L., cBOICTBEHHOE PaCTUTEIIBHBIM CO-
oblIecTBaM Ha ydyacTkax 4, 6, 7, IpUCyTCTBUE KOP-
HEBUIIIHBIX 3J1aKOB CTAOMJILHO OTMEeYeHHOEe B (pu-
TOlleHO3axX Iomanok 4A, 4b u 6A u B oTaeabHbIE
roael — 2b n 7b. I1pu 3TOM OTHOCHUTEIBHO BEICOKOE
pa3zHOOOpa3re pa3HOTPaBhs (IO KOJIMUECTBY BUIOB),
a Tak>Ke BbICOKasI NOJIsI ero B GOPMUPOBAHUM OOILIIETO
MIPOEKTUBHOTO ITOKPHITUS (PUTOLICHO3a XapaKTePHbI
Kak JUIS TUIOIIAMO0K CO CTAOMIBHO BBICOKMMM ITOKa-
3aTeJIsIMU 3a1acoB kKuBoit ¢uromaccsl 1 NDVI (6A,
6b), Tak 1 ¢ mpoMexxyTouHbIMU (7A, 7B) 1 HU3KUMM
(1B). CxomHast 3aKOHOMEPHOCTh HAOIIOHACTCS 1 IIPU
PacCMOTPEHUM OTACIbHO MHOTIOJIETHETO pa3HOTpa-
Bbsl. [IpucyTCTBME OTHOJETHUKOB M IBYJIETHUKOB,
BUAUMO, OTpeaesieT HU3Kue 3HaUYeHUs KUBOit pu-
toMmacchel 1 NDVI. Bobiiee X KoTU4ecTBO U IPOEK-
THUBHOE MMOKPHITHE Ha yyacTKkax 1, 4, 7.

T'eoMmopdosornueckie 1 MUKPOKINMATUICCKUE
¢daKTOpBI IPOCTPAHCTBEHHOIO BapbupoBaHusi NDVI
HamnboJIee SIpKO IIPOSIBIISIIOTCS B IEpUOI HapacTaHUSI
¢uToMacchl, a C HaCTYIJICHUEM JIETHEH Iay3bl Bere-
TauU pa3andust GUTONPOAYKIIMOHHOTO (PYHKIINO-
HUPOBAaHMUS MEXIY IUJIOIMAagKaMM CLJIaXKUBAIOTCS.
MHpIMM clloBaMM, pa3indyuusl MEXOy IUIOIIATKaMU,
00yCIOBIEHHBIC TaHIIAPTHRIMU (paKTOpaMU, HaN-
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OoJee APKO IIPOABIAIOTCA B HMIOHE, T.C. B IICPUOL
MaKCHMMaJIbHOI'O HAKOIIJICHUS (I)I/ITOMaCCbI.

I[IpuBeneHHble (aKThl JOKA3LIBAIOT, YTO 3amackhl
XnBoM HangzemMHol ¢utoMmaccel 1 NDVI HecyT He-
CKOJIBKO pa3Hyio nuHdopmanuo. NDVI nnauuupyer
HE CTOJBKO 3eJIeHylo (UTOMAcCy KaK TaKOBYIO,
CKOJIBKO €€ COOTHOIIIEHHE C MOPTMAacCCOM, IIpexie
BCEro — C BETOLIbIO. MIMeloluecss BpeMeHHbIE PSIIbI
JIAaHHBIX, XapaKTepU3yIOIINX WHTCHCUBHOCTH IIPO-
IeCCcOB 00pa30BaHMs U MUHEpaATU3alInU (DUTOMACCHI
B TOPEBIIMX M HETOPEBIIMX COOOIIECTBAX ITO3BOJISTIOT
Ha CJICAYIOIIMX 3Tallax MUCCAeI0BaHMs IPOBEPUTH '~
note3y o ¢BsaI3u Mexay NDVI n mapamerpamMu npo-
JTYKIIMOHHOTO TIpoliecca.

BbIBOJbI

1. B crenu ¢ 3ammoBegHbIM pexkumoM NDVI orpa-
JKaeT OTHOIIIEHWE XMBOM Haa3eMHOM Macchl K Hall-
3eMHOI MOpTMAacce, MPENMYIISCTBEHHO BETOIIH, a
He KMBYIO Haa3eMHylo ¢puTomMaccy. bomabirasg Macca
BBICOKOI BETOIIIM MOXKET 3aHWKaTh 3HaueHUust NDVI
KaK MHIMKATOPa XXKUBOM (bUTOMACHI.

2. XOTsI OCHOBHYIO HaJI3€MHYIO MacCy COCTaBJISIOT
3J1aK1, OCHOBHOI BKJ1aJ B (DOPMUPOBAHNE 3HAYCHUS
NDVI cpenn arpoobmojiorndecKnx TpyIIIT BHOCHUT
HaJ3eMHasi Macca XXMBOTO Pa3HOTPaBbSI.

3. NudpopmatuBHOocTh NDVI Kak mHAMKatopa
HaJA3eMHOI (uTOMacchl MEHSIETCSI MO CE30HaM roja
Y YMEHBIIIAeTCsI B PAHHEOCEHHUI TTepUO/I.

4. NDVI 6Goiee amekBaTHO OTpaxkaeT COCTOSIHHUE
HaJa3eMHO# (puToMacChl CTEMHBIX COOOIIECTB, M-
TEeJIbHOE BpeMsl HE MOABEPraBIIMXCS BO3ICICTBUIO
IIOXapoB, MO CPaBHEHUIO C TOPEBIIMMU COOOIIEe-
CTBaMU.

NCTOYHUK OMHAHCUPOBAHUSA

WccnenoBanue BBITOJIHEHO IIpY (MHAHCOBOM IOMI-
nepxxke Poccuiickoro ¢oHma ¢pyHmamMeHTaJbHBIX UCCIIe-
nmoBaHwuit (ipoekT 20-05-00464).
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Evaluation of the NDVI Index as a Source of Information
on Aboveground Phytomass in Steppes

A. V. Khoroshev!, O. G. Kalmykova?, and G. Kh. Dusaeva?

! Moscow State University, Moscow, Russia
2 Institute of Steppe, Ural Branch of the Russian Academy of Sciences, Orenburg, Russia

The complexity of phytomass measurements on sample plots hinders the extrapolation of plot-related data to
areas comparable to land use or landscape units. Vegetation indices calculated from satellite images are usu-
ally considered as indicators of green phytomass and are used for its areal estimates. The study solves the prob-
lem of establishing the information content of the normalized difference vegetation index NDVI depending
on the fractional structure of living and dead aboveground phytomass, seasonal dynamics of the biological
cycle, hydrothermal conditions and landscape position. We used the results of monthly measurements of abo-
veground phytomass fractions at 13 sites covered by Stipa zalesskii and Stipa lessingiana formations in the Bur-
tinskaya steppe (Orenburgsky nature reserve) from May to September in 2015—2020. For each period, NDVI
values were calculated from Landsat satellite images at all sites. Hypotheses about geobotanical, hydrother-
mal, phenological and landscape factors of NDVI informativity were tested by using the Spearman correla-
tion coefficients, analysis of variance and multiple regression. The discrepancy between the seasonal peaks of
NDVI and green phytomass is not consistent with the common opinion of a direct indicator value of NDVI.
The total live biomass correlates more clearly with the index in June and July but weaker at the end of the sea-
son. NDVI turned out to be sensitive not so much to green phytomass as such, but to the mass and proportion
of forbs and the ratio of live and dead phytomass. In late spring and early summer, NDVI is most closely as-
sociated with forbs while in July — with grasses. The hypothesis about the possibility of screening green mass
with standing dead biomass was confirmed, which leads to a decrease in NDVI despite the absence of a de-
crease in green phytomass. NDVI may underestimate the real green phytomass if there is a sharp increase in
the mass of dead biomass, usually in the second half of summer and early autumn. NDVI more adequately
reflects the state of the aboveground phytomass of steppe communities that have not been exposed to fires for
a long time, compared to burned communities and fallows.

Keywords: NDVI, Burtinskaya steppe, phytomass fractions, forbs, dead biomass, seasonal dynamics, fallow,
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