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OBLIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYyaJIbHOCTh HCCJIeA0BaHMsA. TepMUH HHBApUAHT TeOCHUCTeMbl (MaHamadTa) ObUT
BBedeH B.b. CouaBoii eme B koHile XX Beka, OJHAKO B JaJIbHEHIIIME TOAblI JaHHOE ITOHSITHE
BOCIIPUHUMAJIOCh a0CTPaKTHO, HE OBLIO €IUHOM TPAKTOBKHM W METOJIOB WX BBIICICHHUSA, YTO
MPHUBEJIO K CTaTUYECKO nHTeprperanuu gaHHoro nousatus ®.H. MuiabKoBbIM U €ro yYeHHUKaMH.
HoBbie BO3MOXKHOCTH B M3YYCHHHM WHBAPHAHTOB JIaHAmAa(Ta JaeT MOSBICHUE HOBBIX CPEJICTB
M3MEpEHUs] CBOMCTB naHAmadTa, TaKUX KaK MYJIbTUCIEKTPAJIbHBIC JAaHHBIC JUCTAHIMOHHOTO
3oHaupoBanus (MJI/I3), 4TO MO3BOMWMIIO NMPUMEHUTHh K aHAIU3y €ro (YHKIIMOHUPOBAHMS
METOAMYECKUH IOJX0JI, OCHOBOW KOTOPOTO SIBJISETCSA MpEJCTaBiIeHHWE O JiaHamadre, Kak o
CJIIOKHOM aumHamMuyeckon cucreme. CoOrjacHO TEOPUU JUHAMHUYECKHX CHCTEM, COCTOSTHUE
CHUCTEMBI — €CTh TIOJIO)KCHHE €€ DJIEMEHTOB B MPOCTPAHCTBE MPU3HAKOB B MOMEHT BPEMEHH, a
COOCTBEHHO «IMHAMHUYECKas CHCTEMa» — MPOIECC CMEHBI 3TUX COCTOsHHH. OOBEM HaHHBIX
MYJIbTUCHIEKTPATIbHON CHEMKU IO3BOJISIET OINEPUPOBATh YK€ LIEJIBIMU CEPUSMHU H3MEpPEHUM
OTPaXKEHHOM COJIHEYHOM pauallii B pa3JIMUHbIX CIIEKTPAJIBbHBIX AMana3oHax. Pe3ynprar ogHOoro
Takoro wu3MepeHuss — Ha0op GYHKIHUOHAIBHBIX IEPEMEHHBIX, OTPAKAIOIINX MPOIECCHI
npeoOpa3oBaHKMs COJMHEYHOW DJHEPrUU PACTUTEIBHBIM IMOKpOBOM. Pacmomnaras nHabopom
COCTOSIHMM, MBI MTOJIy4aeM BO3MOXHOCTb «OTCJIEIUTH» TPACKTOPHUIO KAK OTJEIbHBIX 3JIEMEHTOB
CUCTEMBI, TaK U BCEH CUCTEMBI B I1EJIOM. TPAaCKTOPUH B COCETHUX TOUKAX MOTYT UMETh Pa3INYHYIO
CTeneHb 1moo0ust. ['pymnibl coceAHUX TOUYEK C TTOJIOOHBIMH TPACKTOPUSIMH 00pa3yIOT aTTPaKkTop,
OTIpeIeNIIEMBIi €IMHBIM MEXaHHU3MOM pEryIupoBaHUs (GIIOKTyalluid Cpeibl, U MOTYT OBIThH
aCCOLIMMPOBAHBI C LIEIOCTHBIMHU MPOCTPAHCTBEHHBIMU CHUCTEMAaMH. ['pymnmbl COCETHUX TOYEK C
Pa3IUYHBIMU  TPAEKTOPUSMU OOpa3yloT KOHTHHYYM, B OOIIEM cliydae OTpaKaromluid
W3MEHSIOMUECS B  TMPOCTPAHCTBE W/WIM  BPEMEHH MEXaHW3Mbl  (DYHKIIMOHUPOBAHUSA.
CooTHOIIIEHHSI B MPOCTPAHCTBE MEXIY STUMHU KpailHUM ¢dopMaMu aTTPaKTOpa OMPEENsIOT
ypOBEHb Opranu3anuu jaHamadra. EcTecTBEHHO, YTO ATy AMHAMHYECKYIO CHUCTEMY MOXKHO
WCCTIE0BATh JJIsl PA3JIUYHBIX BPEMEHHBIX HHTEPBAJIOB (CYTKH, CE30HBI, MHOTOJICTHHUE ITHKJIBI).

Hakomenne MJI/I3 ma€t BO3MOXKHOCTH aHAIM3MPOBATh pEAIbHBIE DPSIBI M3MEPEHUIN
(YHKIIMOHATBHBIX TMEpPEMEHHBIX NaHAmadTa, oToOpakalIIUX B TMEPBYIO oOuyepenb padoTy
PaCTUTETHLHOTO OKPOBA O MPeoOpa30BaHUIO COTHEYHON YHEPTUH. ITOT MOAXO/ TOJDKEH CO3/1aTh
OCHOBY MAaKCHMaJbHO TIOJIHOTO HCIIOJIB30BAHHUS MYJbTUCIICKTPAIBHBIX  JUCTAHITMOHHBIX
W3MEPEHHI CO CITYTHUKOB M OCCHMJIOTHBIX JIETATEIBHBIX alllapaToB B Pa3IMUHBIX BPEMEHHBIX
JHAana3oHax.

O0beKT mcciIeI0BaHUSI: IOKHO-TaeXKHBIA JaHmmadT Ioro-3amaga Banmalickoit

Bo3BhIieHHOCTH (LJIT'TIB3)



IIpenmer wuccieqoBaHusi: MPOCTPAHCTBEHHO-BPEMEHHbIE WHBAPUAHTHI COCTOSIHHMM
JTUHAMHYECKOH JIaHIma(THON CHCTEMBI

Hean uccaenoBanusi — pa3BUTHE TEOPUU U METOIO0JIOTUU BBIJICICHUS TPOCTPAHCTBEHHO-
BPEMEHHBIX MHBAPUAHTOB F0’KHO-TACKHBIX JIAHIIIa(TOB HA OCHOBE aHaIM3a BPEMEHHBIX PsI0B
MYJIbTUCIIEKTPaIbHBIX MaHHbIX Landsat, mudposoii Momenu penbeda U MONEBHIX TAHHBIX, HA
npumepe LlenTpansHo-JIecHOro 3anoBeAHUKA U MIPUIIETAIOIIEH TEPPUTOPHUH.

JList ToCTH KEHUS TIeNTi OBUTH TTOCTABIICHBI CIISAYIONINE 3a/1a91
1.  Belgenenue NpocTpaHCTBEHHO-BPEMEHHBIX HHBAPUAHTOB OTPAXKEHUS, MOJIy4aeMbIX Ha

OCHOBE MYJIbTHUCIIEKTpalIbHBIX MaHHbIX Landsat 4 — 9 mokonenutii ¢ 1987 mo 2022 rox;

2.  Pacuer mapameTpoB nopsiaka penbeda Ha OCHOBE MOP(POMETPHUECKUX XapaKTEPUCTHK Ha
Pa3HBIX UEPAPXUUECKUX YPOBHSX;

3. HWurerpanus MHBapHaHTOB OTPAXKECHHS U TAPAMETPOB MOPsiAKa penbeda ¢ HEeIbIo MOTyuYeHuUs
naHAmadTHEIX THBAPUAHTOB,

3. CemaHTHYecKasi HHTCPIPETAIUS MMOTYICHHBIX JIAHTIIA(QTHRIX WHBAPHAHTOB I10 IMOJICBBIM
JTAHHBIM (10 TEOOOTAaHUYECKUM U TTOYBEHHBIM OMUCAHUSM, BBIIIOJHEHHBIM Ha TEPPUTOPUU
LlenTpanbHO-JIeCHOro 3aMoOBEJHUKA U €r0 OKPECTHOCTEH);

4.  Knaccudukanus manamaTHHIX HUHBAPHAHTOB C IENbIO MONTY4YEHUsI KapThl MHBAPUAHTHBIX
COCTOSIHMM I0’KHO-TAeKHOTO JaHamadTa rora-zanafga Banmgaiickod BO3BBIIMIEHHOCTH C
CEMAHTHUYECKOW MHTEPIPETANNUEH MOIYYEHHBIX KJIACCOB HA OCHOBE MOJIEBBIX OMUCAHUNA U
HCXOJHBIX TAHHBIX.

MeToao0J10rusi MHCCJIEI0BAHUS.

HccnenoBanus 0a3uUpyrOTCS Ha TEOPHM CIIOKHBIX HETUHEHHBbIX cucTteM (XakeH, 1980;
[Ty3auenko, 1998, 2002, 2010). OcHOBHBIE METO/IbI — HHCTPYMEHTHI POCTPAHCTBEHHOTO aHAIN3A,
CTaTUCTUYECKHME METOAbl, TaKHE€ KaK METOJl IJIABHBIX KOMIIOHEHT, KOPPEISLHOHHBIN,
MYJIbTUPETPECCUOHHBIN, JUCKPUMUHAHTHBIN, AUCTIEPCUOHHBIN aHAJIN3.

B ocHOBY nuccepTanuy JeTIH YHUKATbHBIE TIOJICBBIC MaTepraibl, moaydeHHble ¢ 1993 mo
2024 roxwr (6ostee 3000 onmcaHnii pacTUTETBHOCTH U3 KOTOPHIX Ooiiee 2000 THICSY ¢ ONMHCaHueM
HazemHoro mokpoBa u 2000 MOYBEHHBIX OMHMCAaHWI), BpEMEHHas cepusi 0€30071auHBIX CHUMKOB
Landsat 4 — 9 mokosiennit ¢ 1987 mo 2022 rox (19 cuen) u LIMP, momyueHHas Ha OCHOBE
on(ppoBKHU Tororpadhuyeckon KapThl.

Hayuynass HoBM3Ha paOorbl. BrnepBsle MyJIbTHUCHEKTpalbHAs AUCTAHIMOHHAS
uHpopmanus 6ojee dem 3a 35 JeT UCTHOIb30BaHA ISl BBIACIEHUS MHBAPUAHTHBIX COCTOSTHHUN
reocucteM. Tonpko k 2022 roay HAKOMHUIOCHh MUHUMAIBHOE HEOOXOAUMOE YUCIIO CHUMKOB ISt
KOJIMYECTBEHHOTO BBIICJICHUS YCTOWYMBBIX MPOCTPAHCTBEHHO-BPEMEHHBIX COCTOSIHUN IO

nma"HHbM creH Landsat.



BriepBrie mpeiiokeHa METOAMKa O0OpabOTKM BPEMEHHOH CEpUU MYJIbTHUCIIEKTPaTIbHOMN
uH(OpMaINH, MPeICTaBISIONIeH COO0H TocIe0BaTeIbHOe 0000IIeHNEe OCHOBHBIX KaHAJIOB CIICH
Landsat.

BriepBeie  mpoBeneHO  BBIJCICHHE ~—[ApaMEeTpoOB  MOpsAKa  MoOphoMETpUyYECcKUX
XapaKTepUCTHK pesibeda Ha OCHOBE aHAIN3a €T0 UEPAPXUUECKON CTPYKTYPHI.

BnepBrie npoBezeHa MHTErpalus MHBAPUAHTOB OTPAXKEHHUS M MapamMeTpoB MOpPsAKa
penbeda ¢ BeieneHreM JTaHAmA(THIX HTHBAPUAHTOB.

BrepBeie Ha oOcHOBe OOLIMX WMHBAapUAHTOB OTPAXEHUS U peibeda MOCTPOCHA
nanamwadTHAS WHBApHAHTHAs KapTa 3a mocjienHue 35 JeT Ha YpOBHE YPOUMIN HA TEPPUTOPHUIO
LenTpasibHO-JIECHOrO  3amoOBEAHMKA M MPWICTAIOUIEH TEPPUTOPUM C CEMAHTUYECKOMU
HMHTEpIpETAIMEH KJIACCOB COCTOSIHUM Ha OCHOBE TOJIEBBIX TAHHBIX.

HayuyHo-npakTH4eckasi 3HAUMMOCTb.

JlanpmadTHOE KapTorpadupoBaHHe MOUTH HE W3MEHWIOCh 3a mociennue 40-50 ner,
CHEIMATUCTHI UCIIOJIb3YIOT XOPOIIIO OTpabOTaHHbBIE METOBI, MpeioxKeHHbIe eie Mcauenko A.T.,
HuxonaessiM B.A., ComnueBeim H.A., Buaunoit A.A. u np. Kak npaBwio, A0 cux mop
naHamadTHRIE KapThl OTPUCOBBIBAIOTCS «BPYYHYIO» IO €IWHUYHOMY CHHUMKY, 4YTO JeliaeT
JTaHHBIN TPOIECC TPYJ0- U BpEMSI3aTPaTHBIM, a JaHAmadTHRIE KAPThl MOKHO BOCIIPUHUMATH KaK
MIPOM3BEIEHNE UCKYCCTBA, «KKAPTUHY». Y TaKOTO MOJAX0/1a €CTh PsiJl CYIIECTBEHHBIX MUHYCOB, BO-
MEPBbIX, BO3HUKAIOT BOMPOCHI 00 OOBEKTUBHOCTH MPOBEAEHUS JIaHAMA(THBIX TPAHUI[ IO
€IMHUYHOMY CHHMKY. BO-BTOpBIX, COBpeMEHHbIE TpPUKIAIHBIE 3a7a4d TPeOyrT OT
naHAmadTHEIX KapTorpadoB OMEpaTUBHOCTH, OBICTPOTO MOCTPOCHUS JIaHMIIA(PTHONH KapThl H
CEpUU TEMATUYECKHX HA €€ OCHOBE, YTO HEBO3MOKHO MPH CYIIECTBYIOIIEM MOJIXO/E.

B panHOM wmccnenoBaHMM TpeniaraeTcs NMPUHIMIHAIBLHO HOBBIA TMOJXOJ, KOTOPBIU
SBIIIETCS OPUTUHAJIBHBIM M JA€T BO3MOXKHOCTh TOCTPOEHHUS HE CUTYaTHBHOM NaHAmadTHOM
KapThl, @ OXBATHIBAIOIIECH 3HAYNTEIbHBIN NIEpHO] BpeMeHH, 35 sieT. BriieeHne nHBapuaHTOB HA
ocHoBe BpeMeHHbIX cepuii MJIJI3 u [IMP, nmoneBbIX gaHHBIX paccMaTpUBAETCS KaK OCHOBA IS
MOCTPOSHUs JTaHAmaGTHOW WHBAPUAHTHOW KApTHI, TIOJYYCHHONW KOJIMYECTBEHHBIMH METOJ/IAMH,
CJIEIOBATENBHO, MO3BOJISIET UCKIIOYUTh CYOBEKTUBHOCTH MPHU €€ CO3JaHuH. TakKe Ha OCHOBE
JAHHOTO MOJX0J1a ONEPATUBHO MOKHO MOJYUUTh CEPUM aKTyalbHBIX KapT C OXBATOM MEHBLIETO
Mepro/1a BPEMEHH JIJIs1 OIICHKH MTPOCTPAHCTBEHHOW TUHAMUKH JIAHIMIA(THOTO TTOKPOBA.

Pa3pabarbiBaeMbIii MeTOJ] BBIJICIICHHS] WHBAPUAHTOB MOXET OBITHh NPUMEHEH KaK B
CEeJIbCKOM, TaK M JIECHOM Xo3siicTBe. Ecnu paccMmarpuBasi reocucTeMa MHBapHaHTHA KO MHOTUM
BHEIITHUM BO3MYIICHHUSM C PA3IUYHON MOIIHOCTBIO, TO IO OTHONICHUIO K HEW MOTyT OBITh
MIPUMEHEHBI Pa3InYHbIE CTPATETUU XO35IIICTBEHHOTIO MCMOJIb30BaHUS 0€3 OMOIHUTEIBHBIX Mep

3allUThI TaKUX, KaK I10CaaKa JICCOIIOJIOC, BHCCECHUEC y,H06pCHHI>'I, CTPOUTEIIBCTBO MCIMOPATUBHBIX
5



KaHaJloOB U T.A. A B CllydasiX, KOI/la CIEIHATU3UPOBaHHbIE MEphl, YMEHbIIAIOIINE HEraTUBHOE
BO3/CHCTBUE, HEOOXOAMMBI, UX BBHIOOP MOJDKEH OBITh OOOCHOBAaH C Y4€TOM KOHCTPYKTHBHBIX
0COOEHHOCTEH CUCTEMBI, OTIPENIEIIAIONIUNX ECTECTBEHHYIO0 HHBAPUAHTHOCTb.

MHBapuaHThl MOT'YT OBITh MCIIOJIB30BaHbI B BONPOCAX, KACAIOIIMUXCS OLEHKH COCTOSHHUS
OKpY’Karolen cpe/ibl, IKOJIOTHYECKOr0 MOHUTOPHUHIA M 3KOCUCTEMHBIX yCiIyr. Tak, ycToiuuBble
OTHOIIEHUS IIEPEMEHHBIX 3a OIPE/EIEHHBI BpEMEHHOW MHTEPBAJ MOTYT pacCMaTpUBaThCs Kak
«OTHpaBHAs TOYKa» WM ITAJIOH, B TAaKOM CiIy4dae MCCIEAOBAaHUSA CBOJIATCS K PacCMOTPEHUIO
TOJIBKO PE3KUX OTKJIOHEHUH OT CTallMOHAPHBIX COCTOSHUI.

ITo10:keHNs1, BBIHOCHMBbIE HA 3aILUTY

1. Hcnonp30BaHWE METO/IA TIABHBIX KOMIIOHEHT OTHOCHTEIBHO HCXOHBIX KaHanoB Landsat
MIO3BOJISIET BBIACIUTh HECKOJBKO KOMIIOHEHTOB CHHMMKOB, OTpPA)KalOLIMX OCHOBHBIE
XapaKTepUCTUKH PACTUTENIBHOIO IIOKpOBa: OOIIyK SIPKOCTb, XapaKTEPHU3YIOLIYIO
Ha/J3eMHyI0 Ouomaccy, spkoctb B OmmxHeM WK kananme, XapakTepu3yIOLIyIO
MHTEHCUBHOCTh MPOAYKIIMOHHOTO Ipolecca, IPKOCTh B KOpoTKOoBOJHOBBIX UK kananax,
XapaKTEepU3YIOIIYIO COJIepKaHUE CBOOOTHON BOJBI.

2. TlocnenoBarenbHOe 0000IEHHE MYJIbTHUCIEKTPAIBHOW IUCTAaHIIMOHHON HH(OpMaruu
MO3BOJISIET  BBLAEIAMTH HHTETPajbHbIE MPOCTPAHCTBEHHO-BPEMEHHBIE HMHBAPHAHTHI
OTpaXXEHUs COCTOSHUM  IOKHO-TaeXHOTro JjaHamadra rora-zamafga Bamgaiickoi
BO3BBIIIEHHOCTH 3a 1ocieaHue 35 ner.

3. Jlns TeppuTOpHHM HCCIIEI0OBAaHNS MOXKHO BBIIEIUTh 12 HE3aBUCHMBIX ITapaMeTpOB MOPsIKa
penbeda, NOTYyUEHHBIX MPH 0000IIeHUN MOPHOMETPUUYECKHX XapaKTEPUCTHK Ha Pa3HbIX
HMepapXUUeCKNX YpPOBHSX, CyMMapHO omuchkiBaromux Oosnee 70% BapbUpOBaHUS BCEX
XapaKTepUCTHK pebeda.

4. JlannmadTHele MHBApUAHTHI, PACCUUTAHHBIE HA OCHOBE WHBAPUAHTOB JUCTAHIIMOHHOU
uHbopmManuu U penbeda, OTpPaKAOT OCHOBHBIE 3aKOHOMEPHOCTH  OTPAXKEHUS
MOBEPXHOCTHU U CTPOEHUS peibeda TEpPUTOPUH UCCIIEOBAHUS, U UMEIOT 3HAUUMBIE CBSA3U
C XapaKTepUCTUKAMHU MOJIEBbIX OMMCAHUU.

5. Knacrepuzanms naHgmadTHBIX WHBAapUAHTOB IIO3BOJSIET TMOJYYUThH JIAHAMA(PTHYIO
MHBAapUaHTHYIO KapTy Ha YpOBHE ypouuil Ha Teppuroputo LlenTpansno-JlecHoro
3aloBeJHUKA, JIET€HJa K KOTOpOM MOXKeT OBbITh TOJy4deHa Ha OCHOBE amlpHUOpHOMN
nH(pOpMaIIUK 0 KaHaJlaX CheMKHU U pesbeda, MOoJIeBbIM JaHHBIM.

CreneHb 10CTOBEPHOCTH, anipodanus padoTsl U myoankauuu. OCHOBHBIE Pe3yJIbTaThl paOOTHI
npeacTaBieHbl B 16 cTaThax, 5 U3 KOTOPBIX BXOIUT B nepeyeHb BAK.

Martepuansl nucceptaruu nosoxeHsl Ha VI HanmonanpHOM HaydyHOH KOH(EpEeHIMH C

MEXIyHapOAHBIM ydacTHeM «MareMaTtuueckoe MojenupoBaHue B dkojorun» (DxoMatMona-
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2023) (Ilymumuo, Poccus, 2023), wa MeXayHapogHOH  HAydHOW  KOH(EPEHIMH
«KaprorpadpupoBanue OMOTHI: TPAJAUIMK U aKTyallbHbIE BONpockl pazsutus» (Mpkyrck, Poccus,
2023), Ha VI MexayHapoaHoii koHpepeHiiur "MOHUTOPUHT U OIICHKA COCTOSHUS PACTUTEIBHOTO
mupa" (Munck-JIsckoBuuu, benapycs, 2023), nHa Mexaynaponnom konrpecce |ALE
«Transboundary Resource Management, Climate Change and Environmental Resilience»
(Haiipoou, Kenus, 2023), Ha Mexxaynapoanoit nanamadTHol KoHpeperuun «Teoperndyeckue u
NpUKIAAHBIE TpoOieMsl JaHamagTHoi reorpadgum», VII MwunpkoBckue urenus (Boponex,
Poccus, 2023), na Bcepoccuiickoii ¢ MeKAyHapOIHBIM ydacTHeM KoH(epeHiun ««Haydmbre
HCCIIEIOBAHMSI ¥ SKOJIOTHUECKUI MOHUTOPHHI HAa 0CO00 OXPaHSAEMBIX MPUPOJHBIX TEPPUTOPHIX
Poccun wu compenenvubix crpan» (LJITTIB3, 2022), ma MexayHapoaHoii KoH(EpEHIIUU
«UuTepKapro. MuTepl UC 26. T'eomndopmanmonHoe obecnedeHHe YCTOHYMBOTO Ppa3BUTHS
tepputopuit» (Toumucu, I'pysus, 2020), Ha MexayHnapoaHoi koHpepeniuu «Landscape Science
and Landscape Ecology: Considering Responses to Global Challenges» (Mocksa, 2020), na
Mexaynaponnom konrpecce «Nature and society facing the Anthropocene challenges and
perspectives for landscape ecology» (Munan, Utanus, 2019), na MexayHapoaHoit tanamapTHOR
KoHpepeHIMH  «CoBpeMeHHOE  JaHAMA(THO-IKOJIOTUYECKOE COCTOSHHE U MPOOJIEMBI
ONTUMM3AIMK TNPUPOJHONW cpenbl pernoHoB» (Boponex, 2018), Ha MexnyHapoaHoi
koH(pepeHmu «CoBpeMeHHbIe MpodaeMbl JlaHAmadToBeAeHUs U reoskonoruny (Munck, 2018),
Ha MexayHapogHoi HayuHO#l koH(epeHun «Jlomonocos- 2018» (Mockaa, 2018).

ABtop npunuman yyactue B rpantax PH® u PODU: 17-05-41069 «KommnekcHblil aHATU3
MYJIbTHCIIEKTPAJIBbHOM M THIEPCIEKTPAIbHOW JAMCTAaHIMOHHON MHMOpMAlMM Uil OLIEHKU
COCTOSIHUSI CBOWCTB MPUPOJHO-aHTPOIIOTEHHBIX TEOCUCTEM M WX KaprorpadupoBanus», 2017 —
2019 rr.; 19-05-00539 «JlanamadTHbIE HHBapHAHTHI KaK MapaMeTpbl JMHAMHUYECKON CHCTEMBD,
2019 — 2021 rr.; 18-17-00129 «CooTHomeHHEe KOHTHHYAJbHOCTH M JTUCKPETHOCTH B
MPOCTPAHCTBEHHOW OpraHu3anuu JaHamadTHoro mokposa», 2018 — 2020 rr.; 22-27-00781
«TepMoTMHAMHYECKHE TapaMeTphl JaHIMIAQTHOTO TIOKpOBAa HA OCHOBE HEIKCTCHCHBHOW
CTaTUCTUYECKOW MEXAHUKH MO TaHHBIM JUCTAHIIMOHHOTO 30HaAupoBanus» 2022 - 2023 rr.

Bxu1ag aBpTopa B IpoBe/leHHOE HCCIeJ0BAHME.

JIuuHBI BKJIAJ aBTOpa COCTOUT B HEMOCPEJICTBEHHOM YYacTHM B cOOpe MOJIEeBOTrO
Matepuaia Ha Tepputopun LleHTpanbsHo-JIecHOTO rocynapcTBEHHOTO MTPUPOIHOTO OHOCHEPHOTO
zarmoBenauka ¢ 2015 mo 2024 ron, B aHaiM3e OTEYECTBEHHOM MW 3apyOe)KHOW HaydHOU
auTepatypel, B 00paOOTKEe MJAaHHBIX JUCTAHIIMOHHOTO 3O0HIMPOBAHUS M  BepUUKAIUH
pe3ynabTaroB. OCHOBHas 3aciyra aBTOpa — O3TO CHCTEMAaTH3allUsl IOJIEBBIX MaTEepHAJIOB,
ucrpanieHue om0k B 0a3e JaHHBIX, BKIIIOUaroIeil 0osiee 3 ThIC. ONMCAHUN PACTUTEIBLHOCTH U

2 TBIC. OITMCAHUI TOYBEI.



CTpykTypa u 00beM padoT. /[uccepraiusi COCTOUT U3 BBEACHUS, 4 Ti1aB, 3aKIIOYCHHUS,
BBIBOJIOB, CIIMCKA TUTHPYEMOii juTeparypsl. CIIUCOK JUTEpaTyphl BKIOYaeT B ceds 266 padot
(122 na pycckom u 144 Ha umHOCTpaHHBIX s3bikax). OO0bem mgucceprauumu — 180 crpanwmi
MaITHHOIIMCHOTO TeKCTa 03 MPUIIoKEHUs, BKItovas 36 Tadnuir, 49 pucyHKOB.

BbaaronapuocTu. ABTOp BbIpaxaeT TJyOOKYyl0 TNPU3HATEIBHOCTh HAYYHOMY
PYKOBOJIUTENIO K.I.H., C.H.C. OTHena (pu3ndeckoil reorpaduu u mpoOiaeM MpHpOIOIIOIb30BAHHS
Wucturyra reorpadpun PAH M.IO. Ily3aueHko 3a BCECTOPOHHIOIO MOMOIIb. ABTOP BBIpa)KaeT
HCcKpeHHioto 6naromapHocts corpynuuky UI' PAH, k.r.H. A.H. Kpenke; pykoogutento MJIJID
HWY BIID, x.6.1. P.b. Canmiepckomy; corpynuuky MIIDD umenu A.H. Ceseproa U.U
[upone — 3a mpegocTaBIeHue MaTEPUAIOB U 32 TIOMOIIb B 00pa0OTKE JaHHBIX; COTPYAHUKAM H
cryaentam Kadenpsl (¢usnyeckoi reorpadum M JmaHgmAadTOBENEHHS TeorpaduyecKkoro
¢dakynbrera MI'Y um. M.B. JlomoHOCOBa, coTpyanukam jgaboparopuu 6uoreorpaduu UI' PAH
3a cOOp KOMILIEKCHBIX OMHCAHUN PACTUTEIHHOCTH U MOYBBI, UCIIOJIB30BaHHBIX B padoTe, a TaKKe
pykoBocTBY LlenTpanpHO-JIecCHOTro rocyapCcTBEHHOTO MPUPOIHOTO OMochepHOTO 3ar0BEeTHUKA,
B nuiie nupektopa A.H. [Toremkuna u 3amectutens no Hayke E.A. lllyiickoit, Beayiiero Hay4Horo

COTPpYAHUKA A.C. >K6J'ITYXI/IH8 H 3a IIOMOIIIb B OpraHu3alnu I1OJICBBIX pa60T.

COJAEP/KAHUE PABOTbI

I'nmasa 1. UuBapuaHT, HHBapUAHT JaHAWIAdTA

TepMuH WHBapHaHT (OT JATUHCKOTO ‘“‘invariant” — HEM3MEHSIOUIHMIICS) BIEpBbIe ObLI
BBEJIEH aHINMHCKUM MaTematukoMm JDxkeiimcom Jlxosepom CunbBectpom B 1851 rony.
CoBmecTHO ¢ A. Kanu um Obliia pa3paborana anreOpandeckasi TEOpUs HHBAPUAHTOB, U3y4darolas
HEU3MEHSAIOIMECS WM YaCTUYHO HW3MEHSIOIIMECS TpU 3aMEHE JIMHEHHBIX IepeMEHHBIX
MHOTOWJIEHB! WK panoHanbHble pyHkuuu (bopoaun, 1979).

B nocnenyromue rojipl BBUYy YHUBEPCATHHOCTH TEPMUHA OH OBbLIT ITOCTETIEHHO BHE/IPEH B
pa3iauyHble HAyKH: (PU3UKY, IPOTpaMMHUPOBAaHUE, SKOHOMUKY, JIMHIBUCTHUKY, Quiiocodpuio u T.1.
B reorpacduto TepMrH HHBapuaHT ObLI BBE/IEH CYIIECTBEHHO M033KE, B IEPHUO/1 BHEAPEHUS TEOPUU
CIIO)KHBIX CHUCTEM, MJeH KHOCpHETHKH, MOIETUPOBAaHMA M MaTeMaTHYECKUX METOJOB B
€CTECTBEHHbIE HayKu. Briepsble ero ncnonp3osai B.b. CouaBa, 1o MHEHHIO KOTOPOrO UHBApUAHT
nanamadTa — 3T0 COBOKYIMHOCTbh CBOMCTB I€0CUCTEMBI, KOTOPBIE OCTAIOTCS HEU3MEHHBIMU TPH €€
npeoOpazoBannu (CouaBa, 1978, c. 293). B mocnenyroriee AECATUICTHS TEPMHUH IOy
pacnpoctpaHeHue B nanamadroseaennn, ogqaako, B.C. [Ipeobpaxenckuii, T./[. Anexcanapona,
T.I1. KynpusinoBa oTMedanu Ha cnadyro mpopaboTaHHOCTh TEOPHH M METOAOJIOT MY HHBAPHAHTOB,

(ITpeobpakenckuit, 1975, c. 400; KynpusiHoBa, 1983, c. 11).



Cnenyrouii sTanm pa3BUTHS TEOPUU HWHBAPUAHTOB B reorpaduu, B YacTHOCTH B
na"amadToBeICHUH, CBSI3aH C IPUPOI0OOXPAHHBIM HalpaBieHueM. B 3To BpeMs moguepkuBaiach
BAXHOCTb ONPEJEICHUS M TMOJACpNKaHWS HWHBApPUAHTHBIX CBOMCTB JJIi BOCCTaHOBJICHUS
nepBoHavYasIbHOTO cocTosiHus JanamadTa (IIpeodbpaxenckwuii, 1982).

[IpyHIMNIUATBPHO HOBBIM BUTOK B TIOHMMaHUU TEPMHUHA «HMHBApUaHT JaHAmadTa»
Habmrogaercs nocine nepeocmpiciieHus nousTus ©.H. MunbkoBeM. [lo ero MHEeHHIO, THBApUAHT
— Haubosee 00Iue U YyCTOWYHMBBIC YePThl CTPYKTYPbI THUIIA JaHIIa()THOTO KOMITJIEKCa Ha YPOBHE
cemerictBa (bess, 2002). A nnBapuaHT JaHamadTa — 3TO HE YTO HHOE, KaK €ro TUIIOBAsk CTPYKTypa
(MwibkoB, 1986). MWIBKOB CUMTall, YTO BBEJACHHBI B HAYYHYIO JIUTEPATypy «UHBAPHUAHT
3aMEHUJI TIOHSTHE «THID», 8 BMECTE C TEM M «THI JaHAmadTa, MECTHOCTH U YPOUHUIIIAy, TPUHSATHIC
panee B coBerckoi reorpaduu. [locne nmepeocmbiciaenus: noustuss egopom Hukonaesuuem B
HAy4YHOU JUTEepaType pacpOCTPaHIETCs CTAaTUYECKOE PEICTaBIeHHe 00 HHBapUaHTe, B paboTax
€ro YYeHHKOB, KaK MPAaBUIIO, UHBAPUAHT CBsI3aH C TeOMOP(OIOTHIECKO OCHOBOH JlaH madra.

HcxonHoe mnpexacraBieHue o0 WHBAapUaHTE, KaK HEM3MEHHOM Ha JaHHOM WHTEpBaJie
BPEMEHHM MapaMeTpe AMHAMUYECKOM cucteMsl, nonbiTasicsa BepHyTh FO.I'. Ily3aueHko, KOoTOpbIit
MpOaHATM3UPOBaA KIMMaTHUECKUEe epeMeHHbIe 3a cTo TpuHaauate neT (Ilyzauenko, 2010). On
OCHOBBIBAJICS. Ha TEOPUUM M METO/AaX aHajiM3a JIMHAMMYECKHX CHCTeM, pa3paboTaHHBIX [
XaKeHOM, KOTOpBI BBEJ MPEJCTABICHUS O apaMeTpax Mopsaka, (akTUUECKH TOXKAECTBEHHBIX
naBapuantam B.b. CouaBsl, u 00 ympasmistomux napametpax (I'. Xaken, 1980).

ITpencraBnenus FO.I'. ITy3auenko nponoimkxmnn ero ydeHuku M.IO. Ilyzauenko, A.H.
Kpenke, P.b. Cannnepckuii, A.C. baiibap. Mcnons3ys psasl usmepenuii co cnytHukos Landsat,
ObUIM pacCUMTaHbl MHBAPUAHThI TEPMOIMHAMUYECKUX IEPEMEHHBIX Ha TeppuTopuu LlenTpanbHo-
JlecHnoro rocynapcTBeHHOTO MpupoiHoro Ouochepuoro 3anoseannka (Cananepckuii, 2007, 2008.
2012; [Ty3auenxo, 2014, 2018; baiibap, 2018).

AHanu3 MHOCTPaHHOM JIMTEPATypbl MOKa3all, YTO B AHIVIOS3BIUYHBIX CTPAaHax /10 CHX IOp
OTCYTCTBYET TEPMUH «MHBAapHaHT JaHAmadTa», NPUHATHIA B coBeTckoi reorpaduu. OnHako,
yemickumu uHxenepamu J. Bila, JJura u 1. Bukovsky, paspaGaTpiBaromumMu cucTeMbl
MOHUTOpPHHIa 3a COCTOSSHMEeM JaHamagdTa, ObUT 3aMMCTBOBAaH MAaTEMaTHUYECKUH TEpPMHH
«CTPYKTYpHBI HMHBapuaHT» (structural invariant), OTHOCHTEIBHO KOTOPOTO OHH BBLACISUIN

HapyleHus pyHKIIMOHUPOBAHUS MAJIOTO BOJIHOTO 1MKIIa B skocucteme (Bila, 2010, 2011).

I'naBa 2. ®u3nko-reorpadpuueckasi XapaKTepUCTHKA TEPPUTOPUH HCCIICI0BAHUS
B rmaBe kpatko [naHa (Qu3MKO-reorpaduueckas XapaKTepUCTUKAa TEPPUTOPUU
HCCIIEIOBAHUS — siApa U OXpaHHOM 30HBI LleHTpanbHO-JIeCHOTO TOCY1apCTBEHHOTO PUPOTHOTO

ounocdepnoro 3anoBeanuka (LIJII'3) u nmpuneraromeit Teppuropun. MccnenoBanue mpoBOIUTCS
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JUIs IPSIMOYTOJIbHUKA ¢ KoopauHaTamu yrios: 32.607781B.1., 56.682393 c.u1., 33.230169 B.x.,
56.682798 c.m., 32.611149 B.A., 56.354927 c.m., 33.228192 B.A., 56.355327 c.m.. u oOmiei
mwomaaeio 139 200 ra. LentpanbHo-JlecHOl 3amoBeIHUK PacloiOKEeH B FOTr0-3alagHoN 4acTu
Banpalickoli BO3BBIILIEHHOCTH. 3J€Ch COXPaHWINCh YHUKAJIbHBIE MACCHUBBI KOPEHHBIX FOXKHO-

TaCXXHBIX €JIbHUKOB, HCTPOHYTHIC pY6KaMI/I.

I'naBa 3. MaTtepuaJjibl 1 MeTOAbI HCCJIEOBAHUS

B rnaBe maHa xapakTepHCTHKA MCIIOJIb3YeMbIX B HccieqoBaHuu cHumkoB Landsat 4 — 9
nokoseHuit ¢ 1987 mo 2022 rox (puc. 1). B obmeli ciaoxxHOCTH B paboTe HMCMOIB30BaHbl 19
0€300JIa4HBIX CIIEH, BBIIIOJHEHHBIX NMPEHMYIIECTBEHHO B (heBpaiie, ampesie W HIOHE. A TaKke
ornucaHa 0asa JaHHBIX Tre00OTAHWMYECKUX M IIOYBEHHBIX OIKMcaHui. [lokasaHa MeToauka
BBIJICTICHUS HepapXUUYecKuX ypoBHe# peinbeda Ha ocHoBe LIMP u pacuera mopdomerprueckux

XapaKTCPUCTHUK penbe(ba I KAKJI0T0 U3 HUX.
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Pucynok 1 KonundectBo cHuMkoB Landsat, ncrmonp3yeMbIx B HCCIIEI0BAHHH, a) [0 To1aM, 0) 110

MeciAlaM
O6wme
MHBapuaHTbl  MapameTpbl
1)SpkocTb YacTHble (vHBapuaHThI nopsaka i
2)dorocuHTe3 VHBapuWaHThbI OTpaxeHus) penbecpa  MHBAPNAHTE!

3)BrnaxHocTb

CuHui

3eneHbIn

KpacHbin

BrnivokHuin UK
KopoTkoBonHoBbin UK

KopoTkoBonHoBbin UK

1)ApkocTb
2)®dortocuHTe3
3)BnaxHocTb

CuHun

3eneHbIn

KpacHbii

BrnvkHun UK
KopoTkoBonHoBbin UK
KopoTkoBonHoBbin UK

Pucynok 2 Anroputm nosydenust JanamadTHEIX HHBapuaHToB Ha ocHoBe MJI/[3 u [IMP

[TponemoncTpupoBana metonuka oopadorku MIJI3 u IIMP, anroputm nmo ymeHbIIEHUIO

MIPU3HAKOBOTO TPOCTPAHCTBA, OT OOOOILICHHS KaHAJOB KaXXAOH CIIEHBI, MOP(HOMETPUUYECKHX
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mapaMeTpoB Il pa3HBIX HEPAPXUYECKUX YPOBHEH J0 MHTETPAbHBIX JaHIIIa(THBIX
WHBAapUAHTOB 10 BCEM KaHaJlaM, CpOKaM HAONIOACHHN U XapaKTepucTuKam penbeda (puc. 2).
Onmcana MeTOOWKA IOJyYEHHs] KapThl MPOCTPAHCTBEHHO-BPEMEHHBIX JIAaHAIA(PTHBIX

HWHBapUaHTOB HAa YPOBHC YPOUUIIl U IPUHIIUIIEI IIOCTPOCHUSA JICTCHABI.

I'naBa 4. Pe3yJbTaThl HCC/1€10BAHNS

B rmmaBe nmpuBeneHbl pe3ydbTaThl  MociefoBaTelbHOro  0000menus  MJIJI3,
MOAYEPKUBACTCSI OMOTe0(U3NIECKUI CMBICI PE3YIHTATOB KaXI0T0 JTalla.

Boinenenne wHBapMaHTOB MNPOM3BOAWIOCH B HECKOIbKO 3TamoB. Ha mepBoM »Tame
METOJIOM TJIABHBIX KOMIIOHEHT BBIITOJIHEHO 0000IICHNE 6 KaHAIOB IS KaXKIOTO CPOKa ChEMKH.
Jlist cHexxHOTO nepuoaa ((heBpaab-MapT) BICIICTCS JBE KOMIIOHSHTHI JIJIs BCEX KaHAJIOB: 001Iast
SPKOCTh BCEX KaHAJIOB, SIPKOCTh B KOpoTKOBOMHOBBIX MK kanamax (KHUK). Jlns GeccHexxHOTO
MEepPHOIa BBICTSETCS 3 KOMITOHEHTHI CHUMKA: 00IIast IPKOCTh BCEX KAHAJIOB, IPKOCTh B OJIFKHEM

UK (BUK) u B kopoTkoBosHOBEIX MK kananax (Tabmuna 1).

Tabnuna 1 Pe3ynbrarel 000011I€HNS IECTH KAHATIOB JIIsl KAKJIOTO CPOKA ChEMKH.

Ne [Hara KoMmoHeHTBI CHUMKOB (0JIs1 OITUCAaHUs OOLIETO BapbUPOBAHKS) Oobmas

CHEMKH JIoJs

(m/mm/rr) | OOmmas ApKocTh SApxocts SIpKOCTh KOPOTKOBOIHOBBIX | OMHUCAHUS
BCEX KaHAJIOB ommwkaero MK UK kananos
KaHaja

1 04/02/87 0.74 0 0.20 0.94
2 06/06/88 0.76 0.19 0.03 0.98
3 03/05/90 0.89 0.08 0.02 0.99
4 27/04/00 0.88 0.08 0.03 0.99
5 27/09/00 0.80 0.08 0.07 0.95
6 22/03/01 0.96 0 0.03 0.99
7 10/04/02 0.63 0.03 0.32 0.98
8 20/06/02 0.80 0.16 0.02 0.98
9 11/02/07 0.96 0 0.03 0.99
10 03/06/07 0.75 0.17 0.04 0.96
11 17/02/15 0.68 0 0.31 0.99
12 23/03/16 0.93 0 0.06 0.99
13 06/02/17 0.85 0 0.13 0.98
14 14/04/18 0.67 0.07 0.26 1
15 17/04/19 0.79 0.08 0.12 0.99
16 04/06/19 0.79 0.17 0.03 0.99
17 26/09/20 0.83 0.08 0.06 0.97
18 17/02/21 0.95 0 0.05 1
19 24/03/22 0.86 0 0.14 1

[Ipumeuanue: >xupHbIM HIpU(TOM BBIJIEIEHBI HanOoJIee 3HaYNMble (aKTOPHbIE HArPY3KU

Taxkum o0pazom, ucxozs U3 oouel Gpu3nuecKo MHTEPIPETAMY KaHAJIOB ChEMKH, TIe
oOmiasi SPKOCTh BCEX KaHAJIOB oTpakaer Omomaccy, BUK wyBcTBUTENEH K cCoOaep)KaHHIO

xJopoduiia ¥, COOTBETCTBEHHO, aKTUBHOCTH (oTocuHTe3a, a KUK crmabee oTpaxkarotcst Bojou,
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OTHOCHUTENIbHO OCTaJIbHBIX, IPOCIEKHUBACTCSI CE30HHAs CMEHAa COCTOSHUN JaHAmadTHOTO
MMOKPOBA, OT MOKPBITOI'O CHETOM C OTCYTCTBHEM BETETALIMHU U PA3IMYHBIM BJIAroco/epx aHuEM,
OMpeJIeAsieMbIM TMOTOJHBIMUA YCJIOBUSIMH KOHKPETHOTO TOJla, Yepe3 Hayajlo BereTauuud Ipu
AKTUBHOM TasHMM CHEra M BBICOKOM BJIArOCOJIEPKaHUU TEPPUTOPUHU A0 JIETHETO - C BBICOKOM
BEr€TaTUBHON AaKTUBHOCTBIO PACTUTEIBHOIO IIOKPOBA MPU CHUKEHUU BIIArOCOJEPKAHUS
TEPPUTOPUM W K TMAPUTETY K KOHIY CEHTSIOpS MEXIy BETreTallMOHHOW aKTUBHOCTBHIO U
BIIATOCOJIEP’)KaHUEM, TMPU HMX OOMIEeM HEOOJBIIOM BKIAJEC B ONKMCAHHUE BapbHPOBAHUS BCEX
KaHaJIOB. B 00mieM, 2 - 3 KOMIOHEHTHI U1 IIECTH KaHaIoB chbeMKH Landsat, omuceiBarot ot 94%
no 100% BapbupoBaHUsI BCEX KaHAJIOB, YTO TOBOPUT 00 MPAKTHUECKOM OTCYTCTBUU IOTEPU
nH(OPMAIIUY TIPU CHUKCHUH Pa3MEPHOCTH CHUMKA.

Ha cnenyromiem stare KOMIOHEHThI CHUMKOB 0000IIIat0TCSI METOI0M TJIaBHBIX KOMITOHEHT
[0 BCEM CpPOKaM COIVIACHO MX CBSI3U C MCXOAHBIMM KaHajiamu. B aHanmsze ocraroTcs Te
0000mIEHHBIE KOMIIOHEHTHI, KOTOpPbIE HMEIOT BBICOKHE KOI(PPUIMEHTH IeTepMUHAIMN C
OOJIBIIMHCTBOM CPOKOB CHEMKH, JINOO MMCIOT CE30HHYIO COCTAaBISIONIYIO W JIOJIIO OMUCAHUS
BapbupoOBaHus OobIe 1.

[Tpu mHTETpaLu KOMIIOHEHTOB O0IIeH IpKOCTH Beex kKaHasoB (Tabnuua 2) nomydeHo, 4To
MEePBbII YaCTHBIM MHBAPUAHT ONMUCHIBAET 67% BapbUpPOBaHUS NEPBO KOMIIOHEHTHI BCEX CPOKOB
ChEMKH U TIOJIOKHUTEIBHO CBSI3aH TIPAKTUYECKH CO BCEMH CPOKaMHU MAaKCHMalbHBIMU
kodppurmentamu aerepmunanuu (KJ[). Takum oOpa3om, 11 KOMIOHEHT OOIIEH SPKOCTH
BBIJIEJISIETCS] OJIMH YaCTHBIM MHBAPUAHT, ONMHUCHIBAIOIINNA MHTETPAIbHYIO SPKOCTh BCEX KaHAJIOB
CheMKH (PaKTUUYECKH 3a BCE CPOKH, BHICOKMMH 3HAUEHUSMU BBIACITSIOMINUNA TEPPUTOPUHU C HUZKOU
HaJ3€MHOH OMOMAacCCOH, U, COOTBETCTBEHHO, HU3KUMHU — C BLICOKOM.

Wurerpanus komnoHeHT BUK s GeccHexXHBIX CpOKOB cheMKH nokasaia (Tabnumna 2),
YTO MEPBBIM YaCTHBIN WHBApUAHT omHChIBaeT 41% BapbupOBaHUs MHTEHCUBHOCTH (DOTOCHHTE3a
3a BCE CPOKH, IMOJOXHUTEIbHO ompeaensercs MakcuMaiabHbiMU KJI 17151 CHUMKOB BECEHHe-
OCEHHETO IEepUOJa M OTPULATEIBHO — JUIA JIETHUX CHUMKOB. BTOpOW YacTHBI WMHBAapWAaHT
omuckiBaeT 23% oO01iero BappupoBaHUs U UMEET nojokutenbubie KJ[ co BcemMu cpokaMu CheMKH.
Takum oOpa3zom, mns komrnoHeHT bBHUK Beimensiercs YacTHBIM CE30HHBIN WHBApHAHT,
ONPEEAIOINN MOJOKUTEIbHBIMA 3HAUEHUSIMU BBICOKYIO HHTEHCUBHOCTD BET€TaIlH, B IIEPBYIO
ouepenb, B Hadajie ampeist ¥ HU3KYH JIETOM W HaoOOpOT, OTPUIATEIHBIMH — BBICOKYIO
WHTEHCUBHOCTh BETETAllMU JIETOM W HHU3KYIO B Hauaje ampens, a TakKe YaCTHBIM WHBApWAHT,
MOJIOKUTEIBHO onpeaenseMmblii koMmrnoHneHtamu BUK kanana 3a Bce cpoku cbeMKku. COBMECTHO
OHU omnuchIBaIOT 64% obmiero BapsupoBanust BUK 3a Bce cpoku chbeMKH.

[Ipu mnTerpanuu komnoneHT KUK 3a Bce cpoku ChbeMKH NEPBbIA YaCTHBI MHBApUAHT

onuceiBaeT 29% BapbUPOBAHMS IPU 3HAYMMBIX MOJOKUTENbHBIX K]l mpakTuyecku co BcemMHu
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cpokamu cheMku (Tabmuia 2). Bropoit yacTHbIii MHBapuaHT onmuchiBaeT 15% BapbUpOBAHUS U
MaKCHMAaJIbHO IOJIO)KUTEIBHO CBSI3aH C JIETHUMH, a TakXke OECCHEKHBIMU CPOKaMHU ChEMKH U
OTPHULATENILHO CO BCEMU OCTAJIbHBIMHM CpoKaMu. TpeTuil yacTHbI MHBapuaHT onuchiBaeT 11%
BapbUPOBAaHUS M MMEET MAaKCUMAJIbHbIE MOJOXKHUTEIbHbIE CBA3M CO CHHUMKAaMH IE€PBOM-BTOPO
nekazpl anpens. Takum o0pa3oMm, OH OTpa)kaeT YHUKAJIbHBIE YCJIOBHS MEPBOWU-BTOPOM JeKaibl
ampens, XapakTepU3yMIIMe Hayajllo BEreTallud IpPU OYEHb BBICOKOM BJIArocOAEpKaHUU
OOJIBLIIMHCTBA TEPPUTOPUI B pe3ysIbTaTe CHEroTasHUs. B pe3ysnbrare, TpH 4acTHBIX HMHBAPHAHTA

KUK onuceiBarot 55% ux UCXOAHOTO BapbUPOBAHUS 3a BCE CPOKU CHEMKH.

Tabmuna 2 Pe3ynbraThl HHTErPAIlii KOMIIOHEHT 32 BCE CPOKHU HAOIIOICHHSI

HNurerpanun
KOMIIOHECHTbI I/IHTerpaunn KOMIIOHCHTbI I/IHTeraHHﬂ KOMIIOHEHTBI KOpOTKOBOJIHOB]:[X
o0meii apkoctu| Oamxnero UK kananaa UK xananon
KaHaJl0B
YacTHbIH
. HHBAapHAHT
Aara (u/mw/rr) . Yacruplii | YacTHbii YacTHbII qacn"’“u[ nepBoii-
Yacrupri . Ce30HHbII BTODOIi
AHBADHART CE€30HHbIN HHBapHAHT HHBAPHAHT |Y
p HHBAPHUAHT JMeKAIBI
(KIT) HHBapHAHT (KII) (KJD) K1)
(K1) anpeas (KJI)
04/02/87 0.83338 0.520613 -0.122915 -0.318505
06/06/88 0.76779 -0.535859 0.558682 0.333116 0.637648 0.041285
03/05/90 0.75210 0.282146 0.586703 0.582115 0.419630 0.024473
27/04/00 0.80826 0.409405 0.579390 0.506982 0.437316 0.161197
27/09/00 0.86436 0.711403 0.390996 0.446577 0.298440 0.108856
22/03/01 0.89288 0.568539 -0.311051 -0.188139
10/04/02 0.38077 0.811353 0.304654 -0.057494 -0.457748 0.704343
20/06/02 0.82572 -0.669391 0.577144 0.278043 0.453793 0.190542
11/02/07 0.92588 0.694392 -0.327500 -0.143224
03/06/07 0.84626 -0.753309 0.457787 0.397401 0.449149 0.139908
17/02/15 0.91723 0.857079 -0.278321 -0.089286
23/03/16 0.92830 0.818790 -0.157741 -0.182876
06/02/17 0.90709 0.831144 -0.243879 -0.121053
14/04/18 0.68339 0.797207 0.238260 -0.003864 -0.393397 0.789880
17/04/19 0.84035 0.845519 0.225776 0.288102 -0.301763 0.665482
04/06/19 0.80442 -0.669977 0.513461 0.433405 0.534643 0.243097
26/09/20 0.80018 0.110937 0.591795 0.418258 0.433313 0.450820
17/02/21 0.84226 0.548845 -0.220755 -0.109029
24/03/22 0.81234 0.694933 -0.446638 0.071862
Omucanmoe 12.80322 4525929 | 2502002 | 5.547042 2.828772 2.151703
BapbHPOBaHUE
Aoas 0.67385 0411448 | 0227455 | 0.291950 0.148883 0.113248
ONMUCAHUA

B PE3YIbTATC HUHTCIrpalluk  KOMIIOHCHT  BBIICJICHO 6 4YacTHBIX HWHBApPUAHTOB,

OITMCBhIBAIOIINX 06H_[I/Ie 3aKOHOMCPHOCTH OTpPAXCHUA W Cro CC30HHOro XxoAaa MJId BCCX
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paccMaTpuBaeMbIX KaHAJIOB U CPOKOB CheMKH: 1) WHBapuaHT OOIIEH SPKOCTH BCEX KaHAJIOB, 2)
cezoHHblil uHBapuanT bUK, 3) unBapuant BUK, 4) unBapuant KUK, 5) ce3oHHbIl MHBapUaHT
KUK u 6) uaBapuant KUK nepBoii-BTOpoi AeKaibl anpens.

OO1e MHBapUaHTHI MOJIyYEHbl IPU HHTErpalMd 6 YacTHBIX HWHBAapUAHTOB METOJIOM

r1aBHBIX KoMItoHeHT (Tabmuna 3).

Tabnuua 3 Pe3ynpTaThl HHTErpallMy YaCTHBIX HHBAPUAHTOB

T T
OO0mas IPKOCTh 0.840645 0.114280 0.329929
Cesonnsiit Ommkaero UK kanama 0.246959 -0.893927 -0.085403
Bbmmxkuero UK kanama 0.678433 0.254471 -0.459837
KopotkopomuoBeix MK kanamon 0.011686 0.836600 -0.393373
Ce30HHBIN KOPOTKOBOIHOBBIX MK -0.779216 0218272 0274220

KaHaJIOB

KSE;;;;B;’;I(‘:;;S’;g{iﬂ‘;‘;“;ﬁijﬁ 0.336287 0.334112 0.814722
OnucanHOE BapbUpOBaHUE 1.948346 1.736094 1.221308
Jouns onucanus 0.324724 0.289349 0.203551

TakuMm oOpa3om, NepBbIid OOIINI MHBAPUAHT BHICOKUMH MOJOKHUTEIBHBIMHA 3HAUEHUSIMU
BBIZICJISIET TEPPUTOPUH C BBICOKUM OTPAXKEHUEM, CHJIBHO OOBOJHEHHBIE JIETOM, MPU HX
OTHOCUTEIIHO HU3KOM OOBOJHEHHHM 3MMOW M BBICOKOW MHTEHCHUBHOCTBIO BET€TAIMH, HU3KUMU
OTpHUIATENILHBIMA 3HAUYCHUSMU — TEPPUTOPUHU C HHU3KUM OTPaKEHHEM MU clabo 0OBOJHEHHBIC
JETOM, TMPU HUX OTHOCHUTEIHHO CHJIBHOM OOBOJHEHHHM 3WMON M HHM3KOM WHTEHCHBHOCTHIO
Beretanuu. Bropoi oOmuii MHBApUAHT BHICOKUMHU TOJIOKHUTEIHHBIMU 3HAYCHHUSIMU BBIICIISCT
c1abo OOBOJHEHHBIE TEPPUTOPUU C BBICOKOW WHTEHCHBHOCTHIO BETETAIMH JIETOM M HU3KOW B
Hayase anpens U Hao00pOoT, HU3KUMHU OTPHUIATEIbHBIMUA — CUJIBHO OOBOJIHEHHBIE TEPPUTOPHH C
HU3KOW HMHTEHCHUBHOCTHIO BETEeTAllMM JIETOM M BBICOKON B Hauane ampens. Tperuid oOmuid
WHBApUAHT BBICOKUMH TIOJOKUTEIBHBIMU 3HAYCHUSIMU BBIJICISIET TEPPUTOPUH, HaUMEHEe
0oOBOJTHEHHBIE B Hauaje ampeis ¢ OTHOCHTEIbHO HHU3KOW WHTEHCHBHOCTHIO BETETAllMM U
OTHOCHUTENILHO CHJILHO OOBOJHEHHBIC B TEUCHUH T0ojla U Ha000POT, HU3KUMHU OTPUIIATEIBHBIMU
3HaUeHUSIMU — Hauboysee OOBOJAHEHHBIE B Hayale ampens C OTHOCHTENBHO BBICOKOU
WHTEHCUBHOCTHIO (DOTOCHHTE3a M OTHOCHUTEIHLHO HH3KO OOBOJHEHHBIE B TEYEHUH Toja. B
pesyibTaTe, TpU OOIIMX WHBApHAHTa OMHUCHIBAIOT 82% BapbUPOBAHHUS YACTHBIX WHBAPUAHTOB
obmieit spkoctu, ompkHero MK u xopotkoBomHOBBIX MK kaHamoB u, TakuMm 006pa3zoMm, OKOJIO
MOJIOBUHBI UCXOJIHOTO BAPbUPOBAHUS BCEX KAHAJIOB ISl BCEX CPOKOB ChEMKH.

[TapameTpsl nmopsiaka penbeda ObLTH MOTydeHBI TpH 00001eHNN 90 MOphOMETPUIECKUX

XapakTepucTuK penbeda (mo 10 xapakTepucTuk, peanuzyeMbix B mporpamme ENVI, mis 9
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HMEepapXUUYECKUX YPOBHEH ¢ IMHEHbIMU pazmepamu 30 M, 150 M, 270 M, 450 M, 1050 m, 1290 M,
1650 m, 2430 M, 3810 m). B pesynpraTe ObUIO BBIACIEHO 12 mapameTpoB mopsiika penbeda,

KoTopsle onuckiBatoT 6osee 70% (Tabmuua 4).

Tabnuma 4 MopdomeTpudeckne XapaKTepUCTHKHU pebeda, ONPeIeISIOIINe TapaMeTphl

ropsaKa
OTPHIIATETHLHO MOJIOKUTEJIbHO

1 | Jlaruracuan (90-1050 m)
5 MuHUMaNTbHAS, TIPOIOTbHAS M TPOPUITHHAS TMannacuan (150 w)

kpuBH3HEI (1650 M)
3 YKIIOHBI
4 | OcBenieHHOCTb C 10ra OCBeIIEHHOCTh C BOCTOKA
5 Jlanmacnan, MakcuManbHast, mpojonsHas u | Jlanmnacwan u MUHMMaNbHAS KpuBu3HA (3810 M)

podHIbHAsT KPUBU3HEI (450 M)
6 | OcBemeHHOCTh C BOCTOKA M I0Ta
7 | llnanosas kpusuzHa (1705-2430 m) Kpususna nonepeynoro ceuenus (1705-2430 m)
8 Jlanmacuan u MakcuMasibHasi KpuHu3Ha (3810 m)
9 | OcBemeHHOCTE ¢ BocToKa (150-450 M)
10 | OcBemennocTs ¢ FO (150-450 m)
11 | OcBemenHoCTS ¢ 1ora (150-270m) OcaenéHHoCTh ¢ BocToka (1705-2430 m)
12 Kpususzna MOTIEPEYHOTO ceueHus, | [Inanopas kpuBuzHa (3810 M)

npojonbHas u npodwipHasg (3810 M)

O06o00meHre WHBAPUAHTOB OTPAKEHUS M MApaMETPOB MOpPAIKa penbeda MO3BOISIET
BBIJICIUTE 3 OCHOBHBIX JIAHAMIA(PTHBIX WHBapUaHTa W TPH, JONHCHIBAIOIINX HEIHMHEHHBIC
oTHoIieHus (puc. 3).

IlepBbiif  mecroil naHamadTHBIA WHBApPUAHT BBIJAENSET CKIOHBI PEYHBIX JOJIHH,
MOPEHHBIX TpPSJ M XOJIMOB, JUII KOTOPBIX XapaKTePHO OTHOCUTEIIFHO BBICOKHE 3HAYCHUS
KPYTH3HBI CKJIOHOB, HH3KOE€ BIJIATOCOACP)KaHUE B TEUEHUE BCETO roJla U aKTUBHOE MPOTEKaHHE
nporiecca porocuHTe3a. FiM MpoTUBONOCTABISAIOTCS BEPXOBbIE 00J10Ta U 32a00JI0YEHHBIE EJIbHUKU
— MepeyBIaXHEHHOCTh B TEUYEHHWE BCEro roJla, aKTUBHOCTh OMONPOAYKIIMOHHOIO Ipolecca
MPEUMYIIECTBEHHO TOJIBKO BECHOW M MaJICHbKHE 3HAYCHUSI KPYTH3HBI.

Bropoit u naThii nmaHama@THBIE WHBApHAHT BBLACNSET TEPPUTOPHUH C AKTHUBHBIM
MPOAYKIIMOHHBIM MPOLIECCOM Ha BBIMYKIBIX (popmax penbeda npeumyriectseHHo ¢ 1O, 103 u 3
HKCHO3ULUAMH, C HU3KOH OMOMAaccoii, MaJibIM BJIarocoiep:kaHueM B IEpBOM MOJIOBUHE anpesis U
BBICOKMM JIETOM. B TmepByl odepenb 3TO CyXOJOJbHBIE JIyra W BepXoBble Oosota. MM
MIPOTHBOIOCTABIISIOTCS JieCa Ha CKIOHAX MOPEHHBIX TPAI M PEYHBbIC IOIHHBI — BBICOKOE
BJIAroco/Iep>KaHue B anpesie ¥ HU3KOE JIETOM, OOJIbIIOe KOJTUYECTBO OMOMAacChl M HEAKTUBHBIM
poTeKaHueM OMOINPOIYKIIMOHHOTO Ipoliecca Ha BOTHYTHIX (hopMax penbeda mpeuMyIiecTBEHHO
C, CB u B skcno3unuid.

JUid TpeTbero M YeTBEpTOro JAHAMA(THOIO HHBApUAHTA XapaKTEpHO BbIAEICHUE

Y4aCTKOB C HHU3KOH HMHTEHCHUBHOCTBIO MMPOTCKAHU A (I)OTOCI/IHTe3a U BJIaroCcoAcCp:kaHucM, HO
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OONBITMMH 3HAUYEHUSMH OWOMAcChl Ha BOTHYTHIX (opMax MHUKpO- H Me3openbeda ¢
npeumyiiecTBeHHO CB u 3 3KCIo3uIMeil — CKIOHBI TP U peYHbIE TOJUHBL. A TaK)Ke BEPUIMHBI
TP M BEpXOBble OO0JIOTA, UIA KOTOPHIX XapakTEpHO AaKTHBHBIH (POTOCHHTE3, BBICOKOE

BJIAaroCoACpKaHue, MaJICHbKast Oomomacca.

Tabnuua 5 @u3nueckue Harpy3Kd HHBAPHAHTOB OTPAXKECHUS M HANOOJIee 3HAaUMMBIX ITapaMeTpOB
nopsijika penabeda ¢ JaHaIapTHEIMI HHBApHAHTAMU

Jlanamad THEIE MHBAPUAHTHI
1 2 3 4 5 6

= | orpaxenus 0.22 0.53 -0.53 0.44 | 042 | 0.12

§ < 2 oTpakeHHs 0.83 -0.23 0.05 -0.041 | -0.18 | 047
228 3 oTpaxeHus 0.14 0.53 055 | -0.46 | 0.42 | 0.08
= 2 penbeda -0.01 0.25 0.28 0.23 | -0.20 | 0.00
§ :« = 3 penbeda 0.82 -0.16 0.04 0.03 | 0.13 | -0.46
g = é 4 penbeda -0.19 -0.06 0.25 0.21 0.04 0.11
=gg 6 penbeda -0.01 -0.17 0.56 047 | 013 | 0.00
g = 11 penpeda -0.11 -0.39 -0.05 -0.04 | 0.31 | 0.06

° 12 pesnbeda -0.16 -0.41 -0.03 -0.03 | 0.32 | 0.09
CoOcTBeHHBIC 3HAUYCHHSI 1.52 1.22 1.18 0.82 0.78 0.49

Jonst oOmielt nucnepeun 0.10 0.08 0.08 0.06 | 0.05 0.03

PHCyHOK 3 JlanamadTHbIE I/IHBapI/IHTLI

Bepudukanus manamadTHRIX HWHBAapUAHTOB MPOBOAMIACE HAa OCHOBE MOJEBBIX
MaTepualioB, TOIYYEHHBIX Tak ke 3a 30 ner. Pe3ymbTaThl MyJIbTUPErpeCCHOHHOTO aHaln3a
MOKa3aJIM TECHYIO CBSI3b MEXAy JaHMMAQTHBIMA WHBapUAHTAMH W XapaKTEPUCTHKAMHU
pacTUTENILHOCTH, B MEPBYIO OYepe/lb Ha3eMHOro sipyca, 1 mouBsl (Tabmuua 6). Takum o6pazom,
MOXHO CJIeJlaTh BBIBOJI O JOCTOBEPHOCTH TIONYYCHHBIX pE3yibTaTOB, a, CIEIOBATEIBHO,
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.]'IaHI[H_Ia(bTHBIe HWHBapUaHThI MOT'YT OBITH HCIIOJIL30BAaHbI B KAYECTBE OCHOBBI JUIS KJ'IaCCI/I(bI/IKaHI/II/I

TEPPUTOPHUU C LIEJIBIO MOTYYSHHUS aBTOMAaTH3UPOBAHHOH JaHmadTHOH MHBAPHAHTHOW KapThI.

Tabauna 6 Bepudukaiiys 1no noieBbM JaHHBIM

2
MyabTHperpeccuoHHblii anaan3 (R ) oT xapakTepucTuk
JangmadTHbIi paCTI/ITeJ'IBHOCT\I:I (,I[peBOCTOj/I II0YB U PACTHTEHHOCTH, TIOB
HABADHAHT 2891 omumcaHui, TPaBOCTOM MMOYBOOOPA3YIOIIUX
p N 1 IOYBOOOPA3YHOIINX
2034 omrcaHuid, COBMECTHO mopox 1606 N
. nopoj 1317 onucanuit
1873 onncanmus) OIMCaHUI
1 0.26, 0.65, 0.68 0.35 0.74
2 0.32,0.41,0.48 0.20 0.54
3 0.18, 0.30, 0.36 0.15 0.49
4 0.21,0.27,0.36 0.14 0.44
5 0.15,0.31, 0.32 0.14 0.39
6 0.16, 0.21, 0.30 0.10 0.42

Kapma npocmpancmeenno-epemennbix UHEAPUAHMHBIX COCIMOAHUIL TaHOwagpma

Ha ocHoBe nanamagTHBIX HHBaPUAHTOB BBHITIOJIHEHA JUXOTOMHYECKAs KIIacCUpHUKAIHs 6
ypoBHA (MakcumMyM 64 kiacca). Majble Kiacchl, IPUYPOUYEHHBIX K 3apacTaloOUIUM C/X 3eMIISIM,
3ajie’kaM M Jyram 4 3anuMmatomue menee 0,1% Tteppuropun ucciaenoBanus, ObUin 00bEIMHEHBI C
OmmxaiiiiMu kinaccamu.  Takum oOpasom, Obut momydeH 41 kmace (Pucynok 4), xoropbie
YCIIOBHO MOJKHO pa3/IeUTh Ha HECKOJIbKO OyokoB: 1 - 8 kjacc — BTOpPUYHBIE XBOWHO-
MEJKOJIMCTBEHHbIE Jieca, 9 -15 kiacc — BepxoBbie OosoTta, 16 - 29 kiacc — MEIKOIUCTBEHHO-
XBOWHBIE U XBOMHBIE Jieca, 30 — 39 kinacc — BTOpUYHBIE MEIKOIMCTBEHHBIE Jieca, 39 — 41 kiacc —
JIyra, CEHOKOCHI, CeIIUTEOHbIE 3eMIIH.

Ornenka kauecTBa KiaccuUKaIy MpoBOJMIIaCh HA OCHOBE JUCKPUMUHAHTHOTO aHAIN3A.
beimo mokazaHo, YTO KJAcChl PACMO3HAIOTCS AUCTAHIIMOHHBIMM JaHHbIMH Ha 31,3%,
XapaKTepuCTUKaMu penbeda — Ha 26,5%, a coBMecTHO — Ha 67,5%, uTto nout Ha 10% Gosnblie,
gem ux cymma. (Tabnuna 8). JlaHHbIe TEIUIOBOTO KaHama ciabo OmuChIBaloT Kiaccel Ha 21,9%, a
MX COBMECTHOE HCIIOJIb30BaHKE C IPYTMMHU BHYTPEHHUMH 1 BHEIITHUMU JAHHBIMH JTAKE YXyIIIaeT
pacrno3HaHue KiaccoB. [Ipu NHCKpUMHUHAHTHOM aHallM3€ KJIACCOB OT XapaKTEPHCTUK IMOJIEBBIX
ONMCaHUN HauOONBIINHA BKJIAJ B pa3JelieHHe KJIaCCOB JIAIOT XapaKTEePUCTUKH PACTUTEIbHOCTU —
43% (nazemuoro sipyca - 34,3%, npeoctoss — 16,6%), a XapaKTepUCTUKU TOYB U OTJIOKEHHUM
BEPHO OMPEJEIAIOT MPUHAISKHOCTh K Kiaccy B 23,9 % ciydaeB. MTak, BepHOE pacro3HaHUE
KJIACCOB OT BCEX MCTOYHUKOB JaHHBIX COCTaBWIO Oojee 85%, 4TO NEMOHCTPUPYET BBICOKOE
Ka4eCTBO BBITIOJHEHHOW KIacCU(UKAIIUH.

Ha ocHoBe moneBBIX AaHHBIX U MOP(HOMETPUUYECKHX XapaKTEPUCTHK peibeda Oblia
COCTaBJIEHA JIET€H/a K BBIIEJICHHBIM KJIaccaM, OTPaXKarollasi COCTOSHUE PAaCTUTEIILHOCTH, I10YB U
no3unuio B penbede. [Ipumep onucanus KiraccoB NMpeACcTaBieH B Tabmuie 7.
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Pucynox 4 Knaccuduxaums nangmadpTHeIX MHBapuantoB (1 - 8 kilacc — XBoOIHO-

MEJKOJIMCTBEHHBIE Jieca, 9 -1 5 kimacc — BepxoBble 00iioTa, 16 - 29 KIacc — MENKOJIMCTBEHHO-
XBOMHBIE U XBOIHBIE Jeca, 30 — 39 kiacc — MeNKOJIUCTBEHHbIE Jeca, 39 — 41 knacc — nyra,
CEHOKOCHI, CEIUTEOHBIE 3€MJIH )

Ta6muia 7 [Tpumeps! onmucaHus KJIacCcoB

@ I'psinoBo-xoiMHuCTAasi NPEMMYIIECTBEHHO C¢/1a00JApPEeHUPOBAHHAST MOPEHHO-

= BO/JHOJICIHUKOBAsi PABHUHA
. § Bo3BbIlIEHHBIE, OTHOCHUTENBHO  BBIMYKJIBIE IOBEPXHOCTH, CIIOXKECHHBIC
= £ MOKPOBHBIMH CYIJIMHKaMH, MOJCTUIA€MBIMA MOPEHHOM, IOJ BTOPUYHBIMU
s E MEJIKOJIUCTBEHHBIMH ~ HEMOPAJIbHO-0OpEalbHBIMM  JIECAMH Ha  JIEPHOBO-
E_,E g = CJIA00ITOI30JIUCTHIX TOYBAX
-
R < ==

CnaboBosiHuCTast 3aMeJIEHHO ApPEeHUPOBAHHAS MOPEHHO-

af = o3epHasi(BOJAHOJICTHUKOBAs])) PABHMHA
25 OTHOCHUTEIBHO NOHMKEHHBIE, OYEHb IUIOCKME IIOBEPXHOCTH, CIIOKEHHbBIE
§ é HNOKPOBHBIMH CYTJIMHKAaMH, MOJACTUJIa€Mbleé MOPEHOM M BOJIHOJEIHUKOBBIMHU
) CYITIMHKAaMH M TEeCKaMH, IO BEpXOBbIMU 00JO0TaMM Ha TOP(SHON MOYBE CO

CpeHEeN MOIHOCTBIO 3 M
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OTHOCUTENBHO TOHUXEHHBIE, OYEHb IUIOCKHE IMOBEPXHOCTU, CIIOKEHHBIE
MOKPOBHBIMH CYTJIMHKAaMH, MOJICTHJIa€Mble MOPEHON M BOJIHOJIETHHUKOBBIMU
CyIJIMHKAMH ¥ T€CKaMH, IIOJ BEPXOBBIMH OO0JIOTAMH C MOJIOABIMHU
pa3peKeHHBIMH COCHSIKaMU Ha TOP(sIHOM MOUBE CO CpeiHEeH MOLIHOCTHIO 3 M

C1a00BOJIHUCTAS HEPABHOMEPHO IPEHUPOBAHHASI MEPEHHO-
03€PHOJICIHUKOBAsi PABHUHA

[V

CpeHeBbICOTHBIE, OTHOCHTEJILHO c11a00HaKJIOHHEIE MOBEPXHOCTH,
CIIO)KCHHBIC TOKPOBHBIMH  CYIJIMHKaMH, IOACTHJIAEMble MOPEHOW U
BOJ/IHOJICTHUKOBBIMY CYTTIMHKAMH M IIECKaMH, TI0]T MEJIKOJIMCTBEHHO-EIOBEIMHU
00raToBJIAKHOTPABHO-HEMOPAIBHBIMH JIeCaMH (C y4acTHEM MB) Ha JICPHOBBIX
U JICPHOBO-CJIA00MOA30JIMCTHIX MOYBAX

[

CuaboBoJIHHCTas1 32001049€HHASI MOPEHHO0-03€PHO-BOITHOJIETHUKOBASI PABHUHA

-XBOMHBIC U XBOUHbIC

Jeca

OTHOCHUTEILHO IIOHM>KCHHBIC, IIJIOCKHUEC IMOBCPXHOCTH, CJIOKCHHBIC
MNOKPOBHBIMH CYTJIMHKAMH, IOACTHUIIACMBIC MOpeHOﬁ 1 BOJHOJCIHHUKOBBIMHU
CyIJIMHKaMM HW II€CKaMH, 1104 COCHOBBLIMH 60peaJH)HO-B.Ha)KHOTpaBHI)IMI/I,
3a0010YEeHHBIMU JIECAMHU Ha TOpq)HHLIX I104Bax Co CpC,I[HCfI MOIIHOCTBIO 1,5 M

OTHOCUTENBHO TOHUXXEHHBIC, OYECHb IUIOCKHE IMOBEPXHOCTU, CIIOKEHHBIE
MOKPOBHBIMHU CYIJIMHKAMHM, MOJCTHUJIAEMblE MOPEHOM M BOJHOJIEIHUKOBBIMHU
CYyIJIMHKAMH W TICCKaMH, IOJ CJIbHUKaMH OOpeaIbHBIMH Ha TOPQsHO-
ITOJ30JIMCTHIX TJIEEBATHIX [OYBAX

MeaKoJIUCTBEHHO

I'psinoBo-xo/iMucTasi NpPeHMYIIECTBEHHO CJ1a00peHUPOBAHHAS MOPEHHO-
BO/IHOJICJHMKOBAsi PABHUHA

OTHOCHUTENLHO IIOHU>XCHHBIC, CJIa6OBOFHYTI>Ie IMOBCPXHOCTH, CJIOKCHHBIC
INOKPOBHBIMH CYI'TIMHKaMH, NOACTHIJIACMBbIC MOpeHOfI, 1o MEJIKOJIMCTBCHHBIMU
(CepOOJ'ILI_HaHHI/IKI/I, I/IBHSIKI/I) 60peaJ'IBHO'60FaTOBJIa)I(HOTpaBHLIMI/I J€CaMH1 Ha
JACPHOBBIX U I[CpHOBO-CJ'Ia6OHOI[30J'II/ICTI>IX IIo4YBax

CpenaHeBBICOTHBIE, CIa00BOTHYTO-BBIMYKIIBIE MOBEPXHOCTH, CIIOKEHHBIE
HOKpOBHI)IMI/I Cer'II/IHKaMI/I, IIOACTUJIAEMBIC MOpeHOI\/’I, 101 MEJIKOJINCTBECHHBIMHAU
HEMOPAIbHBIMU JIECAMH C yYACTHEM IIMPOKOIMCTBEHHBIX BUIOB (B3, TUTIA) HA
JIEPHOBO-CIa00TOA30JIMCTHIX TTOYBAX

MeaKoJIuCTBEeHHbIE
Jjeca

CpenHEBBICOTHBIE, BBIIYKIIBIE IIOBEPXHOCTH, CIIOKEHHBIE TOKPOBHBIMU
CYTJIMHKaMH, MO/ICTUJIaeéMble MOPEHON M BOJHOJIEAHUKOBBIMU CYTJIMHKAMU U
neckamM, 1oj OOraTOBIaXXHOTPAaBHBIMU JIyraMH Ha arpofiepHOBOI IOuBe
(mamHu, macTOMINa, CEHOKOCHI, MOJIOJIbIE BHIPYOKH)

Jlyra

Ta6J'II/II_[a 8 PCBYJ'ILTaTBI momaroBOoro JMCKpMMUHAHTHOI'O dHAJIM3a

Hoast (%) BepHO

ITomaroBblii TUCKPUMUHAHTHBII aHAJIN3 KJIACCOB OT -
onpeneJeHHbIX TOYEK

GHYMIPEHHUX OAHHBIX

KOMITOHEHT OTPayKCHHsI CHUMKOB 31.3 (1546752)
JlnuaHOBOIHOBOE M3yueHue (1) 21.9 (1546752)
XapaKTepUCTHK penbeda 26.5 (1546752)
KOMITOHEHT OTPaKEHUsI CHUIMKOB M XapaKTEPHCTHUK pelibeda 67.5 (1546752)
KOMITOHEHT OTPayKEHHUSI CHUMKOB, JIV 1 xapakTepucTuK peiibeda 66.5 (1546752)
6HEUWHUX OAHHBIX
XapaKTEPUCTHK HA3EMHOTO TIOKPOBA 34.3 (2013)
XapaKTEPUCTHK IPEBOCTOS 16.6 (2891)
XapaKTEPUCTHK PACTUTEILHOCTH 43.0 (1878)
XapaKTEepUCTHK MOYB U OTI0KEHUN 23.9 (1606)
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XapaKTEPUCTUK PACTUTEILHOCTH U TIOYB ‘ 52.1 (1317)

6HEUIHUX U GHYMPEHHUX OAHHBIX
Bcex mepemennsix 6e3 1 | 85.7 (1317)

3akiaro4enue

B oteuecTBenHoi nanamadTHON MIKOJIE HA TPOTSHKEHUU JUIUTEIBHOTO MIEPUOa BpEMEHU
MOHATHE WHBAPUAHT UMEJO CTATUYECKYIO TPAKTOBKY, 110l HUM MOHMMAJIach HeKasi BEpTUKAJIbHAs
WIA TOPU3OHTAJbHASA CTPYKTypa Janiamadra, o0ycaoBieHHAs TeoMOP(OIOruIecKoil OCHOBOM.
[To mMepe pa3BUTHS MpEACTaBICHUN O JaHIIAPTe KaK O CIOXKHOW TUHAMHYECKOH CHCTEME U
HAKOIUICHUS MYJIbTUCIIEKTPAIbHON JUCTAHIIMOHHON WH(OPMALIUU, TOHITHE «UHBAPUAHTY» CTAJO
BO3MOYXHBIM OTOKJECTBUTH C TAPaMETPOM MOPSIAKA CUCTEMbI, HMEIOIINM BIIOJIHE ONPEAeICHHBIN
(bU3NIECKU CMBICIL.

C pa3BuTHEM METOJOB JHMCTAaHIIMOHHOTO 30H/IMPOBAHUS BO3POC MHTEPEC K IMOCTPOCHUIO
MHTETPAIbHOTO 0000IAIOIIETO0 N300paKeHMs, KOTOPOE XapaKTepU3yeT BCIO BPEMEHHYIO CEPHI0
CIICH Ha OMPEEIIEHHYIO TEPPUTOPHIO.

AmHanu3z 3apy0eKHOM U OTEYECTBEHHOM JTUTEPaTyphl OKA3aJl, YTO CYIIECTBYIOT HEKOTOPOE
MHOKE€CTBO METO/0B 0000IIEHUsI AUCTAHUUOHHON MH(POpPMAIUH, OJHAKO OOJIBIIMHCTBO U3 HUX
He UMeeT (PU3MUECcKOro cMbIciia, HallpUMep, pacueT WHBAapHUaHTa Kak cpejiHee apu(pMeTHYECKoe.
IO.I'. Ily3aueHko M €ro KoJIJIETaMH IOKa3aHO, YTO WHBAPUAHTBHl JUHAMMYECKOH CHCTEMBbI
TOKJIECTBEHHBI TapaMeTpaM MOpsIKa B CHHEPTETHUKE, 8 OCHOBHOM METOJ [UI UX pacueTa — METOJ
IJIaBHBIX KOMITOHEHT.

B ycnoBusix 10%HO-TaeXHOTO JaHAmadTa METO/IOM IJIaBHBIX KOMIIOHEHT BBISIBJIEHO, YTO
or 94 no 100% OCHOBHBIX KaHANOB Kaxaoil crennl Landsat (kpome ATUHHOBOJIHOBOTO)
OIUCBIBAETCSI TPEMsI KOMIIOHEHTaMM, XapaKTepHU3YIOIIMMHU JaHAmadTHeI mokpos: 1. obmas
SPKOCTh, TOKJECTBEHHA KOJIMYECTBY OMOMAcChl, 2. IPKOCTh OJMKHET0 MH(PAKpPaCHOTO KaHaa,
OTpakallllass MHTEHCUBHOCTh TMPOTEKaHUS (HOTOCHHTETHUECKOIro IIpolecca, 3. SpKOCTh
KOPOTKOBOJIHOBBIX MH(PAKPACHBIX KAaHAJIOB, CBSI3aHHAs C COJIEpXKaHUEeM CBOOOIHOM Boabl. [Ipu
9TOM, IIPOCIIEKUBAETCS CE30HHAS TMHAMHUKA 10 COOTHOLIEHUIO JaHHBIX KOMIIOHEHTOB, B JIETHUMI
OeccHeXHBIN epro/] Beaylee 3HaueHIe UMeeT sipkocTh B OmmxkHeM WK, B To Bpems kak B mepuos
CHEroTastHUs (BTOpas JeKaja anpens) — SpKoCTh KOpOTKOBOJHOBBIX MK.

OO6o011IeHNe TOJYyYEeHHBIX TPEX OCHOBHBIX KOMIIOHEHT 3a BCE CPOKHM HaOIIOeHUs
MIO3BOJISIET MOIYYUTh 6 YaCTHBIX HHBAPHAHTOB: | IPKOCTH BCeX KaHAJIOB (OnoMacchl), 2 OIMKHETOo
nHppakpacHoro (PoTocuHTE3a) U 3 KOPOTKOBOIHOBBIX WH(PPAKPACHBIX KAHAIOB (BIAKHOCTH) 32

35 net HaOMIOICHUI 32 TEPPUTOPUECH UCCIICTOBAHMUS.
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[IpumeHeHre MeToJa TJABHBIX KOMIIOHEHT OTHOCHUTENBHO YAaCTHBIX WHBAapHAHTOB
MOKa3aJI0, YTO OHU HE SBISIIOTCA OPTOTOHAJIBHBIMH, B3aUMOHE3aBUCHMBIMH, B OTJIMYHE OT
KOMITOHCHT MJIs KaXJO0ro cpoka HaOmioaeHus. B pesynbrare ObUIO TOMy4eHO 3  0O0mmx
uHBapuaHTa. l[lepBblii 0OLUI HMHBApUAHT OTpakaeT KOJWYECTBO OMOMACChl, AKTHUBHOCTH
npoTekaHus (OTOCHHTE3a B TEUEHHWH BCEro Tofa U OTPULATENIBHO CBSI3aH C CE30HHBIM
BapbUPOBAHUEM COJECpKaHMUA CBOOOAHOM Biaru B jdaHgmadte. Bropoil oOmmii MHBapuaHT
MOJIOKUTETIBHO CBS3aH C BIKHOCTh B TEUYEHWH BCETO T0Ja W OTPHUIATENIBHO C CE30HHBIM
nporekanueM (oTtocuHTe3a. Tpetuit oOmMii MHBapUaHT B HAHMOOJIBIIEH CTETIEHU OMpeesaeTcs
BJIArOCOJIEP>KaHUEM B IEPUO CHETOTAsIHUS, @ TAKXKE aKTUBHOCTBIO IPOTEKaHUs (POTOCUHTE3a ISt
BCETO T0/1a. AHAJIOTHYHBIC PE3YyIbTAThl OBLIH MOJYYEHBI IPU 0O00OMICHUH TEPMOJINHAMHYECKIX
MIEPEMEHHBIX, PACCUMTAHHBIX I TeppuTopuu LlentpanbHo-JlecHoro 3anoBenHuka ¢ 1986 mo
2009 roa. beuu nonydyeHsl 3 HBapUaHTA: MEPBbIN CBSI3aH C MOIJIOIIEHUEM COJIHEYHON SHEPTUU
B TEYEHHUH BCETO r'0Jla, BTOPOU — C MPOJYKTUBHOCTHIO B BEr€TAlMOHHBIN MEPUOJ U TPETUH — C
MIPOYKTHBHOCTBIO B BeceHHe-oceHHui nepuo (Sandlerskiy, Krenke, 2020).

WTak, pe3ynbTaTsl mocreneHHoro ooo0menus cien Landsat na repputoputo LlentpansHo-
JlecHoro 3amoBeqHMKAa W €r0 OKPECTHOCTEH 3a mocieAHue 35 JieT Mmokasaiu, YTO cHcTeMa
OTPAKEHHsI MYJIbTUCIEKTPAJIbHBIX JaHHBIX OT JAEATEIbHOW MOBEPXHOCTH 3€MJIM OIpeNeseTcs
TpeMsi HE3aBHCHMBIMH KOOPJMHATAMH, B paMKaX KOTOPBIX BBIICISIOTCS YCTOWYHMBEIE B
MIPOCTPAHCTBE M BO BPEMEHU OCHOBHBIE AaTTPAKTOPHl CHUCTEMBI: €JIOBBIE Jieca, BTOPHYHBIC
MEJIKOJIUCTBEHHBIE U XBOMHO-MEIIKOJIMCTBEHHBIE Jieca, BEpXOBbIE O0JI0Ta, JIyra.

[lects manamadTHBIX WHBApHAHTOB (3 OCHOBHBIX M 3 JOMOJHUTENbHBIX,
JOOTIMCHIBAIONINX HETMHEWHBIE OTHOIICHNST) OBIIIM MTOJTYYESHBI TyTEM UHTETPALUY 3 HHBAPHAHTOB
MYJIbTUCTIEKTPATBHBIX JaHHBIX Landsat u 12 mapameTpoB nopsinka penbeda

ComnocraBnenue JaHMa(QTHEIX HTHBAPUAHTOB C MOJIEBBIMU ONMMCAHUSMH PACTUTEIBHOCTH
U TIOYBBI, JaHHBIMU O penbede MoKa3alo, 4To MOJYYCHHbIE MHBAPUAHTHI UMEIOT (U3NUYECKUN
CMBICII W MOTYT TIOCIY)KHUTh OCHOBOM JUISI aBTOMAaTH3WPOBAaHHOTO JIAHAMA(PTHOTO

KapTorpadupoBaHUs HA OCHOBE JUXOTOMUYECKOH KIacCU(UKAIUH.

Ilposedennvle uccnedosanusn no3e0UIU RPUIIMU K C/IEOVIOUUM 8bl8OOAM:

1. Ot 94% no 100% BapsupoBaHHs 3HAYEHUI MCXOAHBIX KaHAIOB ciieH Landsat MmokeT OBbITH
OMHCaHO 3 KOMITIOHEHTaMH CHUMKOB, B TIEPBYIO OY€pE/Ih OTPAKAIOIINX HA3EMHYIO OHoMaccy
(obmiast sipKOCTh), MHTEHCUBHOCTh TMpoOTeKaHus (QorocuHTe3a (SpKocThio B OmmxHeM WK
KaHaje), KOJMYeCTBO CBOOOMHON BOABI B iaHmadte (IPKOCTh B KOPOTKOBOMHOBBIX MK
KaHaiax). BbIgBICHAa CE30HHAs JWHAMHKA COOTHOIIEHHsS KOMITOHEHT OmmkHero MK u

KOpOoTKOBOJIHOBBIX MK kaHasoB.
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2. Ha ocHOBe orpaHMYEHHOI0 KOJIM4ecTBa 0€300JIa4HbIX CITYTHUKOBBIX CHUMKOB IIPH ITOMOIIN
MOCTEIICHHOTO ~ O0OOIEHWsI METOJOM TIJIABHBIX KOMIIOHEHT  MYJbTHCIEKTPaIbHON
JIMCTAHIMOHHON WH(pOpPMAaIUK, MOJIy4aeMoil cheMOuHOM cucremoit Landsat, moxHO
BBIJICJIUTh ~ OTHOCUTEIBHO  YCTOMUUBBIE IMPOCTPAHCTBEHHO-BPEMEHHbIE  HHBapUaHThI
OTPaKEHMsI TEPPUTOPUH 32 paCCMaTPHUBAEMBbI BPEMEHHON MHTEpBaJl.

3. /[lBenagnath mnapamMeTpoB Tmopsaka penbeda onuceBaroT 73% Bcex 3HaueHuit 90
MOp(hOMETPUYECKHX XapaKTEPUCTUK penbeda Ha pa3HbIX HepapXUUYecKUX ypoBHAX. Takum
00pa3oM, IPUMEHEHNE METO/1a IJIaBHBIX KOMIIOHEHT I103BOJINJIO HAM YMEHBIINUTh KOJINYECTBO
MIEPEMEHHBIX ¢ MUHUMAaIIbHOH noTeper nHpopManuu (menee 30%).

4. TlomyueHo 6 manamadTHRIX HHBapHaHTa (TP OCHOBHBIX M 3 3€pKABHBIX, JTOMHCHIBAOIINX
HEJIMHEHHbIE 3aBUCHMMOCTH) Ha OCHOBE 0000mIeHHs 3X HHTErpaibHBIX WHBAapUAHTOB
MYJIbTHCIIEKTPAIbHBIX MHpOpMaLKU U 12 mapameTpoB nopsjaka peinbeda. Y CTaHOBIEHA UX
JOCTOBEPHOCTb HAa OCHOBE IOJIEBBIX OMMCAHUI.

5. llpu momou AUXOTOMHYECKOM KiIacCHU(PHUKAUMU Ha OCHOBE JIaHJIIA(THHIX MHBAPHUAHTOB
MoJIydeHa KapTa WHBAPUAHTHBIX COCTOsIHUM manamadra ¢ 41 kmaccoMm, Juisi KOTOPBIX
BBINOJIHEHA CEMAaHTUYECKas MHTEpPIIpeTalysl MO IOJEBbIM JAaHHBIM M XapaKTepUCTUKAM
penbeda.

Wrak, 6raronapst HAKOTUICHHUIO TUCTAaHIIMOHHON MYJIBbTUCTIEKTPAIbHON HH(pOpMaIuu 3a 35

JIET, yaJ0Ch Ha MPAKTUKE MPOBEPUTH TEOPETUUECKYIO 0a3y, OCHOBBI KOTOPOI ObLIN 3aJ10KEHbBI

Bukropom bopucosuuem CouaBoii emie B 80-x rr. XX Beka, HO He ObIIIM peali30BaHbl B MOJIHOM

Mepe BBHJY OTCYTCTBUS TEXHHYECKMX Bo3MoxkHocTel. Takum obOpazom, B pabote

MIPOJIEMOHCTPUPOBAHA METOAMKA MOCTEIIEHHOr0 0000IIeHNsI OCHOBHBIX KaHaoB cueH Landsat,

MpUBOJALIAS K MOJydeHUs JaHAapTHOW KapThl MHBAPUAHTHBIX COCTOSHUM, OXBATHIBAIOIIMX

OTHOCHUTEIBHO JIUTEIbHBIN IIPOMCIKYTOK BPECMCHHU.
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