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CyxocTenHoe 3aBOJDKbE MMEET CJIIOXKHYI CTPYKTYpY 3€Meb, IPEICTaBICHHYI YYacTKaMU
OpOIIaeMOTO M OOTapHOro 3eMIIEICIHs], MACTOMIIHBIMU YTOABSIMH KaK Ha €CTECTBEHHBIX CTEIHBIX
y4acTKax, TaK ¥ Ha 3a0pOIICHHBIX MAXOTHBIX 3€MIIAX, YTO MPHUBOAUT K CYLIECTBEHHOMY HCKaKEHHUIO
pe3yIbTaTOB OICHKH HEWTpajpbHOTO Oamanca nerpamaryu 3emens (HB/[3) Ha ocHOBe ctaHmapTHBIX
MOJIXO/I0B, pa3pabOTaHHBIX JJIsl aHAJIN3a COCTOSHHUS 3eMeJlb Ha TJI00aIbHOM M PETHOHAIBHOM YPOBHE.
B pabote ananmsupyercs mpoOiemMa MHTEPIpPETaly Pe3yJIbTATOB OLEHKH JMHAMHKH HA3EMHOTO
MOKPOBa KaK OJHOTO M3 OCHOBHBIX TobanpHbIX mHAMKaTopoB HB/I3, mpemmaraembix KonBenimein
OOH 1o 60pbsbe ¢ omycThiHUBaHUEM. [ UcclieyeMoi TeppUTOpHH ObUT pa3padoTaH W TPUMEHEH
METOZA, OCHOBaHHBI Ha aHaiu3e Ce30HHBIX cepudi cHUMKOB KA Landsat ¢ momomipio
CaMOOPraHU3YIOIIUXCSl HEHPOHHBIX ceTeil KoXoHeHa, pealn30BaHHBIX B MPOrpaMMHOM KOMILIEKCE
Scanex Image Processor. [loka3aHo, 4TO Takoil MOJXOJ CYIIECTBEHHO PACIIUPSET BO3MOMXHOCTHU
onienkn HBJI3, xak B pe3ynbraTe AeTajM3aldyd OICHKM M YCTAHOBJICHHS OOJIBIIErO KOJIHYCCTBA
KapTorpaguueckux BBIAEJIOB M KOHTYPOB, TaK U IPU HCIOJIB30BAaHUU MATPHUIBI OLEHKH IEPEXOIO0B,
OCHOBaHHOW Ha PACHIMPEHHOHN KiaccupHUKamuu HazeMHOro mokposa. IIpumenenne momyast Change
Detection mporpammuoro kommiekca SAGAGIS mo3BonseT HE TOJBKO BBISBISATH XapakTep
BOCCTAHOBUTENIFHBIX W JETPAJAIIMOHHBIX HM3MEHEHWH, HO W IMPOBOJWTH CPABHUTEIBHBIC OLICHKH
TPEHIOB Ul Pa3IMUHBIX YroAui M Kateropuid 3emesib. COBOKYNHOCTBH MPEIUIOKEHHBIX MOIXOIOB,
peann3oBaHHas B BHUAE (YHKIHMOHAIBHOTO QJITOPUTMA, MOXKET OBITh PEKOMEHJOBaHA I
MOHMTOpPHHIa U OolleHKU JocTkeHuss HbJI3 Ha nokaibHOM ypOBHE.

Kouegvle crosa: HeWTpanbHBI OalaHC Jaerpafalid 3eMellb, OITyCTHIHMBAaHUE, MaTepUabl
JUCTAHLMOHHOT'O 30HAMPOBAaHUS 3€MJIU, N3MEHEHHUSI HA3€MHOI'O IIOKPOBA.

DOI: 10.24412/1993-3916-2023-1-59-69

EDN: WHOCSS

OpnHoit u3 3amay, pemaembix B pamkax Konsenin OOH mo 6opsbe ¢ onycteianBannem (KbO OOH),
SBIISIETCA CTAaHAAPTU3ALMs METOJOB OLEHKM JIETpajalliy 3eMellb Ha riI00ajbHOM YPOBHE JAJsl IPOBEACHUS
CpaBHUBAEMbIX HAOIIOACHUH 32 JUHAMUKOM 3TOTO SIBIICHHS B CTpaHaX W pernoHax. K HacTosmeMy BpeMeH!
MOJKHO CYHUTaTh, YTO OCHOBA JUII TaKUX METOJOB chopMysupoBaHa M 3akirodactcst B koHneniuu HB/I3,
OTJeJIbHBIE ACTIEKTHl KOTOPOW paHee paccMaTpuBAJIMCh HaMH, B TOM 4YHCIIE W B JKypHaje «ApUIHbBIC
skocuctembl» (Kyct u ap., 2020; Tsymbarovich u np., 2020; bensiea u np., 2020).

Hamomaum, uyto mon HBJI3 moHmMaeTcst «rakoe COCTOSIHHE, TPU KOTOPOM OOBEM M KOJIUYECTBO
3eMeJIbHBIX PECYpPCOB, HEOOXOIMMBIX MJIsl MOZJIEPKAHUSI SKOCUCTEMHBIX (YHKIMH M YCIYr W yCHJICHHS
MPOAOBOJIBCTBEHHON O€30MacHOCTH, OCTAIOTCA CTAOMJIBHBIMUA WIIM JK€ YBEJIWYHMBAIOTCS B KOHKPETHO
OTIpe/IeTICHHBIX BPEMEHHBIX W MPOCTPAHCTBEHHBIX MacITa0ax M 3KOCHCTeMax» (OmpeseleHne NPUHITO Ha
12 Kondepennuuu cropon Konsenmnu OOH 1o 6oproe ¢ onycthinuBanueM (KbO OOH) B centsiope 2015 .
(UNCCD, 2016). Dtor mnoaxon ucCmojib3yeTcs B pacuetHoM Mojyne Trends.Earth (Trends.Earth
Documentation. Release 1.0.4., 2021), mpemmaraemom KBO OOH B kavecTBe 0a30BOro Merojaa Uit
MOATOTOBKM M TIPE/ICTABICHUS HAIIMOHAJIBHBIX JAHHBIX MO OIEHKE Nerpajalliil 3eMelb U JOCTHKEHHUIO
HB/13, a Takke B HAIMOHAJILHOM OTYETHOCTH IO JOCTHKEHHUIO 3afaun 15.3 Ilenelt ycToHYMBOro pa3BUTHS
OOH, unaukatop 15.3.1 — gons gerpaarpoBaHHBIX 3eMeJb OT OOIIEH IIOMAAN CYIIH.
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[Mpunimn pa6oter Trends.Earth 3akmrouaetcs B MCMONB30BaHMM TPEX OCHOBHBIX WHIMKATOPOB,
npennaraemeix B pamkax KBO OOH (UNCCD-GM, 2016): nunamuka Ha3eMHOTO MOKPOBA, AMHAMHKA
MPOAYKTUBHOCTH, JMHAMHKA 3a1aCOB OPraHUYECKOTO yIiiepoia MOYB.

CornacHo onpenenenuto, ranHoMy ®AQO, Ha3eMHBIIH TOKPOB — HAOMIOAAEMBI OMOPU3NIECKHI TTOKPOB
Ha moBepxHocTH 3emiud. Ilpu stom B y3kom cmeiciie noxa land cover moppasymeBaeTcsi pacTUTEIbHBINA
MOKPOB 1 00BEKTHI, co3ManHbIe uesioBekoM (Di Gregorio, A.; Jansen, Louisa J.M., 2000).

B pacuetHom wmomyne Trends.Earth wucnone3yeTcss kiaccupUKaiumsi THIIOB HAa3eMHOTO TOKpPOBa,
npeiaraemMass ®AO OOH (Land cover CCI, 2017). Jannas kiaccuduKaiys mpeacTaBieHa 37 Kiiaccamu,
reHepaTN30BaHHBIMA B 7 OCHOBHBIX KJIACCOB JUIsl LieJiel TT00anbHOM OleHKH: 1) mamiHs, 2) TpaBsSHUCTbHIC
coobmectBa, 3) OpeBecHash PacTUTEIBHOCTb, 4) 00J0Ta, 5) aHTPONOTeHHBIE TEPPUTOPUHU, 6) YUaCTKH,
JUIIICHHBIE PACTUTEILHOCTH, 7) BOJHBIE OOBEKTHI

,21)'[51 OICHKN JWHAMHWKM HA3€MHOI'O IIOKpPOBAa, AWHAMHUKU IMPOAYKTHBHOCTH, AWHAMHWKU 3allaCoOB
OpPraHrWYecKOro yriiepoja MOYB HCIONB3YIOTCS TiI00anbHble 0aszbl AaHHBIX, BKmouatomme ['MC-gannbie n
KOCMHYECKHEe CHUMKH. Ha MX OCHOBE CTpOSITCA CJIOHM, OTpPa)KaloOIIME €KETOJHOE COCTOSHHE KaKIOro W3
MHIUKATOPOB, PACCYUTHIBACTCS MX JUHAMHKA 332 BBIOpAHHBIA MPOMEXKYTOK BpemeHH (HaumHas ¢ 2000 r.).
[IprucBoeHrne Ka4yeCTBEHHOM XapaKTepHCTUKH BBIABICHHBIM TpEHIaM (Jerpajamus, Iporpauaius,
OTCYTCTBUE W3MEHEHHUI) MO3BOJISIET IPH HAJIOKECHUH KapTorpauyeckux CIOeB TPEHIOB BCEX Tpex
WH/IMKATOPOB BBISBISATh TEPPUTOPHU C HETATUBHOM TUHAMUKOM, HCTIONB3Ys IpUHIMIT «ONne out, all outy.

JInHaMKKa HAa3eMHOIO MOKPOBa — 3TO OCHOBHOW MHAMKaTOp Moy Trends.Earth, omenka xotoporo
MOKET BBIIOJHATBCA C HUCMOJB30BAHMEM MAaTEpPUANIOB IUCTAHLMOHHOTO 30HIMPOBaHMA 3E€MIIH, YTO
MO3BOJISIET MPOBOJUTH peTpocnieKTUBHBIN aHanmu3 HBJI3, cBecTh K MHHHMYMYy TpPYAOEMKHE IIOJIEBbBIC
WCCIIEJIOBaHMs, BBIIOIHATH OLUECHKY JUISl OONBIINX TEPPUTOPHI B OTHOCUTEIHHO KOPOTKHE CPOKH.

Moayis Trends.Earth paspabateiBasicst st 1eseii riio0aibHO# OLCHKH JAeTpaalliy 3eMejb U, KaK ObLTO
nokazano Hamu panee (bemsieBa u np., 2020), HETOCTATOYHO TOYHO OTPa)KaeT U3MEHEHMSI Ha JIOKAITLHOM
PETHOHAIBEHOM YpPOBHE HM3-32 HHU3KOI'O IMpOocTpaHCTBeHHOro paspemieHus (300 M); KOMMYECTBO KIACCOB
HA3eMHOT'0 TIOKPOBa HEJOCTATOYHO JISl OTPAKEHUS CIEUU(PHUKH TEPPUTOPHH HA JIOKAJIBHOM YPOBHE; THIIbI
MepexXoI0B HE BCErZa OTOOpaXKaroT CreMU(UKY IerpaJalliOHHBIX MPOLECCOB HA KOHKPETHOH TEPPUTOPUH
(Otuer 0 HUP, 2021; CnaBko, Kycr, 2022).

C ydeToM O3THX OOCTOSTEJILCTB 3ajauyd Halleld paOoThl 3aKJIIOYaJUCh B TOM, 4YTOOBI OIICHUTH
BO3MOXXHOCTH M PE3YJbTaThl MCIIOJIB30BAHUS MPEOOpPa30BaHHONW MATPHUIBI MEPEXOA0B KJIACCOB HA3EMHOTO
MOKPOBA, YCTAHABIMBAEMBIX C HCIIOJIb30BAHHEM IUCTAHIIMOHHOTO 30HIUpoBaHus 3emin (/133) Oosee
BBICOKOTO pa3pelieHus] M PaCIIUPeHHON (aJaNTHPOBAHHON JUIi MECTHOTO YPOBHS) KiIacCH(UKAIMH
HA3eMHOTO MTOKPOBA.

C nenpio BaMAAUK PE3YIHTATOB OLEHKH B 3-X KWJIOMETPaxX Ha Oro-3amnaj oT 03. JJIbTOH ObUI 3aJI05KEH
KJTFOUEeBO# ydacTok Pri. Tepputopust npecTaBisieT co0oi 3a1exb 1 7-IeTHel JaBHOCTH, B HACTOSIIEE BPeMs
HaXOJALIYIOCS 1M0J BhIMacoM. Touku onpoOoBaHus (Bcero 4) ObUTH 3aJI0KEHBI IO TPAUEHTY YBEIHUYCHUS
MAcTOMIIHOW HAarpy3kd MO Mepe MNpUOMMKeHUs K Komape (MecTy cojepikaHus ckoTa). B kauectse
ATAJIOHHOTO YYacTKa YCJIOBHOHCHApPYLICHHBIX MOYB Obuia B3siTa Touka Bul 3 kmroueBoro yuactka Bul,
pacrnionoxeHHast B 20 KM ceBepo-BocTOUHee OT 03. bymyxTa. [y JaHHOTO y4acTka OTMEYaeTCsl OTCYTCTBHE
MaxOTHOM Harpy3ku 3a nepuoja HaOmoaeHus KA Landsat, macTOuiHas Harpyska TakyKe HU3Kasi B CBSI3U C
OO0JBIION YJaJICHHOCTHIO OT KOILap.

Kaxmast Touka onpoOoBaHus TpeACTaBiIseT coboi miomanky pasmepom 300x300 M°, TOMOTEHHYIO C
TOYKH 3PEHUS PACTUTEIPHOCTH M CTPYKTYpHI IOYBEHHOTO MOKpoBa. Iy KaXkaoW TOYKM 3aKJIa/bIBAJINChH
OTIOPHBIE TIOYBEHHBIE pa3pesbl, U3MEPsUIMCh Mopdoiornueckue, (pU3NKO-XUMHUYECKUE IOKA3aTeNd IOYB,
MPOBOJIMIIOCH OIMCAHUE PaCTUTEIHHOTO MOKPOBA.

OO0LEeKTHI M METOALI HCCJICT0BAHMIT

TecToBBI OMUTOH paconokeH B Bonrorpaackoit o6mactu B DIBTOHCKON KOTIOBUHE U MPECTABICH
SYEUCTHIMU JIaHAIA(TAMU C TIOJIBIHHO-TUITYaKOBO-KOBBUIBHBIMA M TIOJIBIHHO-TUITYAKOBBIMU CTETISIMUA C
y4acTKaMH OpOIIaeMOT0 U OOTapHOT0 3eMIIeEIHs U MACTOMII KaK Ha CTENHBIX YYacTKaX, TaK U Ha 3aJexax

“PasMep IUIONIA/I0K 3aKJIAABIBAJICSA C IEJBIO JATBHENIIETO UCTIOJB30BAHMS B KA4ECTBE STAJOHOB MPU OOYUEHUH
HEHPOHHBIX CETEH.
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pa3Horo Bo3pacTa.

B pabote uccrieoBamch pe3ynbTaThl IPUMEHEHHST HECKOJIBKUX CIIOCOOOB OLICHKH JTMHAMUKH Ha3¢MHOTO
mokpoBa: 1) C moMoIibio nporpaMmuoro moayist Trends.Earth; 2) ¢ coxpanennem anroputma Trends.Earth, Ho
Ha ocHoBaHuW aHanmza matepuanoB /33 KA Landsat 4-5, Landsat 8 ¢ GonblIiMM TPOCTPaHCTBEHHBIM
paspemerneM (~30 M), ueM ucnonsdyembie B Trends.Earth; 3), To e, HO ¢ HCMOIB30BAHUEM PACITHPEHHOM
KJIacCU(UKAIMU HA3EMHOI'O TIOKPOBA, IPOBEACHHOI 110 pe3yIbTaTaM Ha3eMHOW BaTUIAIIHHL.

B pacuernom moxyne Trends.Earth oneHka AMHAMHKH Ha3eMHOrO MOKPOBA MPOU3BOIUTCS B TEPMHHAX
«Ierpajanus», «yJIydlICHHE», «M3MEHEHHS OTCYTCTBYIOT» Ha OCHOBE TaONUIBI IIEPEeXOJ0B THUIIOB
HaszeMHoro mokpoga ( Trends.Earth Documentation. Release 1.0.4., 2021). Ouenka o mMatepuaiam (JI33) KA
Landsat 4-5, Landsat 8 mpon3Boiiach Ha OCHOBE aHAIN3a CEPUl MHOTOKAHATBHBIX KOCMUYECKUX CHUMKOB
KA Landsat 4-5, u Landsat 8 ¢ momoIb0 CaMOOPraHU3YIOIIMXCS HEWPOHHBIX ceTeil Koxonena,
peain3oBaHHBIX B Mojysie Thematic Pro mporpammuoro komiuiekca Scanex Image Processor 5.1. OGimast
MOCJIC0BATEIILHOCTD BBIMOJHEHHS pa0OT MPEICTABICHA B CXeMe Ha pHC. 1.

[Toxgbopka cepuif CHUMKOB 32 BET€TallMOHHBIN MEPHOT (TS KaXKIOTO ro/a)

OOyueHne HEHPOHHBIX CeTeH U KIlacCU(PUKANII KOCMIYECKUX CHUMKOB

[TocToOpaboTka pe3ynpTaToB Kiaccupukamnuu (00ydeHe HEHPOHHBIX CETeH
Ha JIOKaJIbHOM IIaTTepHE U OBTOPHAs KJIACCU(UKALUSI CHUIMKOB)

T CHCpaIn3aluiad TCMATHUYCCKHX KJIACCOB
a0 HCO6XOJII/IMOFO KOJMYECTBA TUIIOB HA3€MHOI'O IIOKPOBa

Co31aHue Ce30HHBIX KOMITO3UTOB U3 PE3YJIbTATOB KJIaCCHPUKAIHHA
B GRASS GIS(momyb r.series.mode)
1

Co3manue KapTorpaMM U3MEHEHH HAa3eMHOTO MOKPOBa
3a BEIOpaHHBIN BpeMeHHoi niepro B SAGAGIS
(momyss change detection)

HacTtpoiika Ta0iuiel nepexo10B TUIIOB HA3¢MHOT'O ITOKPOBA.
[TonyuyeHue pe3ysbTUPYIOIIENH KapThl U3MEHEHUS HA36MHOTO TIOKPOBA
3a BEIOpaHHBIN MTEPUOJT

Puc. 1. Brok-cxema aHajM3a W3MEHEHH HA3¢MHOTO MOKpPOBA Ha OCHOBaHMU mMaHHBIX KA Landsat 4-5,
Landsat 8.

B pa6ote ucnosnb3osaics cunte3 7-4-2 kanano Landsat 4-5 u aHamoru4HbIi eMy CuHTe3 7-5-3 KaHaJI0B
Landsat 8. Takue cHHTE3bl KaHAJIOB MO3BOJISIIOT JCTEKTUPOBATh OTKPBITHIC YYACTKH MOYBBI, MUHEPATHHBIX
OTJIOKECHUH, OLEHUBATH COCTOSHHE PACTUTEIBHOCTH, CTENCHb YBJA)XHEHHWS TMOYBBI, Pa3BHTHE MPOIECCOB
3aconenust (Quinn JW.,2001).

B 2014 r. TeppuTOpHs TECTOBOT'O MOJIMIOHA ObLIA MOABEPIKEHA OOIIUPHBIM CTEITHBIM TIOXapaM (puc. 2).
Beiropesmme TeppuTopun He BXOAWIM B aHAIM3, JJIS UX UCKIIIOYCHHS ObUIa IOATOTOBJIEHAa BEKTOPHAS
Macka, MOJMyYeHHas Ha OCHOBE aBTOMAaThueckou ouudpoBku kaprorpamm uuaekca NBR — normalized
burned ratio (Key, Benson, 2005), Ha puc. 2npeacTaBlieHa B KpaCHO-KOPUYHEBOW ramme. JIJisi HCKITIOUeHHUsI
OIMMOOYHOI0 OTHECEHWS YYaCTKOB, 3aHATHIX TMAlllHEH, K KIaccy HA3eMHOTO TIOKPOBa «CTEIHAas
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pacTUTENLHOCTEY (M3-3a 0COOEHHOCTEH ceBO0OOpOTa) ObLIA CO3/]aHa BEKTOPHAS MackKa TalllHU, B TpaHUIAX
KOTOPOH MUKCENBI OBUTH MPUHYANTEILHO OTHECEHBI K KJIACCY HA3eMHOTO TIOKPOBA «ITAIITHS».

2004 r. 2014r.
a) _

Tumn Ha3eMHOTO MMOKPOBA [Tnomane 2004 1., % [Tnomans 2014 1., %
JpeBecHas pacTUTEILHOCTh 0.01 0.01
CrenHasi paCTUTEIBHOCTb 91.51 91.82
ITamms 2.49 2.14
AHTpOTIOTeHHBIE OOBEKTHI 0.03 0.18
Hpyrue tepputopun 0.29 0.18
Bonnsle 00BEKTHI 5.68 5.68

2004 r. 6) 2014r.

Tun Ha3eMHOI0 MOKPOBA ITnomaas 2004 r., % | Ilnmomans 2014 1., %
Bonnbie 00BEKTHI 6.10 6.08
YyacTKu, TUIICHHBIE PACTUTEIHHOCTU 6.54 2.73
CrenHast pacTHTENBHOCTh 63.51 91.19
IMamms 23.85 0.00

Puc. 2. Kaprorpammb!l HazeMHOTO MokpoBa 1o cocTtosiHuio Ha 2004 u 2014 1T., oTydaeMble ¢ UCTIONh30BaHUEM
pasubix 1133 u meTonoB ux o6pabotku. Mcexomnsiit macmrad 1:300 000. KoopauHats! 1eBOro BEpXHETro yria
46.1727E, 49.5808N. Vcaosnvie 0b603nauenus: a — kapTorpaMMa Ha3¢MHOTO MOKPOBA, MONyYCHHAS C TIOMOIIBIO
Trends.Earth, 6 — kaprtorpamma, mony4eHHass Ha OCHOBe aHaim3a MaHHbIX KA Landsat, B — kaprorpamma,
HOJTy4eHHast Ha OCHOBE aHanm3a faHHbIX KA Landsat 1 anantupoBaHHO#M Kiaccu(UKaIMK BBIIEIIOB.
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IIponosxenue puc. 2.

Tur Ha3eMHOIO MOKPOBA g)%iuﬁn% gﬁ?ﬁ%;)
_ Bonable 00BeKTEI 6.08 6.07
_ CostoHuaku 0.54 0.54
- PacTuTenbHOCTh MOTSKUH U 3aMKHYTBIX TIOHVKEHHHA 1.25 1.05
- CuibHO fierpaMpoBaHHbIe NaCTOMILA 4.03 2.21
- YMepeHHo AerpaupoBaHHbIC TacTOUIIA 15.44 20.32
Cnabo nerpaaupoBaHHbIE TACTOMINA 30.31 53.55
- YCJI0BHO HE JerpaIupoBaHHbIC MACTOMINA 18.51 16.25
[Mamms 23.84 0.00

Puc. 2. Kaprorpammbl HazeMHOro mokpoBa mo coctossHuio Ha 2004 u 2014 r1r., momy4aemble c
uCIoNb30BaHueM paszHbiXx /133 u meromoB ux oOpabotku. Mcxoasbrii macmtad 1:300 000. KoopauHaTh
neBoro BepxHero yria 46.1727E, 49.5808N. Vcrosuvie 0603nauenus: a — kapTorpaMma Ha3eMHOTO TTOKPOBA,
noJy4eHHasi ¢ nomoineio Trends.Earth, 6 — kaprorpamma, mojy4eHHasi Ha OCHOBE aHajm3a JaHHBIX KA
Landsat, B — xaprorpamMma, TojydeHHas Ha OCHOBe aHanu3a naHHbix KA Landsat u amanTupoBaHHOIM
KJ1accu(UKaIH BBIICIIOB.

Ouemca AUHAMUKH HA3€MHOI'0 ITIOKPOBA TECTOBOI'O MOJIUIOHA

Panee Hamu 6buTO MokazaHo (Cnasko, Kycr, 2022), 4to pe3ynbTaThl, MOIydaeMble ¢ HCIOIh30BaHHEM
naHHBIX Landsat, oTiM4aroTCs CyIIECTBEHHO OOJbIIeH JETANBHOCTBIO IO CPAaBHEHUIO C  OICHKOW,
NpOBEJICHHOM ¢ momoiiplo Trends.Earth, a yrounenue wimaccudukalMy JIOKaJIbHBIX BBIICIOB HA3E€MHOTO
MOKPOBA IO3BOJISIET 0OJiee TOYHO PACIO3HATH €r0 MPOCTPAHCTBEHHYIO HEOIHOPOAHOCTh, B OCOOCHHOCTH
00yCIIOBIICHHYO Pa3HBIM COCTOSIHUEM MAacTOMI (CM. puc. 2).

JUid  [HarHOCTUMKM WM3MEHEHWH, OTpakalollMXCsd Ha KapTorpaMMax Ha3eMHOIO  IIOKpOBa,
NpEJICTABICHHBIX Ha pHUC. 2B, Hcnosib3oBajics Moayiab Change Detection mporpamMMHOro KoMmIniekca
SAGAGIS (Conard, 2010), koTopsIii, B OTIMYKE OT pacueTHOTO Moayiisi Trends.Earth, mo3BossieT He TOIBKO
BUJIETh CHIDKEHHME IUIOIIAZeN KaXKZAOro M3 KJIACCOB HA3€MHOTO IOKPOBA, HO M JEMOHCTPUPOBATH THII
nepexoa Uil Ka)J0ro IMHKCeNla KapTOrpaMMbl, YTO SIBJISETCS BAXKHBIM MHCTPYMEHTOM JJs JETAJIBHOIO
aHaM3a TPEHIOB JerpajallMOHHBIX MpoueccoB. Ha puc. 3 mpencTaBieHbl pe3yibTaThl CPaBHUTEIBHON
00paboOTKN KapTOrpaMM Ha3eMHOIr0 TTOKpoBa 1o cocTosiHrio Ha 2004 u 2014 rT., MOTYYEHHBIX C TTOMOIIBIO
133 Landsat u yrouHeHHO# Kiaaccu(UKaimm.

Kaprorpaduyeckuii ananu3 nociaeHel KapTorpaMMbl MO3BOJISIET BBIIBUTH HanOoJee pacipocTpaHEHHbIE
MO IUIOIIAM TUIBI IIEPEX0J0B HA3EMHOIO TIOKPOBa 3a UccieayeMblid nepron (puc. 4). OCHOBHBIMU THIIAMH
MEepeX00B Il UCCIIEAyEeMO TEPPUTOPHH SIBJISIFOTCS: MalHA — cabo gerpanuposaHHable nactouma (15.26%
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0T OO MO N TECTOBOIO YUacTKa), YCIOBHO HE JerpaJupOBaHHbIE MACTOMIIA — CIabo AerpaupOBaHHbIC
nactonma (9.49 %), yMepeHHO JerpaarpOoBaHHBIE MacTOMIIA — cabo aerpaaupoBanHble nactonma (5.62 %),
MaNTHI — YMEPEHHO AeTpaanpoBaHHble nactomma (4.69 %), cnabo nerpaavpoBaHHbBIE MACTOMIA — YMEPEHHO
nerpamgpoBanHble nactouima (4.48 %). Ilpu anammse ¢ momoinpio Trend.Earth Takas wabopmanmst o
Ka4eCTBEHHBIX M3MEHECHMSX B HA36MHOM IIOKPOBE HE MOKET OBITh INOJydYeHa, MOCKOJBKY BCE ACTalH H

0COOEHHOCTH NIEPEXO0 0B CKPBITHI 110 €AUHBIM BbIACJIOM «CTCIIHAA PACTUTCIILHOCTD).
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Puc. 3. Kaprorpamma n3MeHeHHUs] HA3E€MHOI'O TTOKPOBA TECTOBOTO mojuroHa 3a nepuop ¢ 2004 no 2014 rr.

YuciaeHHbIC KOJBbI M3MEHCHHI COOTBETCTBYIOT KOJaM Ta6J'II/II_H>I.
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Puc. 4. ['uctorpamma TUIIOB M3MEHEHHUIH HA3€MHOTO MOKPOBa. KoJIbI COOTBETCTBYIOT JIeTeHIE pHUC. 3

Tun nmepexoaaland cover

B 1esix ka4eCTBEHHOM OLICHKH JIErpaJaliiy 36Melb B TEPMUHAX «YJIyULIEHUE — OTCYTCTBUE U3MEHEHUN —
Jerpajalysy», UCIoib3yeModl npu aHanuse apoctiwkeHus HBJ/I3, mosyudeHHble pe3yiabTaThl [103BOJISIOT
CKOpPpPEKTHPOBaTh MATPUILy TMONOXKHUTEIBHBIX W OTPHIATENBHBIX IEPEXOA0B HA3EMHOTO IOKPOBa IS
JAHHOTO TECTOBOrO y4yacTka. Pe3ynpraT npeacrasiex B Tadi. 1.

Ta6auna 1. Matpurna nepexonoB st oneHku HBJ[3 mpu ncnonb30BaHum paciMpeHHON Kiaccu(ukaimm
Ha3eMHOTO TIOKpOBa Ha JIOKAJIHHOM YPOBHE (3€JIEHBIH — YyNydIlIeHWE, KPACHBIA — JeTpamarus, KEIThIH —
OTCYTCTBUE M3MCHCHUH).
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ponosxenne Tadaunusbi 1.

1 2 3 4 5 6 7 8 9

Ciabo
JIerpaIMpOBaHHbIC
racrouia

YcnoBHO HE
JIeTpaAupOBaHHbIC
rmacTouia

TTamms

Ha ocHOBaHMM TaHHOW MaTpHIbI IEPeXoJ0B ObLIa MOATOTOBIEHA MTOrOBasi KapTorpaMMa Jerpaialiii
3eMejb TECTOBOTO TOJMIOHA 10 WHIMKATOPY <JMHAMHKA HA3€MHOrO IIOKPOBa» B COOTBETCTBUU C
metogonorueit HB/I3 (puc. 56). [ns cpaBHEeHNs NpHBEICHA aHAIOTWYHAS KapTOrpaMma, IOATOTOBJICHHAS C
MCTIOJIb30BaHUEM CTaHJAPTHOW MATPHIIbI, MCIOIb3yeMoi mo ymomdanuto B Trend.Earth (puc. 5a, mur. mo
Cnagko, Kycr, 2022).

HN3MeHeHNs OTCYTCTBYIOT

Puc. 5. Ouenka nerpajaiiuy Ha3eMHOIO MOKpPOBa TECTOBOrO IMoymroHa 3a mnepuona ¢ 2004 mo 2014 r. ¢
UCTIOJIb30BAaHUEM pa3HbIX KJIACCHU(UKAIUI W OLCHOYHBIX MATPHIL. Ycl06Hble 0003HAYeHus: a — C
MCTIOJIb30BaHWEM OIICHOYHOW MaTpuisl Trends.Earth (mo ymomuanuioo), © — ¢ HCIONIB30BaHUEM
paciMpeHHON Kiaccu(UKaIK BBIJCIOB U OLEHOYHON MaTPHIIbI, aJAlITUPOBAHHON JJIsI MECTHBIX YCIIO BUH.

CpaBHEHHE KapTOTrpaMM, MOJTYYEHHBIX JUIS TECTOBOTO IOJIMTOHA HAa OCHOBE 00pabOTKHU ceprii CHUMKOB
KA Landsat 4-5, Landsat 8 ¢ moMoIbpr0 HEHPOHHBIX CETEH, UCTIOJB3YIOIIUX CTAHAAPTHYIO KJIACCU(PHKALIIIO
U PaCHIUPEHHYIO KIacCH(UKAIMIO HAa3eMHOTO MOKPOBA, MOKA3BIBAET, YTO PACIIMPEHHAs KiIaccH(UKaiys
MO3BOJISICT BBIIBIATH OOJbBIIEE KOJIMYECTBO MEPEXOJ0B THUIIOB HA3EMHOTO IOKPOBA, YeM CTaHIapTHAas
knaccudukaims Trends.Earth, u Oosbliiee KONMMYECTBO Y4acTKOB JerpajallOHHBIX / MpOrpasaiioHHBIX
M3MEHEHHH B MpeJesaXx TEeCTOBOrO IMOJMroHa. B Tabm. 2 mpencTaBieHbl pe3yiabTaTbl CBOJHOM OLIEHKU
JeTpaJalliy 3eMeJb C TIOMOIIBIO Pa3IMYHbBIX MOAX0A0B. AHAIN3 TaOJIHUIBI TOKA3BIBACT, YTO MO YTOUHEHHBIM
JaHHBIM CHUTyalllsl C JeTpajanuedl 3eMeslb OKa3blBaeTcsi Ooiee KOHTPACTHOH, TO €CTh OTMEYaeTCs
YBEJIMUCHUE JIOJTU 3eMelb KaK C MPU3HAKAMU JCrpasialliK, TaK ¥ C MpU3HAKaMH yJIydlleHus. B yacTHOCTH,
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BBIABJISIFOTCS] TIPU3HAKK YIY4IICHUs nacTOuil. Tak, Hampumep, Ha puc. 6 TpencTaBiicH (parMeHT CHUMKA
2004 r., TmEe 3aMeTHO, YTO IUIOMAAb OTYETIMBO BHIUMBIX CKOTONPOTOHHBIX YYacTKOB W TPOI
(BBICBETJICHHBIX O0JIacTel, YTO COOTBETCTBYET KJACCY HA3¢MHOTO TMOKPOBa «CHJIHHO JETpaupOBaHHbBIC
nactouiiay) ooJbie, 4em Ha cHuMKe 2014 1.

Tadauna 2. CpaBHeHHE Pe3yJIbTATOB OICHKH JIETPAJIAIINK 3eMellh (C UCTOoNIb30BaHueM Matepuanos 133 KA
Landsat 4-5 u Landsat 8), mosy4eHHBIX C TOMOIIbIO PA3JIUYHBIX METO/IOB

CrannapTHas kiaaccupuranus PacumpenHnas kinaccudukanus
Tun U3MEeHeHUH HA3eMHOT0 MOKPOBA HA3€MHOT0 MOKPOBA)
mwiomanas (B % ot 001Ieil IUIOIIaH TECTOBOTO MOJIMTOHA)
Herpaganus 24.64 40.62
VYiydamnienne 2.87 13.38
Her n3menenmit 72.49 45.98

Puc. 6. [Ipumep BoccTaHOBICHHUS JerpaaupoBaHHbix nactouml. Criesa ¢parment caumka KA Landsat 4-5
16.08.2004 (cunre3 7,4,2 xananoB), B neHtpe ¢parment canmka KA Landsat 8 03.08.2014 (cunte3 7,5,3
KaHaJoB), chpaBa (parMeHT KapTorpaMMmbl Jerpajallid Ha3eMHOro MOKpoBa. Ha pucyHke BHIHO
YMEHBIIICHHE BBICBETIICHHBIX YYACTKOB, COOTBETCTBYIOIIMX CHIILHO BEIOMTHIM ITaCTOHIIAM.

Hcnonp30BaHue pacHIMpEeHHOW KIIACCU(UKAIIMM HA3€MHOIO IIOKPOBA W OLEHOYHOH MAaTpHIIHI,
COBOKYITHO ¢ 00paboTkoii ¢ momoreio Change Detection, mo3sossieT Takke Oosiee nuddepeHImpoBaHHO
OIICHUBATh M3MEHEHHMSI, TIPOUCXOIINE C OTACIBHBIMA KaTETOPUSIMH 3€Mellb U YroJbsiMu. Hampumep, amst
HCCIIEyeMOI0 TECTOBOIO Y4acTKa ObLJIO YCTAHOBJCHO, YTO JOJS OETPaIUPOBAHHBIX 3€MENb B CTPYKTYype
NAcTOUIIHBIX yroguid MeHblue (22.2%), ueM A0 AerpaglpoBaHHbIX 3€Mejlb OTHOCHTEIBHO BCEH MJIOLIAIN
TectoBoro nonurona (40.6%). Ilpu atom omnst 3eMenb, OIIEHUBAEMBIX KaK yIydIleHHbIe, 32 iepuoa ¢ 2004
mo 2014 rr. B CTpyKType MacTOMIIHBIX 3eMesib He3HauuTedbHO Bbime (17.5%), yeM mons ymydiieHHBIX
3eMeltb B 1esioM 1o Tepputopun (13.4%), 94To cBsA3aHO B MEPBYIO O4Yepeab C TEM, UTO 3a0pachiBaHHE paHee
HPOIYKTUBHBIX CEIIbCKOXO3IHCTBEHHBIX IOJNEH M MEepexo] MX B MACTOMIIHBIC Yrojbs OLEHUBACTCA Kak
JierpaallioHHOe M3MeHeHue. J[s y4acTKOB macTOWIl, paHee HE MCIOJb30BABIIMXCA B KauecTBE IMAlIHH,
OTMEYaeTCs] CHUKCHUE A0 CWIBHO JEerpaJupoBaHHBIX 3eMedb (¢ 5.3 mo 2.6%) mpu cyliecTBEHHOM
YBEIMUECHNH J0JIU c1abo aerpaaupoBaHHblX mactoui (¢ 39.8 mo 50.4%). [lonoOHas kapTuHA OOBACHAETCS
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TE€M, YTO TpH 3a0pachlBAaHMM MaxOTHBIX 3€MeNlb MPOU3OILIO BOCCTAHOBJIEHHWE ECTECTBEHHOH CTETHON
PaCTUTENBHOCTH U TIepepacIpe iefieHne MacTONIIHON Harpy3KH 3a CUET 3aJIeKEH, B TOM YHCJIC Ha yJacTKax,
MPUMBIKAIOIINX K 3arOHAM JIs CKOTa (CM. puc.6).

BriBoabI

1. nsa ouenkn HB/I3 mo mHOukaTOpy AWHAMHKM Ha3eMHOI'O MOKPOBA HA MECTHOM YpPOBHE aHAJIN3
cepuii MHOTOKaHANIBHBIX KocMHYeckux cHUMKOB KA Landsat 4-5, u Landsat 8 ¢ momoribio
CaMOOPraHU3YIOIUXCSI HEWPOHHBIX CETeH II03BOJISET CYLIECTBEHHO JETaJU3UpPOBaTh pPE3yJIbTAThl 110
CPaBHEHHIO C pe3yJbTaTaMu, MONy4YaeMbIMH C UCTIOB30BaHueM Moayiist Trend.Earth, pekomenayemoro KBO
OOH 14 oLieHOK Ha II00aJILHOM YPOBHE.

2. TloMuMO HCHOJB30BaHMSI KOCMHYECKHX CHMMKOB C IIOBBIIIEHHBIM pa3pelleHHeM Il yno0cTBa
BBIBJICHUS IETPaJalliOHHBIX MIPOLIECCOB TECTOBOM TEPPUTOPUH TpEIaraeTcsl UCIOIb30BaTh PACIIMPEHHYIO
KJIacCCU()MKAIIMIO HA3eMHOT0 IMOKPOBA C BBIICJIIEHUEM IMOJKJIACCOB COCTOSIHHS MMACTOMIL, MMEIOIIMX Ba)KHOE
3HA4YEeHUE JUIsI KOHKPETHOTO TECTOBOI'O ITOJIUT OHA.

3. Tloka3aHa BO3MOXHOCTb W MPHUBEJEH MpPUMEP pa3pabOTKH YTOUYHEHHOW MATpHIIBI MEePexXOJ0B s
kauecTBeHHOM oneHkn HBJ[3 B TepMmuHax «gerpajanuss — HET M3MEHEHUN — YIYYIIEHHE 3EMENbY,
COCTaBJICHHON Ha 0a3e pacIIMPEeHHOM CUCTEMBI KJIaCCOB HA36MHOT'O TIOKPOBA.

4. COBOKYITHOCTB TPEUIOKEHHBIX MOJAXO/0B, PEaJn30BaHHAs B BUAE (YHKIIMOHAJIHLHOTO aJITOPHTMA,
MOKET OBITh PEKOMEH/IOBaHA TSI MOHUTOPHHTA U olleHKU noctkeHnst HBJ[3 Ha nokansHOM ypoBHE.

5. Jlms TectoBOTO TONMUMTOHA (B Tpenenax DIbTOHCKON KOTIOBHHBI) B mepuop ¢ 2004 mo 2014 rr.
BBIBIIGHO YMEHBIICHHWE JOJM CWJIBHO JeTPaJMpOBaHHBIX IACTOMI] W POCT JOIH yMEPEHHO
JETpalipOBaHHBIX W €Ja00 JerpajupOBaHHBIX MACTOMIL, YTO CBA3aHO KaK C YBEJIMYCHHUEM IUIOIIAAA
MACTOMIIHBIX 3€MeJIb 32 CUET 3a0pachIBaHMsI MaXOTHBIX YTOAWH, TAK U B CBA3HM CO CHUIKEHHUEM MACTOMIIIHON
Harpy3KH Ha y4acTKaxX, IPUMBIKAIOIMM K BOJIOIOSIM U 3arOHaM Ul CKOTa.
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