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W MBI O6b1 XOTETW 4TOOBI HAIll TEOPETUYECKH U MPAKTUYECKUH OMBIT ObLT MaKCHUMaJIbHO
UCIOJIb30BaH HOBBIMH TIOKOJICHUSIMH CIIELUAIMCTOB 10 TeOMH(OpMaTHKe, MPU3HAHOM Kak
OTJEJIbHOE HayYyHO U HAay4YHO-IPUKJIAJHOE HalpasieHue. IMEHHO O3TOMY MBI caMO€ aKTUBHOE
yuactue B mporpammax Tempus um Erasmus+ mo pa3pabGoTke HOBBIX KYPCOB IO Pa3IHYHBIM
acreKkTaM — OT 0aKalaBpCKOro 70 JOKTOPCKOTO YPOBHH.

Msl xotenu Obl BbIpa3uTh mHpusHaTenbHOCTh npoektaM ECAP u  DSinGIS a takke
HAlllUM €BPOIEHCKUM KOJUIeraM 3a MOAJCPKKY HAIlUX YCUIMM B Pa3BUTUU I€OMH(OPMATHKH B
VY36ekucrane.
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CIIYTHUKOBBIM MOHUTOPUHI' CE30HHOU TUHAMUKHU
BOJOXPAHWJINII] BAXHICKOI'O KACKAJIA

AHHOTAUMA: B pabome onucama memoouxa OpeaHu3ayuu U aHaIu3ad CHYMHUKOBOU
ungopmayuu o0 oodoxpanunuwax  Baxwickoco  kackaoa.  [lelicmgyowue — cucmemvl
OUCMAHYUOHHO20 ~MOHUMOPUH2A OQlOM  PA3IUYHbIE Pe3VIbmamvl 6 3A6UCUMOCMU  OM
paspewaioueli cnocoonocmu. B cmamve paccmampuearomcs pe3yromamsl pabomvl  CO
CRYMHUKOBBIMU  U300PAdNCEHUAMU CKaHUpylowel annapamypsl paspewernuss om 10 0o 250
Mmempos. Pesynomamul ucciedosanus exarouarom npopuiu 200080U OUHAMUKU NAOUWAOU
800H020 3epKana y4acmkosé Baxuickoco kackada u cpaenenue moyHocmu eé onpeoeneHus
DA3HLIMU  KOMNJIEKCAMU annapamypvl OUCMAHYUOHHO20 MOHumopunea. Paccmampusaemcs
0bpabomka cmamucmuKku 0caokos, Ymo No360JiAem Npoeecmu AHAIU3 3A8UCUMOCTIU NIOWAOU
B00HOI NOBEPXHOCMU 00BbEKMA OM KOIUYEeCMBad 8bINAGUIUX 0CAOKO8 HA 2UOPONOCMAX KACKaod.
Hccneoosanue npooounocy npu nomowu eb-cepeuca Cnymiukogo2o monumopunea BEIA-
Science  (http://sci-vega.ru). Kpome moeco, Oviiu npeonpuHamvl  NONLIMKU  NOUCKA
anemumMempuieckou uHgopmayuu ¢ Yeivlo NOCMpoeHus Npoouis 3a8UCUMOCU OUHAMUKU
VPOBHsL 800bl 8 8000XpaHuIuwax Baxuickoeo kackada om niowaou 600H020 3epKad.

KawueBble cioBa: Hypekckoe 6o0oxpanunuuje, CHYMHUKOBLIU — MOHUMOPUHE,
OUCMaHyuoHHoe 30HOUpoaHue, Baxwickuil Kkackad, 600Hble pecypcwvl, NPOCMPAHCMBEEHHOE
paspeuierue, niowadb 600HO20 3epKand, Amyoapus, arbmumempuieckue usmepeHusl.

Abstract: The paper describes the techniques of organization and analysis of the satellite
information on the Vaksh cascade. Actual remote sensing systems provide different results
depending on the spatial resolution. The article deals with the results of working with satellite
images of scanning equipment of resolution from 10 to 250 meters. The results of the study
include profiles of the annual dynamics of the water surface area of the Vakhsh cascade and the
comparison of the accuracy of its determination by different sets of remote sensing. Processing
of precipitation statistics is considered, which makes it possible to analyze the dependence of the
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water surface area of an object on the amount of precipitation at gauging stations of the
cascade. The study was carried out using the web-service of satellite monitoring VEGA-Science
(http://sci-vega.ru). In addition, attempts were made to search for altimetric information in order
to construct a curve of the dependence of the water level in the reservoirs of the Vakhsh cascade
on the water surface area.

Keywords: Nurek reservoir, satellite monitoring, remote sensing, Vakhsh cascade, water
resources, spatial resolution, water surface area, Amudarya, altimetric measurements.

BBenenne. 3a mociegHuE HECKOJIBKO JAECATKOB JIET BOAHBIE pecypchl CpenHell Azum
npeTepresid MHOKECTBEeHHbIe M3MeHeHus. Pexu Celpaapbs u AMynapbs SIBISIFOTCS T1aBHBIMU
BOJIHBIMU apTEpUsIMHU CTPaH 3TOH TEPPUTOPUH, B TOM 4Hcie U Y30ekucrana. Ha ceromusimuii
JIeHb B IOKHBIX M CEBEpO-3alaJHBIX paiioHax Y30ekucTaHa HaOmrogaeTcss NeHUIUT MPECHOM
Bogbl. K TakuM TeppuTOopusM CTpaHbl OTHOcsATcs KamkamapbuHcKas, Xope3Mmckas,
CypxanmapbuHCKas obyactu, a Takxke Pecniyonuka Kapakanmakcran (Puc. 1). Pexoit, nutaromeit
3TH 00nacTu, sBIseTcs AMynapbs, camas monHoBojgHas B CpenHeill A3um, oOpasyromasics B
pesynbrare ciausHus pek Baxmn u [TaHmpk. AMyaapes NpoTeKaeT Mo TeppUTOPUN YEThIpEX CTpaH
— Tamxukucrana (oOpa3yercst NMpH CIUSHUU TPUTOKOB), Adranucrana, TypkMmeHucTana u
V30ekucrana. Baxim — ropHas peka ¢ HMPEUMMYIIECTBEHHO JIEIHUKOBO-CHETOBBIM IHUTaHHUEM,
Oepymiast uctoku B paiione nuka uMmeHu E. KopxeneBckoit Ha Ilamupe. Ha peke coznman psin
THUAPOCOOPYKEHHH, B COBOKYITHOCTH 00pa3yromux Baxmickuit kackaa. B o0miem kackaa cOCTOUT
u3 nepatu '0C, Bkmoyas AeicTByrolue, cTposimyecs U npoexktupyemsele [1]. OnHo m3 Takux
coopyxennil - Porynckas ['DC, BepxHsAs CTyleHb Kackaja, HaJl KOTOPOMl B HACTOSIIEE BpeMs
BEJyTCs pabOTHI. 3arlaHUPOBaHHAs BBICOTA TUIOTUHBI COCTaBisieT 335 METpoB, a o0IIHii 00BEM
BoJlOXpaHmwiInma — 13,3 KM [2].

[Mockonbky Awmymapbst B Cuily reorpadU4eckKuXx OCOOCHHOCTEH OTHOCHUTCS K
TpaHCTPAHUYHBIM peKaM M BOJHBIE pecypchl Y30eKncTaHa BO MHOTOM 3aBUCAT OT MpaBlieHUs €€
BOJIAMHU U TPUTOKOB COCEIHHMH TOCYAApPCTBAMH, MOSBISAETCS HEOOXOIUMOCTh B PETyISIPHOM
MOHHMTOPHHIE BOJIHBIX PECYPCOB, B YACTHOCTH peK M BojgoxpaHuauml. [Ipu momomu cpencts u
TEXHOJIOTMI  JIMCTAHIIMOHHOTO  MOHUTOPHHIA MPEACTABISIETCS  BO3MOXHBIM  T0JIy4aTh
HE3aBUCHUMYIO, OOBCKTHBHYIO uH(Mopmaruto. Takum o0pa3omM, METOABl IUCTAHIIMOHHOTO
3oHaupoBanus 3emnu (/33) mpenocTaBisIOT aKTyaJdbHBbIE JAHHBIC, OTPAXKAIOIIWE COCTOSHHE
BOJIHBIX PECYPCOB.

Metoabl HCCIeIOBAHWST W OpraHu3anum JaHHbIX. CoBpeMEHHbIE Cpe/cTBa
JUCTAaHIIMOHHOTO MOHHUTOPHHIA IMO3BOJISAIOT MOJy4yaTh M 00pabaThiBaTh CHYTHUKOBBIE JTaHHBIE
Pa3IUYHOTO TMPOCTPAHCTBEHHOTO M BPEMEHHOro paspemieHus. OcoOeHHOCTH OpOUTaIbHBIX
rpynnupoBok /133 u ckanupyromend annapaTypbl YYUTBIBAIOTCS P MOHUTOPHUHTE Pa3HOrO poja
00BEKTOB.

JI71s1 OLIEHKU COCTOSIHMSI BOJHBIX pecypcoB cTpad CpemHeit A3uu HeoOXoaumMo OpaTh BO
BHUMaHUE pa3Mepbl 00beKTOB. OCHOBHBIMU THAPOOOHEKTAMH B OOJIACTH WHTEPECOB SIBISIOTCS
BOJIOXpaHWINILA U y4acTKu pek. PaboTa co CyTHUKOBBIMU H300pak€HUSMU M cOOp JAaHHBIX
IIPOBOAMIINCH C MIOMOIIBIO cllyTHUKOBOrO cepuca BEI'A-Science [3].

BET'A-Science Kak OCHOBHOW HMHCTPYMEHT _wuccienoBanus. CepBHC IMO3BOJISAET
IpOCMATPpUBAaTh W TPOU3BOAUTH OOpPa0OTKY CHYTHUKOBBIX JaHHBIX B OHJIAWH-PEKUME,
noctynubix Omaromapsi LIKIT «MKW-Mounutopunr» [4]. Ha Puc.l mpuBeneHo KOMIO3UTHOE
n300pakeHre — OECIIOBHOE MPEACTaBICHUE CITYyTHUKOBBIX JAHHBIX 3a pasHble nepuoabl 2017
rona cucreM Landsat-TM/ETM+/OLI [5]. BET'A-Science — MHCTpYMEHT ISl pelIeHUs 3a7ad
CIyTHUKOBOTO MOHHUTOPHHTA, Pa3paOOTaHHBIA M MOAepKUBAEMbI MHCTUTYTOM KOCMHYECKHX
uccienoBanuii Poccuiickoit akagemuun Hayk. CepBHC MOJACPKUBAET pabOTy ¢ MHOTOJETHUMHU
apXuBaMM JAHHBIX pa3IuuHbIX cucteM /133, obecneunBas 1ocTyn K JaHHBIM Ooiee, yem 3a 20
net. Oynknuonana, npenoctaBiasiemoro BEI'A-Science BmosiHe 10CTaTOYHO JJIsi OpraHU3AINH
CIYTHHKOBOTO MOHHTOPHHIA pa3IUYHbIX OOBEKTOB U sBieHH. WHTepdeiic cucrembl
MNONJEPKUBAET TPYNIHUPOBKY IMOCTOSHHO TOMONHSIONIMXCS JaHHBIX TI0 KaTeropusiM B
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3aBUCHUMOCTH OT THIA MPOAYKTOB U pa3pelIeHUs: JaHHbIE BHICOKOTO pa3pelleHHts], CIyTHUKOBAs
nH(pOpMaIM CPETHEr0 pa3pelieHHs, KOMIO3UTHbIE W300pakeHHs (OUMIIEHHBIE OT BIUSHHA
00JIaKOB M MHBIX aTMOC(HEPHBIX SBJICHUI), paauonokarmonHbie nzoopaxenus (PJIM), a Takxke
¢dororpaduu, cnenanHele ¢ MexayHApOJHOW KOCMHYECKOW CTaHUMHU. MHCTPYMEHTHI aHaln3a
JIaHHBIX B cocTaBe ceppuca BEI'A obOecneunBaroT mupokue (QpyHKIIMOHAIBHBIE BO3MOXHOCTH,
noApOOHO ONMKUCAaHHBIE B [6].

§TM_ETM_OLI (LANDSAT) 2017-1
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Puc.1. KoMmo3utHoe CIyTHUKOBOE M300payKEHUE TEPPUTOPUHI
VY36eKkucTana 1 COCEJHUX TOCY/1apCTB

ApXuBBl MHOTOJIETHEH HHQOpPMAIMM M WX HENPEPHIBHOE TIONOJHEHUE IO3BOJISIOT
MIPOU3BO/IUTH PETYIApHBIC HAOIIONEHUS, ONIEPAaTHBHO 00padaThIBaTh U COXPAHATh PE3yJbTaThl, a
TaK)Ke pU He0OXOIMMOCTH 3arpyKarh HX.

COop ¥ opraHuzanus COYTHUKOBOW WH(OPMAIIMU O COCTOSIHMHM BOIHBIX OOBEKTOB.
Pa3penienrie  CyTHUKOBBIX CHUMKOB HWrpaeT OoONbIIyl0O poJib Mpu  00paboTke UX
COOTBETCTBYIOIIUMHM ~ HMHCTPYMEHTAMH  aHaju3a. OKCIEPUMEHTAIbHBIM IyTeM  OBbUIO
YCTaHOBJICHO, YTO 4YeM OOJIBbIIIE pa3Mep MHKCEJIOB MMEET H300pakeHue, TeM 0oyiee HU3BKYIO
TOYHOCTh MOKHO TMOJIYYUTH IMOCJE ero o0paboTKU (i BOMOXpaHWIUI BaxIickoro xackana).
BET'A-Science o0ecrneunBaeT 10CTYyN K CIIyTHUKOBOM MH(oOpMaIuu cpeanero paspemenus (250
M) ckanupyoomux cucreM AVHRR cnyranka NOAA u MODIS kocmuueckux ammaparos
TERRA u AQUA. B wuccnenoBaHuu NpPOBOIWIACH MPOIEAYpa OLEHKH IUIOMAAN BOJHOTO
3epKajia BOJOXPaHWIIHIL U yYacTKOB pekr Baxm mexxay Bojoxpanunumamy. /lanee Ha npumepe
Hypekckoro Bogoxpanunumia OyaeT Moka3aHo, YTO pe3yibTaThl Ha CPEJAHEM pa3pelieHUH IO
TOYHOCTH YCTYMAIOT IMOJYYCHHBIM INPH 00pabOTKe CHUMKOB BBICOKOTO paspemieHus. Takum
o0pa3om, OIleHKa IUIONIad BOAHOIO 3€pKaja BOJOXpaHWIWI] Baxiickoro kackaaa B JaHHOM
WCCIICZIOBAaHUHM NPOBOJIWIACH HA JAHHBIX BBICOKOTO paspemeHus. Ha ceromHsAmHuii IeHb
puOOpaMu BBICOKOTO pa3pelieHrs ONTUYECKOro AMANa30Ha, 0 KOTOPhIM BO3MOKHO MOJIYYUTh
CIYTHHKOBYIO MH(popMaiuio o Baxmickom kackaae u poctynHbeiMu B cepBuce BEI'A-Science,
spisitorest OLI-TIRS (Landsat-8) mpoctpancteennoro paspemenus 30 m [9], MSI (KA Sentinel-
2A, -2B) pazpemerus 10 m [10], ammapatypa KMCC (KA Meteop-M Nel, -M Ne2) ¢
paspemenueM 60-120 M. Kpome Toro, B cuctreme BEI'A xpaHsTCs apXUBBI JaHHBIX 110 MPUOOPY
Vegetation paspemenus 100 m [11], ycraHoBieHHOro Ha eBpornelickoM cinyTHuke PROBA-V.
Jannbie  Vegetation mpeACTaBISIOT COOOM  CYTOUHBIE  KOMIIO3UTHBIE — W300paskeHHSI
MIePUOUIHOCTHIO 4 JTHSI.
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Hepenko moisydaercst Tak, 4TO TOJIHBIA s HAOMIOJACHWN TO JaHHBIM €IWHCTBECHHOW
cucrembl JI33 He ymaercs coOparh B CHIIy NOTOAHBIX ycioBuil. Jlnsg Toro, uToOBI
KOMIIEHCHPOBaTh Mpo0esbl B HAOMIOACHUSIX, HEOOX0IMMO KOMOMHUPOBATh JTaHHBIE HECKOJIBKHX
cucreM. Tak, MSI umeer Haubosee BBHICOKOE pa3pelIeHUE U3 JOCTYIHBIX, HO NEPUOJUYHOCTD
CheMKH cocTaBisieT 5 aHel [10] u Hepeako Ha CHUMKax MPUCYTCTBYET CHIIbHAsI 00JIa4HOCTh, HE
MOJJIAI0NIASICS YCTPAaHEHUI0. B Takux ciydasx BIIOJHE ONpPAaBAAHO HCIOJIb30BaHUE JAHHBIX
0oJiee HU3KOTO pa3pelieHHs NMPH YCIOBUHU, YTO MOTPEUIHOCTh MPH MOAcCYeTe IIomaan Oyaer
HE3HAUYUTENbHON. B OCeHHE-3UMHUI MEepHO/1 3a4acTyi0 HEBO3MOXHO MOJYUYUTh MPUTOJIHBIE IS
00pabOTKH NTaHHBIE TIPU MOMOIIHM onTHUeckux cucteM J[33. TexHomoruu paamnooKalMOHHOTO
30HIMPOBAHUS 3€MHOM MOBEPXHOCTHU MO3BOJIAIOT BOCIIOJHUTh HEOCTaomue CHUMKUA. OJTHON U3
JIOCTYITHBIX CHCTEM TpocTpaHcTBeHHOTO paspemieHus 10 m B cepBuce BEI'A-Science siBnsiercs
C SAR IW cnyrnuka Sentinel-1A, 1B [12]. [lannas ammapaTypa IO3BOJIS€T HOJYYHUThH
M300paXkeHre MOJICTUIIAONIEH TOBEPXHOCTH JaXKe MPHU CUIILHONW 00JIaYHOCTH U B HOUHOE BpeMs
cyrok. OgHako B cuily puszndeckux ocobenHocrer cuctembl PJIM momydaeTcs 3anmyMiIeHHBIM,
YTO HECKOJIBKO OCJIOXHSET MPOLECC BbIACIECHUS BOJHOM MOBEPXHOCTH METOAAMHU, MPUTOTHBIMU
JUTSI CHUMKOB B ONTHYECKOM JHMana3oHe. B Takux ciiydasx HEOOXOAMMO CHayalia TPOU3BECTU
GunbTpanuIo CueKI-1IyMa, KOTOPBIA MPOSBIISETCS HAa CHUMKE KaK 3a3€pHEHHOCTb.
OreHKa TUIOMIAM ¢ TOMOIIBIO MeTonoB kiaccudukammu. B cucreme BEI'A-Science

pelieHue 3a1a4i HaX0XKJACHUS TI0MAId 00BEKTOB COCTOMT U3 CIEIYIONTUX 3TAroB [6]:

1. BBIOOp 00BEKTA;

2. BbIOOpP JAHHBIX BBICOKOTO pa3perieHus;

3. WHTEPaKTUBHOE OKOHTYPHUBAHHUE C HCIIOIH30BAHUEM IIPOLICTYPHI KIACCU(DUKALINMT;

4. WHTepaKTHBHAas MPOBEPKa KOPPEKTHOCTU MPOBEACHHS OKOHTYPUBAHUSI.

[Tnomank BOAHBIX OOBEKTOB B JIaHHOW pabOTe OIpenesseTcss Ha OCHOBE alropuTMa
JIETEKTUPOBAHUS BBITOPEBIINX yYaCTKOB MOBEPXHOCTH (Tapeii), omucanHoro B [7]. B ocHoBe
ATOr0 TMOAXOAA JICKHUT KIACCH(PUKAIMS IMHKCEIOB MO CHEKTpalbHOW sipkoctu. [lomoOHO
pa3leNieHNnI0 Ha KIIACChl «rapb» U «HE rapby» JUlsl BOJAHBIX OOBEKTOB BBIAEISIOTCS JIBa Kiacca:
«BOJIa» U «CYyILIa.

B cucreme BEI'A BOo3MOXHa kak oOydaemasi, Tak U HeoOyuaeMas kiaccudukaus. B
MIEPBOM ClTy4ae dKCHepT (T0Ib30BaTeNb) MOAAaeT Ha BXOJ KIacCH(PUKATOPY 00pa3iibl KIACCOB, BO
BTOPOM — KJIacCU(UKATOp Ha OCHOBE HMEIOIIUXCS JIaHHBIX aBTOMATUYECKU pa3zesseT
MHOKECTBO TMHUKCEJIOB Ha KJIACTEPhl MO CHEKTPAIbHOM SPKOCTH; NajbHEWIlee pas/ieJieHue Ha
pPEe3yNbTUPYIONIME KIJIACCHl MPOBOJIUTCS € ydacTueM oskcrepra. (OcCHOBHasg wujes crocooa,
MPUMEHSIEMOTro B paboTe, 3aKI0YaeTcs B TOM, YTOOBI 3aMEHUTh BU3YallbHOE OKOHTYpPHUBaHUE
00BbEKTa aHaIU30M pE3yJbTaTOB KIAaCCHU(UKALWU, KOTOpas B KOHEYHOM HTOrE€ CBOJAUTCA K
BBIOOPY M3 JIOCTATOYHO OTPAHMYEHHOTO YHCIIA KJIACCOB TEX, KOTOPBIE OTHOCSTCS K rapu (Boje)

[7].

Ha Puc.2 npuBenena Onok-cxema TpoueAypbl 0OpabOTKHM  ONTHYECKHX |
PaAMOIOKAIIMOHHBIX CHYTHUKOBBIX CHHMMKOB, INpUMEHsieMoil B wuccienoBanuu. Kak Obu1o
CKa3aHO BBIIIE, HA HAYAJILHOM 3Tare HeOOXOIUMO 33/1aTh KOHTYp BOJOXPAaHWINIIA, KOTOPBIA B
nanbHeWeM OyneT mojaaBaTbes Ha BXoj oOpabotuuky. Jlanmee mosib3oBaTeNb MOATrOTaBIMBACT
JTaHHbIe, ONTHYECKOrO JWana3oHa, W, MPU HEOOXOAMMOCTH, PaJHUOJIOKAIIMOHHBIE U300paKeHHS
(PJIN). Jns kmaccudukanmuy Ha ONTHYECKUX CHUMKAX TaKXKe BaXXHO BHIOpATh MPaBHIIBHOE
coueTaHHe KaHaloB, a noaroroBka PJIM moxpazymeBaeTr CHUKEHUE BIMSHUS CIEKII-IIyMa.
3areM MPOUCXOJIUT MPOLECC KIACTepU3allUU, MPU KOTOPOM OKCIEPT caM 3a7aeT YHUCIO
BBIJICJIIEMBIX KJIACCOB, B JaJbHEUIIEM OOBEIUHSSA T€, YTO OTHOCATCS K Boje. Ecnm mmkcemns
OBLIM OTHECEHBI HEJOCTATOYHO KOPPEKTHO, TO IMOJIb30BATENb YBEIMYMBAET YUCIIO KIIACTEPOB U
MOBTOPSIET MPOLEAYPY € STUMH ke JaHHBIMU. PaccMoTpuM moapoOHee mporeypy HOArOTOBKU
ONTHUYECKUX JTaHHBIX. Pe3ynbrar kinaccudukanuu 0e3 mpeaBapuTeIbHON 00pabOTKH HE BCerna
JaeT JKeJaeMbIil pe3yapTar. IJTO MPOUCXOIUT, B YACTHOCTH, M3-3a CIOXXHOCTU peibeda
MECTHOCTH, B KOTOPOW pacIoiIOKeHbl BojgoxpaHuiuiia. st Hanbosiee HaAC)KHOW M TOYHOU
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paboThl anropuTMa HEOOXOIWMO NPEIBAPUTEIHLHO MPOBECTH TOMOTPaAdUUECKYI0 KOPPEKIIHIO.
Tomorpadguyeckass KOpPpPEKIHsl TO3BOJISIET BOCCTAHABIMBATH 3HAYCHHS] OTpakaTelbHOU
CIIOCOOHOCTH 3aTE€HEHHBIX YYaCTKOB, 3HAUEHHUS OTpa)kaTebHON CIOCOOHOCTH MJIEHTHYHBIX
O6’beKTOB, PAaCIIOJIOKCHHBIX B OGJ’I&CTHX C pPasHbIM YPOBHCM OCBCIICHHOCTU IIpU 3TOM,
commkarotcs [13]. Kak cneacTBue, mUKCeIbl BOABI HE CIIMBAIOTCS C MUKCEIAMH TOPHOW TEHH U
TOYHOCTb OTHCCCHUA YBCIMYMUBACTCA. KpOMe TOro, B OCEHHe-3UMHUHI nepuoa CIIyTHHUKOBBIC
n300pakeHus, ciaenaHHele Tpu nomomu ammapatypel  KMCC Tpelyercss moaBepraTth
IpeBapUTEIbHON HOPMAJIM3AaLUU A TOrO, YTOOBI BBIPOBHATH SIPKOCTh IHKCENEH mepen

KJIACTepHU3aIUEN.
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Puc. 2. ITpoueaypa 06pabOTKH TaHHBIX MPH OLICHKE IJIOMIAN BOAOXPAHUIIHIIL
Crnemyer OTMETHUTh, YTO B Cllydae oOMeJeHHUs BojoxpaHuiumia padora ¢ PJIM maer
pE3yNbTaThl, 3HAYUTEILHO YCTYMAIOIIUE M0 TOYHOCTH KIACTEPU3AlUM Ha ONTHYECKUX CHUMKAX
(Puc. 3a). Tlockombky PJIM sBisieTcst MOIyTOHOBBIM HM300pakKeHHEM, OOMeEINeBIIas 4YacTh
00BEKTa CIIMBAETCS C MOKPBITON BOJON, M MOTPEIIHOCTh 3HAYUTEIbHO Bo3pactaeT (Puc. 36). B
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UzBectus ["eorpaduyeckoro obdmecTBa Y30eKkucrana CrermanbHblid ToM, 2018 rox
TEOPHH JTAHHYIO TIPOOIEeMy MOKHO OOOWTH TyTeM 3aJaHus o0ydaromeld BRIOOPKH — MHOKECTBA
MUKCEJIOB, KJIACC KOTOPBIX M3BECTECH 3apaHee. Ha mpakTuke e OKa3bIBaeTCs, YTO TaKOW METO]
HE BCErja SBISETCA pEIICHHEeM, W00 Jake OOJIBIIOTO KOJIMYECTBA JJIEMEHTOB OOydJaromiei
BBIOOPKHU MOKET OBITh HEJOCTATOYHO TS OTACNICHUs 0OMeNeBIHX ydacTkoB. [Ipu opranuzanuu
1 oTOOpe AaHHBIX 32 2017 rox 3a OCHOBY ObUTH B3IT MOHHTOPUHT HypeKkcKOTO BOJOXpaHUIHUIIA,
MOCKOJIbKY Ha JaHHBI MOMEHT OHO SIBIISIETCS OOBEKTOM C CaMbIM OOJBIITMM BOIHBIM 3€PKATIOM
Ha BaXHICKO’M KacKaJe.

&

Puc.3 a) Beinenenue BogHol nosepxHocty 1o cHUMKY cucteMbl OLI-TIRS
0) Brimenenue oomeneniiero ydactka mo cHUMKY cucteMbl C_ SAR W
Pabora co cratucrukoit ocaakoB. CepBuc BE['A-Science nMeer BO3MOXHOCTh aHaIH3a
BPEMEHHBIX PSIIOB 10 YKa3aHHBIM TOYKAaM CIYTHUKOBOI'O M300paskeHUs 3a BHIOpaAHHBIN MEPUOI.
Cpenu mapameTpoB Ui pacyeTOB HMMEETCS JIeTalM3allusi BBINABIIMX OCAJKOB B yKa3aHHBIX
toukax U e€ skcmopT B (popmare CSV. Ilpu nmanpHEHIIEM yCpeTHEHHH BEIWYHUH BO3MOXKHO
BBIUHCIIUTH MECSYHYIO BEIMYMHY BBIMABIINX OCAKOB.

Puc. 4 PesynpraT knaccupukanuu canmka MODIS

PesyabTaTsl U o0cy:xkaeHue. VccnenoBanue AuHAMHKH HypekcKoro BOIOXpaHHUIIHUINA
MPOBOJUJIOCH cOrjlacHO cxeme Ha Puc. 2. B mporecce HM3ydeHUs: HMCIOIb30BAIUCh JTaHHBIE
ckanupytomux cucreM OLI-TIRS(OLI-SR), MSI, C_SAR_IW, Vegetation (PROBA-V),
KMCC. Kpome Toro, Op11a mpoBezieHa padoTa 1mo oToopy 0e3007Ja4HBIX CHUMKOB ammapaTyphl
MODIS. Ilpumep kinaccudukamuu npuBereH Ha Puc. 4. Kak MOXHO 3aMeTUTh, pa3Mepsl
MUKCEJIOB 3HAYUTENbHO OOJIbIIIE, YeM Ha CHUMKAX BBICOKOTO Pa3pelIeHHs], YTO BJIEYET 3a cOOOM
rpy0oe BblAETICHHE BOAHOTO 3epkaya. OOmas cxema BBIJCNCHHS 3€pKajia MOJApa3yMeBaeT
CyOBEKTUBHBIM OTOOp Ha 3aKIIOYUTENBLHOM dTane. B cBS3u ¢ 3TUM B WTOrOBBIA NpPOQuIb
JUHAMUKY TUIOIIATHOTO TTOKA3aTeNsl BKIIFOYAIOTCS TOJIBKO T€ Pe3ylbTaThl, KOTOPhIE IO MHEHUIO
JKCIIEpPTa YAOBIETBOPSIOT KPUTEPUSIM.

IIpu onenke muomanu 3epkana Hypekckoro BOJOXpaHWIMINA MPOU3BOIHMICS MOJCUET
MOTPEITHOCTH U CpaBHEHHUE TOKazaTene uMmerommuxcs cucreM. Ha Puc.5 oroOpaxken pa3dpoc
IUIOINAHOTO TOKA3aTels, B3SITOrO MO JaHHBIM NMPHOOPOB OTHOCUTEIHHO ATAJOHA. 3a ATAJOH B
3TOM ciydae Obuta BbIOpaHa ammaparypa HamOosbmiero paspemenus MSI (10 wm). beum
MOJICYMTAHBI BEJIMYMHBI, HA KOTOPBIE Pa3HATCS MOKa3aTeNH MPUBEICHHBIX Ha Puc. 5 cucrem u
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V36exncron I'eorpadus xkaMusiTH aX60poTH Maxcyc con, 2018 iina
MOTPeIHOCTh cocTaBuia <4% (<200 ['a). OTinuue nokazaTenel CUCTEM MEHbIIIE, YeM IUIOMIAb
BOJIHOTO OOBEKTA, @ 3HAUUT JOMYCTHMAsi MOTPEIIHOCTh HE UTPAET POJIM MIPU aHAJIN3e MPOLIECCOB,
MPOUCXOSAIINX Ha BOJOXpaHWJUINE. Pe3ynpTaThl, MOITy4YeHHbIE MO MPHOOPY €O CpEeIHUM
paspemienueM MODIS, noctaToyHO 3aMETHO OTIMYAIOTCA OT HANJACHHBIX ONTUMAJIbHBIX B
COBOKYIIHOCTH CHCTEM. ODTO XOpOIIO BHUIHO Ha Puc. 6, MOCKOJIBKY yCTaHOBIJICHHBIC IUIAHKU
norpemHoctedd MODIS Beixoasr 3a npeaensl 4%. 1o 3Toil npuunHe MIowmaAHbIE MOKAa3aTeNN,
MOJTyYEHHBIE [0 TAaHHOM ammnaparype, He BKIIOYAOTCs B UTOrOBBIN MpoG b TUHAMUKY 3e€pKaa.

INIIOMATHBIE HOKA3ATEJIH OTHOCHTEJIBHO MSI

—NMSI ® OLI-TIRS (OLI-SR) A PROBA-V ¢ Hror
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Puc. 5. Pa3bpoc nokazareneii onTUMaIbHBIX B COBOKYITHOCTH CUCTEM OTHOCHTEIHHO MSI
(rutommaap yka3ana B ['a)

Mnowapb BoAHOro sepkana Hypekckoro sogoxpaHvnuila no gaHHeim MODIS(250 m), OLI-
TIRS (30 m) u MSI (10 m) 32 2017 rog
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Puc. 6. CpaBHeHue nokasaresneil ontuManbHbIx cucteM ¢ MODIS
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Ussectus [eorpadunyeckoro obuiectra Y30eknucrana Coenmanbabiii ToM, 2018 rox

Hypekckan 3C

T Bpeos gopasposesacr 01.27.40 25/03/2018 i S
Puc.7 6) 'maponocTel Ha peke Baximn

Ha ocHoBe onmcanHbIX MeTOZ0B npu nomomu cepsruca BEI'A-Science ObuH mosry4deHsl
npo¢uIM TUHAMUKU IUIOIIAAM BOJHOM MOBEPXHOCTH y4yacTKOB Baxiickoro kackama 3a 2017
rof. Yuactok pexu Baxin Obut pa3zieneH Ha HECKOJIBKO 4YacTel, MEXAY BOJOXPAaHWIUIIAMU, U
Hypexkckoe Bonmoxpanumuiie (Puc. 7(a)). Ha Puc. 8 mpuBenens! npoduian AMHAMUKU 3epKajia
Y4YacTKOB U JJaHHbIE 0 HypekckoMy BOOXpaHMIIMILY, a TAKXKe CTATUCTUKA MECSIYHBIX OCAIKOB.
Jns ynobcTBa CpaBHEHHST M OTOOPaKEHHMS MECAYHOM TUHAMUKM IUIOLIAHOTO TOKAa3aTeNls |
KOJIMYECTBA OCAJIKOB OpaslnCh HOPMAIM30BAHHBIC BEIMUYHHBI (OTHOICHNE TUIOMAAN B TEKYIIEM
MecsiIe K MAaKCUMaJIbHOW TUIOIIAH B TOAY).

Iloncuer ocankoB NMPOM3BOAMICS Ha TMIPONOCTaxX BBIINIE IO TEYEHUIO M B Ipenenax
3a/laHHbIX y9acTkoB peku — Capeiry3ap, Komcomonaban u 'onosuas I'DC (Puc. 7(0)). Ocanku,
nojicunTaHHble Ha TurpoBoi banke npu 3ToM, HE yUUTHIBAIIUCH.
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V30exkucToH I'eorpadus ;kaMusiTu ax00poTH Maxcyc coH, 2018 iina

YyacTHM BaxwcKoro Kackaga (nnowagb BogHOTO 3epKana + ocagku 3a 2017 rog)

® Hypekcroe A—Hypekckoe-balnaszmHckoe B bainazmHckoe-CanmyguHckoe_1
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Puc.8. torossie npoduian TUHAMUKHY TUIOIIAAN 3€pKajia U CTATUCTHUKA MECSYHBIX OCAIKOB

[Touck anbTUMETPUYECKUX H3MepeHHi. B paboTe Takke MpeAnpUHUMAIIUCH MOMBITKH
MIOUCKA aIbTUMETPHUECKUX M3MEPEHUH C LIEIbI0 MOCTPOSHUS MPO(UIs 3aBUCUMOCTH BBICOTHI
BOJHOTrO cToji0a BOMM3M IUJIOTMHBI OT IUIOmIagu 3epkaia. [Ipouenypa mnpousBoauiach ¢
MIOMOIIBIO CHENMAIbHOTO cepBuca [14]. 3anpammBanuck Takue mapaMmerpbl, Kak Ko3dduuueHt
obpatHoro paccessuusi (backscatter coefficient) m ypoBeHb BomHOW moBepxHOCTH (sea level
anomaly).

ENMHCTBEHHBIM CITYyTHUKOM C albTUMETPOM Ha OOpTY, MPOXOISIIUM HEOJHOKPATHO HaL
pexkoii Baxi, okazancs CryoSat-2 (tpeku Ha Puc. 9). Ha cerogusmnuii 1eHpb Moka He TMOJIY4eHO
aNbTUMETPUUECKHX JAHHBIX [0 00bekTaM Baxmickoro kackazna (pe3yibTaThl 3apOCOB HE UMEIOT
JAHHBIX TI0 MECTHOCTH).

3akimouenue. OnucaHHass B CTaTh€ METOJMKAa IIO3BOJIAET YIPOCUT U OINEPATUBHO
OIICHUTH COCTOSIHUSI BOJHBIX OOBEKTOB TOpHOM MecTHOCTH. [IpoBeneHnHass oOpaboTka ¥ aHAIN3
3a 2017 rox mpu HATHYUU CHUMKOB MOXET OBITh MPOJIEIaHa JJisl TFI0OOro TpedyeMoro nepuoa,
B TOM 4YHCJI€ M [JI1 YCTAaHOBJICHHS MEXKroJoBOoW nuHamukud. Kpome Toro, coueranue
uH(pOpMaIllMK C HA3eMHBIX CTAHIUNA U PE3yJIbTATOB CIYTHUKOBOTO MOHHTOPHHTA MOXET JIaTh
MOJIHBIM JIeTAJIbHBIA TOMOBOM OTUET IO BOAHBIM 00BEKTaM He TOJILKO BaxIickoro kackama, HO U
OPYTHX BOJHBIX OOBEKTOB, PACIOJIOKCHHBIX B TOPHOW MeECTHOCTH. Hanwuume BBICOTHBIX
U3MEPEHHI, B CBOIO OdYepelb, OOECNEeUUuT HAACKHOCTh IPHU TPOBEICHUU CITYTHHKOBOTO
MOHUTOPHHTA.
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