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W MBI O6b1 XOTEIM YTOOB! HAIll TEOPETUYECKH U MPAKTUYECKUH OMBIT ObLT MaKCUMaJIbHO
UCIOJIb30BaH HOBBIMH TIOKOJIEHUSIMH CIIEHUAIMCTOB IO TeOMH(OpMaTHKe, NMPU3HAHOM Kak
OTJEJIbHOE HAyYHO U HAayYHO-IPUKJIAJHOE HalpasieHue. VIMEHHO O3TOMY MBI CaMO€ aKTUBHOE
yuactue B mporpammax Tempus um Erasmus+ mo pa3paboTke HOBBIX KYpPCOB IO Pa3THYHBIM
acreKkTaM — OT 0aKalaBpCKOro 710 JOKTOPCKOTO YPOBHH.

Msl xotenu Obl BbIpa3uTh npusHaTenbHOCTh npoektam ECAP u DSinGIS a takke
HAIllUM €BPOIEHCKUM KOJUIeraM 3a MOAJCPKKY HaIllUX YCUIIMM B Pa3BUTUU I€OMH(OPMATHKH B
VY36ekucrane.
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CIIYTHUKOBBIM MOHUTOPUHI' CE30HHOU ITUHAMUWKHU
BOJOXPAHWJINII BAXIICKOI'O KACKAJIA

AHHOTAUMAA: B pabome onucama memoouxa OpeaHu3ayuu U aHau3a CHYMHUKOBOU
ungopmayuu 0 oooxpanunuwax  Baxwickoco  kackaoa.  [elicmeyowue — cucmemvl
OUCMAHYUOHHO20 ~MOHUMOPUHEA OalOm pasiuyHble pe3yibmamvl 6 3A8UCUMOCMU  OM
paspewaioweli cnocobnocmu. B cmamve paccmampuearomcs pe3yiomamsl  pabomvl CO
CRYMHUKOBBIMU  U300PAdNCEHUsAMU CKaHupylowel annapamypsl paspewernuss om 10 0o 250
Mmempos. Pesynomamul uccnedosanus xauarom npoguiu 200080U OUHAMUKU NAOUAOU
800H020 3epKana y4acmkos Baxuickoco kackada u cpaeHenue moyHOCmu eé onpeoeneHus
DA3HLIMU  KOMNJIEKCAMU annapamypvl OUCMAHYUOHHO20 MOHumopunea. Paccmampusaemcs
obpabomka cmamucmuKku 0cadkos, Ymo No360JAem Npoeecmu AHAIU3 3A8UCUMOCTIU NIOWAOU
B00HOIL NOBEPXHOCMU 00BEKMA OM KOIUYEeCMB8ad 8bINAGUIUX 0CAOKO8 HA 2UOPONOCMAX KACKaod.
Hccneodosanue npoeoounocs npu nomowu 6eb-cepguca Cnymuuxosoco morumopunea BEIA-
Science  (http://sci-vega.ru). Kpome moco, Oviiu npeonpuHamvl  NONLIMKU  NOUCKA
anomumempuieckou uUHgopmayuu ¢ Yeivlo NOCMpoeHus NpoGuis 3a8UCUMOCIU OUHAMUKU
VPOBHsL 800bl 8 8000XpaHuIuwax Baxwickoeo kackada om niowaou 600H020 3epKad.

KawueBble cioBa: Hypekckoe 6o0oxpanunuuje, CHYMHUKOBHIU — MOHUMOPUHL,
OUCMAHYUOHHOe 30HOUpo8aHue, Baxwickuii Kackad, 600Hble pecypcvl, NPOCMPAHCHEEHHOE
paspeuierue, niowadb 600HO20 3epKand, Amyoapuvs, arbmumempuieckue usmepeHus.

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.

Beenenme. 3a mocinenHuEe HECKOJIBKO JECATKOB JIET BOAHBIE pecypchl CpenHell Azum
IpeTepresid MHOKECTBEHHbIe M3MeHeHus. Pexu Ceipaapbs u AMynapbsi sIBISIFOTCS TJ1aBHBIMU
BOJIHBIMHU apTEPHUSIMH CTPAH dTOW TEPPUTOPHUH, B TOM uucie U Y30ekucrana. Ha ceromgnsimHuii
JIeHb B FOKHBIX M CEBEpO-3alaJHBIX paiioHax Y30ekucTaHa HaOIroaeTcss NeMHUIIUT MPECHOM
Boapl. K Takum TeppuropusiMm crpaHbl oTHocsaTcs ~KamkamapsuHckas, Xope3mckas,
CypxanmapbuHCKas obsactu, a Takxke Pecniyonuka Kapakannakcran (Puc. 1). Pexoit, nutaromeit
3TH 00nacTu, sBIseTCs AMynapbs, camas moiHoBojgHas B CpenHeil Asum, oOpasyromasics B
pesynbTate cnusiHus pek Baxm u [lsmk. AMynapbs MpoTeKaeT 1Mo TEPPUTOPUH YETHIPEX CTpaH
— Tamxukucrana (oOpa3yercs TpH CIHSHUH TNPUTOKOB), Adranucrana, TypKkMeHHUCTaHA H
V30ekucrana. Baxmr — ropHas peka ¢ NpPEeUMYIIECTBEHHO JIEHUKOBO-CHETOBBIM MHTAHUEM,
Oepymiast uctoku B paiione nuka umeHu E. KopxeneBckoit Ha [lamupe. Ha peke cosznman psin
TUAPOCOOPYKEHUH, B COBOKYITHOCTH oOpa3yromux Baxiickuii kackaa. B o0iiem kacka cocTout
u3 aessatu ['DC, Bkioyas JeHCTBYIONIKE, cTposiniuecss U npoektupyemsbie [1]. OnHo U3 Takux
coopyxennil - Porynckas ['DC, BepxHsAs CTyleHb Kackaja, HaJl KOTOPOMl B HACTOSIIIEE BpeMs
BEIyTCs pa0dOTHI. 3alIlaHUPOBaHHAs BBICOTA TUIOTUHBI COCTaBIsAET 335 MeTpoB, a o0uuii 00bEM
BoJOXpaHmwiInma — 13,3 KM® [2].

[Tockonbky AMynapbs B CHIIy Treorpa@uueckux OCOOCHHOCTEH OTHOCHUTCS K
TpPaHCTPAHUYHBIM pPEeKaM M BOJHBIE pecypchl Y30eKnucTaHa BO MHOTOM 3aBUCAT OT IpaBlieHUs €€
BOJAaMU U MPUTOKOB COCEHHUMHU TOCYAApPCTBAMHU, TOSBISAETCS HEOOXOIUMOCTb B PEryIsIPHOM
MOHHMTOPHHIE BOJIHBIX PECYPCOB, B YACTHOCTH peK M BojoxpaHuauml. [Ipu momomu cpencts u
TEXHOJIOTHMIl ~ JIMCTAHIIMOHHOTO  MOHUTOPHHIA MPEACTABISIETCS  BO3MOXHBIM  I10JIy4aTh
HE3aBUCUMYIO, OOBCKTHBHYIO uH(Mopmaruioo. Takum o0pa3omM, METOABl IHUCTAHIIMOHHOTO
3oHaupoBanus 3emin (/133) mpemocTaBisIOT aKTyallbHBIE JaHHBIC, OTPAXKAIONINE COCTOSHUE
BOJIHBIX PECYPCOB.

Metoabl HCCIeIOBAHUST W OpraHu3anum JaHHbIX. CoOBpeMEHHbBIE Cpe/icTBa
JUCTAaHIIMOHHOTO MOHHUTOPHHIA IO3BOJISIOT MOJy4yaTh M 00pabaThiBaTh CHYTHUKOBBIC JTAaHHBIE
Pa3IMYHOTO MPOCTPAHCTBEHHOTO M BPEMEHHOTO paspemieHus. OCOOCHHOCTH OpOUTAIbHBIX
rpynnupoBok JI33 u ckanupyrolen annapaTypbl YYUTHIBAIOTCS PU MOHUTOPHUHTE Pa3HOIO poaa
00BEKTOB.

JI71s1 OLIEHKU COCTOSIHMSI BOJHBIX pecypcoB cTpad CpemHeit A3uu HeoOXoauMo OpaTh BO
BHUMaHUE pa3Mepbl 00beKTOB. OCHOBHBIMU THAPOOOHBEKTAMH B OOJIACTH WHTEPECOB SBISIOTCS
BOJIOXpaHWINILA M y4yacTKH pek. PaboTa co cyTHUKOBBIMU H300pak€HUSIMU M cOOp JaHHBIX
IIPOBOAMIIMCH C IIOMOIIBIO clTyTHHKOBOrO cepsuca BEI'A-Science [3].

BET'A-Science kak OCHOBHOW HMHCTPYMEHT wuccienoBanus. CepBHC IO3BOJISET
MpoCMaTpUBaTh W TPOU3ZBOJUTH OOpPaOOTKY CHYTHUKOBBIX JaHHBIX B OHJIAWH-PEKUME,
noctynubix Omaromapst LIKIT «MKHW-Mounutopunr» [4]. Ha Puc.l mpuBeneHo KOMIO3UTHOE
n300pakeHre — OECIIOBHOE MPEACTaBICHUE CITYyTHUKOBBIX JAHHBIX 3a pasHble nepuoasl 2017
rona cucreM Landsat-TM/ETM+/OLI [5]. BET'A-Science — MHCTpYMEHT JUIsl pelieHus 3aaad
CIyTHUKOBOTO MOHHUTOPHHTA, Pa3paOOTaHHBIA M MOAepKUBAEMbI HCTUTYTOM KOCMHYECKHX
uccienoBanuii Poccuiickoit akagemuun Hayk. CepBHC MOJACPKUBAECT pabOTy ¢ MHOTOJETHUMU
apXyWBaMHU JaHHBIX pa3IUYHbIX cucteM J[33, obecneunBasi MOCTyn K JaHHBIM Oojee, yem 3a 20
net. Oynknuonana, npenoctaBiasiemoro BEI'A-Science BmosiHEe 10CTaTOYHO NIl OpraHU3AINHA
CIIYTHUKOBOI'O MOHHTOPHHIA pa3IUYHbIX OOBEKTOB U sBiIeHH. WHTepdeiic cucremb
MOJNJEPKUBAET TPYNIUPOBKY IOCTOSHHO TOMOJHSIONIMXCS JaHHBIX IO KaTeropusM B
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3aBUCHUMOCTH OT THIA MPOAYKTOB U pa3pelIeHUs: JaHHbIE BHICOKOTO pa3pelleHts], CIIyTHUKOBAs
vH(popManus CPEAHETO pa3pelIeHHs, KOMIIO3UTHBIE W300pakeHUs (OUUIICHHBIC OT BIIHSHUS
00JIaKOB M MHBIX aTMOC(EPHBIX SIBJICHUN), paanoiioKannoHHble n3oopaxenus (PJIN), a Taxxke
¢dororpaduu, crenannele ¢ MexayHaApOIHOW KOCMHYECKOW CTaHUIMHU. MHCTPYMEHTHI aHaln3a
naHHbIX B cocTaBe cepuca BEI'A obecrieunBaioT mupokue (QyHKIHOHAIBHBIE BO3MOXKHOCTH,
IOZPOOHO OMKUCAHHBIE B [6].

T o e
§ TM_ETM_OLI (LANDSAT) 2017-12-31 OMT Fo

-

@‘ﬁ? TURKMENIST
: g

R & i
. t . BETA-Science : N R
e ek Bpenm opvuposarnr 22:46:36 08/09/2018 | el & ST AR s

Puc.1. KoMo3utHOe CiyTHUKOBOE M300paKEHHUE TEPPUTOPUH
VY306eKkucTana u COCeTHUX TOCY/1apCTB

ApXuBBl MHOTOJIETHEH HH(QOpPMAIMM U WX HENPEPHIBHOE IONOJHEHHE IO3BOJSIOT
IPOM3BOJIUTH PETYIISIPHBIC HAOIIOIEHHS, OTIEpAaTUBHO 00padaThIBaTh U COXPAHATH PE3yJIbTaThI, a
Tak)Ke IpU HeOOXOIUMOCTH 3arpyKarTh UX.

COop W opraHusaiys CHYTHHKOBON WHGOpPMAIMU O COCTOSHUHM BOJHBIX OOBEKTOB.
Pa3pemienrie  COyTHHKOBBIX CHUMKOB Hrpaer OoOJblIyld poiib Ipu 00paboTke HX
COOTBETCTBYIOIIUMHM ~ HMHCTPYMEHTAMH  aHaju3a. OKCIEPUMEHTAIbHBIM  IyTeM  ObUIO
YCTaHOBJIEHO, YTO 4YeM OoJibllle pa3Mep MUKCEIOB HMMeeT Hh300pakeHue, TeM Oosiee HU3KYIO
TOYHOCTh MOKHO TOJIYYUTH IMOCJE €ro o0paboTKU (i BOMOXPAHWIUI BaxIickoro xackana).
BEI'A-Science obecrieuynBaeT AJOCTYIT K CIYTHUKOBOW MH(DOpManmu cpeaHero paspenienus (250
M) ckanupyoomux cucreM AVHRR cnyrauka NOAA u MODIS kocmuueckux ammaparos
TERRA u AQUA. B wuccinenoBaHuu TPOBOJWIACH MPOIEAYpa OLEHKH IUIOMAAH BOJHOTO
3epKajia BOJAOXPAaHWIIHIL U yYacTKOB peku Baxin mexxay Bojoxpanunumamu. [lanee Ha npumepe
Hypekckoro Bogoxpanunumia OyJaeT MoKa3aHo, YTO pe3yibTaThl Ha CPEJHEM pa3pelleHUuH IO
TOYHOCTH YCTYMAIOT IMOJYYEHHBIM IPH 00pabOTKe CHUMKOB BBICOKOTO paspemeHus. Taxkum
o0pa3om, OIleHKa IUIONIad BOAHOIO 3€pKaja BOJOXpaHWIWI] Baxmickoro kackaaa B JaHHOM
WCCIICZIOBAaHUHM MPOBOIWIACH HA JAHHBIX BBICOKOTO paspemeHus. Ha ceromHsmHuii 1eHb
puOOpaMu BBICOKOTO pa3pelieHrs ONTUYECKOro JAMAaNa30Ha, 0 KOTOPHIM BO3MOKHO MOJIYYUTh
CIYTHHKOBYIO MH(popMamuio o Baxmickom kackane u poctynHsiMu B cepBuce BEI'A-Science,
apisitoress OLI-TIRS (Landsat-8) npoctpanctBennoro paspemenus 30 m [9], MSI (KA Sentinel-
2A, -2B) paspemernus 10 m [10], ammapatypa KMCC (KA Meteop-M Nel, -M No2) ¢
paspemrerneM 60-120 m. Kpome toro, B cucreme BEI'A XpaHSTCSI apXUBBI JaHHBIX 10 IPHOOPY
Vegetation paspemenus 100 m [11], ycranoBieHHOrO Ha eBponelickoM ciyTHuke PROBA-V.
Hannbie  Vegetation TpeACTaBISIOT COOOM  CYTOYHBIE  KOMIIO3UTHBIE — M300paKCHHS
NEPUOTUIHOCTBIO 4 JTHS.
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Hepenxo momywaercsi Tak, 4TO TONHBIA PsAJl HAOMIOJAEHUW IO JaHHBIM €IMHCTBEHHOMN
cucrembl JI33 He ymaercs coOparh B CHIIy NOTOAHBIX yciaoBui. Jlns Toro, uToOBI
KOMIIEHCHPOBAaTh Mpo0esbl B HAOMIOACHUSIX, HEOOX0IMMO KOMOMHUPOBAThH TaHHBIE HECKOJIBKHUX
cucreM. Tak, MSI umeer Hambonee BBHICOKOE pa3pelIeHUE U3 JOCTYIHBIX, HO NEPUOTUIHOCTD
CheMKH cocTaBisieT 5 aHel [10] u HepeaKo Ha CHUMKax MPUCYTCTBYET CHIIbHAsI 00JIaYHOCTh, HE
MOJAIONIAsICSl YCTPAHCHHWIO. B TakWx cioydasx BIOJHE OMPABIAHO WCIIONIH30BAaHUE JTAHHBIX
0oJiee HHU3KOTO pa3pelieHus MPH YCJIOBUHU, YTO MOTPEUIHOCTh IpPH MOJACYETe IIom@aau Oyner
HE3HAYUTEJIbHON. B OCEHHE-3UMHHUMN IIEPUOJ 3a4aCTyr0 HEBO3MOXKHO IOJIYYUTh IIPUTOHBIE IS
00pabOTKH NTaHHBIE MPHU MOMOIIM onTHdeckux cucteM [[33. TexHomoruu pagmosoKaliMOHHOTO
30HIUPOBAHUS 3€MHOM MOBEPXHOCTHU MO3BOJIIOT BOCIIOJHUTH HEIOCTaOMKe CHUMKUA. OJTHOM U3
JIOCTYITHBIX CHCTEM TpocTpaHcTBeHHOro paspemnieHus 10 m B cepBuce BEI'A-Science siBnsiercs
C SAR IW cnyrnuka Sentinel-1A, 1B [12]. [lannas ammapaTypa IMO3BOJII€T MOJIYYHUTH
n300paXkeHre MOJICTUIIAOIIEH MOBEPXHOCTH JaXKe MPHU CUIILHONW 00JIaYHOCTU U B HOYHOE BpeMs
cyrok. OgHako B cuity ¢uszndeckux ocobeHHocrel cuctembl PJIM momyuaeTcs 3anmyMiIeHHBIM,
YTO HECKOJIBKO OCJIOXHSET MPOLECC BhIACNEHUS BOJHOM MOBEPXHOCTU METOAAMU, MPUTOTHBIMU
JUTSI CHUMKOB B ONTHYECKOM JHMara3oHe. B Takux ciiydasx HEOOXOAMMO CHadalia TPOU3BECTU
GuIbTpaIUIO CHEKI-ITyMa, KOTOPBINA MPOSBIISAETCS HA CHUMKE KaK 3a3epHEHHOCTb.
OreHKa TUIOMIAM ¢ TOMOIIBIO MeToioB kiaccudukammu. B cucreme BEI'A-Science

pelleHure 3a7a4n HaX 0k AeHUs TIoa i 00bEKTOB COCTOUT U3 CIIEAYIOIIMX ATAroB [6]:

1. BBIOOp 0OBEKTA;

2. BbIOOpP JaHHBIX BHICOKOTO pa3perIeHNUs;

3. WHTEPaKTUBHOE OKOHTYPHUBAHHUE C HCIIOTH30BAHUEM MIPOLIETYPHI KIACCU(DUKALINMT;

4. WHTepaKTHBHAas MPOBEPKa KOPPEKTHOCTU MPOBEIACHHS OKOHTYPHUBAHUSI.

[Tnomanps BOAHBIX OOBEKTOB B JIaHHOW pabOTe OIpenesseTcss Ha OCHOBE alropuTMa
JIETEKTUPOBAHUS BBITOPEBIITNX Y4YaCTKOB TMOBEPXHOCTH (Tapeii), onmucanHoro B [7]. B ocHoBe
ATOr0 TMOJXOAA JICKHUT KIACCH(PUKAIMs IMHUKCEIOB MO CHEKTpalbHOW sipkoctu. [lomoOHO
pa3JesIeHNI0 Ha KIIACChl «Taph» U «HE Tapb» JJI BOJHBIX OOBEKTOB BBIJIEISIOTCS JBa Kiacca:
«BOJIA» U «CYIIIay.

B cucreme BEI'A Bo3MOXxHa kak oOydaemasi, Tak U HeoOyuaeMas kiaccudukaius. B
MIEPBOM CiTy4ae dKCrepT (T0Ib30BaTelNb) MOAaeT Ha BXOJ KJIacCH(PUKATOPY 00pa3iibl KIACCOB, BO
BTOPOM — KJIacCU(UKATOp HAa OCHOBE MMEIOIIUXCS JIaHHBIX aBTOMATUYECKU pa3zesser
MHO’KECTBO THUKCEIOB Ha KJIAcTephl MO CIEKTPAIbHON SPKOCTH; AalbHEHIIee pa3JelieHne Ha
PE3yJIbTUPYIOLINE KIIACChl MPOBOJUTCS C ydacTHeM Hskcmepra. OcHOBHas ujes crocooda,
MPUMEHSIEMOT0 B paboTe, 3aKI0YaeTcs B TOM, YTOOBI 3aMEHUTh BU3YaJIbHOE OKOHTYpPHUBaHUE
00BEKTa aHaIU30M pE3yJIbTAaTOB KIACCH(UKALWU, KOTOpas B KOHEYHOM HTOI€ CBOJAUTCA K
BBIOOPY M3 JIOCTATOYHO OTPAHMYEHHOTO YHCIIa KJIACCOB TEX, KOTOPBIE OTHOCATCS K rapu (Boje)

[7].

Ha Puc.2 npuBegeHa Onok-cxema mpouedaypbl 0OpabOTKHM  ONTHYECKHX |
pPaZMONIOKAIIMOHHBIX CIIyTHUKOBBIX CHHUMKOB, IpUMeHseMod B wucciaefaoBaHuu. Kak ObL1o
CKa3aHO BBIIIE, HA HAYAJILHOM 3Tare HeOOXOIUMO 33/1aTh KOHTYP BOJOXPAaHWIUIIA, KOTOPBIA B
nanbHeWIeM OyneT MmojaaBaThcs Ha BXoJa oOpaboTuuky. Jlamee moib3oBaTenb MOATrOTaBIMBACT
JTAHHbIe, ONTHYECKOTO JWana3oHa, W, IPU HEOOXOIMMOCTH, PaJHUOJIOKAIIMOHHBIE U300paXKeHHS
(PJIN). Jns xmaccupukamuy Ha ONTHYSCKUX CHUMKAX TAaKXKE BaXXHO BHIOpATh IMPaBHIIBHOE
coueTaHue KaHayoB, a noaroroska PJIM moxpazymeBaer CHUIKEHUE BIMSAHUS CIEKII-IIYMA.
3areM MPOUCXOIUT MPOLECC KIACTepU3allUy, MPU KOTOPOM OKCIEPT caM 3a7aeT YHUCIO
BBIJICJIIEMBIX KJIACCOB, B JaJbHEUIIEM OOBEIUHSSA T€, YTO OTHOCATCS K Boje. Ecnu mukcems
OBLIM OTHECEHBI HEJJOCTATOYHO KOPPEKTHO, TO IMOJIb30BATENb YBEINYMBAET YHUCIO KIACTEPOB U
MOBTOPSIET MPOLEAYPY C STUMH ke JaHHBIMU. PaccMoTpuM moapoOHee mporeypy HOArOTOBKU
ONTHUYECKUX JTaHHBIX. Pe3ynbrar knaccudukanuu 0e3 mpeaBapuTeIbHON 00pabOTKH HE BCera
JlaeT JKeJaeMblil pe3ynapTar. IJTO MPOUCXOIUT, B YAaCTHOCTH, M3-3a CIOXHOCTU pebeda
MECTHOCTH, B KOTOPOW PpacIojOKeHbl BojoxpaHuiuiia. Jljisi Hanbosiee HaACKHOW M TOYHOU
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paboThl aJIrOpUTMa HEOOXOJIUMO TMPEIBAPUTEIHLHO MPOBECTU TOMOTPAPUUECKYIO KOPPEKIIHIO.
Tomorpaguyeckass KOPPEKIHsl TO3BOJISET BOCCTAHABIMBATH 3HAYCHHS] OTpakaTelbHOU
CIIOCOOHOCTH 3aTE€HEHHBIX YYAaCTKOB, 3HAUEHHUS OTpPaXaTelbHON CIOCOOHOCTH HJIEHTHYHBIX
O0BEKTOB, PACIIONOKEHHBIX B OOJIACTSAX C Pa3HBIM YPOBHEM OCBEUICHHOCTH TIPH OTOM,
commkarotcs [13]. Kak cneacTBue, mUKCeNIbl BOJBI HE CIIMBAIOTCS C MUKCEIAMH TOPHOW TEHH U
TOYHOCTb OTHCCCHUSA YBCIMYMUBACTCA. KpOMe TOro, B OCEHHe-3UMHUU nepuoa CIIyTHHUKOBBIC
n3o0pakeHus, ciaenaHHele npu nomomu anmapatypel KMCC Tpelyercs moaBepraTh
MPEeIBAPUTEILHON HOpMAaNIHM3aIllii JJIE TOTO, YTOOBI BBIPOBHSATH SIPKOCTh IHKCENEH Mepen

KJIACTEpHU3ALUEN.
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Puc. 2. IIponienypa 06pabOTKM TaHHBIX MTPH OLIEHKE TUIOIIAAN BOJIOXPAHUIIHIL]
Crnenyer OTMETUTh, YTO B cllydae oOMeJeHHus BojoxpaHuiuiia padora ¢ PJIM nmaer
pe3yNbTaThl, 3HAYUTEIHHO YCTYMAIOIINE 10 TOYHOCTH KIACTePU3aIllMU Ha ONTHUYECKUX CHHUMKAX
(Puc. 3a). Ilockombky PJIM sBisieTcss MOTYTOHOBBIM HM300paKEHHEM, OOMEINEBIIass YacTh
00BEKTa CIIMBACTCS C TMOKPBITOW BOJOW, M MOTPEUTHOCTh 3HAYUTENBLHO Bo3pacraeT (Puc. 36). B
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HsBectus I'eorpaduyeckoro odmecra Y30ekucTaHa CroenyanbHeli ToM, 2018 rox
TEOPUU JTaHHYIO MPOoOJIeMy MOXKHO 00OMTH myTeM 3afaHus 00ydaroliell BEBIOOPKH — MHOXKECTBA
MAKCEIIOB, KJIACC KOTOPBIX M3BECTEH 3apaHee. Ha mpakTHKe e OKa3bIBACTCs, YTO TAKOW METO]
HE BCErJa SBISETCA pPEIICHHEeM, MO0 Jake OOJIBIIOTO KOJMYECTBAa JJIEMEHTOB OOydJaromiei
BBIOOPKHU MOKET OBITh HEJOCTATOYHO ISl OTACIICHUsT OOMENEeBIHX y4acTKoB. [Ipu opranuzanuu
u otOope nanHbIX 3a 2017 roj 3a OCHOBY ObUIH B3ST MOHMUTOPUHT HypekcKkoro BOJOXpaHUIIUIIA,
HOCKOJILKy Ha I[aHHBIfI MOMCHT OHO SBJISICTCA 06'beKTOM C CaMbIM 6OJIBHII/IM BOAHBIM 3CpKaJIOM

Ha Baxiiickom kackae.
47 B A B

Puc.3 a) Beienenue BogHo#i noBepxHOCTH 10 cHUMKY cucteMbl OLI-TIRS
0) Boigenenue o6meneBiiero yuactka no cHuMky cucrembl C_SAR W
PaGora co crarucrukoit ocankoB. Cepsuc BE['A-Science mMeeT BO3MOXXHOCTh aHaIH3a
BPEMEHHBIX PSIOB 110 YKa3aHHBIM TOYKaM CIHYTHHUKOBOT'O M300paskeHUs 3a BHIOpAaHHBIN IEPUOI.
Cpenu mapameTpoB Ui PacyeTOB HMMEETCS JeTalM3alusl BBINABIIMX OCAJKOB B yKa3aHHBIX
Toukax u e€ skcropT B ¢opmare CSV. Ilpu nanpHeilieM yCpeAHEHUU BEIUYUH BO3MOXKHO
BBIYUCIIUTH MECSYHYIO BEJTMUHMHY BBIMABIINX OCAIKOB.

Puc. 4 PesynpraT knaccupukanuu canmka MODIS

Pe3yabTaTel U o0cy:xkaeHue. VccinenoBanue AuHAMHKH HypekcKoro BOTOXpaHHUIIHUINA
MPOBOJUIIOCH COrJlacHO cxeme Ha Puc. 2. B mporecce U3ydeHUs: MCIOIb30BAIUCh JIaHHBIE
ckanupytomux cucreM OLI-TIRS(OLI-SR), MSI, C_SAR_IW, Vegetation (PROBA-V),
KMCC. Kpome Toro, Ob1a mpoBesieHa padoTa 1mo oToopy 0e3007Ja4HBIX CHUMKOB ammapaTyphl
MODIS. Ilpumep xinaccudukanuu npuBereH Ha Puc. 4. Kak MOXHO 3aMeTUTh, pa3Mepsl
MIMKCENIOB 3HAYUTENIBHO OOJIbIIIe, YeM Ha CHUMKAX BBICOKOTO Pa3pelIeHHs], YTO BIIEYET 3a cOOOM
rpy0oe BbIZETICHHE BOAHOTO 3epkayna. OOmas cxema BBIJCNCHHS 3€pKajia IMOJIpa3syMeBaeT
CyOBEKTUBHBIM OTOOp Ha 3aKIIOYUTENBLHOM JTane. B cBf3u ¢ 3TUM B WTOTOBBIA NPOQPHIIL
JUHAMUKY TUIOIIATHOTO TTOKA3aTeNsl BKIIFOYAIOTCS TOJIBKO T€ Pe3ylbTaThl, KOTOPHIE IO MHEHUIO
JKCIIEPTa YAOBIETBOPSIOT KPUTEPUSIM.

[Ipu onenke muomanu 3epkana Hypekckoro BOJOXpaHWIMIIA IPOU3BOIMICS MOJCUET
MTOTPEIIHOCTH W CpaBHEHME TOKa3aTelield mmerommxcs cucreM. Ha Puc.5 otoOpaken pazoOpoc
IUTOIIATHOTO TOKAa3aTessl, B3STOr0 MO JaHHBIM MPUOOPOB OTHOCUTEIBHO STalOHA. 32 STAJOH B
9TOM ciydae Obuta BbIOpaHa ammaparypa HamOosbmiero paspemenus MSI (10 m). beum
MOJICYMTAHBI BEJIMYMHBI, HA KOTOPBIE PAa3HATCS MOKa3aTeNM MPUBEICHHBIX Ha Puc. 5 cucrem u
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V36exncron I'eorpadus xkaMusiTH aX60pOTH Maxcyc con, 2018 iina
NOTpemHocTh cocTaBuia <4% (<200 I'a). Otinuue nokazaTesnei CUCTEM MEHbIIIE, YEM IUIOMIAb
BOJIHOTO OOBEKTA, @ 3HAUYUT JOMYCTHMAasi MOTPEIIHOCTh HE UTPAET POJIM IIPU aHAJIN3€ MPOLIECCOB,
MPOUCXOSAIIMX Ha BOJOXpaHWIUIIE. Pe3ynpTaThl, MOITY4YEHHbIE IO MPHOOPY CO CpEeIHUM
pa3pemeaueM MODIS, m0cTaTOYHO 3aMETHO OTJIWYAIOTCS OT HAWIEHHBIX ONTHUMAIIBHBIX B
COBOKYITHOCTH CHCTEM. DTO XOpOIIO BUAHO Ha Puc. 6, MOCKONbKY yCTaHOBJICHHBIE IJIAHKU
norpemHocted MODIS Beixoasr 3a npezneinsl 4%. 1o 3Toil npuunHe MmiomaaHbe MOKa3aTelu,
MOJIyYEHHBIE 10 JAaHHOM ammnaparype, He BKIIOYATCs B UTOTOBbIM MPOQMIIb JUHAMHUKY 3€pKaa.

INJIOIMATHBIE HOKA3ATEJIH OTHOCHTEJIBHO MSI

—MSI ® OLI-TIRS (OLI-SR) A PROBA-V ¢ Hror
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Puc. 5. Pa3bpoc nmokazareneii onTHMaIbHBIX B COBOKYITHOCTH CHCTEM OTHOCHTEIHHO MSI
(rutormaap yka3ana B ['a)

Mnowaab BogHOro sepkana Hypekckoro sogoxpaHunuiwa no gaHHsiMm MODIS(250 m), OLI-
TIRS (30 m) u MSI (10 m) 32 2017 rog
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Puc. 6. CpaBHeHue nokasareneil ontuManbHbIx cuctem ¢ MODIS
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UsBectns 'eorpaduyeckoro odmecrsa Y30ekucrana Coenumanpabii ToM, 2018 rox

Hypekckan [3C

Puc.7 0) anponocn;l Ha peke Baxm

Ha ocnoBe onucanHbIx MeTo/10B ITpu oMoty cepsrca BEI'A-Science Obu1M MOTy4€eHBI
npo¢mwiId TUHAMUKU TUIOINAM BOJHOM NMOBEPXHOCTH y4yacTKOB Baximickoro kackaaa 3a 2017
roa. YdacTok peku Baxmn OpuT pa3zmerneH Ha HECKOJIBKO YacTel, MEXIy BOAOXPAHWIUINAMH, U
Hypexkckoe Bonoxpanumuiie (Puc. 7(a)). Ha Puc. 8 mpuBenens! npoduian AMHAMUKU 3epKaja
Y4acTKOB | JITaHHBIE 10 HypekcKoMy BOOXPaHIIIHILY, a TAKKE CTATUCTHKA MECSIHBIX OCAIKOB.
s ynobcTBa CpaBHEHHST M OTOOPaKEHHMS MECSAYHOM TUHAMUKM IUIOLIAHOTO TOKa3aTens |
KOJINYECTBA OCAJIKOB OpaslnCh HOPMAIM30BAaHHBIE BEIMYHHBI (OTHOICHNE IUIOMAAN B TEKYIIEM
MecsiIe K MAaKCUMaJIbHOM TUIOIIAH B TOAY).

[loncuer ocankoB MPOM3BOAMICS HAa TMIPONOCTaxX BBINIE IO TEYEHUIO M B Ipenenax
3a/laHHbIX y4acTkoB peku — Capeiry3ap, Komcomonaban u 'omosuas 'DC (Puc. 7(6)). Ocanku,
nojcuuTaHHble Ha TUrpoBoi banke npu 3ToM, HE yYUTHIBAIIUC.
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Yi3oexucrou I'eorpadus :xaMusaT aX00pOTH Maxcyc coH, 2018 iina

YyacTku Baxwickoro Kackaga (nnowaab BogHOro sepkana + ocagku 3a 2017 rog)

® Hypekckoe A~ Hypekckoe-baiinasuHckoe B baitnazuHckoe-CanmyauHckoe_1

=@ CaHrtyauHcroe-1 - CaHrTyauHCKoe-2 =@=CaHrtyauHckoe-2 - lonosHaa X Ocapggu Ha rugponocTax

1,00 ~
0,92 A
0,84 -

0,76

0,68 -

S /S_max, %

0,52

0,44 -

0,36 -
0,28 X
i . . . ‘ | x| | | | | 2
° of° be« o a0 \0“)“0 ‘o‘\v d *(} @ o® «® o
o o X o A\ W N R o & o o o®

Mecsay

Puc.8. Utorossie npoduin TUHAMUKH TUIOIIAAN 3€pKajia U CTATUCTHUKA MECSYHBIX OCAIKOB

ITouck anbTUMETPUYECKUX H3MEepeHHi. B paboTe Takke MpeAnpUHUMAIINUCH MOMBITKH
MIOUCKA aIbTUMETPHUYECKUX M3MEPEHHUH C LENbI0 MOCTPOSHHS MPOQMIs 3aBUCHMOCTH BBICOTHI
BOJIHOTO CTOJ0a BOJNM3M IUIOTHHBI OT IUIOMIAAW 3epkaia. [Iporemypa mnpousBOAMIACh C
MIOMOIIBIO CHENMAaIbHOrO cepBuca [14]. 3ampammBanuck Takue mapaMmerpbl, Kak Ko3dduuueHt
oOparHoro paccestHusi (backscatter coefficient) u ypoBeHs BoaHoN moBepxHocTU (sea level
anomaly).

ENMHCTBEHHBIM CITYyTHUKOM C albTHMETPOM Ha OOPTY, MPOXOISIIUM HEOJHOKPATHO HaL
pexoii Baxi, okazancs CryoSat-2 (tpeku Ha Puc. 9). Ha cerogusmnuii 1eHb Moka He TOIY4eHO
AIbTUMETPUUECKHX JAHHBIX 110 00bekTaM Baxmickoro kackaja (pe3ysbTaThl 3alpOCOB HE UMEIOT
JAHHBIX TI0 MECTHOCTH).

=t & $ ad o
Puc. 9. Tpexu cnyrauka CryoSat-2 (moarorosieHo rpu nomoinu cepsuca Google Earth Pro)

3akmouenue. OnucaHHass B CTaTh€ METOJMKA IIO3BOJIAET YIPOCUT W OINEPATUBHO
OIICHUTH COCTOSIHUSI BOJHBIX OOBEKTOB TOPHOM MecTHOCTH. [IpoBenmeHnHass oOpaboTka ¥ aHAIN3
3a 2017 rox mpu HATMYUU CHUMKOB MOXET OBITh MPOJIEaHa JJisl TFI0O0ro TpedyeMoro nepuoa,
B TOM 4YHCIIe W /s YCTAHOBJIEHHUS MeEXrofoBod auHamuku. Kpome Toro, coderanue
vH(popManuyu ¢ HA3eMHBIX CTAHIMA U PE3yAbTATOB CIYTHUKOBOTO MOHHTOPHHTA MOXET JaTh
MOJIHBIA JTeTalbHBIA TOAOBOM OTYET IO BOJHBIM O0BEKTaM HE TOJBKO Baxiickoro kackanma, HO U
OPYTHX BOIHBIX OOBEKTOB, PACIIONIOKCHHBIX B TOPHOW MeCTHOCTH. Hanwume BBICOTHBIX
U3MEpPEHUH, B CBOIO OYEepeIb, OOECIEUHUT HAJASKHOCTh IPU TPOBEIACHHH CITYTHUKOBOTO
MOHHTOPHHTA.
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