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B cratbe paccmoTpeHa MeToaMka cOOpa AaHHBIX NpPU OpraHU3alMU
CIIYTHHKOBOTO MOHHTOPHHTA BOJIHBIX 00BEKTOB BaxIickoro kackaaa Ha mpuMepe
Hypekckoro Bomoxpanuwiuma. PaccMaTpuBaroTCs CHCTEMBI JUCTaHLMOHHOTO
30HAMPOBAHMSA ONTHYECKOTO IUAara3oHa ¢ MPOCTPAHCTBEHHOrO paspeleHus ot 10
mo 250 metpos. Ilo pe3ynmpraTam HaOMIOIEHUI MMOCTPOCHBI MPO(PHIN TUHAMUKA
TUTOIIAIM BOJAHOTO 3epKana 3a 2017 roji ¥ BBISBIEHBI ONITUMAJIbHBIE B COBOKYITHOCTH
CHCTEMBI AJIsl MOHUTOPHHIA BOJOXPAHWIHUIL B MECTHOCTH CO CJIOXKHBIM TOPHBIM
pensedom. Mrorossie npodmin MOryT OBITH MOJIE3HBI IPU BBISBICHUN CE30HHOM
KOppEJLIMU MEXIy COCTOSHMEM BOJHBIX PECYpCOB Ha IOI€ M CEBEpO-3alaje
VY30ekucrana, a TakKe MPH aHAIW3€ 3aBUCHMOCTEH BereTallMOHHBIX WHJIEKCOB OT
00BEMOB PEYHOT'0 CTOKA 33 OTAEIBHO B3SITHII CE30H.

Knioueswie cnosa: Hypexckoe soooxpanunuwe, Baxwickuii kackao, Pozynckas
I'DC, pecuon, pecypcwl, CHYMHUKOBbI MOHUMOPUH2, NPOCMPAHCMBEHHOE
paspewienue, niIOMuHa.

OcHoBy BOJHBIX pecypcoB CpenHeill A3UM COCTABIISAIOT JABE KPYIIHBIE
pexu — Coipnapbs u Amynapbs. B I0KHBIX M ceBepo-3alagHbIX paiioHax
V36ekucrana, B  ocobenHoctH  KamkamapbuHckoif,  Xope3Mckoii,
CypxanmapbuHckoit obnactsax, Pecnyonuke Kapakanmakctan HaOmromgaeTcs
neguuUT mpecHoil Boabl. B CBA3M € 3TMM KpaiiHE Ba)XXHO PETYISPHO
KOHTPOJIMPOBATh COCTOSIHME BOJIBI B peKax U BOAHBIX 00OBbekTax. OCHOBHOM
BOJIHOM apTepHei s 3TUX 30H SBJSIETCS peka AMyAaphsi, 00pa3yromascs npu
ciusiaunu pek Baxmr u [Taumx. [lepBas 6eper uctoku Ha [lamupe, B paiione
nuka uM. E. KopkeneBckoil. B HacTosiiee Bpemsi Ha peke BelyTcst paboThl 110
CTPOUTENLCTBY 00BEKTOB Baxmickoro kackaga (cucrema [DC wu
BojoXpaHwiuiy). Hmke mo TeueHuto, Ha TeppuTopuu TamKuUKHUCTaHa,
pacnionaraercsi Hypekckoe BoJOXpaHWIMIIE, Ha KOTOPOM 3allyIAaHUPOBAHO
CTPOUTENBCTBO 335-MeTpOoBOM MIOTHUHBI [1].

Teppurtopus Pecriybnuku Y30ekucTaH pacmoiioskeHa B IEHTPaTbHOU
yactn Cpenneil A3um W BkiIoyaer B ceOs OONbLIYI0 4acTh OBIBILETrO
ApanbcKoro Mopsi, KOTOpO€ CTPEMHUTENbHO ycbixaeT yxe Ooznee 30 mert.
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Boanble pecypcsl cTpaHbl U3 rojia B FoJl MPETEPIIEBAIOT Psii U3BMEHEHUH, YeMy
CHOCOOCTBYET reorpauaeckoe paclooKEHHE OCHOBHBIX BOJHBIX apTEPHIA,
pek Ceipaapbu 1 AMynapbu.

Pexa Amynapbst — BTOpas 1o JUIMHE U camasi moiHoBoiHas B CpeaHeit
Asun. CBoe Ha3BaHne AMynapbs peka MojaydyaeT nocie causHus pek [Isamk
u Baxm [3]. IlepBas Geper MCTOKM Ha CKJoHax | mHAyKymia, BTOpas — Ha
[Tamupe, B paiione nuka umenu E. Kopskenesckoil. B cuiny ocobennocreit
pacmooKeHus: TpaHul] Y30ekucrana, AMynapbs, HAYMHas CBOE TEUYCHHE Ha
Tepputopun  Ta/KMKHCTaHa, TNPOTEKaeT BAOIb  y30€KCKO-araHcKoi
TpaHMIIbI, 3aTEM 1O TeppuTopuu TypKMEHHCTaHa, MOC]Ee Yero momaaaeTr Ha
tepputoputo PecriyOinku Y36ekucraH.

TakuMm 00pa3om, BOAHBIC pecypchl Y30€KHUCTaHa BO MHOTOM 3aBHUCST
OT yIpaBJIeHHUs BOJAAMH PEK COCEIHUMHU rocynapcrsamu. [Ipu aTom He Bceraa
€CTh JIOCTYI K TEPPUTOPHH, HA KOTOPOH PACIIOIOKEHBI 00BEKTHI KOHTpOJIS. B
TaKOW CUTYalluu TEXHOJIOTUU JUCTAHLMOHHOTO 30HAMpoBaHus 3emin (/133)
MOTYT TPEIOCTABUTh YHUKAIBHYIO BO3MOXHOCTh IOYYCHHS 00BHEKTHBHOM,
HE3aBHUCUMON HH(OpMAIMK, KOTOpas OTpa)kaeT aKTyaJlbHYI0 OOCTaHOBKY
THJIPOPECYPCOB.

Opranuszanusi KOHTPOJISA BOAHBIX PeCypPCOB NPH MOMOIIH

TeXHOJIOTHIl CIIyTHUKOBOT0O MOHUTOPHHIA

Ha puc. 1 xpacHbIM KOHTYpOM OTOOpaKE€HBI TPOOJIEMHBIE 30H CTPaHbI
C TOUKH 3PEHMSI COCTOSIHUS BOJHBIX PECYPCOB.

¥ wBETA-Science
% Bpenm dopmposarmen 1517

P u c. 1. Komno3uTHOE CITyTHUKOBOE M300pakeHUE TEPPUTOPUN
VY306eKkucTana 1 4acTu COCETHUX T'OCYAapCTB
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JlaHHOE€  CIYTHMKOBOE H300pakeHUE ABISETCA  KOMIIO3UTHBIM
CHUMKOM, IOJy4eHHbIM B MHcTUTyTE KOocMMueckux uccienoBanuii PAH u
noctynHoM B ciyTHHKOBOM cepBrice BEI'A-Science (http://sci-vega.ru/) [6].

JUia pemieHuss MHOTHMX 3aJad MOHMTOPHMHIa 3E€MHOIO IIOKpOBa
UCMOJIB3YIOTCSl OUYMIIEHHBIE OT BIUSHHUS OOJIAKOB M JPYI'MX MEIIAOLINX
(akTOpPOB KOMIO3UTHBIE M300paxeHus, GOopMHpyeMble Ha OCHOBE JaHHBIX
CIyTHUKOBBIX HAOJIOAECHUH 3a OIpeleeHHble HWHTEpBalbl BPEMEHH.
KommnosutHoe wm300paxeHune Ha puc.l — pe3ymbraT OECIIOBHOTO
NpPEJCTAaBICHNUs  CIIYTHUKOBBIX  JaHHBIX  CIIyTHUKOBOH  KOMILIEKCOB
cryTHUKOBO# anmaparypsl Landsat-TM/ETM+/OLI [7].

B03MOKHOCTH CIYTHUKOBBIX CHCTEM JUlsl MOHHUTOPUHIA BOJHBIX
pecypcoB. CerogHss Ha OKOJIO3€MHOM OpOMTE HAXOAUTCS MHOKECTBO
CIYTHHUKOB C YCTAaHOBJIIEHHOM Ha HMX allaparypodl  pa3jiuyHOro
IPOCTPAHCTBEHHOTO M BPEMEHHOI0 pa3pelieHHus U CHEKTPaJbHBIMU
XapakTepucTukamMu. YacTtoTra U MpOCTPAHCTBEHHOE Pa3pellieHHe 3aBUCST OT
Yrcyia armnapaToB B OpOUTANBHON IPyNIAPOBKE.

IIpu onieHKe cOCcTOAHUS BOAHBIX pecypcoB Teppuropuu Cpenneit Azuu
C IOMOILIM TEXHOJOIMH CIYTHUKOBOTO MOHMTOPHMHIA, HEOOXOJUMO
YUUTBIBAaTh pa3Mep BOAHBIX 00beKTOB. B nanHO# paGore Oonbiiuii pazmep
nukcena npubopos cpennero paspemenus MODIS (KA Terra u Aqua) u
AVHRR (KA NOAA) nenaet Bbljie/ieHHE TOBEPXHOCTH BOJBI B IPUOPEKHOM
30HE OoJiee TpyObIM, YTO IPUBOAUT K 3aHMKEHHUIO OLIEHOK TUIONIAN BOJHOTO
3epKana BOJOXpaHMIMIIA Mo cpaBHeHHIo ¢ mpubopamu OLI-TIRS u MSI
Jlanee 310 Oymer moka3aHo Ha auarpamme (puc. 4) Tpu 0OCYKICHUH
MIOJIyYEHHBIX PE3YyJIbTATOB.

3ayacTyi0 IMOJIYYEHHUIO IIOJIHOTO psJa CIYTHUKOBBIX JAHHBIX
HPEMATCTBYIOT MOTO/IHbIE yCI0BUA. B 3TOM ciydae HeoOXoauMBble JaHHbIE 00
00BEKTE MOT'YT OBITh OJyYEHBI C TIOMOIIBIO PATUOMETPA C CHHTE3UPOBAHHOM
aneptypoit (PCA), C_SAR IW, ycranoBnenHast Ha KA SENTINEL-1A u -1B
[17]. OcobeHHOCTBIO PaOMETPUIECKUX TAHHBIX SIBISETCS HE3aBHCUMOCTh
OT MOTOJHBIX YCIOBHM. JlaXke MpH CUIBLHOM OOJIAYHOCTH U B HOYHOE BpeMs
CYTOK pajuojokanonHoe nzoopaxenue (PJIN) nonyvyaercs kadeCTBEHHBIM U
BbIcOKOTO pazpemerus (10 M) [17]. OqHaKo HEKOTOPYIO CII0KHOCTD BBI3bIBAET
oOpaszyrommiicss B cwily (QU3NUECKMX OCOOCHHOCTEH CKaHHUPYIOIIEH
anmnaparypbl CIEKJI-IIYM, 3PUTEIBHO MPOSIBISIOIINNCA KaK 3€pPHUCTOCTD
M300paKeHUs U MPEMSATCTBYIOLIUI BBISBICHUIO OHOPOIAHBIX Ki1accoB. CTOUT
OTMETHTb, YTO IMPOCMOTP PaJUOJOKAIMOHHOTO HM300pakeHUs OTHEIBHO B
BEPTUKAIbHON, TOPU3OHTAJIBHOW MM MEPEKPECTHOM MoJspu3aluu (CUHTE3
NEPBbIX JIBYX) MO3BOJIAET JETEKTHPOBATH Pa3JIMUHbIE OOBEKTHI M SBICHUS
pa3nuuHON npupo/IbI [4].

HauOonpiiee mpocTpaHCTBEHHOE pa3pellieHne M3 OOIIeTOCTYIHBIX
ontuueckux cucrem umeer MSI (KA SENTINEL-2A u -2B) [16],
CKaHupyrolas annaparypa ¢ 10-meTpoBbIM pazpenieHuemM kaHainoB B2 (490
uMm), B3 (560 um), B4 (665 um) u B8 (842 um). [lepuoanuHoCTh ChEMKHU
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o0jacTu WHTEpEecoB cocTapisieT 5 naHeil. HecMoTps Ha JOBOJBHO BHICOKOE
BPEMEHHOE pa3pelieHue, TEPPUTOPHUS BOJHOTO OOBEKTA YACTO MOXKET OBIThH
MOKpbITa OOJIakaMH, B pe3ysbTaTe psl HAOMIOACHUNA MOXET OKa3aTbCs
HETIOJHBIM U PETYJISIPHOCTh HAPYIIUTCS M, KaK CJIEICTBHE, CTATHCTUYECKHE
HaOmoneHuss Oyaer umeTh npodenbl. s Toro, 4roObl KOMIIEHCHPOBATh
HE/IOCTAIOINe HAOMIONEHUS TUAPOOOBEKTa, BHIOMpPACTCS HMHAs JIOCTYIHAs
CHCTEeMa ONTHYECKOT0 JHara3oHa ¢ 0ojiee HU3KUM pa3pellieHueM.

B cepsuce BEI'A-Science takumu cucremamu sipisitorcss OLI-TIRS u
OLI-SR (KA Landsat-8) pazpemenus 30 metpos [18], KMCC (KA Meteop-
M Nel, -M Ne2) ¢ mpocTpaHCTBEHHOU paspeniaromnieii crocooHocThio 60-120
metpoB. Jlaumueie cucrembr OLI-TIRS (OLI-SR) B cepBuce BEIA
UCTONB3YIOTCS  JUIA  pEIIeHWs Pa3NUYHbIX 3aJad, B TOM  YHCIE
KaprorpadUpoBaHus pa3IUYHbIX 00BEKTOB, Hanmpumep, rapeit [9]. Cepruc
TaK)Ke pacriojlaraeT apXWBaMH JIaHHBIX CITyTHHKOBOTO npubopa Vegetation,
yCTaHOBJICHHOTO Ha eBporneiickom cnyTHuke PROBA-V. Vegetation umeer
paspemienue 100 merpoB, uro 3ametrHOo MeHbine MSI. Opnako, kak Oyner
MOKAa3aHo Jajiee, Takas pa3HHIla HE OKa3bIBAaeT CYLIECTBEHHOTO BIIMSHUS Ha
(dbopMHpOBaHKE UTOTOBOTO PO JMHAMUKHU BOJOXPAHIIIHUIIL.

Meroauka ucciaea0BaHusA

Cepsuc BEI'A-Science kak OCHOBHOM MHCTPYMEHT JUIsl paOoThl. Jyist
OpraHM3alKi PEryJIspHOr0 MOHUTOPUHIA W aHAJIM3a COCTOSHUS BOJHBIX
00BEKTOB HEOOXOJIUM MHCTPYMEHT JJIsl paboThl C MHOTOJIETHUMHU apXHWBaMHU
JAHHBIX PA3JIMYHBIX CITYTHUKOBBIX CHUCTEM. TakuM MHCTPYMEHTOM SIBISIETCS
cepuc BEI'A-Science, pa3paboTaHHbIi M nojaep:kuBaemMblii HCTUTYTOM
KocMudeckux uccienoBanuil Poccuiickoil akagemun Hayk. BEI'A sBnsercs
oHOU U3 cucreM, pynknuonupyromeil Ha 6aze LKII «MKW-MouuTOprH.
ObecneunBasi 1OCTYN K CITyTHUKOBBIM CHUMKaM Oosiee, uem 3a 20 jet, BET'A-
Science nMeeT MUPOKUI (QYHKIMOHAN, KOTOPOrO BIOJHE JOCTAaTOYHO JUIS
MIPOBEICHUS] MOHUTOPUHIA PA3IMYHbIX OOBEKTOB U sBJIeHUH. J{ns ynoOcTBa
otoOpaxkeHHsT MH(OpMaIMs TPYNIHPYeTcs N0 BHAAM HH()OPMAIIMOHHBIX
MIPOJYKTOB, BKJIKOYasl: CIIyTHUKOBBIE JaHHBIE BbIcOKOro (Landsat-TM/ETM) u
CPEIHETO (MODIS) IIPOCTPAHCTBEHHOTO paspenieHus,
CEJIbCKOXO035CTBEHHbBIE 3eMJIH, neca, IPUPOJIHBIE MOKaphbl,
MeTeopoJiorudeckass M Kaprorpapuueckas wuHpopmanus. HMHCTpyMeHTHI
aHanW3a JaHHBIX B coctaBe cepBuca BEI'A olOecmeumBaroT cieayroniue
¢byHKIMOHATBHBIE BO3MOXKHOCTH [11]:

— KOMIUIEKCHBI ~ aHalM3  CHOYTHUKOBBIX JAHHBIX  Pa3IU4YHOIO
NPOCTPAHCTBEHHBIE  pa3pelIeHuss U pe3ylbTaToB HX  00paboTKH,
KapTorpauiecKux u aTpuOyTUBHBIX JAHHBIX;

— OLIEHKAa MHOTOJIETHEW JMHAMUKH CIIEKTPAJIbHOI'O BETETALMOHHOTO
MHJEKCA 715 ONIpEeAEIeHUs IPUYMH U BpEMEHHM U3MEHEHUH B JIECaX;
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— MOJJIep>KKa U 0OOHOBIIEHHE 0a3bl JAHHBIX KOHTYPOB U XapaKTEPUCTHK
JECHBIX Y4YacTKOB JJii 00ecHedYeHHs BO3MOXXHOCTM MOHUTOPUHIA UX
COCTOSIHUS;

— reouH(pOPMALMOHHBIN aHAJIN3 CITyTHUKOBBIX JAHHBIX BO BPEMEHU U
MIPOCTPAHCTBE;

— OIICHKAa CTaTHCTUKA W (OPMHUPOBAHHME AHAIUTHYECKUX (PopM,
XapaKTePU3YIOIINX COCTOSTHUE JIECOB HA 3aJIaHHBIX y4acTKaxX.

OcHnoBHolt 3amaueir cucrembl BEI'A  sBisiercss mpepocraBiieHue
MOJIb30BaTENsIM  yIOOHOrO  yAaJeHHOro  JOCTyla K  IOCTOSHHO
MOTMOJHAIOMIMMCSL ~ apXUBaM  CIIYTHUKOBBIX  JAaHHBIX M Pa3IMYHBIM
MH(OPMALIMOHHBIM MTPOAYKTaM, IOJy4yaeMbIM Ha UX OcHOBe. [Ipu 3TOM
[I0JIb30BATEISIM CHCTEMbI IMPEJOCTABISAIOTCS HE TOJIBKO BO3MOKHOCTH
yI0OHOTO MOKCKA, HO M pa3jM4Hble MHCTPYMEHTHI JUId ee aHanu3a [12].

[Tpu c6ope naHHBIX U HOPMUPOBAHUHU Psiia HAOIIOACHUN 0OBEKTOB, B
OCOOCHHOCTH €O  CJOXHBIM  penbedoM, OOJBIIYI0  pOJb  Hrpaer
JOJTOBPEMEHHOE XpaHeHHWE HWMelonielicss uHpopMalmuu Ha cepBepe U
MOJTyYEHUE aKTyaJIbHOM.

OneHKa COCTOSHUS BOAHBIX OOBEKTOB PAa3JIMYHBIMU CUCTEMAMH.
[TomyueHHBI  psii JaHHBIX CHOYTHUKOBBIX CHHUMKOB  IIOJIBEpraercs
JnanpHeumen obpaborke. Jlyis  OLGHKM TUIOMAAM BOJHBIX OOBEKTOB
pUMEHsIieTCs Kiaccu(uKalus JaHHBIX Ha OCHOBE CIIEKTPAIbHOW SPKOCTH.
Bo3M0xHO UCTIONB30BaHUE KaK AITOPUTMOB 00ydaeMOi KiIacCH(PHUKAIINN, TaK
U HeoOydaemoii. B mepBomM cityuae oOyyaromiasi BeIOOpKa JOJKHA COAEPIKATh
o0pa3lipl MHUKCeNel, OTHOCSIMXCS K KiaccaM "Boja" u "cyma". Bo BTopoM
cllyyae aJrOpuTM aBTOMAaTHYECKU BBIJEISAET 3a/JaHHOE YUCIIO KJIACTEPOB, a UX
nocieAyrolas TpyNnupoBKa B HUTOroBble Kiacchl "Bojma" u  "cyma"
OPOMCXOIUT C ydacTHeM oskcmepta. [loaxon, paccMOTpeHHBIH B pabote,
OCHOBaH Ha CXeMe MPOBEACHMsSI KapTorpadupoBaHUs, HCHOJIB3YIOIEH
HEKOHTPOJIMPYEMYIO KJIaCCHU(PMKAlMIO, TMPUHLUMUI OpraHu3alld KOTOpPOH
noapo6Ho omucad B [9]. OcHOBHAsA uaes JaHHOTO TMOJX0JIa 3aKII0YAeTCs B
TOM, 4YTOOBI 3aMEHUTh BHU3yaJlbHOE OKOHTYpPHBaHHE OOBEKTa aHAJIU30M
pe3yNbTaToB KiIacCU(pUKALUU, KOTOpasi B KOHEUHOM UTOT'€ CBOJIUTCS K BEIOOPY
U3 JOCTaTOYHO OTPAHWYEHHOrO YHCJa KJIACCOB TE€X, KOTOpPbIE OTHOCATCS K
rapu [9]. Pemenue 3amauu ompejelieHUs IUIOMAJAA OOBEKTOB B CHUCTEME
BEI'A-Science BKitOYaeT ciaeayrole OCHOBHBIE 3TaIlbL:

e BBIOOp OOBEKTA;

e  BHIOOp JAHHBIX BBICOKOTO pa3peleHHs;

e UHTEPAaKTUBHOE  OKOHTYpUBaHHME C  HCIOJIb30BAHUEM
Ipolelyphl KilaccuuKauy,

e UHTEpaKTHUBHAas  TMPOBEPKAa  KOPPEKTHOCTH  IPOBEICHHS
OKOHTypuBaHus [11].

OO6pa0oTKa  MOJNYYEHHBIX  JIAHHBIX  JUIS  OLEHKHM  IIOUIaJId
BojioxpaHmwiIuil. OCHOBHBIM IOKa3aTeseM JUIsl CHYTHUKOBOI'O MOHUTOPHHIA
BOJIOXpPAHWIMI] Mpe/ularaeTcst BbIOpaTh IJIOLIaJb BOAHOTO 3€pKaia,
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MOCKOJIBKY C¢ mo3uiuu [[33 3TOT psAl MU3MEpPEHH 3TOro mnapaMerpa MOMKET
OBITh HauboJIee TTOJHBIM U TOYHBIM.

[TocTpoeHuss nMHAMMKM BOJHOIO 3€pKaja HadyMHaeTcsl ¢ BblOOpa
CITYTHHKOBBIX N300pa)KeHUI HAWTY4YIIeT0 KaueCTBa C IOCTYIHBIX ONTUYECKUX
U PaIMOJIOKAlMOHHBIX CHUMKOB. McciaenoBaHue MeEKCE30HHOM IMHAMUKH
[10/Ipa3yMEBAET HAJIMYUE JTAHHBIX NPUEMIIEMOTO KauyecTBa OJUH-/Ba pas3a B
MeECSIl, JaThl B TEUYCHHME ToJa JOJDKHBI MATH C dacToTou B 25-30 mHEH.
CryTHUKOBBIE CHUMKH B Ka)JIOM Mecsiie 00padaThIBAaIOTCs COTIACHO OJIOK-
CXeMe Ha puc. 2.

Cxema oONKCHIBaeT aJIrOPUTM TOJIYYEHHUS HUTOrOBOro mpoduis
JUHAMHMKU BOJHOTO 3€pKajla BOJAOXPAaHWININA, KOTOPBIA IIPUHUMAET HA BXOJ
MHO>KECTBO CHMMKOB OITHYECKOro jauamna3zoHa. Eciau 3a Kakue-TO JaThl
OTCYTCTBYIOT JIaHHBIE MOJXOSIIEr0 KayecTBa U pa3pelieHus, HeoOXO0qUMO
Bocnojb3oBatecss PJIM 3a 3Tu natel. B GonpIIMHCTBE CilydaeB MHOXECTBO
CHMMKOB, IIOJy4EHHBIX TAKUM METO/I0M, 00pa3yeT MOJIHBIN Psijl 110 MecsaLam.
Hanee, nockonbky PJIM moaBep:keHbl BIUSHUIO CIICKI-IIyMa, HEOOXOIUMO
IIPUMEHUTD AITOPUTMBI (PUIBTPALUH.

Knaccupukanus Ha CHMMKax ONTHYECKOTO JAMallia3oHa — OAUH U3
HauboJiee yAauHbIX METOJIOB BBIJECICHHs BOAHOT0 3epkana. OHaKo B ciaydae
pacrnosokeHusi 00beKTa B TOPHOM MECTHOCTH, BO3HUKAET CYIIECTBEHHOE
BiausHUEe TeHeW. CrekTpanpHas SpPKOCTh 3aTCHEHHBIX YYaCTKOB CYLIH
NpHUOIMKAETCS K SIPKOCTH BOJAHOM MOBEPXHOCTH, B PE3YJIbTATE YETO IUKCEIb
Oyzner OoTHECEH K HEBEpPHOMY Kjaccy (cyma K BojJe Wi HaobopoT). Bo
n30exaHue TakuX OIIMOOK NpU KiIaccu(UKAIMM TPUMEHSETCS alrOpUTM
TOMOrpaMuecKkol  KOPPEKLUH, KOTOPhI BOCCTAHABIMBATH 3HAYCHHUS
OTpakaTeIbHON CIOCOOHOCTH 3aTEHEHHBIX YUaCTKOB.

Kak 651710 ckazano Boite, PJIW He 3aBUCHT OT MOTroIHBIX ycioBuit. Tem
HEe MeHee Kiaccu(uKaIys yyacTKOB TAKOTO CHUMKA J1ae€T BECbMa CEpbE3HbIE
MOTPEUIHOCTH NpU HAJMYUHM MPUBOAHOTO BeTpa. PsOb, oOpazyemas B 3TOM
cllyduae Ha BOJHOM 3€pKajle, MEHSET SPKOCTb IHKCEeNed IOJyTOHOBOIO
n300pakeHus (MUKcenb MMEET OJUMH U3 256 OTTEeHKOB Ceporo LBeTa) U
KJIacCU(UKATOp OTHOCUT MUKCENH K HeBepHOMY Kiaccy. Kpome toro, PJIN ne
MO3BOJISIET ~ AITOPUTMY  Kjaccupukanuum 0e3 oOyueHHUs ONpeaeiauTh
oOmereBIMe ydacTku Bogoxpanunuin (puc. 3 6, B). Teoperndecku, naHHas
npobiemMa MOXKeT OBbITh pelieHa myTeM (GopMupoBaHus 0Oydaroliel BIOOpKH
[0 ONTHUYECKOMY CHHUMKY 3a OJM3KYyI JaTy — JBYX TpYII IHKCeNeH,
OTIpEACIAIONIMX BOY U cylly. [IpakTH4ecKH ke MOXKET OKa3aThCs, YTO AaKe
00JBIIOrO YHCIIa THKCeled MOXKET OKa3aThCid HEJOCTaTOYHO JJIf
knaccupukaropa. Takum o6pazom, PJIM He MokeT OBITH MCHOIB30BAHO MPHU
JETEeKTUPOBAHUHU OOMENIEBIINX YYaCTKOB BOJAHBIX OOBEKTOB.
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Haiioennvie onmuyeckue danmsie 3a
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3aoanue obaaemu unmepeca
(2pyfozo kowmypa eo0doxpanuTuuc)

l

Hem
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Hauoeuwr PJIH
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Hem

Orenepmias oyenxa:
NUKCEAU OMHECEHB!
ROPPERMII0

Vaeruuumn N

TTepexod na caedyiowuii laowadnsre
mecay noxkaszamen

P u c. 2. O0mas cxema oOpabOTKM JaHHBIX IJIs1 OIICHKH TIIOIIA N
BOIOXPaHHITHIIL

Knaccupukanuss ONTHUECKUX CHUMKOB 0€3 MpeaBapUTEIbHON
00paboTKKM HE Bcerja JaeT KOpPpeKTHbIe pe3yabTaThl. [IpumepoM moryt
CIIy’)KUTh JIaHHBIE BeCeHHe-3UMHero nepuosa anmnaparypsl KMCC. OnbITHBIM
nyTeM OBIJIO YCTAHOBIEHO, YTO CITYTHHKOBBIE HW300pakeHUS TOPHOU
MECTHOCTH, moxydaemble ¢ ceHcopa KMCC, npomkHBl mOJBEpratbes
HpeﬂBapHTeHLHOﬁ HOpMaIu3aluu, 4To CHOCO6CTByeT ITOBBIIICHUIO TOYHOCTHU
IpHU KJIaccu(UKAIUN YYaCTKOB BOJHBIX OOBEKTOB CO CIOXKHBIM pesibeoM.

21.]'[5{ OIITUYCCKHUX NaHHBIX HeO6X0}II/IMO IMPOBECTHU OINCpaun HBeTOBOﬁ
KOPpPEeKIIMM W BBIOpaTh KaHaJbl s KJIacCHPUKaMU (JUIsI BHIUMOIO
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Jrarna3oHa Kaxablii CeHCOp UMeeT cOOCTBEeHHbIe KaHaubl). [loaroroBieHHble
JaHHBIC MOIBEPTrarOTCs HeoOydaeMou KiIacCH(pUKAIUU C 3aJaHHBIM YHCIIOM
kiactepoB N. Eciam monws3oBatenp (PKCIEPT) CUMTAET, UYTO KiacCHUpUKAIUS
ObLTa IPOBEJICHA HEYIAaYHO, CIEAYET YBEIMUUTh YUCIIO KIACTEPOB JJIS TOTO,
YTOOBI MOBBICUTH PA3AEIUMOCTh MUKCENEH, U MOBTOPUTH KIIACCU(DUKALIUIO.
OrnucaHHble JEUCTBUS MPOU3BOJATCS CO CHUMKAaMU 33 KaXIblil Mmecsi. B
pe3ynbraTe TaKoro MoaXoJa MOMKHO  ONpeNeNiuTh, Kakas 4acTh
BOJOXPAHWJIMILA 3aHATA BOJOM.

PesyabTaTsl U 00cyKIeHHE

OcoOeHHOCTH TOKa3aTenel pa3iuyHbIX cucteM Juid Hypekckoro
Bopoxpanuiuia. Cocrossuue HypekcKoro BOAOXpAaHMIIMINA MUMEET Ba)KHOE
3HaYEHUE TPU OIICHKE BOJIOXO3SIMCTBEHHON OOCTaHOBKM Y30eKHCTaHa H
TEPPUTOPUI COCEITHUX TOCyAapcTB. [ HAPOOOBEKT SBISICTCS CAaMBbIM BEPXHUM
COOpy’KeHHEeM Ha Baxmickom Kackajae, COCTOAIIMM U3 HECKOJIBbKUX
BojoxpaHwniy u cemu JedctByromux [DC. Ha puc. 1 Hypekckoe
BOJOXpaHWINILE OOBEJICHO CHHUM KOHTypoM. B Xxome wuccienoBanus
coryacHo cxeme (puc. 2) Obutn 00paboTaHbl CITYTHUKOBBIC qaHHbIC 32 2017 T.
[Ipu »TOM OBUIM HCHONB30BaHBI CIIYTHHUKOBBIE CHHUMKH ceHcopoB OLI-
TIRS(OLI-SR), MSI, C_SAR_IW, Vegetation (PROBA-V), KMCC. Takxe,
B Ka4eCTBE dKCIIepUMEeHTa ObUIH McToib30BaHbl aHHble MODIS. Hekotopsie
npuMepbl Kiaccudukarmu B cucteme BEI'A-Science nmokasansl Ha puc. 3a-B.

P u c. 3a. Pe3ynbTars! ki1accuukaniuym HEKOTOPHIX CTYTHUKOBBIX CHUMKOB
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B)

Puc. 36, B. Pe3ynbrarsl kitaccuukanuu HEKOTOPBHIX CTYTHUKOBBIX CHUMKOB:
a) MSI (10 m);

06) Ilpumep xmaccudpukammu PJIM C SAR IW. OOwmeneBmias 4yacTh He
BBIJICTICHA, 32 UCKIIFOUEHUEM KOHTYPOB pyciia peku Baxi

B) [Ipumep kmaccudukanmu caumka MODIS (250 m). Kpymabsie nukcenst
CHI)KAIOT TOYHOCTH BBIJEIICHUS
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CTOUT OTMETUTD, MPOILIEAIINE KIaCCU(PUKAIINIO TaHHBIE OTOUPAIOTCS
CyOBEKTHBHO, IO3TOMY OOJIBIIYIO POJb NPHU BKJIIOUYEHUU PE3YJIHTATOB B
UTOTOBBIN MPODUITH UTPAET IKCIIEPTHAS OIICHKA.

Ha npumepax puc. 3 (0, B) MoKa3aHbl pe3yibTaThl KiaccU(PpHUKAIIH
MapTOBCKUX CHHMMKOB C pa3HuUEd B 6 nHeld. MOXHO 3aMe€TUTh, YTO Ha
npuMepe puc. 3B JeTeKTHpOoBaHWEe oOmeneBiied dwactu Hypekckoro
BOJOXPaHWJIMILA TPOU3BEICHO HE3HAYUTENIbHO, B TOM BPEMs Ha ONTUYECKOM
CHUMKE cpeaHero pazpeiienus anmnapatrypsl MODIS Beienena Tojabko 4acThb,
3aHsTasg BojoN. Hapsimy ¢ 3TUM O4eHb XOpollue pe3ysibTaThl Jal0T CUCTEMBI
MSI, OLI-TIRS, Vegetation u KMCC. Ha puc. 4 mnpencrasieH
CpPaBHUTEJIbHBINA aHAIN3 UMEIOIIMXCS MMOKa3aTesneil Tpex npudopos, 6e3 yuera
KMCC, Tak kak pe3ylbTaThl MOCIECIHEr0 KOMILIEKCA MOTYT OBITh BKITFOUCHBI
TOJIbKO B BECEHHE-JIETHUW MEpUOJl M3-32 HEHOPMAaJIM30BAaHHOCTU JTAHHBIX
OCEHHE-3UMHETO MEePUO0/Ia, TPUXOASIINX B CUCTEMY W3 BHEIITHUX UCTOYHHUKOB.

NNOWAAHBIE NTOKASATE/NIXM OTHOCUTEABHO MSI

—MSI m OLI-TIRS [OL-5R) A PROBAV X Mror

9 300,00

9100,00

81500,00

s (N0 APYIOM ANNAPATYPE)

8 700,00

8 500,00

] o o o
of o0 ! ® o
P g %7 9™ o

=)

s (Ms1)

Puc. 4. CpaBHI/ITCHBHHﬁ aHaJu3 Mmokasarelnei CITYTHUKOBBIX CUCTCM

bbulo  yCTaHOBIEHO, YTO 3HAY€HUs, IOJIYYEHHbIE C Pa3HBIX
CIYTHUKOBBIX CHUCTEM, OTJIMYAIOTCA APYT OT Apyra MeHee, yem Ha 4% (<200
I'a), a 3HAUUT cOCTaBJIEHUE UTOTOBOTO MPOGUIS TUHAMUKH BOJHOTO 3epKajia
00BEKTa MOXKET MPOBOJUTHCSA MO COBOKYIMHOMY HaOOpy JaHHBIX. 3a 3TalOH
nokasareJs Opasiach mpsiMasi, CocTaBlieHHas U3 nokaszareneit MSI. Ha rpaduke
TaK)X€ OTMEUYEHBI TOYKH, BOILIEIINE B UTOTOBBIA TPODUIIH.

- 146 -



BecmHuk Tel'Y. Cepusi "eoepagpusi u [eoakonoaus". 2018. Ne 3

Takum oOpa3omM, pa3auvuMe B MOKa3aTeNIIX HE UTPacT CYNIECTBEHHOU
pONU TpU aHaNW3e MPOIECCOB HA BOAOXPAHWIHINEG, IUIOMIAb KOTOPOTO
MEHSETCS CYIIECTBEHHO OOJIbIIE, YeM JIOMyCTHMAas OTpenrHoCTh. OTHaKO 1Mo
muarpamme Ha Puc.5 BugHo, uyto mokazarenu MODIS ormmuarorcs ot
stanonHoro MSI u OLI-TIRS 6onee, yem Ha 4 nporenTa. CieqoBaTeNbHO,
pe3ynbraThl Knaccudukanuu o nanaeiM MODIS He MoryT OBITh BKITFOUEHBI
B UTOTOBBIN PS/I.

Mnowaak BogHOro 3epkana Hypekckoro BogoxpaHunuiia no gaHibim MODIS(250 m), OLI-
TIRS (30 m) u MSI (10 m) 32 2017 rog
® MODIS @ MSI 4 OLKTIRS
10000
& ? ? @
- : { Pe ]
L
L]
i
N 7500

3 —1
g @
2
B ) @

6250 s

* <@
L ]
CANA . .
’ W Wy
Darta

P u c. 5. CpaBHeHue nmokazarenei mpuOOPOB CPETHETO U BBICOKOTO
paspemenus st Hypekckoro Bogoxpanwiuma. [lorpemuocts MODIS
otHocuTenbHo OLI-TIRS u MSI npesbimaer 4%.

HtoroBelif npodusib JAMHAMUKA TJIOUIAJM BOAHOTO 3epkaia. B
pe3yabTaTe NPOBEJCHHON padOThl ObIIM ONPENEIEHbl CUCTEMBI, C OMOILBIO
KOTOpPBIX C JIOIYCTUMOW CTENEHBbIO IIOTPEIIHOCTU YOAETCsl IOJIydarh
KayeCTBEHHBIN MpOoQHIIb r0JI0BOM NUHAMUKH BOJIHOTO 3epkaia Hypekckoro
BojoxpaHmwmma. Cucremsl Bbicokoro paspemenuss MSI, OLI-TIRS u
Vegetation SBJISIOTCS ONTUMAIBHBIMU B COBOKYITHOCTH, TO €CTh JIOMOJIHSIOT
NoKa3aTenu JApyr Apyra 10 TOJHOro psana. B kadecTBe IOMOIHAOLIEH
CHUCTEMBl B BECEHHE-JIETHUH MEepHOJ]l JONYCTUMO HCIOJb30BAHWE CHHUMKOB
KMCC. Ha Puc. 6 nuzo0paxxena auarpamma, oToopakaromias Bce IoKa3aTeH,
MIOJTy9YECHHBIC TIPY UCTIOIB30BaHUM CXEMBI Ha pHUC. 2.
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JMEaMEKA NIOmMAIN BOAOXPAHNINMA - Bee nokazatean 3a 2017 roa

BKXMCC oMSI @OLITIRS APROBA-V

I

IL1omazas, I'a

-

Hara

Puc.é6. COBOKYHHOCTB BCCX ITOJIYUCHHBIX rnokasarejieit

CIIYTHHKOBBIX CUCTEM

Kak ObL10 OTMEYEHO paHee, OONBIIYIO pOJdb B (HOPMHUPOBAHUN
HUTOTOBOTO MPO(HIIS JMHAMUKH BOJHOTO 3epKajia HTPAET IKCIIEPTHAS OIICHKA.
Takum 00pa3oM, eci JaHHBIC OJHOM CHUCTEMbI OKAa3bIBAKOTCS JIY4IIE II0
MHEHHIO SKCIEPTa, TO UMEHHO OHU BKIIIOYAIOTCS B PE3YIBTHPYIOLIHNH rpaduk
nuHaMukd. Ha puc. 7 mpencraBieHa MTOroBas KpuBasi JTMHAMHKH BOJHOTO
3epkana Bojgoxpanuiuiia 3a 2017 roa. CTOUT OTMETUTH, YTO MOKA3aTENH 3a
MapT OBLIM MOJYYEHBI MMyTeM UHTEPIOJISAINH, TOCKOIBKY 9TO Cly4ail, Korjaa

IpU HeIoCTaTKe onThyeckux cHUMKOB PJIM m3o0paxenus

ANHAMHKY CE30HHOTI'O oOMeseHns 00BbEKTa.

HE OTpaKkaiu

TogoBas AHHAMHKA BOJHOrO 3€pKaja - HTOroBbie JanHbIe 32 2017

—4—IL10maas 3epKaia

10 000,00

8 000,00

7 500.00

ILromaas, TA

7000.00

6 000.00

5 500,00

5 000,00

Hdata

P u c. 7. UtoroBslii mpodiib TMHAMHUKY TUIOMIAIN BOTHOTO 3epKayia
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3akiroueHue

PazpaGorannas MeToMKa 00eCIeunBaeT BOSMOKHOCTD PETYISPHOTO
noJiyueHus: MHPOpMaAIMK O IUIOMAAX BOAHOM MoBepXHOCTH Hypekckoro
BOJIOXPaHWIMILA Ha OCHOBE JaHHBIX JEHCTBYIOIIMX CIYTHUKOBBIX CHUCTEM
HaOMoIeHus1 3eMJIM, C TOYHOCTBIO, JIOCTATOYHOM Ui OLIEHKH CE30HHBIX
M3MEHEHUH COCTOSIHUS BOJOXPaHWINIIA.

[Tono6nast MeToMKa MOXKET OBITh MCIOJIb30BaHa U JIJIsl OpraHU3aun
MOHUTOpPUHIAa JIPYTMX BOJOXPAHWIMI pPErMOHA HCCIeIoBaHui. B
NEPCIeKTUBE HA €€ OCHOBE MOXXET ObITh OpraHM30BaH MOHUTOPHUHT
BOJOXpaHWIMIL Baxmickoro kackanua.
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THE PECULIARITIES OF SATELLITE MONITORING OF VAKHSH
CASCADE BY THE EXAMPLE OF NUREK RESERVOIR

I.D. Mukhamedjanov !, E.A. Loupian 2, I.A. Uvarov ?

! Moscow State University, Moscow
2Space Research Institute RAS, Moscow

The paper describes the procedure of data acquisition in the organization
of satellite monitoring of water objects of the Vakhsh cascade on the example
of Nurek reservoir. Systems of remote sensing of the optical range with spatial
resolution from 10 to 250 meters are considered. According to the results of the
monitoring the graph expressing the dynamics of water surface area for 2017 is
represented and the systems being optimal in combination for remote sensing
of water reservoirs in zones with complex mountain terrain were found. Final
diagrams could be useful in finding seasonal correlation between the state of
water resources in the south and in the north-west of Uzbekistan, and also
between vegetation values and the growing season streamflow for a defined
period.

Keywords: Nurek reservoir, Vakhsh cascade, water reservoir, Rogun
hydroelectric power station, region, water resources, satellite monitoring,
spatial resolution, dam.
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