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B crarbe paccmoTpeHa MeToaMKa cOopa JaHHBIX TpPU  OpraHU3alHd
CILyTHUKOBOT'O MOHUTOPHHIA BOIHBIX O0BEKTOB BaxIckoro kackaga Ha mpuMepe
Hypekckoro Bogoxpanwiuiia. PaccmarpuBaroTcsi CHCTEMBI JAWUCTAHIMOHHOTO
30HAMPOBAHUA ONTHUYECKOrO AMANa3oHa C MPOCTPAaHCTBEHHOIO paspemieHus ot 10
mo 250 metpos. Ilo pe3ynmpraTam HaOIOIEHUI MMOCTPOCHBI MPO(HUIN TUHAMUKA
IUIOIIAIN BOAHOTO 3epKana 3a 2017 rog v BEISBIEHBI OITUMANIBHBIE B COBOKYITHOCTH
CHUCTCMbI IJI1 MOHUTOpPUHI'Aa BOAOXPAHWIMIL B MECTHOCTHU CO CJIOKHBIM T'OPHBIM
penbedom. Mtoroeeie npodmiin MOTYT OBITH TOJIE3HBI TIPU BBISIBJICHUU CE30HHOM
KOPPEJSIIMUA MEXIy COCTOSHHEM BOAHBIX PECYpCOB Ha IOT€ M CEBEpO-3amaje
VY30ekucrana, a TakKe MPH aHAIW3€ 3aBUCHMOCTEH BEreTallMOHHBIX WHIIEKCOB OT
00BEMOB PEYHOT0 CTOKA 33 OTACIHHO B3SITHIN CE30H.

Knroueswvie cnosa: Hypexckoe goooxpanunuue, Baxuickuii kackao, Poeynckas
IDC, pecuon, pecypcwl, CHYMHUKOBbIL MOHUMOPUHZ, NPOCMPAHCMBEHHOE
paspewienue, nIoMuHa.

OcHoBYy BOJHBIX pecypcoB CpenHeil A3UM COCTABIISAIOT JBE KPYIIHBIE
pexu — Coiprapbs © Amynapbs. B I0KHBIX M ceBepo-3almagHbIX pailoHax
V36ekucrana, B  ocobenHoctn  Kamkamapbunckoif,  Xope3McKoii,
CypxanmapbuHckoit obmactsax, Pecryonuke KapakanmakcTan HaOmromgaeTcs
neguuuT mpecHoil Boabl. B CBA3M C 3TMM KpaiiHE Ba)XXHO PETYISPHO
KOHTPOJIMPOBAaTh COCTOSIHME BOJBI B peKax U BOAHBIX 00OBbekTax. OCHOBHOM
BOJIHOM apTepHei I 3TUX 30H sBIsETCA peka AMyAaphbs, 00pa3yromascs npu
ciusiunu pek Baxmn u [Taamx. [lepBas 6eper uctoku Ha [lamupe, B paiione
nuka uM. E. KopkeneBckoil. B HacTosiIiee Bpems Ha peke BelyTcst paboThl 110
CTPOUTENLCTBY 00BEKTOB Baxmickoro kackaga (cucrema [DC wu
BojoXpaHwuiy). Huke mo TedeHuto, Ha Tepputopun TapKUKHUCTaHA,
pacnonaraercss Hypekckoe BoJoXpaHWIMIIE, HA KOTOPOM 3alylaHUPOBAHO
CTPOUTENBCTBO 335-MeTpOoBOM MIOTHUHBI [1].

Teppurtopus Pecriybnuku Y30ekucTaH pacmoiiokeHa B IEHTPaTbHOU
yactu CpenHeil A3um W BriIouyaeT B ceOs OOJNbIIYI0 YacTh OBIBILIETO
ApalibcKoro Mopsi, KOTOpO€ CTPEMHUTENbHO ycbixaeT yxke Ooznee 30 nert.
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Boanbie pecypchsl CTpaHbl U3 TO/1a B TOJ] IPETEPIIEBAIOT sl U3MEHEHHIA, UeMy
CIIOCOOCTBYET reorpauueckoe pacroioKeHUE OCHOBHBIX BOJHBIX apTEpHH,
pex Coipiapbu 1 AMyiapbu.

Pexa AMynapes — BTOpas 1o JUIMHE U camasi IoJIHOBoAHas B CpenHei
A3zuun. CBoe Ha3BaHue AMyNapbs peKa MojaydyaeT nocjie causHus pex [LsaHmk
u Baxm [3]. IlepBast Geper ucTtoku Ha ckioHax [ MHAyKymna, BTopas — Ha
[Tamupe, B paiione nuka umenu E. KopykeneBckoil. B cuimy ocobGennocrei
pacroyiokeHus rpaHul] Y30ekucrana, AMyaaphbs, HaUWHAs CBOE TEUCHHUE Ha
tepputopun  TaKUKHCTaHa, NPOTEKaeT BAOIb  Y30€KCKO-a(raHCKoi
TpaHMIIBI, 3aTEM 0 TeppUTOpUHU TypKMEHHCTaHa, MOCJe Yero IMomajgacT Ha
tepputoputo Pecydnuku Y30ekucraH.

TakuMm oOpa3om, BOAHbBIE pecypchl Y30eKHCTaHa BO MHOT'OM 3aBHUCST
OT YIpaBJICHHS BOJAMU PEK COCEHUMU rocyaapctsamu. [Ipu sToM He Beerna
€CTh JOCTYI K TEPPUTOPHH, Ha KOTOPOH PaCIIONOKEeHbI 00BEKTHI KOHTPOIISL. B
TaKOM CUTYallMd TEXHOJIOTMH JUCTAHIIMOHHOTO 30HaupoBanusa 3emin (/33)
MOTYT IMPEJOCTaBUTh YHUKAJIbHYIO BO3MOKHOCTh IOJIy4€HHUs] 00BEKTHBHOIM,
HE3aBUCHMON HH(pOpMaIMK, KOTOpas OTPAKACT aKTyalbHYI0 OOCTaHOBKY
THJIPOPECYPCOB.

Opranus3anust KOHTPOJISA BOAHBIX PeCypPCOB NPH MOMOLIH

TeXHOJIOTHIl CIIyTHUKOBOT0O MOHUTOPHHIA

Ha puc. 1 kxpacHbIM KOHTYpOM OTOOpa)KE€HBI TPOOJIEMHBIE 30H CTPaHbI
C TOYKH 3PEHUS COCTOSIHUS BOJAHBIX PECYPCOB.

#  _ wBETA-Science
% Bpen opvmpoparmen 15:17

P u c. 1. Komno3uTHOE CIyTHUKOBOE U300pakeHHE TEPPUTOPUHN
V36ekucrana 1 4acTu COCETHUX TOCYAApPCTB
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JlaHHOE€  CIYTHHKOBOE H300pakeHHE SABISETCA  KOMIIO3UTHBIM
CHHUMKOM, IOJy4YeHHbIM B MHCTHTYTEe KOcMuueckux uccienoBanuii PAH u
noctymHoM B ciiyTHUKOBOM cepBuce BEI'A-Science (http://sci-vega.ru/) [6].

Jia  peuieHHss MHOTHUX 3aJad MOHMTOPHUHTa 3E€MHOIO IOKpPOBa
UCTIOJB3YIOTCSl OYMIIEHHBIE OT BIUSHHUS OOJAKOB M JPYIMX MEMIAIOLINX
(bakTOpoB KOMIO3UTHBIE M300pakeHusl, (popMHUpyeMble Ha OCHOBE JTaHHBIX
CIYTHHKOBBIX HAONIOJACHWN 3a OIpelesieHHble HMHTEPBaJbl BPEMEHHU.
KomnosutHoe wu300paxenune Ha puc.l — pe3ynpraT OecIIOBHOTO
IPEJICTaBICHNUs]  CIYTHUKOBBIX  JAHHBIX  CIIyTHUKOBOH  KOMIUIEKCOB
cryTHUKOBOM anmaparypsl Landsat-TM/ETM+/OLI [7].

BO3MOXHOCTH COYTHUKOBBIX CHUCTEM JUIi MOHUTOPUHIA BOJHBIX
pecypcoB. CerogHsi Ha OKOJIO3€MHOW OpOHTE HAXOAUTCS MHOKECTBO
CIIyTHHUKOB C YCTaHOBJICHHOW Ha HHUX anmaparypod pas3jIM4HOro
MPOCTPAHCTBEHHOTO M BPEMEHHOTO pa3pelieHHus U CHEKTPaJbHBIMU
XapakTepucTuKkaMu. YacTtora U MpPOCTPAaHCTBEHHOE pa3pellieHUE 3aBUCIT OT
YHclia anmapaToB B OpOUTAIBHON TPYIIIUPOBKE.

[Ipu orieHKe COCTOSIHUS BOJHBIX pecypcoB Tepputopuu Cpenneit Azun
C TMOMOIIM TEXHOJOTMH CHYTHUKOBOTO MOHHUTOPHHTA, HEOOXOIUMO
YUUTBIBATh pa3Mep BOAHBIX 00BEKTOB. B nmaHHO# pabore Oonmbpimii pazmep
nukcena npudopoB cpennero paspemenus MODIS (KA Terra u Aqua) u
AVHRR (KA NOAA) nenaet BbIJIeIIEHUE TIOBEPXHOCTH BOJBI B IPUOPEIKHON
30HE 6osiee rpyObIM, UTO TPUBOJUT K 3aHMKEHHUIO OLIEHOK IJIOLIAJ1 BOJHOTO
3epkaia BojoxpaHwmia 1no cpaBHeHuto ¢ npudbopamu OLI-TIRS u MSI.
Janee sTto Oymer moka3aHo Ha auarpamme (puc. 4) mpu oOCYKIESHUH
MIOJIyYEHHBIX PE3YyIbTaTOB.

3a4acTyl0 TOJNYYEHHUIO TIOJHOTO psifa CHYTHUKOBBIX JaHHBIX
IPENSITCTBYIOT IIOTOJIHbIE YCIIOBUS. B 3TOM citydae He0OX0AMMbIE TaHHBIE 00
00BEKTE MOT'YT OBITh ITOJIYYEHBI C IIOMOLIBIO PaIMOMETPA C CAHTE3UPOBAHHON
aneptypoit (PCA), C_ SAR _IW, ycranosnennas Ha KA SENTINEL-1A u -1B
[17]. OcoOeHHOCThIO PATMOMETPUUECKUX JAHHBIX SIBIISETCS HE3aBUCHUMOCTh
OT MOTOJHBIX YCIOBUU. Jlaske MpH CUIIbHOM O0JIAYHOCTH U B HOYHOE BpEMs
CYTOK paauoiokannoHHoe nzoopaxenue (PJIM) nonyuaercs kaueCTBEHHBIM U
BbIcoKoro paspemienus (10 m) [17]. OnqHako HEKOTOPYIO CIIOKHOCTD BbI3bIBAET
oOpazyromuiics B cuily (U3MUECKUX OCOOEHHOCTEH CKaHUpYrOIen
anmnaparypbl CHEKJ-IIYM, 3PUTEIBHO MPOSIBISIOMINNACA KaK 3€pHUCTOCTD
n300pakeHNsl ¥ MPENATCTBYIOIINI BRISBICHUIO OHOPOIHBIX Ki1accoB. CTouT
OTMETUTh, YTO MPOCMOTP PAAUOIOKAIIMOHHOTO H300pa’k€HUs OTIEIbHO B
BEPTUKAJIbHOM, TOPU30HTANBHON WM MEpeKpecTHOW Mospu3aluu (CUHTE3
NEPBBIX JBYX) MO3BOJIAET JIETEKTUPOBATH PA3JIMYHbIE OOBEKTHI U SIBICHUSA
pa3ian4HoOi npuponsl [4].

HaulGonpiiee mpocTpaHCTBEHHOE pa3pelieHue W3 O0OIIeOCTYITHBIX
ontuueckux cucreM umeer MSI (KA SENTINEL-2A u -2B) [16],
CKaHupyrowas annaparypa ¢ 10-meTpoBsIM paspemieHuemM kaHanos B2 (490
HM), B3 (560 um), B4 (665 um) u B8 (842 um). [lepuoanuHocTh CheMKU
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00JIaCTH MHTEPECOB cocTaBisieT 5 aHei. HecMOTpss Ha MOBONBHO BBICOKOE
BPEMEHHOE pa3pellieHre, TEPPUTOPHUSI BOJHOTO OOBEKTa YacTO MOXKET ObITh
MOKpbITa OOJlakaMH, B pe3yibTare psija HaONMIOJEHUI MOXKET oOKas3aTbes
HEMOJIHBIM U PEryJspHOCTh HAPYLIUTCS U, KaK CIEACTBUE, CTATUCTHYECKHE
HaOmoaeHuss OyJaeT UMeTh mpoOenbl. s Toro, 4yToObl KOMIIEHCHPOBATH
HEeJOoCTaloUe HaOMI0IeHUs] TUAPOOObEKTa, BBIOMpAETCS HHAsl JOCTYIHAs
CHCTEMa ONTHYECKOT'0 JMaIia3oHa ¢ 00Jiee HU3KUM pa3pellieHUEM.

B cepsuce BEI'A-Science Takumu cuctremamu sBisitoTcst OLI-TIRS u
OLI-SR (KA Landsat-8) pa3pemenus 30 merpos [18], KMCC (KA Meteop-
M Nel, -M Ne2) ¢ mpocTpaHCTBEHHOW pa3pelarlieid crnocooHocTeio 60-120
MerpoB. Jlanubie cuctempr OLI-TIRS (OLI-SR) B cepBuce BET'A
UCIONB3YIOTCSA Sl pEelIeHHUs pPa3IMYHBIX 3aJady, B TOM UHCIE
KapTorpagupoBaHusl pa3IMYHBIX OOBEKTOB, Hampumep, rapeii [9]. Cepsuc
TaKk)Ke pacrojaraeT apXuBaMH JaHHBIX CIIyTHHKOBOro mpubopa Vegetation,
YCTaHOBJIEHHOTO Ha eBpormeilickoM crmytHuke PROBA-V. Vegetation nmeer
paspemenue 100 merpoB, uto 3ameTHO MeHbine MSI. Opnako, kak Oyzaer
[IOKa3aHOo Jajiee, Takas pa3HHIlA HE OKa3blBaeT CYLIECTBEHHOI'O BIIMSHHUS Ha
(hopMUpOBaHKHE UTOTOBOTO MPOQUIIL JUHAMUKHI BOJOXPAHHIIUIII.

MeToauka uccje10BaHuA

Cepruc BEI'A-Science kak OCHOBHOW MHCTPYMEHT Juis paOoThl. J{is
OpraHM3ally PEryIIpHOr0 MOHUTOPUHTA W aHallM3a COCTOSHUS BOJHBIX
00BEKTOB HEOOXOIUM MHCTPYMEHT JJIsi pabOThl C MHOTOJIETHUMHU apXHUBaMHU
JAHHBIX PA3NUYHBIX CIIYTHUKOBBIX CHUCTEM. TakuM MHCTPYMEHTOM SBISETCS
cepuc BEI'A-Science, pa3paboTaHHBIN M ToqAepKUBacMblid MHCTUTYTOM
KOCMHMUYECKUX uccienoBanuii Poccuiickoit akagemuun Hayk. BE['A sBnsercs
onHOM u3 cucteM, GpyHkiuonupyromen Ha 6aze LIKIT «MKU-Mouutopunry.
ObecnieunBas JOCTYI K CIIyTHUKOBBIM CHUMKaM OoJee, uem 3a 20 set, BEI'A-
Science umeer muUpokui (QYHKIIMOHAN, KOTOPOTO BIOJHE JOCTATOYHO JIS
MIPOBE/ICHUS] MOHUTOPHUHIA Pa3IMYHbIX OOBEKTOB U siBJIeHUH. [[ns ynoOcTBa
oToOpakeHUs1 MHGOpMaluUsl TPYyHIUpPyeTcs MO BHAAM HH(POPMAIIMOHHBIX
MPOYKTOB, BKJIIOYAasl: CITyTHUKOBBIE aHHBIE BhICOKOTO (Landsat-TM/ETM) u
CpeIHero (MODIS) IIPOCTPAHCTBEHHOT O paspelnieHus,
CEJIbCKOXO351ICTBEHHbBIE 3eMJIH, neca, MPUPOIHBIE MOXKAapHI,
MeTeoposiornyeckass M kaprorpaguyeckas uHpopmanug. HMHCTpyMeHTHI
aHanM3a JaHHBIX B cocTaBe cepBuca BEI'A obecneunBaror creayromue
(G yHKIIMOHATIbHBIE BO3MOXKHOCTH [11]:

— KOMIUIEKCHBIM ~ aHaJdM3 CHYTHUKOBBIX JAHHBIX  Pa3JIMYHOTO
MPOCTPAHCTBEHHBIE  pa3pelieHusi W pe3yabTaTOB HX  00palbOTKH,
KapTorpaguueckux U aTpuOyTHUBHBIX JTaHHBIX;

— OLIEHKa MHOTOJIETHEW JWHAMUKH CIEKTPaJbHOIO BEreTalMOHHOIO
MHJIEKCA /7S ONIPEEIEHNs IPUYMH U BPEMEHU U3MEHEHUH B JI€cax;
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— MOAIePKKa U OOHOBIIEHUE 0a3bl JAHHBIX KOHTYPOB U XapaKTEPUCTHK
JIECHBIX Y4YacTKOB i 0O0ecrnedyeHus BO3MOXHOCTH MOHUTOPUHIA UX
COCTOSIHUS;

— TreouH(OPMAIMOHHBIN aHAJIN3 CTYTHUKOBBIX JAaHHBIX BO BPEMEHH U
MIPOCTPAHCTBE;

— OLEHKAa CTAaTUCTUKU U (QOPMHUPOBAHUE aAHAIUTUYECKUX (OpM,
XapaKTEePU3YIOLIUX COCTOSHUE JIECOB Ha 3aJJaHHBIX y4acTKaxX.

OcHoBHO#l 3amauedt cucteMbl BEI'A sBisercs mnpenocTaBieHue
MOJIb30BaTeNsIM  yIOOHOTO  yAAJEHHOrO0  JIOCTyla K  TIOCTOSTHHO
MOMOJHSIOMIMMCS ~ apXUBaM  CIYTHUKOBBIX  JaHHBIX W Pa3IMYHBIM
WH(OPMAIIMOHHBIM TPOAYKTAaM, TOJy4aeMbIM HAa WX OCHOBE. [Ipu 3TOM
MOJIb30BATESIM CHCTEMBI TMPEIOCTABISAIOTCS HE TOJbKO BO3MOKHOCTH
y100HOTO OUCKA, HO U pa3JInyHble HHCTPYMEHTHI JIJIs ee aHanu3a [12].

[Ipu c6ope nanHBIX M HOPMHUPOBAHUHM Psijia HAOIIOICHUH O0BEKTOB, B
0COOEGHHOCTH CO  CJOXHBIM  penbedom, OONbHIyI0O  poOJb  UTpaer
JOJTOBPEMEHHOE XpaHEHHe uMelolleiicss uHpOopMaluu Ha cepBepe Hu
MIOJIyYEHHUE aKTyaJIbHOM.

OneHKa COCTOSHUS BOAHBIX OOBEKTOB PAa3IMYHBIMU CUCTEMAMH.
[TomydeHHBIN  psii  JaHHBIX  CIYTHUKOBBIX CHHUMKOB  I1OJIBEPraeTcs
nanpHelmein oOpaborke. J[as OLEHKM TMJIOMAAM BOJHBIX OOBEKTOB
MPUMEHSICTCS Kaccu(UKAIMs JTaHHBIX HAa OCHOBE CIEKTPAIbHOU SPKOCTH.
Bo3MokHO HCTIONB30BaHE KaK alTOPUTMOB 00ydaeMo KiIaccupuKaum, Tak
1 HeoOyuyaeMoil. B mepBoM citydae oOy4aroiiasi BHIOOpKa J0HKHA COJIEPIKATh
o0pa3iibl MHUKCeNel, OTHOCSIUXCS K KinaccaM "Boja" u "cyma". Bo BTopoM
ClIy4yae aJlfOPUTM aBTOMATUUECKH BBIJIEISAET 3aJJaHHOE YMCIIO KJIACTEPOB, a UX
nocjenyromas rpylnmnupoBKa B HWTOTOBble Kiaccel '"Bojxa" u  "cyma'
IPOUCXOOUT ¢ ydacTueM oskcreprta. Ilomxon, paccMoTpeHHbI B pabore,
OCHOBaH Ha CXeMe TMPOBEACHUsI KapTorpadupoBaHUs, HUCHOIB3YIOIICH
HEKOHTPOJIUPYEMYIO KJIACCU(PUKAIMIO, TPUHIUI OpPraHU3alMh KOTOPOH
nopoOHo omnucad B [9]. OcHOBHas Hlies NTaHHOTO TMOIXO0J]a 3aKIII0YaeTCs B
TOM, 4YTOOBI 3aMEHHTHh BU3yaJIbHOE OKOHTYpUBaHHE OOBEKTA aHAIU30M
pe3yNbTaTOB KIacCH(PHUKAIIUHU, KOTOpasi B KOHEYHOM UTOTE CBOJUTCS K BBIOOPY
W3 JIOCTATOYHO OTPAHUYCHHOTO YMCIIa KIJIACCOB TEX, KOTOPHIE OTHOCATCS K
rapu [9]. Pemenue 3amaum ompeseneHus MoOUAAU OOBEKTOB B CHUCTEME
BET'A-Science BKJIIOYaET CJIEIYIONTHME OCHOBHBIC JTAIIbI:

e BbIOOp OOBEKTA;

e BBIOOpP JTAHHBIX BBICOKOTO Pa3peIICHNUS;

® UHTEpPaKTUBHOE  OKOHTYPUBAaHHE C  HCIOJIb30BAaHUEM
MpoIeAypHI KilaccuPpuKaium,

e UHTEpaKkTUBHAas  MPOBEPKA  KOPPEKTHOCTH  MPOBEICHUS
okoHTypuBaHwus [11].

OO0OpaboTka  TOMYYEHHBIX  JIAHHBIX  JUISL  OIEHKW  TUIOIIAIN
BofoxpaHuwinil. OCHOBHBIM IMOKAa3aTeJeM JUIsl CIIyTHUKOBOIO MOHUTOpPHUHIA
BOJIOXPAHWIHII TpeJJiaraeTcsi BbIOpaTh IUIOMIAJb BOJHOTO 3€pKaja,
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MOCKOJBbKY ¢ mo3unuu 33 3TOT psij M3MEpPEHUN 3TOTO MapameTpa MOXKET
ObITh HanboJiee MOJHBIM U TOYHBIM.

[TocTpoeHuss AMHAMHUKH BOJHOTO 3€pKajla HadyMHAeTCs C BBIOOpa
CIYTHUKOBBIX H300pa’KeHU I HAMITY4IIEro Ka4yecTBa C JOCTYIMHBIX ONTHYECKIX
U PaJuoJIOKAIIMOHHBIX CHUMKOB. MccnenoBaHue MeXCE30HHOW TUHAMUKHU
MO/Ipa3yMeBaeT HaJIM4YUE JAaHHBIX NMPUEMIIEMOTO KadyecTBa OJUH-/Ba pas3a B
Mecsll, J1aTbl B TE€UEHHE TroJia JIOJDKHBI HUITU € 4yacToTod B 25-30 nHeil.
CryTHHKOBBIE CHUMKHU B KaXKIOM Mecsie o0padaThIBalOTCs COrJIaCHO OJIOK-
CXEMe€ Ha puc. 2.

CxemMa ONKMCBHIBAET aJTOPUTM TOJYYEHHUS] HTOTOBOro Mpoduiist
JUHAMUKH BOJIHOTO 3€pKajia BOJOXPAaHUJIUIIA, KOTOPHIN MPUHUMAET HA BXOJ]
MHO>KECTBO CHHMKOB OITHYECKOro nauamna3zoHa. Ecim 3a Kakue-TO JaThl
OTCYTCTBYIOT JIaHHBIC TOJXOJISAIIETO KauecTBa U pa3pelieHus, HEOOXOIMMO
Bocnonb3oBatecsi PJIV 3a 3Ty natel. B GonpIIMHCTBE CilydaeB MHOXECTBO
CHUMKOB, TIOJIYYCHHBIX TAKMM METOJO0M, 00pa3yeT MOJHBIN Pl 10 MECSIaMm.
Hanee, nockonbky PJIM moaBep:keHbl BIUSHUIO CHEKI-IIyMa, HEOOXOIUMO
MIPUMEHHTD aJITOPUTMBI (PHITETPALIHH.

Knaccudukanus Ha CHHUMKaxX ONTHYECKOTO AMAria3oHa — OAUH U3
HanboJee yaauHbIX METOJIOB BBIZCIICHHS BOAHOTO 3epkania. OHaKo B ciydae
pacmooXKeHusi 00beKTa B TOPHOM MECTHOCTH, BO3HUKAET CYIIECTBEHHOE
BiusHue TeHed. CrexkTpalibHas SApPKOCTh 3aTEHEHHBIX YYacTKOB CYIIHU
MpUOIIKAETCS K SPKOCTU BOJHOM MOBEPXHOCTH, B PE3yJIbTaTe YEro MUKCENb
Oyner oTHeCEH K HEBEpPHOMY Kiaccy (cyma K Bojae Wiau HaoOopot). Bo
n30exaHue TaKkuX OIIMOOK NpU KiIaccu(UKAIMK MPUMEHSETCS alTOpPUTM
Tonorpauueckoil  KOPPEKIMHU, KOTOPbIH BOCCTAHABIMBATH 3HAUCHUS
OTpa)kaTeIbHOU CIOCOOHOCTH 3aTCHEHHBIX YUACTKOB.

Kak Ob110 cka3zano Beimie, PJIV He 3aBHCHUT OT MOTOTHBIX YCIOBHHA. Tem
HE MeHee Kiaccu(UKaIus y9acTKOB TaKOTO CHUMKA JIaeT BEChMa CEepPhE3HBIC
MOTPEIIHOCTH MPU HAJIMYUU MPUBOAHOIO BeTpa. PsiOb, oOpazyemas B 3TOM
Clly4ya€ Ha BOJHOM 3€pKaje, MEHSET SpPKOCTb IHUKCEJIEeH IOIYyTOHOBOTO
n300paxeHus (IMUKCeNb MUMEET OJUH U3 256 OTTEHKOB CEporo IBeTa) U
KJaccupUKaTOp OTHOCUT MUKCENH K HeBepHOMY Kkiaccy. Kpome toro, PJIU He
MO3BOJIIET ~ AJNTOPUTMY  KiaccupuKanuu 0e3 00ydeHus OmpenenuTh
oOMerneBIIre ydacTKu Bojoxpanunuil (puc. 3 6, B). Teopernuecku, gaHHAS
po6sieMa MOKET ObITh peleHa myTeM GopMupoBaHus oOydaroieil BBIOOpKH
M0 ONTHYECKOMY CHHUMKY 3a ONHM3KYyI JaTy — JBYX TPYII MHKCeNeH,
OTIPEIEIAIONINX BOAY U Ccymny. [IpakTHyecku k€ MOXKET OKa3aThCsl, UTO JaKe
OOJBIIOTO YHCIIa THKCENed MOXKET OKa3aThCS HEJOCTATOYHO IS
kinaccudukaropa. Takum o6pazom, PJIN He MoxkeT OBITH UCTIOIB30BAHO TIPH
JETEeKTUPOBAHUU OOMENEBIINX YIaCTKOB BOJAHBIX OOBEKTOB.
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P u c. 2. O0mias cxema 0OpabOTKU JaHHBIX AJIs OLIEHKH TIOIIAIN
BOJIOXPaHHJTHIIL

Knaccudpukanys onTHUECKUX CHUMKOB 0€3  IpeaBapUTEIbHOMN
00paboTKM He Bcerjga JaeT KOppeKTHbIE pe3yibTarhl. Ilpumepom Moryt
CIIY’)KMTb JJaHHBIE BeceHHe-3uMHero nepuoza anmnaparypsl KMCC. OnbITHBIM
nyreM ObIJIO yCTAaHOBJEHO, 4YTO CIIyTHUKOBbIE H300pa’keHHs TOpHOU
MeCTHOCTH, Toydaembie ¢ ceHcopa KMCC, nomKHBI TOABEPraThCst
IpeBapUTeIbHOW HOPMATU3aIMH, YTO CIIOCOOCTBYET MOBBIIIEHUIO TOYHOCTH
pH KJ1acCu(UKALUK YYACTKOB BOJIHBIX OOBEKTOB CO CII0KHBIM PEIbePOM.

JUist ONTHYECKUX JaHHBIX HEOOXOIMMO MPOBECTH ONEPAIH LIBETOBOM
KOPPEeKIIMM H BBIOpaTh KaHAIBl A KiacCUpUKAIUU (11T  BUIUMOTO
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Jrarna3oHa Kaxabli CEHCOp MMeeT COOCTBEHHBIC KaHabl). [loaroToBieHHbIE
JaHHbIE MO/BEpraroTcs HeoOydyaeMoil KiacCH(pUKalUU C 3aJaHHBIM YHCIOM
kiactepoB N. Ecnu monbs3oBaTenb (3KCHEPT) CYUTACT, YTO KIIACCUPUKALIUS
ObL1a poBeJeHa HEYIayHO, CIeAYeT YBEIMYUTh YUCIO KIACTEPOB AJIs TOTO,
9TOOBI TOBBICUTH PA3ICTUMOCTh MUKCENCH, U TIOBTOPHUTH KIIACCU(DHUKAIIUIO.
OnucaHHble ACHUCTBHUS MPOU3BOJATCS CO CHUMKAMHM 3a KaXabld Mecsi. B
pe3yiabTaTe TAKOTO TMOJAXO0Ja MOXHO  ONpENeIuTh, Kakas  4acTh
BOJIOXPaHWJIUIIA 3aHSATa BOJOM.

Pe3yabTaTsl M 00Cy:KICHUE

OcOoOeHHOCTH TOKa3aTeneld pa3auyHbIX cucTeM s Hypekckoro
Bogoxpanuinima. CocrosHue HypekCckoro BOAOXPAaHMIIMINA MMEET BAKHOE
3HaYeHHWE TPU OLIEHKE BOJOXO3SMCTBEHHONW OOCTaHOBKM Y30€KHCTaHa W
TEPPUTOPUI COCETHUX rocynapcTB. [ MIPOOOBEKT SIBIIAETCS CaMbIM BEPXHUM
COOpy)KeHMEM Ha Baximickom Kkackazne, COCTOSIIMM M3 HECKOJIBKHX
BojoxpaHmwiy u cemu JerctByromux ['DC. Ha puc. 1 Hypekckoe
BOJIOXpAHWIHIIE OOBEJICHO CHHUM KOHTYpoM. B Xome wuccienoBanus
corylacHo cxeme (puc. 2) 6puin 00paboTaHbl CIIyTHUKOBbIE JaHHbIe 3a 2017 T.
[Ipu 5TOM OBUTM HWCHONB30BaHBI CITYTHUKOBBIE CHUMKH ceHcopoB OLI-
TIRS(OLI-SR), MSI, C_SAR_IW, Vegetation (PROBA-V), KMCC. Takxe,
B KaUeCTBE IKCIIEPUMEHTA OBLIN HCIoNIb3oBanbl nanasie MODIS. HekoTopsie
npuMepsl kinaccudukanuu B cucreme BEI'A-Science nokasansl Ha puc. 3a-B.

Puc. 3a. Pe3y.]'IBTaTBI KJIaCCI/I(I)I/IKaI_II/II/I HCEKOTOPLBIX CIYTHUKOBBIX CHUMKOB
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B)

Puc. 36, B. PC3YJ'ILTaTBI KJ'IaCCI/I(l)I/IKaIII/II/I HEKOTOPBIX CIIYTHUKOBBIX CHUMKOB:
a) MSI (10 m);

0) Ilpumep knaccupukanuu PJIM C _SAR IW. OOmeneBmias 4dacTe He
BBIJICTICHA, 32 HCKIIFOUEHUEM KOHTYPOB pycia peku Baxmr

B) Ilpumep knaccupukanumm caumka MODIS (250 m). KpynHble nukcemnst
CHI)KAIOT TOYHOCTH BBIJICTICHHS
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CTOUT OTMETHUTD, MPOIICIINE KIACCU(PUKAIUIO TaHHBIE OTOMPAIOTCS
CyOBEKTUBHO, MO3TOMY OOJBIIYI0 pPOJIb MPH BKJIIOYEHUU DPE3YyJIbTATOB B
WTOTOBBIN MPO(QUIIb UTPAET IKCIIEPTHAS OLICHKA.

Ha nmpumepax puc. 3 (0, B) mokazaHbl pe3ysibTaThl KIACCH(PUKAINH
MapTOBCKMX CHUMKOB € pasHuueil B 6 nHeidl. MoXHO 3aMeTHThb, YTO Ha
npuMmepe puc. 3B JeTekTHpoBaHue oOmeneBmield uactu Hypekckoro
BOJOXPAaHMJIMILA [TPOU3BEAECHO HE3HAYUTENIBHO, B TOM BPEMs Ha ONTUYECKOM
CHUMKE cpefiHero paspernieHus anmnaparypsl MODIS BbiziesieHa TOIBKO 4acTh,
3aHsTasg BojoM. Hapsiay ¢ 3TUM O4eHb XOpolIue pe3ysibTaThl JAl0T CUCTEMBI
MSI, OLI-TIRS, Vegetation u KMCC. Ha puc. 4 npencraBieH
CpaBHUTEIBHBIN aHATN3 UMEIOIIUXCS MOKa3aTeneil Tpex mpudopos, 6e3 yuera
KMCC, Tak kak pe3yJabTaThl MOCICIHET0 KOMILJIEKCa MOTYT OBITh BKIIOUEHBI
TOJIbKO B BECEHHE-JIETHUN IEpPHOJ H3-3a HEHOPMAIW30BAHHOCTH JaHHbIX
OCEHHE-3UMHET0 Nepro/ia, MPUXOAIINX B CHCTEMY U3 BHEIIHUX UCTOYHHUKOB.

NMAOWAALHDBIE MOKASATE/IM OTHOCUTE/IDHO MSI

—MSI W OLI-TIRS (OL-SR) A PROBAV X Mror

9 300,00

5 100,00

8 900,00

s (Mo [PYroi ANMAPATYPE)

8 700,00

2

0
C)O

s (msl)

P u c. 4. CpaBHUTENbHBIN aHAJIN3 [TOKA3aTeNEH CIyTHUKOBBIX CUCTEM

bbulO  yCTaHOBIEHO, YTO 3HAYEHUs, IIOIYYEHHbIE C Pa3HBIX
CIyTHUKOBBIX CHCTEM, OTJIMYAIOTCS JIPYT OT Apyra meHee, ueM Ha 4% (<200
I'a), a 3HAUUT coCTaBlIEHUE UTOTOBOTO MPOMUIIS TUHAMUKH BOJHOIO 3epKalia
00BEKTa MOXKET MPOBOJUTHCS MO COBOKYITHOMY HA0OpYy JaHHBIX. 3a 3TaJOH
nokasares Opayiach mpsiMasi, cocTaBlieHHas U3 nokaszareneid MSI. Ha rpaguke
TaK)k€ OTMEUYEHBI TOYKH, BOILIEIINE B UTOTOBBIA TPODUIIH.
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Takum o0pa3om, paznuyre B MOKA3aTeNsX HE UTPAeT CYIIECTBEHHOM
pOJIM TpU aHaJM3€ TPOIECCOB HA BOJOXPAHWIIHUIIE, IUIONIAAh KOTOPOTO
MEHSIETCS CYIIIECTBEHHO OOJIbIIE, YeM JOMYCTHMAsl MOrPerHOCTh. OTHAKO 110
nuarpaMmme Ha Puc.5 Buano, yto mnokaszarenn MODIS oTiauyarorcss ot
stamorHoro MSI u OLI-TIRS 6onee, yem Ha 4 mporeHTa. CrienoBaTenbHO,
pe3ynbTaThl Kiaaccudukauu mo nanabiM MODIS He MoryT OBITh BKIIFOUCHBI
B UTOTOBBIN PS/I.

Mnowagb BoaHoOro 3epkana Hypekckoro sogoxpaHunuiua no aaHHbim MODIS(250 m), OLI-
TIRS (30 m) u MSI (10 m) 32 2017 rog
® MODIS @ MSI 4 OLLTIRS
10000
= ] @&
0 : - * ‘ :
*
@

2
g o000 ‘
@ @
g @
S
= - °

6250 s

@
* *
=ARA . .
o ¢ W' |
Oata

P u c. 5. CpaBHeHue noka3zateneil mpuOOpPOB CpeTHETO U BHICOKOTO
paspemenus 1 Hypekckoro Bogoxpanunuia. [Torpemmrnocts MODIS
otHocuTenbHO OLI-TIRS u MSI npesbiaer 4%.

UtoroBeld mipoduiab JAMHAMUKYA IUIONIAJIA BOJIHOTO 3epkana. B
pe3ynbTaTe MPOBEACHHON pabOThl OBLIIM OMPEIEICHBI CUCTEMBI, C TIOMOIIBIO
KOTOPBIX C JIOMYCTUMOM CTEMEHBIO TMOTPENIHOCTH YIAETCs TMOJIydaTh
KaueCTBEHHBIA MPOQUIIb TOI0BOM AMHAMUKH BOJHOTO 3epkana Hypekckoro
Bojoxpanmwimma. Cucrembl Bbicokoro paspemeHuss MSI, OLI-TIRS u
Vegetation SBISIFOTCS ONTUMAIBHBIMU B COBOKYITHOCTH, TO €CTh JOTMOJIHSIOT
MoKasaTelnu JApyr JApyra 10 TOJHOro psaa. B kauecTBe nomonHstomien
CHUCTEMbI B BECEHHE-JIETHHM MEpUOoJ AOMYCTUMO HCIOJIb30BAaHUE CHHMKOB
KMCC. Ha Puc. 6 uzobpaxkena nuarpamma, 0ToOpakaroiasi BCe moKas3aTesu,
MOJTyYEHHBIE MTPH UCTIOIH30BAHUH CXEMBI Ha puc. 2.
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JMEaMEKA NI0MAIH BOAOXPAHNIHNMA - Bee nokasarean 3a 2017 roa

BKXMCC oMSI @OLLITIRS APROBA-V
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P u c. 6. CoBOKYIIHOCTb BCEX MOIYYEHHBIX ITOKa3aTesIeu

CIIYTHHKOBBIX CUCTEM

Kak Opio oTMedeHo paHee, OONBIIYI0O pOJIb B (OPMHPOBAHUN
UTOTOBOT'O NMPOQIIIS TUHAMHKH BOJTHOTO 3epKaJla UTPaeT SKCIIEPTHAs OLICHKA.
Taxum O6p330M, €Clin JaHHBIC OIIHOﬁ CHUCTCMbI OKAa3bIBAKOTCA JIYUIIC I10
MHEHUIO 9KCIepTa, TO UMEHHO OHHU BKJIIOYAIOTCS B PE3YJIBTHPYIOMINHN rpaduK
JUHaMUKHU. Ha puc. 7 npeacTaBJicHa UTOIrOBas KpHBasd JUHAMHUKH BOJHOTIO
3epkasa Bogoxpanmwiniia 3a 2017 rog. CTOUT OTMETUTH, YTO MOKA3aTeNu 3a
MapT OBUTH MOJIyYEHBI IIyTEM HMHTEPIIONIALNH, TOCKOIBKY 3TO CIIy4ai, Kornaa
IpU HEJOCTaTKe ONTHYECKUX CHUMKOB PJIM m300pakeHHs HE OTpakaiw

JTUHAMHKY CE30HHOTO OOMEJICHUSI 00BEKTa.

TogoBas zHHAMHKA BOZHOrO 3epKaJia - HTOroBble JaHHbIE 32 2017

—4—IL10maas 3epKaIa

ILromaas, TA

5 000,00

P u c. 7. UToroBsiii npoduib TMHAMUKHM TUIOIIAIM BOJHOTO 3epKaa
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3akiioueHne

PazpabGorannas meTonuka obecrieunBaeT BO3MOXHOCTh PETYIISIPHOTO
noJy4yeHuss MH(OpMamuu O IUIOIAAM BOJHOM MOBepXHOCTH Hypekckoro
BOJIOXPaHWIMIIIA HA OCHOBE JAHHBIX JICHCTBYIOIIHUX CIIYTHUKOBBIX CHCTEM
HaOmoaeHUs 3eMIIM, C TOYHOCTBHIO, HOCTATOYHOM [JIS OLICHKH CCE30HHBIX
W3MEHEHUHN COCTOSIHHS BOJIOXPAHUIIUIIIA.

HOI[O6Ha$I MECTOAHNKA MOXKECT 6BITB HCIIOJIb30BAaHA U IJIA OpFaHI/ISaHI/II/I
MOHUTOPHUHTA JPYIMX BOJOXPAHWUJIUI pETrdOoHAa HCClenoBaHMid. B
MEPCIIEKTHBE HA €€ OCHOBE MOXET OBITh OpraHu30BaH MOHUTOPHUHT
BOJZIOXpaHWIHII Baxiickoro kackasa.
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THE PECULIARITIES OF SATELLITE MONITORING OF VAKHSH
CASCADE BY THE EXAMPLE OF NUREK RESERVOIR

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

' Moscow State University, Moscow
2 Space 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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