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Pabora mocpsieHa omucaHuio pa3pabOTaHHOIO MOAXONa CIYTHUKOBOTO MOHUTOPUHIA PEYHOTO
CTOKa Ha OCHOBE TeXHOJIOTUH KocMmdecKux ruapornoctoB (KI'TI) 1 maHHBIX Ha3eMHBIX U3MEPUTETh-
HBIX CTaHIINHU (TUAPOIIOCTOB). B paboTe paccMaTprBaroTCsS OCHOBHBIC 3a1a4M M BO3MOXKHOCTH IIPEeI-
JlaraeMoi TEXHOJIOTUM, B TOM YHMCJIE 3a1a4r BbIOOpa ONTUMAJIbHBIX ydyacTKOB pek st KI'TI, cxembl
X YCTAaHOBKM U KaJMOpPOBKU, a Takxke o0beanHeHus otaeabHbIX KI'TI Bo B3auMocBsi3aHHbIE TTOCTIE-
JoBaTebHOCTU (ceTu). Uit WimocTpaluy npeajaraeMbiX BO3MOXKXHOCTE MPUBOAUTCS TIPUMED T10-
ctpoeHust cetu KI'TI okono craumonapHoro ruaponocta Kepku (TypkMeHucTaH) Ha p. AMyaaphbe.
Ouenka addexktuBHocTr padoTsl cetr KI'TI mpoBoanuTcs Ha OCHOBE aHAIM3a BPEMEHHBIX PSIOB CY-
TOYHBIX CTOKOB B paiioHe ruaporocta Kepku 3a tpu roga: 2014, 2016, 2018 rr. Takke nmpuBoguTCcs
OIMMCaHME OCHOBHBIX BO3MOXHOCTEH CITeIIMATN3MPOBAHHON CHCTEMbI CITYTHUKOBOTO MOHUTOPMHTA
EcoSatMS (http://suvo.geosmis.ru), KoTopasi ObUla co3daHa IJis peaiu3alluy TpeajaraeMbiX B pa-
0oTe IMOIXOIOB Ha OCHOBE MCIMOJIb30BaHUs BO3MOXHOCTel LIeHTpa KOJJIEKTHBHOIO IOJb30BaHMS
(IKIT) «MKWU-Monutopunr» (http://ckp.geosmis.ru/). JlaHHas cuctema OpuMeHTHpPOBaHAa Ha MC-
TOJIB30BaHME U Pa3BUTHE TIpeAJIaracMO TEXHOJIOTHH, B TOM umciie co3nanue ceteir KI'TI Ha pa3mima-
HBIX peKax.
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BBepeHune

[IpoGnembl pacpeneaeHUs] BOTHBIX PECYPCOB U UX KOHTPOJIb B LIeHTpaibHOM A3UK CTOSIT TOBOJIb-
HO OCTPO B CWJIy TOTO, YTO OCHOBHBIE TTPOTEKAIOIIME B PETMOHE peKM CHAOXAIOT BOIHBIMU Pecyp-
caMM TEPPUTOPUM Pa3HbIX rocyaapcTB. [1pyu 3TOM KOHTPOJIb BOAHBIX PECYPCOB HA OCHOBE MCIOJIb-
30BaHMS TOJIbKO JAHHBIX HA36MHBIX M3MEPUTEIbHBIX IOCTOB, KOTOPbIC YIPABISIOTCS CIIy>KOaMU
Pa3IMUHBIX TOCYAAPCTB, CTAIKMBAETCS C TPYAHOCTIMU B ITOJIYYEHUU OJHOPOIHOM MH(MOPMALIUY Ha
MPOTSIKEHUU BCEro TeUEeHUS TpaHCIpaHUYHBIX peK. [1oaToMy 3amaua pa3BUTUSI pa3IMYHbBIX TTOAXO0-
JIOB U METO/IOB B TOJIyUeHUN OOBEKTUBHOM, OAHOPOIHOM MH(MOPMALIMU O COCTOSIHUM PeK perruoHa
Ha OCHOBE JIaHHbBIX CITyTHUKOBBIX HAOJIOIECHUI TIPEICTaBIsIeTCS KpaliHe aKTyaJbHOM. 3HAUMMOCTh
TaKUX METOIOB BO MHOTOM OITPEIE/ISICTCS TEM, YTO OHU MOTYT 00€CIIeUMTh IOJyYeHe 00beKTUBHOM
UHMOpPMAIIMK O COCTOSTHMY PA3JIUYHBIX YUAaCTKOB pycesl peK M Pacxol0B BOIAHBIX PECYPCOB BHE 3a-
BUCHUMOCTHU OT TOCYIapCTBEHHON MPUHAMIEKHOCTU TEPPUTOPUU, TI0 KOTOPOI JTaHHbIE PEKM IIpOTe-
katoT. Cienyer Tak:ke OTMETUTD, UTO MCIIOJb30BAaHUE TAaKUX TTOIXOMA0B U METOIOB MOIJIO ObI CyIle-
CTBEHHO YIIPOCTHUTD IOJydYeHUEe NH(POPMALIUK O COCTOSIHUM BOIHBIX 00bEKTOB Ha TPYIHOIOCTYITHOMN
TeppuTOpUn. PaboTHl B 3TOM HANpaBJICHUU B MHTEpecax 00CYKIaeMOTO perMoHa aKTUBHO BEIYTCS
B nocieguue roabl (Koncrantunosa, Jlynan, 2020; TepexoB u np., 2020; MyxameakaHoB U Ap.,
2018; Tepexos u np., 2021; Mukhamedjanov et al., 2020).

HMHubopmanus, nmosydyaemass ¢ HazeMHbIX ruaporioctoB (I'T1), 6e3ycioBHO, BBICTYaeT OCHOB-
HOI IJIST OLIEHKM M TIPOTHO3a COCTOSTHUS peK (B MepBYIO ouyepeab BogHocTH). OgHaKo M opraHu3a-
g I'TI, n monyyeHne nHGOpPMALIMM OT HUX MOTYT OBITh 3aTPYIHEHBI. DTO MOXKET OBITh CBSI3aHO KaK
C OCOOCHHOCTSIMU TTOJIMTUYECKUX TPaHUL] (HAIIpUMeEp, B ciaydae MPOXOXKIECHUS PeK 0 TEPPUTOPUU
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Pa3IMYHBIX TOCYAAPCTB), TaK U ¢ (U3NIECKUMU CI0XHOCTIMU opranm3anuu ['T] (Bkirrouast Heo6xo-
IMMOCTD BBIIeJICHUSI (DMHAHCOBBIX PECYPCOB UIST CO3MAaHMUS M IMOAACPXKKM MX (DYHKIIMOHNUPOBAHUS,
a TaKKe CJIIOKHOCTb MX OpTaHM3allMK Ha TPYIHOMOCTYIIHON Tepputopun). [loaToMy 3amaya paspa-
OOTKM MOIXOI0B M TeXHOJIOTHI, KOTOPBIE MOIJIA OBl II03BOJIUTH ITOIy4YaTh MH(GOPMAIIAIO O COCTOSI-
HUM peK Ha OCHOBE TMCTAaHIIMOHHBIX JaHHBIX, 0€3YCI0BHO, CTAHOBUTCS aKTyaJIbHOM.

B Hacrosieit paboTe paccMaTpUBaeTCsI BOBMOXHOCTh OpraHM3alliy JUCTAHIIMOHHOTO KOHTPO-
JIsSI pacxoia BOIKI B pa3IMYHBIX MECTaX TEUCHMS PeK Ha OCHOBE PEry/ISIPHOTO MOHUTOPUHTA ITUPUHBI
pyclia peKu ¢ UCIOJIb30BaHUEM JAHHBIX CITyTHUKOBOTO MOHUTOpUHTA. JIJIsT peleHusT JaHHOM 3ama-
YY MpenjiaracTcs UCIIOIb30BaTh TaK Ha3biBaeMble KocMudeckue ruaponocthl (KI'TI), mpeacraBisio-
mye co0oii MpUBSI3aHHBIE K OIIpeNe/IEHHBIM y9acTKaM PeKU ITOJIUTOHBI, B TPaHUIIAX KOTOPHIX Ha OC-
HOBE CIIyTHMKOBBIX HaOJIIOIEHU IIPOBOIUTCS OICHKA IUIOIIANM, IIOKPHITOI BOAOI B KOHKPETHHIE
MOMEHTHI BpeMeHH. B paboTe o0CyKmaroTcsi BOIIPOCHI, CBSI3aHHBIE C BO3MOXKHOCTBIO MCITOJIb30Ba-
Hus KI'TI nisa omleHKM pacxoma BOABI HA pa3HBIX YYaCTKaX PeKu, 0COOCHHOCTH BRIOOpA IMOJIMTOHOB
IS TIPOBEIEHUS TaKUX OlleHOK, mocTtpoeHns ceteit KI'TI (mocimemoBaTenbHo pa3zmemeéHHBIX KITTI)
1 OpraHU3ally aBTOMAaTU3UPOBAHHOI TEXHOJIOTUH IIOJyUYeHHUs X1 00pabOTKM CIIyTHUKOBOI MH(POP-
Mannu 1o KI'TI. AHanm3upyoTcst OCHOBHBIE 3a1a4d, IS PEIIEHUST KOTOPBIX MOTYT MCIIOIb30BaThCSI
cetu KI'TI, n mpenmyIimecTBa MX MCIIOJIb30BaHMUS, BKII0UAsl BO3MOXHOCTD IIpaKTUYECKM 0e33aTpar-
HOTO CO30aHMs 1 MOAAEPKKU paboThl 3HaUMTEIbHOrO ynciaa KI'TI.

Taxcke B paboTe mpencTaBieHbl HEKOTOPhIE BOBMOXHOCTH pa3paboTaHHoi B MHCTUTYTE KOCMU-
yeckux mccnenosannit PAH (MKW PAH) na 6a3e TexHOMOTHIT aBTOMaTU3NPOBAHHONW 00pabOTKM,
aHajM3a U MpeAcTaBIeHUs CIIyTHUKOBBIX JaHHBIX IeMCTBYIOIICH CMCTEMbI TUCTAHIIMOHHOTO MOHU-
topunra EcoSatMS (http://suvo.geosmis.ru) (MyxamemkaHoB u ap., 2019), oprueHTHUpOBaHHOI Ha
MOHUTOPUHT BOIHBIX pecypcoB LleHTpanpHOII A31M, 1 TIOIYIeHHBIE ¢ €€ TTOMOIIBIO OLICHKM IIPe-
JIaTa€MbIX TIOIXOI0B ITMCTAHIIMOHHOTO MOHUTOPWHIA BOTHBIX PECYPCOB PETHOHA.

Oco6eHHOCTM 1 NpenmyLLecTBa KOCMUYECKNX NAPONoCTOB

Kak yxe 6bu10 otMeueHo, KI'TI — BupTyanibHbI 00BEKT, onpeaelisieMblii KaK TPOU3BOJIbHbIN MOJIN-
TOH, B IIpeesiax KOTOPOTro IMIPOBOAUTCS pacuéT IIOIIAAM BOTHOTO 3epKaja Ha OCHOBE BBHIYMCIICHUS
pa3IMYHBIX MHOEKCOB, B IepByto ouepenb MNDWI (anes. Modified Normalized Difference Water
Index — MomuUIMPOBAaHHBINM HOPMAIN30BaHHBIM Pa3HOCTHBIN BOMHBINA MHAEKC), OIPEIeIsIeMOrO
I10 cemytomeit hopmyne:

GREEN —SWIR,

MNDWI = :
GREEN +SWIR,

[Nukcenu ¢ MONMOXUTEIbHBIM 3HAUeHNEM MHACKCA IIPUHUMAIOTCS 32 BOTHYIO IIOBEPXHOCTh. [y
BBIJIEJICHUS BOTHOM ITOBEPXHOCTU MOIYT, B YaCTHOCTHU, UCITOJIb30BaThCS CBOOOIHO pacIpoCTpaHsie-
MbIE JaHHbBIEC CIACAYIONINX CIYTHUKOBBIX cucTeM (MyxamemkanoB u ap., 2019): TM (aues. Thematic
Mapper, criytiukn Landsat-4, -5), ETM+ (anes. Enhanced Thematic Mapper Plus, Landsat-7),
OLI (anen. Operational Land Imager, Landsat-8) (Ridwan et al., 2018; Rokni et al., 2014), MSI (area.
Multispectral Instrument, Sentinel-2A/B) (Phiri et al., 2020). Cieayer Tak:ke OTMETUTD, YTO B TIepP-
CTIEKTHBE JJIsT OIIEHKHU TUTOIIAIN BOAHOTO 3epKana B pamKax KI'TI MoxeT mcmonb3oBaThes 1 MHPOP-
Mallusl, IOCTYIIAaroIIasl OT IPYTUX CIIYTHUKOBBIX CUCTEM, B TOM YMCJIE PaAMOJIOKAIIMOHHBIX.

KITI, xoTopble (haKTUYeCKHU MPEACTABISIIOTCS BUPTYaJIbHBIMU 00bEKTaMU (ONIMCAaHUEM I'PaHUIL
TePPUTOPUH, IO KOTOPOIl IIPOUCXOIUT COOP MaHHBIX, 1 HAOOpaMu JaHHBIX), IO CPaBHEHUIO C Ha-
3eMHbIM I'TI o6agaoT psiioM OYEeBUAHBIX TPEUMYILIECTB:

1) uncno KI'TI pakTrmaeckn HUIeM He OTPAaHUYEHO;

2) OTCYTCTBYIOT 3aTpaThl HA TEXHUYECKOE OOCTYKMBaHUE,

3) OTCYTCTBYIOT OIpaHMYEHUsI Ha reorpadpuueckoe MmoyiokeHrne 00beKTa (HampuMep, TPYyIHOIO-

CTYIHOCTbh U/WJIM OTPAaHUYECHMUSI, CBSI3aHHbBIEC C TOCTPaHUIIAMU);
4) KI'TI ipocThl B NCMIONB30BAHNY TIPU TIOSIBJICHUN HOBBIX JTAaHHBIX (HOBBIX CITYTHUKOBBIX CH-
CTEM UJIU HAOOPOB CHEMOK);

88 CoBpemeHHble npobnembl [133 13 kocmoca, 19(1), 2022



n./A. MyXGMea)KGHOB u 6p. OueHKa BO3MOXKHOCTEN CNYTHNKOBOIO MOHUTOPUHIra AUHAMUKKX PeYHOIo CTOKa...

5) dopma KI'TI nerko MmoxeT OBITH MOTM(UILIMPOBAHA, a TaHHBIE TT0 HEMY TTepeCUMTaHEHI;

6) HaIM4yMe 3HAYUTEIBHOTO OO0BbEMA CIYTHUKOBBIX HAHHBIX, HAXONSIIUXCSI B CBOOOTHOM
IOCTYIIE;

7) BO3MOXKHOCTb MCIIOIb30BaHMSI KaK OIEePaTUBHBIX, TAK M MCTOPUUYECKMX CITyTHUKOBBIX IaH-
HBIX (DIOCTYITHBIE apXUBBI CETOMHS MMEIOT IIyOouHy nopsiaka 40 jieT).

B To ke BpEM:A UCITOJIb30BAHUEC KTITI gis oleHKM BOGHOCTU PEK MOXKET OCYHICCTBIATHCA TOJIb-
KO COBMECTHO C JaHHbBIMHM HAa3€MHBIX CTaHHHfI, I/IH(bOpMaI_[I/ISI C KOTOPbBIX HeobxoauMa aisi Hepecqé—
Ta IUIOoLIAneii BOOHOTO 3€pKajia, NISMEpACMOIro Ha KOHKPETHOM KFH, B ITOKa3aTcJiM BOOHOCTHU, U3-
MEPACEMbIC Ha HA3CMHbIX CTaAaHIIMNAX.

Mopxoabl K ycTaHOBKE N KannbpoBKe KOCMUYECKNX T’MAPONOCTOB 1 UX ceTel

st Toro 4ToObI co3maBaTh M ucnoib3oBaTh KITI, HeoOXoguMO pelIuTh CIAEAYIOIINE OCHOBHbIE
Opo0JIeMBIL:
* OIIpPEeAENUTh IPUHIIUITEI BRIOOPA YIACTKOB PEKM, Ha KOTOPBIX BO3MOXHO OCYILIECTBISITh KOH-
TPOJIb BOMHOCTH C MCIIOJIH30BaHNEM OILIeHOK BOIHOTO 3epkaja Ha KI'TI;
* pa3paboTaTh CXeMy BEIOOpa ONTUMAIBHOM (hOPMBI ITIOJIUTOHOB [IJISI KOHKPETHBIX MECT PacIio-
noxenust KI'TI;
* paspaboraTth cxemy Kanubposku KITI u ux mocnemosarenbHOCTH no gaHHbIM ['TI, B Tom
YHCIIe OMPEAe/INTb MOIXOObl K OLICHKE IIPeAeIbHOIO pacCTOSIHUS OoT KoHKpeTHoro I'Tl, Ha
KOTOPOM €T0 JaHHBIC MOTYT MCITOJIb30BaThCSI.

B HacTostiem pa3aciic 6YHYT C(bOpMYJ'[I/IpOBaHBI OCHOBHBIC ITOAXOAbI K PCIICHUWIO JaHHbIX 3a1a4.

OcobeHHOCMU U NpUHYUNbI 8bI60pPA y4ACMKOB peKuU, Ha KOMOPbIX 803MOXHO
ocywecmasiimbs KOHMpPOJ1b B00HOCMU C UCNOJ1b308AHUEM OUeHOK
800H020 3epKa/ia Ha KOCMUYecKux 2udponocmax

ITockombky TexHomorust padorel KI'Tl He HakmampIBaeT orpaHMYEHHUI Ha 3aBeleHUE ITOJIUTOHOB
B CBSI3M C TeorpamiyecKuM PacIiojioXKeHNeM, HEOOXOOMMO OIPENeInuTh, IIPU KaKUX YCIOBUSIX IIO-
cTuraeTcd MakcuMaibHasg 3¢ @ekTuBHOCTL padoTrel KITI. TlpoBen€HHBIN aHanMmM3 MO3BOJMI BBI-
SIBUTH (PaKTOPBI, KOTOPBIEC CIEMYeT YIMTHIBAaTh, 8 TAKXKE OCOOCHHOCTH yJaCcTKa peKM IIPU YCTAaHOBKE
KITI.

Kaxk yxe ormeuanocs, nis ucrnojibzoBanusg KITI u ux cereil HE0OXO0AMMO MpPOBEICHUE KaJlu-
oposku mo I'Tl, T.e. ycraHOBJICHME CBSI3M IUIOLIANM BOMTHOIO 3epKaja C IlapamMeTpaMM, U3Mepsi-
embiMu Ha KI'TI, Hampumep ¢ CYTOYHBIM CTOKOM WJIM YPOBHEM PEKM, IO KOTOPOMY TaKXKe MOXKET
OBITH OlIeHEH cyTO4HBIN cTOK (brikoB, Bacunnes, 1977; Kapaces, 1980). st obecrieueHUsI BbI-
COKOM M YCTOMYMBOM KOPPENSILUUA M B3aUMOCBSI3M MEXAY OUCTAHIIMOHHO M KOHTAaKTHO M3Mepsi-
eMBIMHU TOKa3aTelIsIMU Pyciao peku B MecTe ycraHoBKM KITI momKHO coxpaHSThCs, T.€. eT0 MOp-
¢onorust foJkKHA OBITH HEM3MEHHOI rom oT roga. OgHaKo, KaK IT0Ka3ajiyd MCCIeIOBaHMS, JTaHHOE
YCJIOBUE HE BCEIIa BBIIOJHUMO, B 3TOM CJIydae 9acTO HEOOXOIMMO OCYIIECTBIISITH ITIepeKaaInOpoOB-
ky KI'TI. Takke cinemyer mMeTh B BUAY, YTO B CIIydasiX, KOrla M3MEHEHUE YPOBHS PEKU IIPUBOIUT
K OYeHb MAajJbIM M3MEHEHHUSM IUIOIIAAM BOTHONM ITOBEPXHOCTHM HAa KOHKPETHOM YYacTKe pycia,
Koppeasauus mexay napamerpamu I'TI u yctaHoBieHHoM B TakoM MecTe KI'TI takske MokeT ObITh
Huskoi. Takum obpazoM, npu ycraHoBke KI'TI HeoOxoaumo BbIOMpaTh YYaCTKU PEKM C MaKCHU-
MaJIbHO CTaOWJIBHBIM PYCIIOM, Ha KOTOPBIX IIPOMCXOIST HOCTATOUYHO 3HAUYMTEIbHBIC M3MEHEHUS
IUIOIIAAA BOTHOTO 3¢pKaya (IIMPUHBI peKM) IIPY M3MEHEHMH YPOBHS 1 pacxoma Boabl. Takke mpu
BbeIOOpe yuacTKa misg yctaHoBku KI'TI ciemyer cTpeMUThCSI K TOMY, YTOOBI ITOJIUTOH HE BKIIIOYAT
(Mukhamedjanov et al., 2020):

* YYaCTKH CYIIM MEXIY pyKaBaMM peKH, 00pa3yeMble MHOTOJIETHUM pPa3MBITHEM U 3aMETHbBIC

B IIEPUOJ MEXCHU,
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* 3aJIMBHBIC MOJIS;

* 30HBI C YCTOMYMBBIM CHEXHBIM IOKPBITHEM (3TO 3aTPYHIHSIET OLEHKHU C HMCIIOIb30BaHHEM
MNDWI);

* yriryOJeHus B IIOMMe WA peYHO Teppace peKu, B pe3yIbTaTe KOTOPHIX IOSIBIISICTCS CTOSYAsT
Boa (BO3MOXKHO ITOSIBJIEHUE IITyMa Ipu pacuéTe ruromanyu mo MNDWI).

Cxema 8bi60pa onmumasnbHoUl hopMbl NOIU20HO8,
ucnosib3yemoix 0711 KOCMUYeCcKUx 2u0ponocmos

KocMuyeckue ruapomnocTsl, co3aaBaeMble Ha pycie peKu ¢ YYETOM BhILIENEPEYUCICHHBIX OCOOEH-
HOCTEM, CayKaT CTPYKTYPHBIMU 3JIEeMEHTaMU [Jisl MOCTPOEHUS IOCIeI0BaTEIbHOCTE B3aMOCBSI-
3aHHBIX 00BEKTOB-MOJIMTOHOB, KOTOpbIe Ha3BaHbl «ceTAaMU KI'TI». 17151 Toro 4To0bl ITIOCTPOUTH CETh,
HEO00XOAUMO MPOBECTU MPOLIEAYPY BbIOOpa HaMbOIee MOAXOASIIINX ITOJIMTOHOB B PA3JIMYHBIX MECTaX
peKu, ynausisch OT OIMIOPHOM Ha3eMHOI CTaHLIMM BbILIE WJIM HUXKE M0 TeUeHU10. BbIOOp moaxoasimmx
KOCMUYECKUX TMAPOIIOCTOB OCHOBAH HAa METOJAX KaaMOPOBKU U OLIEHKU METPUK, OTpaKarolIux Ka-
4eCcTBO U ycToiuuBOCTb paboThl KI'TI. Takum ob6pa3omM, MOCTpOeHUE CETU TIPEACTABISIET COOOI UTe-
PaTUBHBIN MPOLIECC, TAe HA KaXIOM 11are IpoUCXOAUT MOUCK MapaMeTpOB OUEePEeIHOI0 00bEKTA.

Br10op onTHMAIBHBIX MOJMIOHOB. Ilomxom, mpemaraeMelii B paboTe, OCHOBaH Ha BHIOOpE Hau-
0oJjiee MOAXOASIIEero TUAPONOCTA U3 TPYMIIbl MOJUIOHOB PA3IMYHON TeOMETPUM, YCTaHOBJIEHHBIX
Ha pycJjie peKHd OKOJIO Ha3eMHOTO U3MEPUTEIbHOIO MyHKTA WJIM B OKPECTHOCTU APYrOro MOJUIOHA.
Cxema BbIOOpa ONTUMAaJIbHOM (hOPMBI SIBISIETCS YHUBEPCATBLHON 151 OJMXKaiIero K CTaHUUK Io-
JIMTOHA U BCEX IOCJIEIYIOIINX, pacnojaraéMbIiX Ha pycie peku. [IpuHUIMIT morucKa HaWaydIlIuX Mna-
pametpoB KI'TI ocHoBaH Ha olLieHKe IoKa3aTeseil BBIOpaHHOW METPUKM, MOJYYEHHOI MpU aHaIu3e
psaoB HaOmoaeHU# Tekyinero oobekra (Bcerma KI'TI) u mpeabiayiiero, mo KOTOpoMy TakKe 3aTeM
MPOM3BOIMUTCS KannOpoBKa (HazeMHas cTaHUus uiav npeabiayiuii KI'TT).

OpraHuszanusi 0YepeaHOro IMOJUIoHa MPOBOAUTCS aHaau30M 10 BO3MOXHBIX BapHaHTOB pac-
MOJIOXKEHUSI Ha pyclie OTHOCUTEIbHO ATAJIOHHOIO O0BEKTa, KOTOPbie 0Opa3yIOT IPYIIY Ha KaxKaoM
miare. [lyst ymo6cTBa 0003HAYEHUS MOJUMTOHOB U OpPraHM3allMyi MX B FPyMIle Ha KaxKAOM Ilare Mc-
IMOJIb30BaJIcs 11a0NoH <wHazeéanue ¢hus. cmanuuu><uanpaeaenue meuenuss om III><paccmosnue
6 km >km_<unomep noauzona ¢ epynne>. B TakoM 11a0JIoHe HaIlpaBlIeHAE TEUCHUSI MOXET OBITh 000-
3HAYEHO 3HAKaMU «+» (ITOBOPOT MO YAaCOBOM CTpeJIKE OTHOCUTEIbHO MEPIEHAUKYSIpa K BEKTOpaM
YAaCTUYHBIX CTOKOB) WU «—» (MPOTUB 4YacoBoOii cTpeiku). HoMepa moJuroHoB B IpyIne COOTBET-
CTBYIOT CJICAYIOIIUM ITpaBUJIaM:

1) 0° — y3Kuil B MecTe yaaaeHus;

2) +45° — y3Kuii B MecTe ynajieHus;

3) —45° — y3Kuii B MecTe ynajeHus;

4) (0° — y3Kuii BbILIE MO TEUEHUIO OT MECTa YAAJICHUSI;

5) +45° — y3Kuii BbILIE IO TEUCHUIO OT MECTa YAAJICHUSI;

6) —45° — y3Kuii BBIILIE ITO TEYSHUIO OT MECTa YIAICHUS;

7) 0° — y3KHi1 HUXKe 110 TEYEHUIO OT MEeCTa yaaJleHUS;

8) +45° — y3kuii HUXKE MO TEYEHUIO OT MeCTa yaaleHus;

9) —45° — y3Kuii HUXKe 0 TEeYEHUIO OT MeCTa yaaJleHMSI;

10) 0° — IMPOKUA MOJUTOH B MECTE yIaIeHMUSI.

Ha yyacTtkax, MMeIolux pycio, pacyIeHEHHOE Ha IMPOTOKMU, CTBOPHI pa3dMBAIOTCSI OTACIBbHO
B OCHOBHOM pYycCJie U B IIPOTOKAX, MOJHBII pacxo ornpeaeaseTcs Kak cyMMa YaCTUYHBIX pacXodoB
(beikoB, Bacunbes, 1977). Ilpu 3ToM KaxXablii MPOTOK pycya OyaeM Ha3blBaTb YACMUUHBIM CHOKOM,
a BEKTOpP CKOPOCTH PEYHOTO MPOTOKA — BeKMOpoM uacmuuno2o cmoka. Ilom «MecToMm ymaneHus»
B JAHHOM cJIyyae cjieayeT MOHMMAaThb PacHoIOXKEHUE TMpeablayllero oobeKTa B MOCaea0BaTeIbHO-
ctu KI'TI: nu6o HazemMHO# cTtaHLMM, 11OO0 HeHTpa nojauroHa npeasinyero KI'TI. Yron mosopora
MNpY YCTAHOBKE ITOJUIOHOB BBIOMPAETCS OTHOCHUTEIBHO MEPNEHIMKYJSIpa K BEKTOpaM YaCTUYHBIX
cTtokoB. ITnomanb BOAHOrO 3epKaja B Ipeaesax y3Koro nojauroHa (pakTU4eCcKu BbIpaxkaeT IIUPUHY
peKu, a 3HAUYMUT, JUHMSI CEUEHUs] MOJMIOHA MO0KHA ObITh MEPIEHAMKYISIpHA HAMPaBJIEHUIO BEKTO-
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poB yacTUIHBIX cTOKOB (bbhikoB, Bacunnes, 1977). OngHaKO SMIIMPUYECKH OBLUIO OIPEIEICHO, YTO
B HEKOTOPBIX CIIyYasiX ITIOBOPOT ITOJUTOHA Ha 45° I10/IPOTHUB YacCOBOM CTPEJIKM ITOBBIIIAECT YCTOI-
YUBOCTE ero padoTel. CooTBeTCTBeHHO, cxema BeIoopa KI'TI n3 10 BO3MOXHEBIX, OITMCAHHBIX BBIIIIE,
MOMOTraeT MOBBICUTH KauecTBO padoThl Beelt cetn KI'TI.

Ha xaxkmoM 1are mpu BeIOOpE ITOJIMTOHA U3 TPYMIIBI MCIIOIb3YETCSI MOIEIb ITOIMHOMUAIBHOM
perpeccuu, CBs3bIBaIOIIAs IUIOIIAAh BOTHOTrO 3epkaja Kanmmopyemoro KI'TI mmbo ¢ maMmepeHusIMu
cyrouHoro ctoka (rmpu Kanuoposke KI'TI mo maHHBIM Ha3eMHON CTaHIIWM), JUOO CO 3HAYCHUSIMU
IUTomaayd BogHoro 3epKana Ha orropHoM KI'TI (mmpu kanmu6poske KI'TI mo marnaeimM KI'TI, koTopsIit
yKe OBIT OTKAJTNMOPOBAH).

OtMmeTnM, 9TO T KamnopoBKY 110 maHHBIM ['TI MoxeTt 0wtk BeIOpaH KI'TI, KoTopsrit 3aBoanT-
cs1 MakcuManbHO 0m3Ko K I'T1. [Is1 kpaTKocT B hopMyJiax gajee IIpu 0003HAYeHUM ITIepEeMEHHOIA,
0003HavaloNel TUIoaghk BOTHOTO 3epKana (paccunTaHHylio 1o mHAekcy MNDWI), n3mepsemMyio
Ha KOCMUYECKMX THAPOTOCTax, Oyner ucmosb3oBarbcs MNDWI (BMecTo Sy, pwi)- Kak 0bL10 cKa-
3aHO BBIIIIE, TIOMIAAb BOOJHOM ITOBEPXHOCTY B Mpeaesiax MOJIMIOHA BhIpaxaeT CyMMY IUTOIIAIN MTHK-
ceJiell ¢ MOJIOKUTEJIbHBIM 3HaueHHeM MHIeKca. Torma cBs3p Mexmy ImokasareiasaMu Q (CyTOYHOTO
CTOKa, M3MEPSIEMOT0 B KyOMUECKMX METpax B CEKyHY) 1 ILIOIIAAbI0 BOMHOTO 3epKajia (M3MepsieMoit
B TeKTapax) MOXeT OBITh oImmcaHa JWHeHo Moaenbio (Q = a-MNDWI + b), paboTocmocoOHOCTh
KOTOPOI1l MOXHO OLIEHWUTh, MCIIONB3ysd KoadduineHT Koppeasauun (I1upcoHa) BpeMeHHBIX psIIOB
Ha3eMHBIX W CITYTHUKOBBIX HaOmoaeHn (R) ¥ BeNMMYMHY CpenHeKBaapaTuieckoil ommoku (MSE —
anen. Mean Square Error). Ilomyuaemast perpeccust (paKTUUECKM YCTAaHABIMBACT CBSI3b MEXKIY IIH-
PHMHOM pyciia peKu, KOTopasl OLIEHMBAETCSI 10 CIIyTHUKOBBIM IaHHBIM, X CYTOYHBIM CTOKOM, M3-
MepsieMbIM Ha I'Il. CTouT y9uThIBaTh, YTO TaKas 3aBHUCHMOCTb OyIeT CTaOMJIBHOIM TOJBKO Ha TeX
y4JacTKax pycia, Ilie HeT Ce30HHBIX «3aIMBOB», KOTOPhIe 00Pa3yloTCs B pe3ybTaTe MUTPAIIUM pycia
OKOJIO MeaHIpoB. Takxke cieayeT OTMETUTh, uTo u3MeHeHue dopmbl KI'TI (B ToM umcie miomanu
1 OPHEHTALIMHN) pycjia peKu OymeT BIUSITh Ha II0Ka3aTeIn perpeccuu U Ko3(hGUIINEHT KOPPEISIIIN.

Kanu6poska koHkpeTtHoro KI'TI MoxeT Takxke MpOUCXOAUTb HA OCHOBE MOMCKA CBSI3U MEXIY
JIaHHBLIMM, MOJydYaeMbIMU Ha HEM, U JaHHBIMU ¢ paHee oTKaquOpoBaHHoro KITI. B atom ciyuae
CBSI3b U3MEPSIEMOII TToIany 3epKaia Ha KaauopyemoMm KI'TI ocymiecTsisieTcst He ¢ peaJbHBIMU 13-
MEpEeHUSIMU CYyTOYHOIO CTOKA, a ¢ HOPMUPOBAHHBIMU HA IUIOLIAAb ITOJIMTOHA ITOKA3aTEeISIMU ILIO-
1aad BOOHOM MOBEpXHOCTU paHee oTKaquOpoBaHHOro KITI. Tak e Kak u B Ha3eMHOI CTaHLUU,
HeoOXoAuMO aHaAMU3UpOBaTh MeTpUKU KadectBa padorhl KI'TI. B kauecTBe TakKMX METPUK MOTYT
Ttakke BeIcTymath R, MSE u pe3ynbratel F-tecta (Diinki et al., 2011) — 119 OIleHKN BIMSTHUS TI0-
JnuroHa Ha paboty Bceit cetu KI'TI.

MocmpoeHue cemu u ycnosus 015 eé npooosxKeHUs

ITocnenoBaTeIbHOCTh B3aMMOCBSI3aHHBIX MOJUTOHOB B pe3yjbTaTe 00pa3yeT CeThb, KOTOPYIO MOX-
HO MpPOAO0JIKATh, AOCTABISIS KaXKIblid CIeAyIOIIMA moauroH. s onpenaeaeHUsT YCJIOBUM Mpoao-
JKEHHMsI TaKUX CeTell HeoOXOAMMO Ha KaXJIOM luare IMPpOBOAUTH KaJIMOPOBKY TEKYILIEro oObeKTa
no npeabiayiemy. IIpu KaaubpoBke B 023y JaHHBIX COXPAHSIOTCS KO3(MGULIMEHThl MOIMHOMUAIb-
HOI perpeccuu, pacCuMTaHHbIE CTATUCTUKM, CChLIKA HA OJVIKHUI K Ha3eMHOI CTaHLIMM TOJUTOH,
no kotopoMy otkanudbposBaH Tekymuit KITI. Kak Obu10 cka3zaHO BbIlIe, pe3ybTaT KaauOpOBKU
HEOO0XOAUMO KOHTPOJMPOBATh HA KaXXJIOM 1Iare MoCTPOeHUsI, MPOBOIs OLEHKY METPUKM KayecTBa
u ycroilumBoctu padbotel KI'TI. Ha mepBoM 1are HeoOXOAMMO BbIOpaTh y4yacTOK pyciia, MaKCH-
MaJbHO OTpakalolluii IUPUHY peKHr (B MecTe HauOOoJbIlIero pa3iuba). Toraa OCHOBHOI METPUKOM
OLICHKM KayeCcTBa MOXET ObITh BEIOpAH KO3(PGULMEHT Koppeasiuuu R.
B cooTBeTcTBUU ¢ MPEeaIoKEHHBIM MOAXOAOM MJISl OLEHKU KayecTBa padOThl OYEPEaHOIo M-
JIPONOCTa HEOOXOAMMO TTPOBECTU F-TECT, pacCUMTaB €ro 3HaYeHUsI MO CAEAYIOLIEH cxeme:
1. Jlng nByX BpEMEHHBIX PSIIOB TUToMIaau BoxHoro 3epkana, MNDWI, (KI'Tl, ycraHOBIeHHBI
omxke Kk I'Tl) 1 MNDWI, (Haxomutest nasbiie ot I'I1), BBITOJTHUTE MOCTPOCHME AUArpaM-
Mbl pa3dpoca MHTErpajbHbIX 3HAYEHMII BOJHOIO 3€pKaja, HOPMMPOBAHHBIX Ha ILJIOLIAIb
MOJIMTOHA. 3aMeTHM, 4TO UCxoiHble 3HaYeHUst psiioB MNDWI, 1 MNDWI, He siBistioTest
HOPMMPOBAHHBIMU.
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2. PasgenuTth Bce 3MepeHUs IUIOIIAAN HA TPEHUPOBOUHOE (frain) U TeCTOBOE (fesf) MHOXKeCTBA
B ImpoueHTHOM cooTHomeHun 70 1 30 coorBeTcTBeHHO (Stone, 1974). I1pu MeHstto1Ie ics TOI
oT roga MopdoJjioruu pyciia (CMelleHue OCHOBHOM 4acTH, ITOKPBITOM BOAOI) TaKoe pasmie-
JIEHUE IOMOraeT caejaTh ¢c(OPMUPOBAHHYIO BLIOOPKY IJIsI ITOCTPOCHUSI MOAENH, BKIIIOYUB
M3MEPEHMS [0 BCEM TOlaM M Ce30HaM MJis oIpeAesieHus Ko3(h(UIIMEHTOB PEerpecCuu, 4To
B TEKYIIEM MOIXOE TAKXKe JOJIKHO ObITh COOIIONCHO IIPU OLIEHKE Ka4yeCTBA PErPeCCUOHHOM
Mozenu. B maHHOM monmxoze o6a MHOXKECTBA 3HAYCHMI IJIOIIAAM BOAHOIO 3epKaja UMEIOT
OIMHAKOBYIO MOIIHOCTh, TaK KaK ITOKAa3aTeJIy BBIOMPAIOTCS TOJILKO 3a COBIIAAAIOLINE AAThl
CIIyTHUKOBOM ChEMKU.

3. Boraucnuts cratuctuku F, . n F,,  KaK OTHOIIEHHME AMCIEPCUI TDEHUPOBOYHOM U TECTOBOM
BBIOOPOK HOPMUPOBAHHBIX PSAAOB. JaHHBIE CTATUCTUKU ITO3BOJISIOT OLEHUTh CTEEHb pa3-
Opoca rmokasaresieil OMHOIO ITOJIMTOHA OTHOCUTEILHO IPYTOro.

HpOBG)IéHHBIe OKCIIEPUMEHTLI ITOKa3aJIn, YTO JOCTATOYHO XOPOILIMNE PE3YJbTaTbl MOXKET AaBaTb
IIOJIMHOMMUMAJIbHAasA PErpeCcCUsd TPETHETO ITOPAaKa B A:

MNDWI, = g,-MNDWE, +a,-MNDWI; +a,- MNDWI, +b,

TIe a,, a,, d; — NapamMeTpbl MOJICJIN; b — CIBUT IO OCU OpMHAT.

B kavecTBe TOMOJHUTEIBHBIX METPUK PACCUUTHIBAIOTCS KOI(POULIMEHT KOppeasuu R U Beu-
YMHa cpeaHeKkBagpaTuyeckoil ommoku moaean MSE (Wackerly et al., 2008). Dtu moka3sarenu Tak-
K€ TO3BOJISIIOT OLIEHUTb TOUHOCTh MOCTPOEHHOM perpecCMoHHOi Moaenn st KonkpetHoro KI'TI
1 KOHTPOJMPOBATh TOYHOCTb PA0OTHI CETH B LIEJIOM.

OTMETUM, YTO OJHUM U3 YCJIOBUM BO3MOXHOCTH paciminpeHus cetu KI'TI moxeTr BhICTynaTh
TO, 4TO F-3HaueHUs AJisI TPEHUPOBOYHOU U TECTOBOI BHIOOPOK HE MAOJIKHBI IPEBbIIIATh (C TOY-
HocThlo 10 okpymieHus) 40 (https://www.itl.nist.gov/div898/handbook/eda/section3/eda3673.
htm#ONE-10-1-10). Takoe moporoBoe 3HaueHUe BbIOpaHO ¢ yuéToM 10%-i1 3HAYMMOCTU MOJE/IH,
T.€. HyJieBasl TUIIOTE3a «IUCIIEPCUU BPEMEHHBIX PSIOB HAOJIOAECHUI TUIOLIAAM BOIHOTO 3epKaja,
HOPMMPOBAHHBIX Ha IJIOIIAAb MOJMTOHA Ha JIBYX IMOCJEIOBATEIbHBIX TTOJIMTOHAX, PABHBI» HE TIPU-
HUMaeTcs ¢ BepoaTHOCThIO o = 0,1. JlaHHBII TTOpOT MpeACTaBIsieTcss Hanbojee BHICOKUM U3 00I1Ie-
MPUHSATBIX, JJISI TOTO YTOOBI MOJydaeMble Ha BCEI CETU OLIEHKU CYTOYHOTO CTOKa ObUIM 3HAUYMMBI.
Takum obpaszoM, pacimmpenue cetr KI'TI mpomgoskaeTcst 1o Tex Mop, MoKa pacCUMTaHHbIC CTaTH-
CTUKH JIEXKAT B JOITYCTUMBIX IIpeaeIax.

[eMoHcTpaumna BO3MOXKHOCTEN NCNONIb30BaHUA NPeasIoXKEHHbIX NOAX0A0B
ANA NOCTPOEHUA CETN KOCMUYECKNX rmaponoctoB B panioHe M Kepku

B HacTosimiem pazaene npuBOAUTCS MPUMEDP MPUMEHEHUS U3JI0KEHHOI BBIIIE METOIAUKM C UCIIOJb-
30BaHMEM Ha3eMHBIX JaHHBIX U3MEPUTEIBHOTO MyHKTa (Traponocta) Kepku Ha p. AMynapbe BOJIM-
3u I. ATambipaT B TypkMeHucTaHe. Ha TaHHOM M3MepUTEIbHOM ITYHKTE PETYJISIPHO IMPOBOISTCS U3-
MEpEeHUST YPOBHS BOJBI, KOTOPBIC 3aTeM MEePECYMTHIBAIOTCS B BEJIMUMHY CYTOUHOTrO cTtoka. Jljis pa-
00ThI ¢ ruaponocToM Kepku ObUTM BEIOpaHbI BDEMEHHBIE PSIbl CYTOUHBIX CTOKOB 32 HECKOJIBKO JIET:
2014, 2016, 2018 rr. HazeMHbIe maHHBIe ObLIM MONyYeHBl B pamKax Ipoekta CAWa (auen. Central
Asian Water, http://cawa-project.net), 11eJib KOTOPOTO 3aKJI0YaeTCsl B OKa3aHUW CONEHCTBUS LICH-
TpajbHO-a3UaTCKUM T'OCyJapCcTBaM B CO3JaHMM HAyYHO OOOCHOBAHHOI M JOCTOBEPHOU pEruoHallb-
HOI 6a3bl TaHHBIX 151 Pa3pa0b0TKM YCTOMYMBOI CTpAaTeruy YIpaBaeHHS BOTHBIMU PeCypCcaMu.
Peamu3anus Bbioopa ontuManibHO# ¢opmbl moymroHa. CoriacHO ONMCAHHOMW B MPEAbIAYIIEM pa3-
Jesie cxeme, Uil ynoOCcTBa BhIOOpa ONTUMAJIbHBIX ITapaMeTPOB ITOJIUroHa okojiao Kepku nmpuMeHs-
Jack MeToarka opranuzauuu rpynmnsl U3 10 KI'TI paznuyHoii popMbl U OpreHTAllM OTHOCUTEILHO
BEKTOPOB YaCTUYHBIX CTOKOB. [TpakTuuecku peanusaiivsi CXeMbl OpraHU3alMy TPYIITb TTOJIUTOHOB
noxkasaHa Ha puc. I (cM. ¢.93). B maHHOM ciiydyae okosio craHuuu Kepku MecTo pas3iuBa Haxo-
JIUTCS B MECTe, TAe¢ pe4YHble MPOTOKM MMEIOT pa3HOHAIpaBJICHHbIC BEKTOPbl YACTUYHBIX CTOKOB.
Torna onmcaHHas cxema CO3[aHUsS TOJMTOHOB MOXKET MPMMEHSTBCS K YY4acTKy pycia, KOTOPbIii
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(opmupyeT GOJIBIIYIO YaCTh BOOHOIO 3e¢pKaja B Ipeaeiax ruaponocta. Ha puc. 1(1—6, 10) B xaue-
CTBe OOJIBIIIEH YacTU BOTHOIO 3epKayia ObLIa BEIOpaHa pacloJIOKeHHasI I0KHee, B TO BpeMsI KaK Ha
puc. 1(7—9) — gacTp pycia, pacnonoxeHHas 3anagHee. KoaddunueHT Koppeasiaun R HaOIoaeHUI
BPEMEHHBIX PSIIOB IUIOIIAAM BOTHOTO 3¢pKaja B IIpeaesiaX MOJIMIOHA M CYTOYHOIO CTOKA SIBIISIETCS
METPHMKOI KaueCTBa IIPU OIPeAeICHUH JIyIIINX ITapaMeTPOB ITOJIMTOHA.

Puc. 1. T'pynna nonuroHos mnpu Bbioope KI'TI okono Kepku, ycTaHOBIEHHBIX MO CHUMKY oT 27.07.2018

(Sentinel-2B, mponykT «TernoBsie aHomanuu»): 1 — Kerki-1km_1; 2 — Kerki-1km_2; 3 — Kerki-1km_3; 4 —

Kerki-1km_4; 5 — Kerki-1km_5; 6 — Kerki-1km_6; 7 — Kerki-1km_7; 8 — Kerki-1km_8; 9 — Kerki-1km_9;
10 — Kerki-1km_10

IMpumep BeIOOpa nyuteit hopmer KI'TI okono I'TT Kepku

1D Haspanue KI'TI S, Ta R (Q, MNDWI)
229 Kerki-1km_1 15,0 0,82
343 Kerki-1km_2 22,0 0,52
230 Kerki-1km_3 13,4 0,82
322 Kerki-1km_4 28,0 0,88
338 Kerki-1km_5 49,0 0,74
342 Kerki-1km_6 60,0 0,90
340 Kerki-1km_7 63,0 0,87
339 Kerki-1km_8 78,5 0,69
341 Kerki-1km_9 94,0 0,89
281 Kerki-1km_10 89,5 0,85
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B mab6auye ipuBeneHsl pe3yabTaThl aHanu3a rpynmbl KI'TI, mpuBen€éuHbix Ha puc. 1. B naHHOM
cinyyae Hanbosnee ontuMaiabHbiii KI'TI Betopan ¢ R (Q, MNDWI) =0,9, T.e. y3Kuii IIOJUTOH, BBIpa-
JKAIOIINHI IMAPUHY PEKU U PACIIONIOXKEHHBIN MO YIJIOM —45° BBIIIE 110 TEYSHUIO OT MeCTa yaaJeHUs.

Ha puc. 2 HarnssmHO TTOKa3aHO pacIIOIOoXEeHME TTOJIUTOHAa OTHOCUTEIbHO Kepku ¢ HauTydInmMu
ImapamMeTpaMy, a TakKe JuarpaMma, Ha KOTOPYI HaHEeCEHBI ITOKa3aTe/IM IUIOIIAa BOTHOM MOBEPX-
Hoctu, nojaydyeHHble ¢ KI'TI okono Kepku, U COOTBETCTBYIOLIME UM U3MEPEHUST CYTOUHBIX CTOKOB
Ha Kepku (maTel n3aMepeHuit coBragaT). st KpaTkocT 0003HAYeHUSI B ypaBHEHUM perpeccuu ¥
BBIpaxkaeT 00bEM CYTOUHOIO CTOKAa B KyOMYECKUX METpax B CeKyHOy, X — BeIWYMHY ILIOMIAAN BO-
nHoit nmoBepxHocTu Ha KI'TI B rekTapax.

(VST (SENTINEL-25) 2015.07-27 06:38 33 GMT

Aunarpamma paccesiHus nokasarenei MNDWI u Q

I EURKMENISTAN]

Kerki-1km

°  MNDWI/Q

Model:
Y =83.8X- 812.97

Puc. 2. Iuarpamma (cnpaea) paszdopoca usmepenuii 3a 2014, 2016, 2018 rr. mis KI'TI, ycraHoBiIeHHOrO B 1 KM
Boie ot Kepku (Kerki-1km 6). MNDWI — miowianb BogHoro 3epkaia (ra); Q — cyrounbie cToku Ha Kep-
KH (M3/C). Hab6momaercs nuHeitHasT 3aBUCUMOCTD, KoaddutmmeHT Koppensuuu ([Tupcona) pasex 0,9

ERRRELD AL EE

Puc. 3. ITpumep pacnonoxeHust 00bekToB cety KI'TI Boime ot Kepku. ITonuroH 1 ¢BsizaH ¢ 00bEKTOM-TUAPO-
noctoM Kepku, MoJUTroH 2 CBSI3aH € MOJUTOHOM |
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I ymoOcTBa BOCIIPUSITHS TOUKM Ha IMarpamMMe Ha puc. 2 nuddepeHIIpoBaHbl 110 IIBETaM: PO-
30BbIM 0003HaueHbl u3mepeHus 2018 r., ronyosim — 2016 1., 3e1éHpiM — 2014 1. B 1anHOM ciyyae
K0o3hGUIIMeHT Koppeasauun [1upcoHa, BEIMMCICHHBIN 10 COBOKYNHOCMU UMEPEeHUll 3a 8blOpaHHble
mpu 2o0da, paBeH 0,9, 4TO CBUAETEIBCTBYET O HAJTMYMU JUHEMHON 3aBUCUMOCTH MHTETPAIbHOM TLI0-
IIaad BOTJHOTO 3epKaja OT BEJIMUYNHBI CYTOYHOI'O CTOKA.

ITocTpoenne cetu KI'TI 6p1I0 ITpoBeneHO Ha OCHOBE MPEIIOXKEHHOTO BhIlIe moaxona. Ha puc. 3
(cM. ¢. 94) mpuBeneHo pacnosoxeHue oobekToB cetu KI'TI, rme 3e1€HBIM MapkepoM 0003HaYeHa
craHuus Kepku, a KpaCHbIM U OpaHKeBbIM KOHTypamMu — OuxKaiiiumii (1) K cTaHLIUKU U CIeayI0-
LM 32 HUM BBIIIIE IO TEYSCHUIO (2) MOJIMTOHBI COOTBETCTBEHHO.

Kamo6poBka u mocTpoenne cetu. B mpoiiecce ¢hopMupoBaHuUs CeTH W KaJIMOPOBKM BHITIOJIHSICT-
Csl IOCTPOCHUE AuarpaMMbl paccessHus IoKa3aTejieli BpeMEHHBIX PSIIOB, a TAKXKe MOMIENH ITOJIMHO-
MUAJIbHOI perpeccuu, IpuMep KOTOpOil MpuBeneH Ha puc. 4. JIIs KpaTKOCTH Ha AuarpaMme puc. 4
nepeMeHHas romany BoaHoi nosepxHoctr KITI (Sy,\pwy)» PaccuntanHas mo uuaekcy MNDWI,
obosHaueHa kak MNDWI, tne /=1, 2. B ypaBHeHHU perpeccuu Y BbIpakaeT HOPMHUPOBAHHYIO
Ha IUIOIIANb MOJIMIOHA BeIWYMHY IUTomagyd BomHoil moBepxHocTd Ha KITI mambmie or Kepkm
(MNDWI,), X — HOpMUPOBAHHYIO Ha IUIOLIA/b TOJMIOHA BEJIMYMHY TUIOIIAIN BOJHOM MOBEPXHO-
cru Ha KT'TI 6imke K ctanumu Kepku (MNDWI,).

[narpamma paccesHua nokasateneii MNDWI, 1 MNDWI,

MNDWI,
Qo

02 025 03 035 04 045 05 055 06 065 0.7 075 08 0.85
MNDWI,

MNDWI, / MNDWI, (train)

®  MNDWI, / MNDWI, (test)
Model:

Y = +1.87X%+0.15X%-0.95X

-2014
-2016
-2018

°

Puc. 4. lnarpamma, mokasblBaolllasi pacrnpeieseHre AaHHbIX Mo OByM mnocienoBaTelbHbiM KITI B 8 km
(MNDWI)) u 11 xm (MNDWIL,) Bbiiie ot Kepku coorBetctBeHHO. B nannom ciyyae F, . = 1,9, F,, = 1,673,
R=0,92, MSE = 0,007

CTOUT OTMETUTh, YTO AMArpaMMa PacCesHUsI CIy>KUT TaKKe XapaKTepUCTUKON KadecTBa pabo-
Tol KI'TI B MeXXrogoBoM 1 MexXCe30HHOM acrekreax. [IoJuroHsl, ycTaHOBJIEHHbIE B HEOJIarOnpUsIT-
HOM MeCTe, CYIIIECTBEHHO CHIKAIOT YCTOMYMBOCTh OTAEIbHBIX TUAPOIIOCTOB, a 3HAYUT, U BCE CETH.
B kxauectBe mpuMepa BiaussHUs pacnojoxenus KITI Ha puc. 5 (cMm. ¢. 96) npuBeneHo cpaBHEHUE
JrarpaMM IBYX IIOJIMTOHOB, KOTOPHIE ObLIM YCTAaHOBJICHBI B HEITOAXOMSIIEM 1 OJIarONpUsITHOM UL
JIaJbHEHIIIETO0 MOHUTOPUHTA MECTax.

[Mpeapiaymii MoJIMIoH ycraHoBieH B 14 kM Bbilte 1o teyeHuto ot Kepku (MNDWI, ), Teky-
i — B 19 kM (MNDWI,). XKéntbiMm MapkepoM o6o3HayeHa oTMeTKa B 19 KM Bbile o1 Kepkw,
CHUMKM JIJIs1 KaXIOro TMOJMIoHa MPUBEAEHBI C pa3HOCTHIO B 1Ba roga Ha 19.07.2016 (ce30H moiHoO-
BomHOCTH). Kak MOXHO 3aMeTUTh, pasnnune ¢popmbl, opueHTtaunu KI'TI, a Takke MecTo ycTaHOBKHU
BIMSIOT Ha KadyecTBO paboThl KI'TI n mommHomuansHol Monenu. 3HauyeHnss MSE B maHHOM ciydae
U3MEHSIOTCS 00Jiee 3aMEeTHO, TaK KaK HaOJIIoOIeHUsI Ha TuarpaMMme pa30poca pacIipeneieHbl B BUIS
KJIaCTEPOB.
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MS! (Sentinel-2A) 2016-07-19 W Kerki-19km_3
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Model:
¥ = 6.05x3+11.74x26.49x

Puc. 5. CpaBHenue nByx KI'TI, yctaHOBIEHHBIX Ha TIOIXOnsIIeM (8gepxy) W HEOIATONPUSTHOM (GHU3Y) JUISI
paboTBI MOJIMTOHA yJacTKax pycia Amymapsu B 19 km Bhimie oT Kepku. B maHHOM ciyJae IS MOIXOmSIIE-
ro KI'TI £, , (Kerki-19km_3, Kerki-14km_1) = 1,283, MSE (Kerki-19km_3, Kerki-14km_1) = 0,002, R (Ker—
ki-19km__ 3 Kerkl 14km 1)—0 96; mna nenonxonsuiero KITI F, (Kerk1 19km_4, Kerki-14km_ 1) =

MSE (Kerki-19km_4, Kerki-14km_1) =0,011, R (Kerki- 19km 4, Kerki- 14km - 1)=0,72

Metoauka MOCTpOEHHUSI ITO3BOJISIET OPraHMU30BaTh CEeTh, KOTOpasi, B CBOIO O4YepEeldb, CIIYKUT
CPEACTBOM OIICHKM AMHAMMKU BOOHOCTH AMyTapbUd M COCTOSHMSI pyclia Ha HEKOTOPOM YIAJIICHUH
ot Kepku. KoHTposbs mokasareeil Ha KaxIoM IIare Mo3BOJISIET OIpene/InTh, Ha KAKOM MaKCHMaJlb-
HoM paccrostHur KI'TI B Takux ceTsix COXpaHSIIOT YCTOMUIMBYIO paOOTy 1 Kakue (haKTOphl BIUSIOT Ha
3 GEKTUBHOCTD CETEIA.

Ounenka padorocnocodoHocTu nmocrpoennoii cetu KI'TI. Ha puc. 6 nokasan rpaduk M3MeHUYUBO-
ctu F-3HaueHUsT Ha BEIOOPKE IPY IOCTPOSHUHM TPEHUPOBOYHOM MOIe I (MapKepbl KPaCHOTO 1IBETA)
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1 Ha TeCTOBOM MHOXeCTBe (KpHBasi CUHETO 1LiBeTa). I'pauK mmoKa3bpIBaeT, 4YTO Ha PACCTOSTHUM 45 KM
F-3HauyeHne CTaHOBUTCSI HEYCTOMUYMBBIM, PE3KO BO3pacTasi MJIM YMEHBIIAsICh, OMHAKO 1 HE IIPEBBI-
1IaeT HomycTUMbIi mmopor (40). BMecTe ¢ TeM Ha TaKOM PacCTOSHUU U Ha CIIEAYIOIIMX 3a 3TOM OT-
METKO TMIPOIIOCTaX HaOII0IaeTCsl HECTAaOMILHOCTD ITOKA3aTelIsI, a pa3aeeHIEe TOUeK Ha KJIacTePhl
Ha OuarpamMMme pa30poca ITOKa3bIBaeT POCT OUCIIEPCUM Ha TPEHHPOBOUYHON M TECTOBOM BHIOOpPKAX.
CTouT OTMETUTH, YTO F-TecT (paKTUUECKM YKa3bIBaeT Ha TO, HACKOJBKO IIOCTPOCHHASI MOJEb aieK-
BaTHA Ha KaXIOM Illare, HO, KaK ITOKAa3bIBaeT MPOBEAEHHBINA SKCIIEPUMEHT, HE MOXET BBICTYNATh
€IMHCTBEHHBIM YCJIOBHEM IPUHSITHS PEIICHUS O IIPOMJICHUM CETH.

[Ounamuka F-3HaueHus Ha TPEHUPOBOUHOIA 1 TecTOBOM BbIGOpPKax Npu yaaneHumn ot Kepku
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Puc. 6. InarpamMmma, rokaspiBatoliasi IMHaAMKUKY F-3HaueHMsI Ha pa3HBIX TUIIAX BEIOOPKHU 3a TPU Tofia

JuHamuka R ans pagos nocneposatenbHbIX 06LEKTOB Npu yaaneHum ot Kepku
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Puc. 7. Anarpamma, rokasbiBatolias A{MHAMUKY KoaddulimeHta Kkoppeasiiuu R
Ha TEKYILIEM U MPpeIbIIyIIeM 00beKTax Ha pa3HbIX TUITaX BEIOOPKHM 3a TPU roa

B xauecTBe mOIMOIHUTEIBLHON METPUKU Ha puc. 7 TaKXKe MPUBEIEH rpaduk BeIMdYuHbl R — KO-
a(pduLeHTa Koppeassuuu s rociaeaoBaTe/bHbix 00bekToB. Ha O6nmkaitiem KI'TI B 1 KM Bbile
ot Kepku BenmumHa paccumTaHa Ijisg CyTOUHBIX CTOKOB M IUIOLIAAM BOTHOTO 3epKajla, Ha KaxKIOM
ClIeAyIoIIeM TIOJIMIOHe — JUISL TToKa3aTesell TIoaa BOJHOIO 3epKaia (HOPMUPOBAHHBIX Ha ILIO-
IIaab TTOJIMIOHA) Ha TeKyIeM U IIpeAblaylneM Tuaporioctax. Kak BUOIHO M3 muarpaMMBbl, KOppes-
s Takke magaet 1o 0,82 Ha paccTossHUM 43 KM U fajiee Iocjiae HEKOTOPOTO BO3pacTaHUS 3HAUCHIIEe
ymenbInaercs 1o 0,77.

JvuHaMuKa 1okasareseil 00ycjioBjieHa 0COOEHHOCTbIO UBMEHUYMBOCTHU pycjia AMyIapbu cHavajia
Ha 22 kM (MyxamemxanoB 1 1p., 2020a, 0) (AMymapbs pa3aeiasieTcs Ha OCHOBHOE PYCIIO W OTASTBHBIN
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WppUTAIIMOHHBIN KaHaJI Ha ceBep), 3aTeM Ha 45 KM (Mopdoiorndeckrie N3MEeHEeHUsI B MEXKTOIOBOM
acIeKTe, IpUMep IIpUBeAEH Ha puc. ). AHAIN3 PaCIIOIOXEHMS ITOJIUTOHOB OKOJIO pyciia AMyIapbu
Ha paccTostHUM 45 kM Bbimie oT Kepku moxka3zai, uyto KI'TI, co3gaHHbBIE TTO CITyTHUKOBBIM ITaHHBIM
2014 1., He OymyT BKJIIOYATh 30HBI, 3aTOoIUIeHHbIe B 2018 T. Ecim Xe MOJWIOH co3maH MCKIIOYN-
TeJbHO ITo gaHHbIM 2018 T., TO 30HBI, KOTOpbIe He ObLIM 3aToruieHbl B 2014 u 2016 rr., oKaxyTcs
Ha 0oJjiee paHHMX CIYTHHMKOBBIX CHMMKAX 3aJIMBHBIMM IIOJIIMM WJIM HEOOJBIIMMM 3aJIMBaMU, UTO
BIIOCJICACTBUM CO3JACT HEKOTOPKIN IIyM Ha rpaduke KpuBoit MNDWI u HeraTUBHO ITOBIMSIET Ha
paboty cetu B 1ejoM. Takum obOpa3om, cTpykTypa pycia B 2018 1. OyzmeT 3HAYUTEIbHO OTINYAThCS
OT TOi1, uto Habmonanack B 2013 1. u gaxe B 2016 r. CTpyKTypHBIE U3BMEHEHUSI TAKOTO POJIA MOTYT
OBITH 00YCIOBJICHBI BOTHBIM PEXXMMOM Ha AMyIapbe B pa3HbI€ TOAbl. B CBSI3M ¢ 3TUM IIpH IIOCTPO-
eHUu Moaesau B mpolecce opranusaunu cetu KI'TI Takske MOXeET ObITh MOJE3HBIM HCITOJb30BaHNE
JAaHHBIX peaHanu3sa 1o ocaakam coracHo moaenu NCEP (anes. National Centers for Environmental
Prediction — HanuuoHanbHbIi 1IEHTp 3Kosornueckux mporuo3oB) NOAA (auen. National Oceanic
and Atmospheric Administration — HanmoHanbpHOe ympaBieHHE OKEaHMYECKUX M aTMOC(hEpPHBIX
nccnenopanuii, CIIIA) u oTBevaromux 3a pabOTy KacKana BOTOXPAHWINII Ha p. Baxir — ogHoM u3
[JIABHBIX IPUTOKOB AMynapbu (MyxamemkaHoB u 1p., 2018).
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Puc. 8. NamenunBocth pacnoyiokeHusi KI'TI oTHocutTenbHo pycia B 45 kM Bbille oT Kepku B TeyeHue

6 et (2013—2018), nBeroBoii cuHTe3 «TerutoBele aHoManun»: a — Landsat-8, 22.07.2013, 06:20:13 GMT;

6 — Landsat-8, 25.07.2014, 06:18:08 GMT; ¢ — Landsat-8, 23.07.2016, 06:12:04 GMT; ¢ — Sentinel-2B,
24.07.2018, 06:28:05 GMT

Cucrema paboTbl C fAHHBIMU ANA peannsauumn
TEXHOJOTNN KOCMMUUYECKUX N’MAPONoCTOB

ITpumenenue texHosiorun KI'TI moapazymeBaeT npoueaypbl, KOTOpbIE ONEepaToOpy MPUXOAUTCS Bbl-
IIOJIHSITh MHOTOKpaTHO. bosbIasg 9acTh 3TUX IPOLEAyp, TaKUX KaK: MOMCK W (DMIbTpAIUs CITYT-
HUKOBBIX TaHHBIX MPU HATMYKUM OOJAYHOCTM, PACUYET IUIOIIAAM BOAHON MOBEPXHOCTU B Mpedeiaax
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IIOJINTOHA, CUCTEMATU3alllsl WM aHaJIM3 IIOJYYEHHBIX BPEMEHHBIX PSIIOB, MOXKET OBITh aBTOMAaTH-
3upoBaHa. JJIsT opraHM3aluy peryJIsIpHBIX HAOMIONEHUI M paclpene€HHON paOOThl OIepaTOpOB
HEOOXOOUM eIWHBIM CepBUC C MHTepGeiicoM, MOIXOMSIIUM IS PelIeHMsI 3amadyd MOHUTOPUH-
ra BOOHBIX PECypCcOB LeHTpajbHoa3uaTckoro permoHa. Cucrema EcoSatMS (http://suvo.geosmis.
ru) — HeKoMMepuecKasl pa3paboTKa, KOTOpasi B HACTOSIIee BpeMsI ITOANEePKMBACTCS U pPa3BUBACT-
ca B UKW PAH. EcoSatMS Bxonut B ceMeiicTBo cuctem «Co3Besnue-Bera» (http://sozvezdie-ve-
ga.ru/) (Loupian et al., 2022) u pa3paboTaHa ¢ UCIOJb30BaHUEM pecypcoB LleHTpa KOIeKTUBHOTO
nosab3oBanus (LIKIT) «MKKW-Mouutopunr» (JlynstH u gp., 2019). OminuntenbHass 0COGEHHOCTh
CepBHCa COCTOUT B amanTalny KapTorpaduiyeckoro nHrepdeiica mis peruoHa LleHTpaabHO A3nu,
B YaCTHOCTHU IJig Y30eKucTaHa: MHTeTPUPOBAHBI 0a30BbIe KapTorpaduiecKue CIOM U BO3MOXK-
HOCTU pabOThl C OOHOBJISIOLIMMUCS apXUBaMU CITyTHUKOBBIX daHHbIX. [t padotel ¢ KI'TI B cep-
BHUC OBLI BHEAPEHBI MHCTPYMEHTHI, IT03BOJISTIONINE BECTA HAOIIONCHUSI B aBTOMAaTUICCKOM PEXKIME
1 KOHTPOJMPOBATh X KayecTBo (MyxamemkaHoB u np., 2019, 2020a). MHpopMamoHHasT cucTe-
Ma EcoSatMS mommepxkuBaeT pab0Ty ¢ 00beKTaMU B MHTEPAKTUBHOM pEXMME, MO3BOJISIET YIIPaB-
JISITh 00PabOTKOM CIIYTHUKOBBIX JaHHBIX M aHAJIM3UPOBATh TMHAMUKY M3MEHEHHUI OOBbEKTOB B BEO-
uHTepdeiice, B Tom uncie 3aBoauth KI'TI (puc. 9) n aHanu3npoBaTh MOCTYIAIOIINE 110 HUM TaHHBIE.
B cucreme EcoSatMS oprann3oBaHa TeXHOJIOTUSI KOCMUYECKUX TUAPOIOCTOB M 00PaObOTKM IOKa3a-
TeJIel, ITOJIYYeHHBIX B pe3yiIbTaTe UxX padoThl. [locnennue XxpaHITCs B BUIE HOJTOBPEMEHHBIX PSIIOB
HaOMIOIECHUI, YTO MO3BOJISIET MIPOBOAUTh aHAIM3 B MEXKTOJOBOM M MEXKCE30HHOM acrekTax. Pacuér
BpeMeHHoro psaa mo MNDWI mist Kaxkaoro rMaporocta ¢ IMpoXOXICHUEM 10 T0JIrOBPEeMEHHBIM
apxXMBaM CITyTHUKOBBIX TaHHBIX TJTyOMHOM 0KOJ10 40 JIeT IMPpONCXOAUT B Te€UYCHNE HECKOIbKIUX MUHYT
C MOMEHTa IIOSIBJIEHUsI 00beKTa B 0a3e JaHHBIX cucTeMbl. B mHCTpymMeHTe oHmaliH-aHamm3a KITI
cucteMbl EcoSatMS Takske ObUIM peaan30BaHBl M3JIOKEHHBIE BEIIIE CXeMa OLIEHK! KadyecTBa pabdo-
THI ITIOJIUTOHOB U METOOMKA KaTUOPOBKM KOCMUYECKNX THUIPOITOCTOB.
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Puc. 9. 3aBenenue KI'TI B cucteme EcoSatMS. TTonnron MoxeT OBITh CBsI3aH ¢ (DM3UIECKOI CTAaHIIMEH, TAKUM
xke KI'TI v xe He CBSI3aHHBIM BOBCE

Taxum 06pa3zoM, MOXKHO TIEPEIUTU OT UBMEPEHUI, TTOJIydEHHBIX B Pe3yJIbTaTe 9KCIIEPTHO OLIeH-
KM TIpU KJIaCTEpU3allM1 BOIHOIO 3epKayia 00beKToB (MyxameakaHoB u 1p., 2018), K aBToMaTU3UPO-
BaHHOMY JUCTAaHIIMOHHOMY MOHUTOPUHTY BOAHBIX OOBEKTOB.
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3aKknyeHue

IIpoBenéHHbIE 3KCIIEPUMEHThI MOKa3aau, uTo yBeanueHue koaudyectsa KI'TI B ceTtu npu ynaneHuu
OT Ha3eMHBIX CTAHLIMI BICYET YCIOXKHEHNE MOIEICH 1 HEOOXOAMMOCTh BKIIFOUEHMST OOJIBIIETO KO-
JMJecTBa (PaKTOPOB, IIPU 3TOM ITOBBINIAETCSI TPpeOOBaHME K YCTOMUYMBOCTU y4acTKa pycjia peKH, Ha
kotopoM yctaHaBmmBaeTcsd KI'TI, m ctaGuibHOCTH ero MOpodOJIOTUM ToA OT roga. B mpoTuBHOM
cllyyae M3MEHEHUSI pyclia BIEKYT 3a CO00il HEYCTBOMYMBOCTh MOMENH, YTO 3HAYMUTEIbHO CHUKAET
KauecTBO pabdothl Beex cBsa3aHHbIX KI'TI B COBOKYIMHOCTH.

B uteiaoM MoxXHO cuuTath, 4To npeagoxeHHas TexHosgoruss KI'TI u nmoaxonbl K €€ peanus3aliu
paboTOCIIOCOOHBI U TIO3BOJISIIOT ycTaHaBiauBath U KaauopoBaTh KITI u ux ceru. IlpeanoxkeHHas
TEXHOJIOTUSI MOXET MCIOJIb30BaThCS ISl PACIIMPEHMST BO3MOXKHOCTE HAa3eMHBIX CETe TMIPOIIO-
CTOB C TOUYKM 3peHUsI OoJjiee AeTAIbHOIO aHAIM3a COCTOSIHUS PeK, B IIEPBYIO ouepeab Ha TPYyIHOIO-
CTYIHBIX y4acTKax.

PaccmotpeHHBIe B paboTe IMOAXOMBI MOTYT CIYKWUTh OCHOBOM UISI aBTOMAaTHU3allMM IIpoliecca
dopmupoBanus cereit KI'TI u BHeapeHust B cepBuc oobekTa cetu KI'TI Kak oTaeabHOM CYyIIIHOCTH.
OnucaHHbIe THCTPYMEHTHI OHJIaiiH-aHaIM3a PSIAOB CIIYTHUKOBBIX TaHHBIX C MCITOJIb30BaHUEM II0-
JIyUCHHBIX B pa0OTe pe3yIbTaTOB MUHUMMU3UPYIOT PECYPCHI IO BEACHUIO TUCTAHIIMOHHOTO MOHUTO-
puHra pek ¢ ucnojbzoBaHuem cereit KI'TI.

Cnemyer Takke YYWUTBIBaTh, YTO PErYISIPHOCTb M OIEPATUBHOCTH MOJYYEHUSI HAHHBIX IHC-
TaHLIMOHHOTO 30HIMPOBaHUS 3eMJIM B IEPCIIEKTUBE MOXKET MO3BOJMUTH TUHAMUYECKA OOHOBIISITH
1 KOPPEKTUPOBATh IIOCTPOSHHBIE MOIEIM, HE 3aBUCSIIINE HAIIPSIMYIO OT Ha3eMHBIX JaHHBIX.

AKTyallbHbIMM 3a1a4aMiu 115 pa3Butus texHosgorun KI'TI seastorcs:

1) aBTOMaTHM3aIMs TIporiecca (prIbTpalnn cieH ¢ 061adyHocThio Ha KI'TI. CroXXHOCTH JaHHOTO
Iporiecca 00yCIOBIeHA CIIEKTPaIbHBIMUA OCOOEHHOCTSIMM BObBI, ITOCKOJIBKY HApsIoy C ITOJI-
HOBOIHOCTBHIO AMyIapbsi — IIepBasi 10 MyTHOCTH peKa perhoHa;

2) aBTOMAaTH3aLus mpoiiecca Beioopa ontuManbHoro KI'TI u3 rpymimsl BO3MOXKHBIX ITOJIMTOHOB
Ha KaxXIO0M IIIare MOCTPOCHUSI CETU C YIETOM OIpeaeIEHHBIX ITPAaBIUII;

3) ampoOanus anbTepHATUBHBIX HEJTMHEMHBIX MOIEJICH IS BKIFOUEHMST OOJIBbIIEro YKcia mapa-
METPOB, BIMSIOIINX Ha BOTHBIN PeKMM 1 BOTHOCTD PEKU B LIEJIOM;

4) pacmmpenue reorpadum npumeHeHus ceteit KI'TI mmg mpyrux pex pernmoHa (¢ MeHbBIIEH
IIUPUHON pyclia) ¢ yBeIMIeHNEeM TTTyOMHBI BpeMEHHBIX PSIOB Ha3eMHBIX ITOKa3aTellei;

5) pacmmpeHHre psiga CIYTHUKOBBIX HAOMIOACHWI ITYTEM BKIIIOUEHUS PagroIOKAIIMOHHBIX
U300paKeHUA;

6) ucciemoBaHUE BOIIPOCA O BIMSIHUU MOPGOJIOruU peibeda Ha AUHAMUKY CTOKA U BOIHOIO
3epKaa;

7) onTMMM3AIMS IIpoIecca BHIOOpA CIIEH C HENbI0 CHIDKEHMSI YyBCTBUTEIHLHOCTH THIPOIIOCTA
K MEXTOI0BOM AMHAMMKE Mopojioruu pycia (cMm. puc. §).

PatGora BemoaHeHa ¢ ucmoiab3oBaHueM Bo3MmoxHocteil LIKIT «MKKW-Mouutopunr» (JlyrsH
u np., 2019), pa3zBuBaeMoro 1 NomaepXKMBaeMOro B paMKaxX TeMbl « MOHUTOPUHT» (TOCPETUCTpaIIs
Ne 122012400187-6), a Takke npu (puHaHCOBOM MmommepxkKe Poccuiickoro ¢oHma (pyHmaMeHTalb-
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Evaluation of satellite monitoring capabilities of stream
runoff based on the Amu Darya River state analysis
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The paper describes the developed approach for monitoring river runoff using optical satellite data
based on the virtual gauging stations (VGS) technology and data from ground gauging stations.
The main tasks and capabilities of the proposed technology are discussed. In particular, the problems
of choosing optimal river sections for the VGS, their installation and calibration approaches, as well
as the possibilities of combining such VGS into linked sequences (VGS networks) are considered.
To demonstrate the capabilities of the proposed approach, an example of a VGS network production
near the Kerki ground station (Turkmenistan) on the Amu Darya River is given. To estimate the effi-
ciency of the constructed VGS network functionality, an analysis of the time series of daily runoff near
Kerki hydropost for three years, 2014, 2016, and 2018, is carried out. The paper also describes the main
capabilities of the specialized satellite monitoring system EcoSatMS (http://suvo.geosmis.ru) created
to implement the approaches proposed in the research and based on the use of the capabilities of the
Center for Collective Use (CCU) “IKI-Monitoring” (http://ckp.geosmis.ru). This system is focused
on the use and development of the suggested technology, including VGS network production on rivers
in the area of interests of CCU “IKI-Monitoring”.

Keywords: water resources monitoring, satellite monitoring, virtual gauging station, CCU
“IKI-Monitoring”, MNDWI, Amu Darya River
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