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MONITORING OF THE TERRITORY
OF THE CHARDARA HYDRO COMPLEX BASED
ON SATELLITE RADAR INTERFEROMETRY DATA

Abstract. In this paper, the results of the application of the technology of radar satellite interferometry for
monitoring and estimating the vertical displacements of the territory of the Chardara hydro complex are presented.
The hydro complex studied is locatedin the south of Kazakhstan near the city of Chardara [41°15'17"N;
67°58'09"E]. The satellite technology of synthetic aperture radar (SAR) in recent years has become a powerful tool
for studying soil deformations and is an effective tool for assessing the operational reliability and safety of hydro
complexes. The main result of differential interferometric processing is displacement maps. Interferometric
processing of a large series (15-20) of radar images (Persistent Scatterers) allows to achieve submillimeter accuracy
of determination of vertical displacements. Archival images of the Europecan SENTINELI satellite, probing at a
wavelength of L = 23.5 cm, were used to study vertical displacements of the earth's surface of the territory of the
Shardara hydro complex on the basis of SAR interferometry. The radar data was processed using the SBAS (small
baseline subsets) method. The obtained results are indicative of the relatively stable position of the hydro complex
and the adjoining territory, with the presence of small areas of subsidence of the earth's surface with a speed of up to
10 mm / year within the projected regional network.
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MOHUTOPUHI' TEPPUTOPUN INAPJAAPUHCKOI'O _
I'NIPOKOMILIEKCA HA OCHOBE JAHHbIX CITYTHUKOBOH
PAANOJIOKALHINMOHHOU UHTEP®EPOMETPUN

Annortamus. B Hacrosme paboTe mpuBeneHBI pe3yIbTaThl IPUMEHECHHUS TEXHOJOTHH PAAAPHOH CIY THHKOBOH
uHTEp(EpOMETpHH 1711 MOHHTOPHHTA M OLCHKHM BEPTHKANBHBIX CMEIIeHHH Teppuropun lllapaapuHCKOTO TrHIpPO-
KOMIUTCKCA. M3ydacMerii THIPOKOMIUICKC pacmooxkeH Ha fore Kaszaxcrama BOmmsm 1. Ilapmapa [41°15'17"N;
67°58'09"E]. CriyTHHKOBAS TCXHOJIOTHSA PATHOJIOKALNK C CHHTE3HpOBaHHOH ameptypoii, PCA, (Satellite Synthetic
Aperture Radar Interferometry, InSAR, techniques) B mocaeaHme roasl CTAHOBHTCS MOIMHBIM HHCTPYMCHTOM JUIA
uccneaoBanusa Acopmanuu rpyHTa M ABIIETCS 3(Q(EKTHBHBIM HHCTPYMEHTOM U OLCHKH SKCIUIY aTallHOHHOM
HAZC)KHOCTH M OC30MACHOCTH THAPOKOMIUICKCOB. OCHOBHBIM pE3yIbTaToM au(epeHInaIbHon nHTEpepoMeT-
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pudecKOi 00pabOTKH SABILIFOTCS KapTorpaMmbl cMemeHuii. MHTEpdepomerprueckas o0padoTka OoIbmIoi cepuu
(15-20) pagnonoxarmoHHBIX CHUMKOB (Persistent Scatterers) mo3BOIACT AOCTHTATh CYOMHUTAMETPOBOH TOUHOCTH
ONPEACICHUA BCPTHKANBHBIX CMEIICHHH. 1S HCCACHAOBAHUS BEPTUKAJIBHBIX CMCINCHUN 36MHOH IOBEPXHOCTH
teppuropun IllaprapuHCKOTO THAPOKOMIUIEKCA Ha ocHOBE PCA mHTEp()epOMETPHH HCIOJIB30BATIHCH APXHBHBIC
n300pakeHus esponeiickoro cmytHuka SENTINEL1, 3ommmpyromero Ha mmmee BONMHBI L=235 cM. OOpaboTka
PAmapHBIX TAHHBIX MPOBOJMIACH MCTOIOM MHOTOMPOXOAHOHN mHTepdepoMerpun SBAS (small baselines subsets).
[Nomy4eHHBIE PE3YIBTATHI CBHICTEIBCTBYIOT 00 OTHOCHTCIBHO CTAaOWJIPHOM IIOJNOKCHHH THAPOKOMILIEKCA H
TIPAJICTAIOINCH TEPPUTOPHH, C HATMINEM HEOOJBIINX YUACTKOB MPOCATOK 36€MHON IMOBEPXHOCTH CO CKOPOCTBIO JI0
10 MM/ro B IpeIeaaxX MPOSKTHPYCMOH PETHOHATBHOM CCTH.
Kimouesnie ciioBa: pagapHas nHTepepOMETPHS, THIPOTEXHUUECKOE COOPYKCHHE.

1. Beeaenne

CoBpeMCHHEIC TCXHOTCHHBIC HArPY3KH HA TENO IUIOTHHBI W TPOLIECCHl B3AUMOJACHCTBHS C
BMEIIAIOINMH NMOPOJAMH Ha MPOTSKCHUHU JJIUTEIBHOTO (JCCATKH JIET) OTPE3KAa BPEMEHH IKCIUTY ATAllUN
MOTYT HPUBECTH K 3aMECTHOMY HM3MCHCHHIO CBOHCTB U COCTOSHHS MOPOJ B OCHOBAHHAX COOPYKCHHH,
HETPEACKA3YEMOMY  YXYIIICHUIO HANPSUKCHHO-AC(QOPMUPOBAHHOIO COCTOSIHHS IUIOTHHBI M, Kak
CIICACTBUE, CHIDKCHHIO €€ SKCIUTYaTAllHOHHOH HameKHOCTH M OesomacHOCTH. Ocolyro akTyaabHOCTb
IKCILTYATAI[HOHHBIC PUCKH MPHOOPETAIOT MPH pasMeIieHun ruapoTexHudeckoro coopyskenus (I'TC) B
HETIOCPEICTBCHHOU OJM30CTH K aKTHUBHBIM TCKTOHUYCCKUM PA3IOMaM U 3aMETHBIM VCHIICHHUEM B CBSI3HU C
3TUM TCOIMHAMHYECKOTO BIHSAHHA Ha OC30MACHOCTh BDKCIUTYyaTalMu TrUapokomIniekca. CryTHUKoBas
TCXHONIOTHSL PAIUOJOKAIMK ¢ cuHTe3upoBanHou aneprypoit, PCA, (Satellite Synthetic Aperture Radar
Interferometry, InSAR, techniques) B mociaemHue roapl CTAHOBHUTCS MOIHBIM HMHCTPYMCHTOM ISt
uccnenoBanus Achopmanmid TPpyHTa U ABIACTCSA 3GPCKTHBHEIM HHCTPYMEHTOM TS OLICHKU 3KCILTyaTa-
LHOHHOHN HAJCKHOCTH M GE30MACHOCTH THAPOKOMILICKCOB.

B pabortax [1-11] nokazan moTeHIMan MPUMEHCHHUS YCOBEPIUICHCTBOBAHHBIX ANGEPCHIMATBHBIX
meTog0B InSAR, B uactHocTH, Takux kak A-DInSAR (Advanced Differential InSAR techniques), ans
MOHUTOPHHIA COCTOSIHUS IUIOTHH M NPHICTAIOIMNX TeppUTopuii. MeToasl paaapHoii uHTepdepoMeTprHn
MPUMEHSTUCH ISl CTPYKTYPHOTO MOHUTOpUHTA coctosHus muotud the Three Gorges Dam (Kuraii) [1-5],
the Plover Cove Dam (I'onkonr) [1-3, 5-6] u the San Liberato Dam (Mranus) [1]. C ucmonb3oBanuem
texHonorun InSAR oOHapy:keHO MOBEPXHOCTHOE CMeLIcHHE Ha aambax Bojgoxpanunuma La Pedrera
(Mcnanus) [4], uccnenosano cocrostaue YapBakckoit miotunsl (Y30ekuctan) [5], mpoBeIcH MOHUTOPHHT
nedopmaruii motun Paradela, Raiva u Alto Ceira (Ilopryramus) [7]. Coytaukossie nannaeiec InSAR ¢
BBICOKHUM TPOCTPAHCTBCHHEIM Pa3pCLICHUEM HCIONB30BATUCH U1 MOHUTOPHHIA COCTOSHHUS YETHIPEX
mwiotud B Hopeeruu u llseunu [8-9], nByx miotun the Genzano di Lucania u Corbara 8 Mramuu [10].
OcoObili  cayuadi, JACMOHCTPHPYIOIMUNA BAXHOCTh HAOMIOACHUA ¢ MOMOINBI) TUCTAHIIMOHHOTO
30HIUPOBAHUS, 3TO MOHUTOPUHI COCTOSHHS KpYHHEHINCH Hpakckod MmIOTHHBI B Mocyne, COCTOsSHHE
KOTOPOHM MNPEACTABISICT PCANbHYIO YIPO3y A HACENCHHS, TAC KOHTPOIIO O€30MacHON SKCIUTyaTalin
MIPETATCTBYIOT IMOJINTHIECKHE pasHormacus [11].

B paborax [12-13] mpuBeacnsr pe3yabtaTsl Au(HEpeHINATBHON PagHONIOKALMOHHON HHTEpPdhEpO-
MeTpuu ¢ cuHTe3upoBanHol aneptypoit (D-InSAR) u nepcrucTeHTHOMN paccenBaromeit HHTCPhePoOMETPUH
(PS-InSAR), nByX YCOBEpPILICHCTBOBAHHBIX MeTOAOB HHTephepomerpnn SAR nng obHapykeHUs, aHATH3a
W MOHHUTOPUHra MEIJICHHO ABIDKYIIMXCS OIOJ3HEH B paliOHaX cO CIOXHOH Tomorpaduel, ¢ KpyTeIM
penbehoM U YSI3BUMBIMH TCOJIOTHICCKUMH yCIoBUsSMH Ha TuGerckom mmaro [12] v BAOABR HOKHOTO
Oepera pexku Yangtze (Kuraii) [13]. Texnomorus InSAR wmcnonp3oBanace A1 KOHTPOJIS YPOBHS BOJBI B
Oacceiinax pek Amaszonka u Kowro [14]. B paGote [15] mokazaHO, 4TO BO3MOKHA ABTOMATHUCCKAS
MHOTOLIC/ICBAs KATHOPOBKA KPYTHOMACINTAOHOW OJHOMEPHOM TUAPOIUHAMHICCKON MOASIH BCCH ACIBTHI
pexku the Mekong Delta (Bsetnam) BHM3 mo TeucHuio oT peku Kratie B KamGomke ¢ mMOMOIIBO
COYTHUKOBBIX H300PKCHHUN C PACIIHPEHHON CHHTETHYCCKOH aneptypoii (ASAR) ENVISAT.

Ilpu AucTaHIIMOHHOM 30HAMPOBAHUU WCIIOJIB3YIOTCS Kak TEKylue CHUMKH SAR ¢ BbICOKHM
paspelicHHEM, TaKk W MPCAbBLAYINHC HW300PAKEHUS C HHU3KHM Pa3pellCHHEM, B 3aBUCHMOCTH OT
KOHKPETHBIX LENCH KaKIOr0 KOHKpEeTHOro uccicaosaHus. MzoOpaxkenns SAR, momyuyeHHBIC Ha ABYX
PasHBIX OPOHTANBHBIX TECOMETPISIX: MPH TPOXOKACHHH CIYTHHKA € CCBEpa HA T (HHCXOMIIIAs
TCOMETPHS) U C FOra Ha CEBEP (BOCXOMAINAS FCOMETPHSI), MO3BOISIOT OJHY U TY K¢ 00/1acTh HAOIIOAATH
MO ABYMSI YIJIaMU 3PCHUS, MOYTH CUMMETPUYIHBIMH. CTaOWIBHOCTh COCTOSHHS AaMOBI SIBHO SIBISCTCS
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KIIOUCBBIM M YPE3BBUANHO UYYBCTBUTCIABHBIM (aKTOPOM 1 PETrHOHA. Y COBEPIICHCTBOBAHHEIC
muddepenumansasie Metoasl PCA  mHTEpdEpOMETpHH MO3BOJLIIOT HCCICAOBATh O0IACTH TPYAHO-
JOCTYIIHBIC AN TPAIHULUOHHBIX METONOB MOHHUTOPHHIA, & TAKXKE OTCICKHBATh MO APXUBHBIM JAHHBIM
HCTOPHIO PA3BHUTHSA TEX WM MHBIX cuTyarwi [ 1-15].

llenvio nHacmosugeco uccie0oéanuss SABIACTCS TPUMCHEHHE METOAA PAJAPHONW CIYTHHKOBOH
uHTEPPESPOMETPHH 11 MOHUTOPHHTA M OLCHKH BEPTHKAIBHBIX cMeleHui Tepputopun LlapaapruHckoro
THIPOKOMILICKCA.

2. Metoabl HcCaeI0BAHHS

Meton cnyTHHKOBOH paaHOIOKALMOHHONW HHTEPGEPOMETPHH UCONb3yeT 3(hGeKT nHTepHEepeHINN
SMEKTPOMArHUTHBIX BOIMH M OCHOBAaH HA MAaTeMaTH4YecKod oOpaboTKe HECKOIBKHUX KOTCPCHTHBIX
aAMILTUTY AHO-()a30BbIX M3MCPEHUH OJHOTO M TOrO K€ YYAacTKa MOBEPXHOCTH IUIOTHHBI CO CABHIOM B
mpocTpaHcTBe npuemuoi anteHHbl PCA [16-20].

TexXHONOrH COYTHUKOBOW PaguOHHTEPPEPOMETPHH OOCCICUMBACT H3MECPCHUEC BEPTHKAIBHOTO H
TOPU30HTATBHOIO CMCIICHHUS 3EMHOU TOBEPXHOCTH € TOYHOCTBEO JO HECKOIBKHUX MUILTHMETPOB C
PAcCTOSHUS COTHH KHJIOMETPOB M3 KOCMHYECKOTO MPOCTPAHCTBA. JTOT METoA ¢ 1992 r. peammzyercs
Esporneiickum kocmuueckum areHTcTBoM (EKA) m siBisleTcst aHAIoroM CTEPeOChEMKH W OCHOBAH HA
00paboTKe ABYX PaIHOIOKALIMOHHBIX CHIMKOB, TONYYAEMbIX CITYTHHKAMH HA OTHOCHTEIIBHO Manoi 6ase
(paccrosiaue mMexkay cercopamu) okoio 300 m [16].

Huddepenupansras uHTCPPHESPOMETPUS HCIOAB3YET ABA M300pa)keHHUs (MHOTAQ TPH) TOTO HKe
CaMoro HCCICAYEMOro vuactka. [1oCcKkoIbKy MOKHO HU3MEpATh TOIBKO CMELICHUS BAOJB CIIYTHHKOBOU
muaun o63opa (LOS, Line of Sight), xomMOnHammm AaHHBIX, MOTYYCHHBIX C PasHBIX TOYCK 3PCHHS,
MO3BOJSIOT VAVYLINTE HHPOPMALIHIO 00 OPUCHTALUH CMEIICHHS.

B Hacrosmice BpeMsi CO3MaHO MHOKECTBO mporpammubix maketoB (GAMMA, Photomod Radar,
InSAR ERDAS Imagine, SARscape, RAT, DORIS, PolSARpro, ROI PAC), peammyromux
UHTEPHEPOMETPUICCKYIO 00PabOTKY PaaHONOKAIIMOHHBIX KOCMOCHHUMKOB. [1akeThl B OTKPBITHIX KOJAX
TaKKE COACPIKAT ONHCAHUE MATCMATHYCCKUX METOAOB, HA KOTOPBIX OCHOBBIBAIOTCS OTICIBHBIC STAITBI
unrepdepomerpuucckoi 00paboTku. [IpoHCcXOAUT MOCTOSHHOE pa3BUTHC METOAA PANAPHOH HHTEp-
(depoMETPUN HA OCHOBE HMHTCTPALMH OMBITA OOpabOTKH JAHHBIX M CO3JAHHS HOBBIX TPUIOKCHHU,
BO3HHKAIOIINX B CBS3H C COBCPLICHCTBOBAHHEM NPHOOPOB CIYTHUKOBOTO JUCTAHLIMOHHOTO 30HIU-
POBaHHSL.

OcHoBHBIM peavibTaroM anddepeHranpHol  uHTEpdEepOMETpHIcCKOH 00pabOTKH  SBISIOTCA
Kaprorpammel cMemeHui. Matepdepomerpuucckas obpabotka Oompimoit cepum (15-20) pagmonoxa-
uuonHbix cHUMKOB (Persistent Scatterers) mosBomsier AOCTHraTh CYOMHILITUMETPOBOH TOYHOCTH
OMPEIENICHHUS BEPTHKAIBHBIX CMELICHUH. PaanonokanmoHHas cheMKa ammapaTaMy ¢ CHHTE3HPOBAHHOU
anepTypoil obrasacT pAaoM CYLIECTBEHHBIX MPEHMYIICCTB MO CPABHECHHIO CO CHEMKAMU B BHIUMOM U
HH}PaKPACHOM IHANAa30HAX: BCCMOTOAHOCTBIO, KPYTIOCYTOUYHBIM PEKHUMOM, CTEPCOCKOIMHUYHOCTBIO H,
[JIABHOE, MO3BOMSCT (PUKCHPOBATh BEPTUKATIBHBIC M TOPH3OHTAIBHBIC JBHIKCHHS TOBEPXHOCTH C
HCOOXOAUMOMN MEPUOTUIHOCTHI) U MAKCUMAIBHOH TOYHOCTRIO — 10 MULIUMETpoB [1, 16]. Otot BHA
ChEMKH 00NajgacT MPOHHKAIMEH CIOCOOHOCTBIO OO JACCATKOB METPOB, YTO TO3BOIET H3Y4aTh
COCTOSIHUE CTPYKTYphl oTHHEL. MuTepdepomerpuueckas PCA — 310 ansrepHaTHBa TPagHLMOHHOU
crepeodoTorpadMueCKOl TEXHHKE, KOTOpas MOMKET NPHMCHATBCSA AN ONPEICICHHS NMepeMEIICHHAN
MOBEPXHOCTH IUTOTHH BHE 3aBUCHMOCTH OT MOTOJHBIX YCIOBHH U BPEMCHHU CYTOK MPU CHEMKE.

3. PesyabTarthl HCCIeR0BAHHS

Qovexmom uccnedosanus IBISCTCS TEPPUTOPHSI THAPOKOMILICKCA, PACTIONOXKCHHOTO BOJIH3H ropoaa
lapaapa [41°15'17"N; 67°58'09"E] na tore Kazaxcrana. [lnotuna rugposnekrpocraniuu (I'9C) Ha peke
Cripmapes obpasyer kpynHoe [laprapuHckoe BOZOXpaHHWIHINE NPEHMYINECTBEHHO HPPUTALHOHHOTO U
MIPOTHUBOIIABOAKOBOTO HaszHaueHHd. JlnmmHa BomoxpaHwmmuma mo nepumeTpy — 30 kM, mmpuHA 1O
nepuMeTpy — 25 kM, miomans — 783 KM?, TTOMHBIH 06BEM — 3,7 KM, OIC3HBIH 00BEM — 4,2 KM, ATHHA
IIOTHHE 10 Obedy — 5 KM, mHpHHA MIOTHHBL OT mogomebl — 35 M. [lepsriii mpoOHBIA 3amyck ObLT
mpousseAacH B 1965r., B 2008r. Obuia mpousBeAcHA dacTUUHAS MoACpHHU3anmss. KOCMUUSCKUN CHHUMOK
ITaprapuHCKOTO rUAPOKOMIUIEKCA IIPUBEACH HA PUCYHKE 1.
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Pucynok 1 — Kocmuueckuit caumox I1lapapuHCKOro ruipokomMIriexca

Hceneoosanue eepmuxanvHulx cmewjeHutsi 3emHoil nogepxnocmu meppumopuu Lllapoapunckozo
euopoxomniexca Ha ocroee oannvix PCA unmepghepomempuu. Ilpu BoIOOpE MUCXOTHBIX NAHHBIX IS
tepputopun LlapraprHCKoro BOXOXPaHUIHING, B MEPBYIO OUCPEIb, VUHTHIBAICS BPEMCHHOU JHANA30H U
JOCTATOYHO PABHOMCPHBIC MPOMEKYTKH BPEMEHH MEXKAYy CHUMKaMu. lloaxondmue AaHHBIC, TIO
BBIOpDAaHHBIM KpUTCpHsM, OBIIHM HaiigeHel B apxuee cBpomeiickoro cnytHuka SENTINELI]
(https://scihub.copemicus.cu/), AnuHA 30HAUPYOMICH BomHBI ciyTHHKA L=23.5 cMm. MicxomHblii apxuB u3
14 caumkxos cnytHuka SENTINEL1 mpencraBnen Ha puUCYHKE 2, TAC MHOKazaHa OONACTh MOKPBITHSL
CHUMKaMH H JaThl CHUMKOB. Kak BHAHO M3 PHCYHKAa 2, BPEMCHHOC MOKPBITHE PaCIpeIciICHO
HEJOCTATOYHO PaBHOMEPHO (KOJIMYCCTBO CHHMKOB 33 TOX CHIBHO BapbUPYETCs), KOMHYECTBO 3HMHHX
CHHMKOB cocTtasisieT moutu 50% ot obmmero odbema.
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Pucynok 2 — Cxema IOKPHITHS U3y4aeMoro yyacTka CHUMKaMu co crryTHrka SENTINEL1
U TalIMIfa ¢ JaTaMy CHUMKOB JULs Tepputopuu [1lapjapHHCKOTo IHIPOKOMITIEKCa

Pesynomampt 06pabomki padapHbix OAHHBIX MEMOOOM MHO2ONPOXOOHOH unmepgepomempuu SBAS
(small baselines subsets). IIpu BoIOOpE TPOTrpaMMHOTO OOCCIICUCHUS 11 OOPA0OTKH PagapHBIX CHUMKOB
VUHTBIBAIACH MOTHO(YHKIIMOHATBHOCTE BEIOPAHHOH MPOTPaMMBbl. HATHYHE MOAYIS (POKYCHPOBKH CHIPBIX
78
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pajapHEIX TOJIOTpaMM, Hamuyue MoAyiasd oOpaboTKH MHOTOMPOXOMHBIX MApP H €ro TEXHHUCCKHE
Bo3MoxkHOCTHU. [loa omucaHHBIE mapaMeTpsl JIy4Ile BCEro MOAXOIUT NPOorpaMMHBIA koMmIuieke SARscape
OT MBEHLAPCKUX paspaboTunkoB koMmnannu SARmap, kotopeiii padotacT B mporpamMMHOR 060mouke
ENVI ot gpyroi xommanuu paspatdotunxos Exelis (CIHA). Mutepdeiic mporpaMmbl aJanTUBHBINA H
JPYKCCTBCHHBIH — BHEAPCHA BO3MOXKHOCTP MHOTONOTOYHOM 00pabOTKM JAaHHBIX, BCSA LETIOYKA
MHOTONPOXOAHOH wuHTepdepoMeTpun pa3OuTa HA OTACIBHBIC 3Tamlbl, YTO MO3BOMSCT MOTHOCTBIO
KOHTPOIHPOBATh MapaMeTpsl 00pabOTKH.

Moay e MHOTONpOX0JHOH HHTEpGEePOMETPHI MalbiX 6a30BEIX TuHUHA SBAS npu 3axanun 3navucHUi
MPOCTPAHCTBCHHOW JMHUH (PACCTOSHHUEC MEKAY MOBTOPHBIMH OpOHMTAaMH) M BPEMCEHHOH 0a3bl (BpeMs
MEKIY AAaTaMH ChEMKH CHHMKOB) CTPOUT KOMOWHALMH CBA3CH MEKAY CHHUMKAMH, YTO MO3BOJIIET HA
BEIXOAC monyuath He 19 map (untepdeporpamm) B HameMm ciayyae, a 190 (20x19/2). Ilo 3aganHBIM
napamMeTpaM MPOCTPAHCTBCHHOH M BPEMECHHOM TMHUN OBIIN MOCTPOCHBI IAPHBIC CHUMKH, B JATBHEHIIIEM
oOpaboTka mnpoBomunack A BbIOpaHHBIX HHTepdeporpamMm. QOb6paborka wmetomomM SBAS ¢
HCTIONb30BAHKUEM MPOrpaMMHOT0 kKomiriekca SARScape cocTonT u3 cneayomux STanos:

1) aBTOMaTHuecKas KOpEerucTpaums, pacuer uHTepdeporpamm, cuHTe3 (asel penbeda, BEIYUTAHHE
dasel peabeda uz uaTepdeporpammel, ¢unpTpanus guddepeHInaATbHON HHTEp(EpOrpaMMel, pacueT
KOTCPEHTHOCTH, pa3BepTKa (asbl;

2) Habop TOYCK € H3BECTHBIMH KOOPAMHATAMH M BBICOTAMH U1 KOPPEKLHMH OPOUTANBHBIX
napametpoB (GCP- groundcontrolpoints — HA3¢MHBIC KOHTPOIBHBIC TOUKH);

3) pacueT CKOpPPEKTHPOBAaHHBIX AUGDDEPCHIMATBHBIX HHTCPHEPOrPaMM H Pa3BEPHYTHIX (as;

4) vHBepCcHS MOMYYCHHBIX MEPEKPECTHBIX BO BPEMCHH Pa3BepHYTHX (a3 mo metoamke SBAS c
BOCCTAHOBJICHHEM MOCNEA0BATEIbHON BO BPEMEHU HCTOPUH CMEIICHHIM,

5) TeOKOIUPOBAHHUE PE3YIABTATOB M HKCIIOPT BEKTOPHBIX H PACTPOBBIX JAHHBIX.

Beixoaneiv daitiom pe3ynbTaroB 00pabOTKH ObLT T'€OMPHUBA3AHHBIA PACTPOBBIN Galil CKOpocTH
CMCLICHUH TOYEK 3€MHOH MOBEPXHOCTH, TAC B HH(OpMAIMN KAKIOTO MUKCENS 3amMCaHbl 3HAYCHHS
BCPTUKATBHBEIX CMEINCHUN HOBEPXHOCTH (PUCYHOK 3).

Kapra cmeLLenmit 3eMHOIM noBepxHOCTH TeppuTopum LLlapaapuHekoro rugpokomnnexca 3a 2015-2016 .
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PucyHnok 3 — MHTeprionupoBaHHas KapTa CKOPOCTEH BEPTHKAIBHBIX CMEITICHUN TOUEK 36MHOI IIOBEPXHOCTH TEPPUTOPUU
ITapapUHCKOT0 THAPOKOMILIEKCa, B MM/TO]T
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4. OOcy:xaeHue pe3yJjbTATOB

Pesynpratel o6pabotkn MeTomoMm SBas, mpeacTaBneHHBICE Ha PHCYHKE 3, MOKA3BIBAIOT CHIBHYIO
3alIYMIICHHOCTh Ha TCPPUTOPHUSAX CEIBbCKOXO3AMCTBCHHEIX MOJICH, 1€ KOTEPECHTHOCTh CHTHANA MazacT
BBUY MOCTOSHHOW M3MCHUYMBOCTH OTPaKAIOMICH MOBEPXHOCTU. Takke HETATUBHOC BIWSHHUE OKa3al TOT
(axT, YTO UCXOTHBIH apXHB CHUMKOB cOCTOSNT HAa 50% W3 3UMHUX CHHUMKOB. Tak Kak OTpaKaromas
MOBEPXHOCTh JAHHOH TEPPUTOPHH PAHO MOKPHIBACTCS CHErOM (KOHEL OKTAOPS — Hauano HOAOPs), a CXOX
CHEXKHOTO TOKPOBA NPOHCXOAWUT B KOHIIE MapTa — HAdalae ampensi, TO H COXPAaHCHHE CTa0WIbHOM
KOTECPEHTHOCTH TaKOH MOBEPXHOCTH MAJIOBEPOATHA.

[To mpoBemeHHBIM HCCICTOBAHUSAM MOMKHO CHCNATh CJACAVIOIIME BBIBOABI HEMOCPEICTBCHHO
teppuropust Llaprapusckoro ruapokomiiekca cTabWiabHA W JTUIIP HEMHOTO MOJBEPKCHA MHPOLIEcCcaM
BEPTHKAJBHBIX AcopMarmii ToUeK 36MHOH mosepxHOcTH. 1 Gonee JOCTOBEPHOTO aHANN3A, C YUETOM
VCIOBUH OTpaKarollel MOBEPXHOCTH, JIVYIINM BapHaHTOM BbiOopa cbheMouHOH cuctembl Oyaer PCA
cucteMsl COSMO-SkyMed (Constellation of Small Satellites for The Mediterranecan Basin Observation)
[21] ¢ mpocTpaHCTBEHHBIM pa3peImIEeHHEM 5 M M BO3MOKHOCTBIO CHEMKH 10 4 CHIMKOB B MECHII.

BeiBoas1

lNeoguHaMuUECKUit MOHUTOPHUHT OCYIIECTBISETCS € LEIbI0 00eCICUeHHS MOCTOSHHOTO KOHTPOIS 32
COCTOSIHHEM 0€30MaCHOCTH THAPOTCXHUIECKOTO COOPYIKCHHUS, €r0 BO3ACHCTBHS Ha OKPYKAIOIIYIO CPEAY
JUI TIPCAOTBPALICHHS BO3HHUKHOBCHHS AaBAPUUHBIX CHUTYALMH W CO3AaHUS VCIOBHH I Oe30macHOM
skcrutyatauy.  llpeactaBmseT HaydHBIH W HPaKTHUYSCKHH WHTEPEC HM3YUYCHHE JAcOPMALMOHHBIX
MIPOIIECCOB TIPHJIECTAIONMEH TEPPUTOPHH M T'HAPOKOMIIIEKCA, HAXOMAMETOCS B CEHMCMOONACHOM 30HE Ha
tore Kazaxcrana BOau3u ropoga apaapa [41°15'17"N; 67°58'09"E], B HCIOCPEACTBEHHOM OIM30CTH OT
TOCYIAPCTBCHHOU TIpaHULBl ¢ Y30CKHCTAHOM H €r0 CTONHIB, MPOMBIIIICHHOTO, (PUHAHCOBOTO U
TYPHACTHYECKOTO IeHTpa ropoda TamkeHTa.

B Hacrosmeli pabote moka3aHO HWCHONB30BAHHUE JAHHBIX JUCTAHIMOHHOTO 30HANPOBAHMS 3CMIH, a
HMCHHO, TEXHOJOTUH pajapHOH CIYTHUKOBOH HHTEpREPOMETPUH sl MOHHMTOPHHIA W OLICHKU
BEPTHKAIBHBIX cMemeHUH Tepputopun LlapraprHCKoro rHapoKOMITIEKCa.

Brimonnen ananuz cHumkoB espomneiickoro cmytHuka SENTINELID Teppuropuun, BrIFOHAROLICH
Mapnapunckuii  ruapokoMivicke. [lomydeHHBIE pe3ynbTaThl CBUACTENBCTBYIOT 00 OTHOCHTEIBHO
CTa0UIIBHOM TONOXKCHUH THIAPOKOMIUICKCA M TPWICTAOIMCH TEPPUTOPHH, C HATMYUEM HEOOIBIINX
VUACTKOB MPOCAIOK 3CMHOM MOBEPXHOCTH CO CKOpPOCThEO m0 10 MM/rox B mpeaenax NpOSKTHPYCSMOH
PETHOHAIBHOM CETH.

Pesynprarel ncciaenoBaHMHA PEKOMEHAVETCS TAKKE HCIIOJb30BATh TPH TIOCTPOSHHHM T'€OMEXaHH-
Yeckux MoJzeneH acOpMALMOHHBIX MPOLIECCOB B 3¢MHOH kope Tepputopuy, Brmovaromei Llapaa-
PHUHCKHM THAPOKOMILICKC.

bracodapuocmu. Mbl Gnaromapuel EBponeickoMy KOCMHYECKOMY Aarc¢HTCTBY 32 BO3MOJKHOCTb
nocryna k cauMkaMm cnytHuka SENTINEL1 va cepsepe «The Copernicus Open Access Hub».

Paboma evinoanena 6 pamxax HITI «PazBurne KOCMUYECKHUX TEXHOJOTHH MOHUTOPUHTA MPOLICCCOB
Ha 3E€MHOH MOBEPXHOCTH U B Jjurtocepe, cO3JaHME D3ICMEHTHOM 06a3pl W ammaparypel A €ro
MpoBeACHU, paspaboTka NpUOOPOB, aNMAPATHO-MPOTPAMMHBEIX CPEIACTB H HOACHCTEM KOCMHUYECKOU
texuukny (udp 0.0673), moxmporpamma «PazBUTHE TEXHOMOTHH HA3EMHO-KOCMHUYECKOTO T'€OIHMHA-
MHUYECKOTO0 MOHHUTOpUHra tepputopun Kazaxcrana», tema «PaspaboTaTh METONONOTHMIO BBIMOIHCHUS
KOMITICKCHBIX MOHHUTOPHUHTOBBIX HAOMIOACHUH Il IPEAYNPEKACHUA TEXHOTCHHBIX H T€O3KOIOTHUECKHX
KatacTpod Ha THAPOTCXHHUYCCKUX COOPYIKEHHSAX C HCHONB30BAHHEM CITYTHHKOBBIX JAHHBIX W METOAOB
MaTEMaTHICCKOTO MOACTUPOBaHUsD), peructpanuonnsiii Homep (PH) 0115PK01278.
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