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B mnacrosiiee Bpemss Ha Ttepputopuu KaparanaumHckod oGnactu
pecriyonuku  KazaxcTaH pacIioioK€HO MHOMXKECTBO IAXT ¢ OOJBIIUM
o0beMoM BblpaboTaHHoro yriss. Ha Mecrtax BbIpaOOTOK HPOUCXOJUT
OCElaHhE 3EMHOM TOBEPXHOCTH M 0O0pa3yloTcs 30HbBI OOpYyIIEHHS U
CABMKEHUS. 30HOM CIBMIKEHHUS HAa3bIBAIOT YYAaCTOK TIOBEPXHOCTH, TJe
CABIJKEHHE TIOpPOJ MPOUCXOAUT ©Oe3 paspbiBa CIUIOINIHOCTH, a 30HOU
oOpymIieHuss — ydYacTOK, TJe HaOIoJaeTcss oOceJaHue TeppacaMu C
oOpa3oBaHHMEM TPEIIMH M HApPYIIEHUEM CIUIOMIHOCTH [2]. BenencTBue aToro
BO3HUKAET PHUCK MOBPEKIACHUS M Pa3pyLICHUs pa3IUYHbIX OOBEKTOB Ha
PacmoIoXKEHHBIX psAgoM TeppuTopusix. Tak B KaparanauHckoil obmactu yxe
3aperuCcTPUPOBaHbl  Ciay4dau JedopManuy KeJIe3HOJOPOKHOTO TIOJIOTHA,
NIPOCEIaHNs aBTOMOOWIJIBHBIX JTOPOT M BO3HUKHOBEHHWsS TPEHIMH Ha CTEHaX
3/TaHUM.

Hcnonb3oBaHne COBPEMEHHBIX  BO3MOXHOCTEM  JUCTAHIIMOHHOTO
30HAMPOBAHUS 3€MJIU TIO3BOJISIET TOJNydYaTh OMEPATUBHBIE CBEICHUS O
MECTOIIOJIO)KEHNH, CKOPOCTH W XapaKTepe H3MEHEHUs IMOBEpXHOCTH. B

HaCTOAIICC BpCM:A AKTHUBHO Pa3BUBACTCA CIIYTHHUKOBaAsA padapHaid
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UHTEpPEPOMETPUST — METOJ  U3MEpPEHUH, HCHONB3YImud  3hdeKT
UHTep(EpPEeHIIMN  DJIEKTPOMArHUTHBIX  BOJIH.  MHTepdepomeTpudeckas
o0paboTka Tap W Cepuil CHUMKOB BBITIOJIHSETCS, B YAaCTHOCTH, C IIEJBIO
OTPENICNICHUs] TMPOCATOK 3E€MHOM TOBEPXHOCTH U SBJISIETCS OJHUM U3
YHUKQJIbHBIX M TEPCHEKTUBHBIX HAIMPABICHUM B HMCMIOJb30BAHUM PATAPHBIX
cHuMKoOB. [lomydyaemas B pe3yJsibrare 00pabOTKM CHUMKOB MHTEpQeporpaMma
npeAcTaBisieT co00M pa3sHOCTHO-(A30BYIO0 KAPTHHY MOBEPXHOCTH, KOTOpas
CTPOUTCS MYTEM KOMILJIEKCHOTO TEPEMHOKEHHUsI OCHOBHOTO M300pa)Ke€HUs M
M300paxeHus, KOMIUIEKCHO-COMPS)KEHHOT'0 K BCIIOMOTaTEIbHOMY.

Llenpro maHHOW pabOTHI ABJISIETCS OIICHKA CTETICHH OCEIaHUs TTOYBHI Ha
OCHOBE PaJIMOJIOKAIIMOHHBIX JAHHBIX JUCTAHIIMOHHOTO 30HJAMPOBAHUS 3EMIIH
U UX COIOCTAaBJICHHE C JAHHBIMHU, MOJYYEHHBIMU B PE3YJbTAaTE€ HA3EMHBIX
U3MEpPEHUN METOI0M HUBEJIMPOBAHUSI.

UccnenoBanre ocenanusi MTOBEPXHOCTH MPOBOJUIOCH B pailloHe
BbIpaOoTku mmaxtel uM. T. KyszembaeBa B Kaparanmuuckoinn obGmactu. Jlms
OTPE/ICJICHHs] TPaHUIl OMACHBIX YYaCTKOB OBLJIO COBMEILEHBI TUIAHBI TOPHBIX
paboT 1mIaxThl U KapTa u3ydaemon tepputopuu B Google Maps. B pesyibrate
OBLJIO OMPEICNICHO, YTO B IIEHTPE JAHHOTO y4YacTKa HAaXOJMUTCS IMepeceueHUe
YKEJIC3HOIOPOKHOTO ITyTH M aBTOTpacchl Al7 BOMM3M nocenka Akrac. Takum
o0pa3oM, CIOBMKEHHE U OOpyILIEHHE T'PyHTa Ha PACCMATPUBAEMOM YYaCTKE
MOXXET TPUBECTH K JaeopManuyd  KeIe3HOJAOPOKHOTO TOJIOTHA U
MOBEPXHOCTH  aBTOMOOWJIBHOW aBTOJOPOTH, W, B KOHEYHOM WUTOre, K
ONPOKUBIBAHUIO TIOE€3/I0B U aBTOKATACTPO(aM.

JIst vcclieIoBaHuil MCTOJIb30BAIUCh KOCMUUYECKUE PAalapHbIE CHUMKHU
co crnytaukoB CoSmo-SkyMed 1-4, koropeie OCHAlIEHbl AHTEHHOH C
CHHTE3UPOBAHHOU aneprypou, MO3BOJISFOIIEN BBIIIOJIHATH
UHTEPPEPOMETPUUECKYIO ChEMKY 3eMHOM MOBEPXHOCTHU C

IIPOCTPAHCTBEHHBIM paszpemenueM Jydme | M Ha wmectHocTH. CheMKa
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NPOBOJUTCS B X-IHANa30He JICKTPOMArHUTHOTO CIIEKTpa C UTMHHON BOJHBI
3,1 cm [1]. dns mocTpoenust uHTEpdEeporpaMmMbl BbIOpaHa Mapa CHUMKOB C
maramMu ceeMkn 9 u 13 mag 2014 r.

[Toctpoenne  wHTEepdeporpaMMbl ~ MECTHOCTH  MPOBOJIUIOCH  C
UCroJib30BaHuEeM Moyiis Interferometry komrmexkca SARscape cucrteMsr st
00pa0OTKM JTaHHBIX JUCTAHIIMOHHOrO 30HAupoBaHus 3emiu ENVI.
SARscape Interferometry npeHa3HaYeH JUTS 00paboTku
UHTEP(HEPCHIIMOHHBIX PATUOJIOKAIIMOHHBIX JaHHBIX (HHTEpHEPOMETpHUS C
JBYX COCETHUX BUTKOB, INSAR) U g depeHnnaIbHbIX
UHTEP(OEPCHIIMOHHBIX PaIUOJIOKAIIMOHHBIX JIAHHBIX (MHTEPPEpOMETPUT N
npoxozoB, DINSAR) nns co3ganust 1udpoBbIX Mojeiel penbeda, Kapt
KOTEPETHOCTH M CMEIECHU#/ nehopmariuii 3eMHOM moBepxHocTH [3].

Ha wunrepdeporpamme (puc. 1), modydyeHHOW C HCIOJB30BAHUEM
yKa3aHHBIX BBIIIIE CHUMKOB, OTYETIMBO BHJHA 30HA OCEIAaHUS 3EMHOU
MOBEPXHOCTH B BHUJC KOHIICHTPHUYECKHX OKPYKHOCTEH TEMHOTO U CEpOro

[[BETA B IIEHTPE PUCYHKA.

Puc.1 Humepgepozpamma uzyuaemoii mecmuocmu
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KonuuecTBeHHast ~ OlEHKAa  CTENEHM  OCEJaHHsl  MOBEPXHOCTHU
IpOU3BE/IeHa MyTeM CO3aHus mpoduieit peabeda MECTHOCTH MO U30JIUHUSAM
(puc. 2), MOCTPOEHHBIM TI0 JaHHOU MHTepdeporpamme. [loMmuMo H30IUHUHN U
JUHUN co3aHus npoduieil, Ha puc. 2 rpajalusMu Ceporo 1BETa MoKa3zaHa
UHTEPIIOJIMPOBAHHAS TIOBEPXHOCTh, MOCTPOCHHAs HA OCHOBE IOJIyYE€HHBIX
JAHHBIX, I103BOJISIIONIASL MPOTHO3UPOBATH Pa3BUTHE IIPOLIECCOB OCEHAHMS.
YcranosneHo, uro B nepuoa ¢ 9 mo 13 mas 2014 r. mpousonuio ocemaHue

MOBEPXHOCTH B Tipeenax otT 0,5 1o 3 cm.

&

Puc.2 H3onunuu na yuacmke oce0anus no6epxXHoCmu ¢ HAHEeCeHHbIMU
JUHUAMU ROCMPOCHUA NPOPUNA U UHMEPROTUPOBAHHOU NOBEPXHOCHILIO

W3noxeHHbIe pe3ynbTaThl OBUTH TOATBEPKACHBI JaHHBIMA HAa3€MHOTO
MOHHUTOPHUHTA, TOJYYCHHBIMU C HMCIIOJIb30BAHUEM HUBEIWPOBAHUS — OJIHOTO
U3 KJIACCMYECKHX METOJO0B M3MEPEHUs] CKOPOCTH CIBMXKEHUS U Jepopmanuun
36MHON MOBEPXHOCTH, MO3BOJIAIONIETO BBIBUTH CTENEHb OCEHAHMS TOYBHI.
HugenupoBanue ocymectBisiioch ontudeckuMm Huenupom NAT720 Gupmbl
Leica. CpenHekBaapaTHyHasi OIMOKA HUBEIHPA COCTABISAET 2,5 MM Ha OJIUH
KAJIOMETP JIBOMHOTO XOJa, MpPU STOM MOXKHO H3MEpPSITh PACCTOSHUS C
TOYHOCTBIO 1,5 MM nipH yaneHuu ot uenu Ha 30 M.

Ha mecte pacmonoxeHus >KeIe3HOIOPOKHBIX MyTeH W MPOXOXKIACHUS

32005 JnaBel MmaxThl UM. Ky3emOaeBa ObLIM 3aJI0KEHBI HAOJIOJATEIbHbBIE
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CTaHIIMU, HA KOTOPBIX MPOBOJSATCS CUCTEMATHUYECKHE WHCTPYMEHTAJbHBIC
HaOmonenus. Ha wuccnemyemoil TeppuTopuu ObLIIO MPOBENEHO 3 cepuu
U3MEpPEHU, KOTOpbIE YKa3bIBAIOT HA Pa3BUTHE MPOIECCOB CABMKCHUS
MTOBEPXHOCTH BO BpeMeHH. JlaThl U pe3yJbTaThl H3MEPEHUHN TPEICTABICHBI B
TadnuIe.

Taonuua
Pe3ynivmamol uzmepenuil no mpem cepuiam Had1r00eHuil

1 cepus 24.05.14 2 cepus 27.05.14 3 cepus 11.06.14
Howmep pernepa AGc. oT™MeTKa Abc. oTMeTKa AH, M OT‘if;'I(a AH, M
Hage.1, M Hagc 2, M Huse s, M
I HaOropareabHasi cTAaHIUSA
TBepaas Touka 527,350 527,350 0 527,350 0
R1 527,236 527,236 0 527,235 | -0,001
R2 527,299 527,299 0 527,297 | -0,002
R3 525,298 525,290 -0,008 525,317 | -0,027
R4 524,764 524,750 -0,014 524,759 | -0,009
R5 523,785 523,765 -0,020 523,746 | -0,019
R 6 522,024 522,940 -0,084 521,845 | -0,095
R 6-1 521,161 0 521,235 | -0,074
11 HabdaronaTeabHAsl CTAHIUS
R7 524,200 524,172 -0,028 524,155 | -0,017
R 6 522,025 521,940 -0,085 521,845 | -0,095
R8 519,972 519,952 -0,020 519,993 [ -0,041
R9 519,311 519,293 -0,018 519,210 | -0,083
R 10 518,520 518,506 -0,014 518,445 | -0,061
R11 516,673 516,678 0,005 516,666 | -0,012
R 12 516,051 516,060 -0,009 515,996 | -0,064
R 13 515,614 0 515,519 | -0,095
R 14 515,851 0 515,949 0,098
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[lo mpoBeaeHHBIM  CcepUsM  HU3MEPEHU  OBLJIO  YCTaHOBIIEHO
MIOCTENEHHOE OCeJJaHNe 3eMHOM MOBEPXHOCTH B mpeaenax 1-8 cMm B mepuon ¢
24 nio 27 mast 2014 r. TpeTbs cepus U3MEpEHUH MoKa3aia pa3mMep OceIaHus B
npeaenax 1-9 cm B nepuoa ¢ 27 mas nio 11 urons 2014 r.

Takum oOpazoM, To pe3ynbTaTamM OOpaOOTKM pPaJapHBIX JTAHHBIX CO
cinytHrukoB COSMO-SkyMed ycTaHOBJICHO HaJM4KMe MPOLECCOB OCEIaHUS
NOBEPXHOCTH 3eMJiM B paiioHe maxtel uM. KysembaeBa, pacrnoiaokeHHOH B
Kaparanaumnckoit o0nacTv, 4YTO TOATBEPXKICHO JAHHBIMA  HA3eMHBIX
u3MepeHnii. Ha ocHOBe MOTy4YeHHBIX TaHHBIX MOXKHO MTPOU3BOIUTH HE TOJIBKO
OIICHKY YK€  TMPOM3OIIEAIIMX HW3MEHEHHH  MOBEPXHOCTH, HO U
IIPOTHO3UPOBATH JalbHEHIIee pa3BUTHE MPOIIECCa, BEIMYNHY U HAMPaBICHHUE
OCEllaHUs, WCIOJIb3ysl METOAbl WHTEPIOJAIMHA JaHHBIX W TPUHUMATH
CBOEBpPEMEHHbIE Mephl I oOecredeHus: O0e30MaCHOCTH IMPOMBIIUICHHBIX

00BEKTOB U HACEJICHUA.
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