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Ha npumepe BepxHEkaMCKOro MECTOPOXKACHHUS COJIEH MTOKa3aHa BO3MOXKHOCTbh MCIOJIB30BAHUS JAHHBIX
pamapHoil uHTephEepOMETpUH Ui OLEHKM M MPOrHO3a HM3MEHEHHUS HaIpsKeHHO-1e()OpMUPOBAHHOTO
COCTOSIHMSI TIOJIpa0OTaHHOTO MOpPOAHOro MmaccuBa. OOBEKTOM wucciaenoBaHui — saBisuics  [lepBsiit
bepe3HnKoOBCKUI KanuitHBINA pyIHUK, 3aTomieHHbI B 2006 T. B pe3yJbTaTe aBapUItHOIO MPOPbIBA MPECHBIX
BOJI B FOpHbIE BbIpaOOTKU. BceiencTBue BHICOKOW pacTBOPUMOCTH COJISIHBIX MOPOJ B Mpefesiax HIaXTHOTO
IIOJISL 10 CUX TOp COXPAHSIOTCS JOCTATOYHO BBICOKHE CKOPOCTH OCEIaHHs 3€MHOM IOBEPXHOCTH, KOTOPBIE
KOHTPOJIMPYIOTCS T'€OAC3MUYECKUMH METOJAaMHU TI0 3aJ0KEHHBIM MPO(WIBHBIM JUHHUSIM W TUIOIIATHON
panapHoi ceemkoit cnyTHUKOM TerraSAR-X ¢ mepuonom 11 aneit mo caumkam ¢ 2020 mo 2024 roxasi 3a
OeCCHEXXHBIN TePHOJ, KOTOPhIi B [lepMCKOM Kpae 0OBIYHO JJTUTCS C KOHIIA amlpests 10 CePeIuHBI OKTSIOpSI.
CMmenieHus: pacCUMTHIBAJIMCH 10 MOCJIEI0BATENbHBIM [IapaM CHUMKOB, a 3aTEM CyMMHPOBAIMCh. Takxke K
IIOJIHOM Cepuu MPUMEHSUIaCh TEXHOJIOTMsI ToYeuHbIX oTpaxareneil IPTA, peanu3oBanHas B IporpaMMHOM
nakere GAMMA. CriyTHUKOBBIE JaHHbBIE TIOKa3bIBAIOT, UTO OCEaHMs 3€MHOM MMOBEPXHOCTH B I'. bepe3Huku
B OCHOBHOM IIPOMCXOJAT B IOT0O-3aIlaIHOM YaCTH rOpoJa M B PACIIOJIOKEHHBIX FOJKHEE Iocenkax. Taxxe
OTHOCHUTEJILHO HOBasi 00JIaCTh OCEIaHUI BBISBIIEHA BOCTOYHEE ropoja, B paiione noc. Cyxanoso. Ha kapte
CPEIHUX CKOPOCTEH OCEIAHMM BBIJEISAETCS MyJIbJIa CABUKEHUS B 3aI1aTHOM YaCTH IrOpPO1a, IPOCTUPAIOIASCS
B cyOMepuInoHanpHOM HamnpasiieHuu. KOxHee ee mepecekaer BTOpas MyJibJla, LIMPOTHOI'O MPOCTHPAHUS,
KoTopas nmpocTtupaercs 10 noc. CyxaHoBo.

I'eomexaHnuecKkass HHTEPIIPETALUS JaHHBIX pagapHOi HHTEPPEpOMETPUN OCHOBBIBATIACH HA TPEXMEPHOM
MaTeMaTHYeCKOM MOJICIMPOBAHUK Tporiecca aedOopMHUpOBaHUs TMOApaboTaHHOrO MaccuBa. PacderHas
CXeMa OTpakaja BeCh KOMILJIEKC TOPHO-I€0JIOTUYECKUX M TOPHOTEXHUUYECKUX YCIOBUI OTPAOOTKH, a TaKXKe
rpyniy (akTopoB, CBSI3aHHBIX C MPOPHIBOM TPECHBIX BOJ B TOPHBIE BHIPAOOTKH. UWCIIEHHBIE pacyeThl
0a3MpoBaNCh HA TOJyaHAJUTUYECKOH CXEME MEeTOJa KOHEYHBIX 3JIeMEHTOB. B pamkax pa3paboTaHHOIM
MOIU(UKAIIA METO/Ia IEPEMEHHBIX MOy el eopMalnii JaHHBIE PaJapHO HHTEPPEPOMETPHH SBISUINCH
AJIEMEHTOM TapaMeTPHUECKOT0 00eCreueHs] TeOMEXaHNIECKON MOJIEINH, ONPEIeIIsIonei 1e)OpMUPOBaHNE
110/1jpab0TaHHOI'0 MAacCHBAa BO BPEMEHU.
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The applicability of InNSAR technique in stress—strain assessment and alteration prediction in rock mass is
illustrated as a case-study of the Upper Kama Salt Deposit. The object of research is Berezniki Mine-1 flooded
in 2006 after an accidental freshwater inrush. Because of high solubility of salt rocks, velocity of ground
subsidence is yet very high within the mine field. Subsidence monitoring is carried out here using benchmark
surveying along existing profile lines and TerraSAR-X-base radar survey with a time-interval of 11 days. We
used SAR images from 2002 to 2024 for the snow-free period, which in the Perm region typically lasts from
late April to mid-October. Displacements were calculated from successive pairs of images and then summed.
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IPTA point reflector technology, implemented in the GAMMA software package, was also applied to the full
series. Satellite data show that ground subsidence in Berezniki is primarily occurring in the southwestern part
of the city and in the villages located to the south. A relatively new area of subsidence has also been identifi d
east of the city, near Sukhanovo village. The map of average subsidence rates reveals a trough of displacement
in the western part of the city, extending in a submeridional direction. Further south, it is intersected by a
second trough, oriented east-west, which extends to Sukhanovo village.

The InSAR data were interpreted using 3D mathematical modeling of deformation process in undermined
rock mass. The computational model displayed a whole set of geological and geotechnical conditions, and a
group of factors associated with the freshwater inrush. The numerical calculations used the semi-analytical
finite element method. Within the framework of the developed modification of the method for variable-module
deformations, InNSAR data were a part of the parametric content of the geomechanical model determining
deformation of undermined rock mass in time.
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