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PRELIMINARY RESULTS OF
DIAGNOSTICS OF CHANGES IN
THE STRESS-DEFORMED STATE

COCTOSIHUSI MACCUBA _ OF THE ROCK MASS

P BEMJIETPSICEHUA B PAUOHE AT THE EARTHQUAKE

r. KATAB-UBAHOBCK B CEHTSIBPE 2018 r. IN THE REGION OF KATAV-IVANOVSK
IN SEPTEMBER 2018

Annomayus: Abstract:

Tlpugedenvr npedsapumenvuvie pe3yibmamsl Oua-
CHOCMUKU  USMEHEHUsl HANPAACEHHO-0epopMupo-
BAHHO20 COCMOAHUA MACCUBA NPU 3eMACMPACEHUU 6
patione 2. Kamas-Hsanosck 6 cenmsabope 2018 e.
Hannvie Oviau nonyuensl 6 pezynbmame uccieo08d-
HUs pe2UOHANbHOU 2e00UHAMUKYU C UCNONIL30BAHUEM
UCXOOHBIX  OAHMBIX NOCMOSIHHO — OeUCmEYIOUUX
cmanyui GlobalNavigationSatelliteSystem (GNSS)
Ypana.

Kurouesvie crosa: zemnempscenue, ceticMuyHOCHb
Ypana, Kamas-Hsanosck, cospemennas ceoluna-
MUYECKas akmueHOCHb, HANPANCEHHO-0eDopMupo-
BAHHOE COCMOSIHUE MACCUBA, MEKMOHUYeCKUe Hapy-
weHnus, O0epopMayuoHHble USMEPEHUS, MOHUMO-
pune.

The paper describes the preliminary results of diag-
nostics of changes in the stress-deformed state of the
rock mass at the earthquake in the region of Katav-
Ivanovsk (Russia) in September 2018. The data were
obtained as a result of the regional geodynamics
study using the raw data from the permanent Global
Navigation Satellite System (GNSS) stations of the
Urals.

Key words: earthquake, seismicity of the Urals,
Katav-Ivanovsk, current geodynamic activity,
stress-deformed state of rock mass, tectonic disturb-
ances, deformation measurements, monitoring.

bnarogapuoctu:
aBTOP BBIPAKACT TITyOOKYIO MPU3HATENLHOCTh KOJJICKTUBAM KOMIAHUN
OddexTuBubie Texuonoruu (www.eftgroup.ru), HIVE (www.hive.geosystems.aero),
Ypanl'eoTexnomnoruu (www.ugt-holding.com), 'eoCrpoiill3pickanus (Www.gsi.ru),
Hexagon (www.geosystems.ru), [IPUH (www.prin.ru)
3a PEIOCTABIICHHBIC UCXO/IHBIC JAHHBIC M COJICHCTBUE MTPH BHITOJTHEHUH HCCIICIOBAHUM.

CoBpemeHHas CeiCMUYHOCTh Y pajbCKOT0 pErMoHa B OCHOBHOM XapaKTepHU3yeTcs 00Jib-
IIMM KOJIMYECTBOM MEIKO(POKYCHBIX COOBITHI ¢ MarHuTy0# 2-3. B centsaope 2018 r. Ha FOx-
HOM Ypaje Mpou30IuIa cepus 3eMIIETPsICEHUN ¢ MarHuTynamu 4,2 — 4,5. DIUIEHTP 3eMIIeTpsi-
CeHMI HaxoJwics B 7 KM ceBepo-3anajgHee ropojaa Kartas-MBanosck YensiOunckoil oGnacty,
Ha riyoune 10 km (puc. 1).

Panee reoquHaMuyeckue UCCIEOBaHUS Ha Ypaiie MPOBOJAWINCH B OCHOBHOM Treo(pu3u-
YECKUMHU METOJIaMH, MOCTOSIHHBIE J1e(hOopMallMOHHbIE U3MEPEHUsl BEIyTCsl Ha €AMHCTBEHHOMN
IGS cranmuu ARTU. Uccnenosanus reonuHamuku CeBepHoro u CpegHero Ypana reoae3nye-
CKUMHU MeToJamH, 1o JaHHbsiM GPS, Obutn BeinoHeHs! o pykoBoactsoM B.M.Ytkuna (UT'®
¥YpO PAH) B 2009 — 2010r. IIpu nepeornpeeneHun KOOPAUHAT IIYHKTOB I'€0/1€3MYECKUX CeTeH
ObUIO OMpeNieIeH0 U3MEHEHNE HalpshKeHHO-edopmupoBanHoro coctosiHus (HJIC) maccusa.
[To pe3ynpTaTaM BBITTOJTHEHHOW PaOOTHI OBLIN CIETaHbI BBIBOIBI:

- Ypumckuii BeicTyn BocTouHo-EBponeickoil IIINTHI SBJIETCS TEKTOHUYECKUM 00pa3o-
BaHUEM, KOTOPOE B COBPEMEHHOE BpeMSI IPOA0IKAET MEAJICHHOE JBMKEHHUE HA BOCTOK, BKJIU-
HUBAsCh B Y PAIBCKYIO CTPYKTYPY;
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- IBIOKEeHUE Y (PUMCKOTO BBICTYIAa HEM30EKHO OY/AET IPOUCXOIUTh U B OyIyIIIEM U MPH-
BOJIUTh K HAaKOIICHUIO YIIPYIMX HANPsDKEHUM Ha rpaHULlax BBICTYIA, KOTOPbIE IIPU CBOEH pa3-
psIIKE MOTYT BBI3BATh JOCTATOYHO CHUIIBHBIC 3eMJICTPSICCHHUS;

- ObUIAa OTMEUYEHA HEOOXOIMMOCTh OpPraHU3alui KOMIUIEKCHOT'O AE€TalbHOTO I'€0AMHAMU-
4eCKOr0 MOHUTOPHHTA B paiione Y umckoro BeicTyna Bocrouno-EBponeiicko mianTeI ¢ 1e-
JbIO TIPOTHO3UPOBAHUS BOZMOXKHOTO CJIEIYIOIIETO KPYITHOTO TEKTOHUYECKOTO COOBITHS.

M5.5 2018/09/04 - 22:58:18 UTC Lat 54.80 Lon 58.12 Depth 10.0 km

133 km E of Ufa, Russian Federation ( pop: 1,034,000 local time: 03:58 2018/09/05 )
7 km NW of Katav-lvanovsk, Russian Federation ( pop: 19,400 local time: 03:58 2018/08/05 )
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Puc.1 — MecTtonaxoxaeHHEe SMULEHTPA CEPUU 3EMIIETPSICEHUI

B nanbueiimem monutopunr HIC VYpana no psay npuyuH He ObLT OpraHU30BaH U UC-
cnenoanus Mucruryrom reopusuku YpO PAH ne npoBoaunucek. Onnako B UHcTUTyTE TOp-
Horo zienayYpO PAH yxe HECKOIBKO JIETBEAYTCS MCCIIEJOBAHNS PETMOHAIBHON IT'€OJMHAMUKHI
C HCIIOJB30BAHMEM HCXOJIHBIX JaHHBIX MOCTOSHHO AeicTByrommux crtaHiuid GlobalNaviga-
tionSatelliteSystem (GNSS)Cesepnoro, Cpeanero u FOxxnoro Ypana. [Ipu 3ToOM npou3BosT-
cANepUOoANYECcKHe, YEeThIpe pa3a B roJl, BBIYUCIEHUS UX MPOCTPAHCTBEHHBIX KOOPAMHAT OT
nyHkTOB IGS B cucreme ITRF-2014, onpenenenne ronoBeIx CKOpOCTENCABHKEHNM, TOCTPOE-
HUE MOoJIel cABMKEHHUH U AeopMaliuii Mo pa3HOCTSIM CKOPOCTEH.

B cBs3u ¢ mpousomeamum B ceHTs10pe 2018 1. 3emierpsiceHreM ObLT MPOBEIEH KCIe-
PUMEHT C LENbI0 AMATHOCTUKHN U3MEHEHHS HapsHKEHHO-e(OPMUPOBAHHOTO COCTOSIHUS Mac-
CUBa TOPHBIX NTOpoA B paiioHe r.Karas-lBaHoBck. Pa3zmepsl paiioHa uccieq0BaHuN COCTaBUIIN
280 %250 kM (puc. 2). B skcnepumenTe ObUTIO 3a7€HCTBOBAHO 9 MOCTOSHHO JEHCTBYIOITUX
GNSS crannmii IOxxHoro Ypana, npu 3ToM HUCHOJIb30BAINCh HAKOIUIEHHBIE CTAHIIUSAMH JIaH-
Hele B popmare RINEX. Kamepanbhas 06paboTka mpou3BOaMIaCh B MMaKeTax MPOTrPaMMHOIO
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obecnieuenus Bernese Software (metonom Precise Point Positioning PPP) u Waypoint GrafNet
(metomom Double Difference DD) ¢ onpenenenremM nmpocTpaHCTBEHHBIX KOOPAUHAT ITYHKTOB
10 KaXJO0W CYTOYHOH CEPUH.
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CxeMa CeTh NOCTORHHO AGHCTBYIOWAX CTaHUMA
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Puc.2 — Cxema cetu nocrosiaHo nerictByronux GNSS cranmuit FOxuoro Ypana

bruta cnenana BIOOpKa HCXOMHBIX JaHHBIX 3a mepuos ¢ 15.08.2018 mo 15.10.2018 must
¢ukcanuu ABM>KEHUHN U neopMaiuii 10, BO BpeMs U IOCJIE 3eMIIETPSICEHMUS.
[TporpaMma sKcnepUMeEHTa BKJIIOYaIa
* omnpezaeneHue adCOIIOTHBIX KOOPAWHAT MYHKTOB U UX U3MEHEHHSI IO OCSIM KOOp-
JUHAT €XECYTOYHO, 3a 61 cyTku, nmyrem npuss3ku ux or 10-12 ucxoausix nynkros IGS B
cucteme INRF-2014;
* 00paboTky 1 ypaBHuBanue GNSS cetu 15 Mccae10BaHNs TPEHI0BBIX IBUKEHUN
IIyTE€M COIOCTABJIEHUS IPOCTPAHCTBEHHBIX KOOPAMHAT IIYHKTOB, TOJIY4€HHbIX B pa3IU4HbIE
CEpUHU MOHUTOPHHIOBBIX U3MEPEHUH.
B pe3ynbrare ObuIH Onpe/iesieHbl YUCICHHbIE 3HAaUE€HUs
* CYTOYHBIX aMIUIUTYyJ U3MEHEHUI KOOpAUHAT IO TPEM OCSM KOOPAMHAT, aMILIH-
TyJlHasl ¥ TPEHI0Basi COCTABIISIFOIINE 0 3€MIIETPSICEHUS], MEXKAY CEPUSIMU 3EMIIETPSICEHUM U
nocJie 3emierpsicenuit (puc 3);
* pacrpeneneHus] TOPU3OHTAIbHBIX CABMKEHUN U JedopMalliii MacCuBa FOPHBIX
IIOpOJ1 B pailoHE — B BUJIE MIEPEMEIIEHNUN HA BOCTOK ¢ ammuiutynamu 7 — 10 mum (puc. 4).
3aduKcUpOBaHbI TAK)KE BEPTUKAJIbHBIE CABUKEHHSI, KOTOPbIE IPOSBISAIOTCS B BUJIE PaB-
HOMEPHOI'0 HAKJIOHA: MTOJHATHUS B FOr0-3allaJHON 4acTH, OCElaHus Ha ceBepo-BoCTOKe. OTMe-
YyeHbl AeQopMaliy pacTsHKEHUS B I0T0-3aMaiHOM U 3armaJHON YacTaxX y4yacTKa IMoJ] a3uMyTaMu
135° 1 45°, ipu 3TOM B BOCTOYHOMN YaCTH MCCIIEIyEMOM TePPUTOPHH MPE0OIagatoT CRMUMALO-
e aegopMarum.
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M3MEHEHIE NPOCTPEHCTBEHHBIX KOOPAMHAT 623080 CTakuym ASHA
Cocrasun AAManwom, U YpO PAH, 20180
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Puc.3 — IloBenenue maccupa TOPHBIX IMOPOJ A0 M ITOCJIC 3EMIICTPACCHUA.

AMIIIUTY2 U3MEHEHUH IPOCTPAHCTBEHHBIX KoopanHaT myHKToB GNSSceru:

xommonentsff] - AX, - AY, [} - AH
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Puc.4 — I'opuzoHTaIbHBIE IEpEMEIEHUs Ha BOCTOK 10 ocu craHiwmii IGLI - KTIV

¢ ammuurygamu 7 — 10 mm
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Taxoke 10 pe3ynbTaTaM MU3MEPEHUN OBUIM MOCTPOCHBI a3UMYT-IUarpaMMBbl CABHIKEHHM
o BceM Bo3MOkHBIM AX, AY, AH, 2D, 3D mexay nynkramu GNSS cetu. Y cTaHOBIEHO Kak
COOTBETCTBHUE, TAK M HECOOTBETCTBHE 110 OCHOBHBIM HAIPABJICHUSAM MPEOOIaIAI0NINX OpUCH-
TUPOBOK pa3joMOB B YpaJlbCKOM peruose (puc. 5).

Ty cAoese - 70 oo M (BhiceTa)
Cocramn LA Mavckun, T YPOPAN, 20181
w

Puc. 5 — A3umyT-auarpaMmmsbl BCe€X BO3MOXKHBIX ITPUPALICHUI KOOPAUHAT
MEX1y TyHKTAMU CETH: . - AX, . -AY, I - AH, l -2D, . -3D

JlanpHele HanpaBJIeHNs UCCIIE0BAaHUI COCTOAT B ONPEACICHUN HOBBIX JAHHBIX 10
cKopocTsM caBkeHni yHKTOB GNSS cetu paifoHa, HaXOIAIIUXCSI B 00JIaCTH M3MEHEHUS
HanpsKEHHO-e(OPMHUPOBAHHOI'O COCTOSHUS MacCHBa IIPHU 3eMIIeTpsiCeHHH B paiioHe r.Karas-
HBanogck, 3a nepuoxa 2018 — 2019 rr. u ganee, B mepuoj; CTabUIM3AIMU T€OIUHAMUYECKON
o0cTaHOBKU. [lepcrieKTUBHBIM HalpaBICHUEM JAJIbHEHIIINX UCCIIEI0BAaHHUM SBIISIETCS] YCTaHOB-
JIEHHE OCHOBHBIX XapaKTEPUCTHUK BEKTOPHOTO MOJISi COBPEMEHHBIX JABM)KEHUH, B YaCTHOCTH JIU-
BEPreHINH, YTO MO3BOJIUT ONPEIEIUTh 3aKOHOMEPHOCTH PACIPENEIEHHS €0 XapaKTEPUCTUK
U UACHTU(ULIMPOBATh UCTOUYHUKH (DOPMHUPOBAHUS U CTOKA JePOpMAIMOHHBIX MpoleccoB. B
HacTosIee BpeMs pa3paboTaH M aNrOPUTMUYECKH pealu3yeTcs MaTeMaTU4YeCKUi ammapar,
MO3BOJIAIOIINN ONPENENIATh TUBEPTEHIUIO 110 PE3YIbTaTaM MUCXO/HBIX JaHHBIX, PECTABIICH-
HBIX KaK B BUJIe paBHOMepHOU KpaliruHr-monenu, Tak U B BUJE JaHHBIX, IPEICTABICHHBIX B
BEpPILMHAX €IMHUYHBIX IEMEHTOB TpUAHTyIAuuu Jlenone.

Taxoke B paMKkax 0003HaYEHHBIX SKCIIEPUMEHTAIBHBIX HcciaenoBaHnit THCTUTYTOM rop-
Horo niena YpO PAH nponomxatorcst paboThl IO cO3JaHUIO 0a3bl JTaHHBIX COBPEMEHHBIX I'€0-
JUHAMHYECKHUX JBM)KEHUN BEpPXHEH 4acTu 3€MHOM KOphl ¥Ypalbckoro pernona. McxoaueiMu
JAHHBIMU JJ1s1 HATIOJTHEHUsI 6a3bl TaHHBIX SIBJISIFOTCS IPOCTPAHCTBEHHBIE CIBUKEHUS U UX CKO-
POCTH, OIIpeeNIeHHbIE MO pe3yabTaTaM 00paboTKH reoie3nuecKix u3mMmepenuii oonee 60 myHk-
ToB GNSS, pacnonoxxenubix Ha Tepputopun Cesepnoro, Cpennero u KOxxnoro Ypana.
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