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BBEAEHWE

Bonpochkl KpaTKOCPOYHOTO IPOTrHO3a CHJIBHBIX
3eMJIETPSICEHUI aKTUBHO pa3padaThIBalOTCS C UC-
MOJIb30BaHUEM Pa3JINYHBIX MOAXOI0B, BKJIIOYas TeX-
HOJIOTMY TUCTAaHIIMOHHOTO 30HAMPOBaHUS [ AKOIISIH
u ap., 2017; bounayp u np., 2007]. BaxkHbIM 3B€eHOM B
MOHUMAaHUM JTUHAMUKH HaIPSKeHHO-Ie(POpPMUPO-
BaHHOTO COCTOSIHUSI Cpedbl Tiepeln KaTacTpoduue-
CKUMU COOBITUSIMU SIBJISIETCSI pa3paboTKa Mojeiei
pa3pylieHus1 3eMHOI KOpbI, HallpaBjJieHHAasl Ha U3Y-
YeHUE TaKUX OCOOEHHOCTEI pa3BUTUSI JAHHOTO MPO-
liecca, KOTOpble MOIIM Obl paccMaTpUBAThCsl Kak
KpaTKOCPOYHbIE MTPEABECTHUKM.

CormacHo HemaBHeMy 0030py [Kato, Ben-Zion,
2021] oo oOBICHEHMS MTpoliecca ITOATOTOBKH KPYII-
HBIX 3€MJICTPSICEHUII MCIOJIb3YIOTCS TPU OCHOBHEBIC
MOMEIN: KacKaIHO-Bocxoasas (cascade-up), ipen-
CEeMICMMUYECKOTO CKOJIbKeHMUs (pre-slip) n mporpeccu-
pytoleit nokanmmzaumu (progressive localization). Kac-
KaJTHO-BOCXOIIAsl MOIEIb IIPEANOoIaraeT, YTo MOAro-
TOBKA 3eMJICTPSICEHUS CBSI3aHA C MPOTPECCUPYIOIINUM
pa3ylmpoOYHEHUEM TOPHBIX ITOPOMI, BhI3BAHHBLIM CJia-
00If CeICMUYHOCTBIO Ha MPOTSKEHUU IJINTEITIHHOTO
MHTEpBaJIa BpEMEHHU B IIpeaeiiaX CUCTEMBI paHee Cy-
IIECTBOBABIINX Pa3JIOMOB, IIOABEPXKEHHBIX (POHO-
BBIM TEKTOHMYECKMM HampskeHussM |[Yoon et al.,
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2019]. B pamkax Moaeaud NpeacemcMruyeckKoro
CKOJIbXX€HMSI OCHOBHOE BHUMAHUE YIEISICTCSI MEI-
JIEHHBIM aceMCMMYECKUM IBVKEHMSIM, IIPOMCXOISI-
MM B KOHKPETHOM pa3jioMe Ilepel KPYIIHBIM Celi-
cmuueckuM cobbitueM [Dieterich, 1992; KouapsH,
2014], a KOHLEIIIMS IPOTrPEeCCUPYIONIEH JIOKaIn3a-
LM OIIMCHIBAET NTMHAMMKY pacIpeaeIecHHbIX HAIIPSI-
XKeHUil 1 nedopmannii, pa3BUBaIOIINXCS TAKUM 00-
pa3oM, 4TO mepen ceiicCMMYEeCKMM BcCHapbIBaHUEM
BO3HUKAaET aHOMaJIMs IedopMally COBUTA B 30HE,
He CBSI3aHHOM C paHee CyIeCTBOBABIIMMHU Pa3jioMa-
mu [Rice, 2017; Ben-Zion, Zaliapin, 2020].

MexaHnyeckasi YCTOMYMBOCTh CEMCMUYECKU aK-
TUBHBIX 30H C Y€ UMEIOIIUMUCS pa3pbIBHBIMU Ha-
PYLISHUSIMUA pacCMaTpUBaeTCsl, HalIpUMeEp, B MOJIETISIX
JIJAaBUHHO-HEYCTOMYMBOTO  TPEIIMHOOOPa30BaHUS
(JIHT) u nudp@Py3noHHO-IMJIATAaHTHON KOHLICILIUU
(AO) [Msaukun u ap., 1975]. Ilpu atom, mpoiecc
CBOAUTCSI K pas3pylICHUIO TaK Ha3bIBaeMoOil mepe-
MBIYKY, OTPAaHUYEHHOM C IBYX CTOPOH HayaBIIUMCSI
o0Opa3oBaHUEM TpPEIIWH, YTO HAXOAUT OTpakeHUe B
JnabopaTopHbix akcnepuMeHTax [CoboieB, [ToHoMa-
peB, 2003].

B pa6ore [llaparamr, 2000] moka3aHo, 4To pa3py-
LIeHUEe TepeMbIUKU Teped KpoHoUKuM 3eMiieTpsi-
ceHneM Ha Kamuarke cBSI3aHO C TOSIBJIEHMEM aHO-
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MaJIuM TaHTeJIeBUTHOU (GOpPMBI B KacaTeJbHBIX Ha-
NpSTKEHUIX. DPPeXTUBHOCTD  ITPUMEHCHUST
reOMEXaHMYeCKOTO MOJIEIMPOBAHUSI Ha IIpUMepe
IOxno0it Kamudopauu mokasana B padortax [ Bondur
et al., 2020; bormyp u mp., 2010; 2016; 2021], rme BBI-
SIBJICHBI KPAaTKOCPOYHbBIE NTPEABECTHUKY B TUHAMUKE
HJIC cubHbIX 3emuterpsicennii 2010 u 2019 . c M =7.1.

Hpyroe HaripaBjieHUEe B U3yYEHUU TIPUPOIbI ceii-
CMUYHOCTH CBSI3aHO C KOHCTPYHMPOBAHUEM JeTep-
MUHUPOBAHHBIX MEXaHUUYECKUX Mojeseit, UCIOoJIb-
3yeMbIX JJ151 OTTMCaHUSI TIPOLIECCOB B Pa3IOMHO-0J10-
KOBBIX CTpPYKTypax 3eMHoOii Kopbl [Burridge,
Knopoff, 1967]. Dtn Momeau MpeacTaBisioT coboit
HabOop OTAEIbHBIX 3JIEMEHTOB (0JIOKOB), JIeXKaIllUX Ha
JIBVIKYLIEHCS TIJIUTE U COSMMHEHHBIX MEXIY COO0OIi
MPYXXUHHBIMU KECTKUMU CBs3siIMU. [IpeomosieHue
CUJ TPEeHMsI Ha KOHTaKTe C IJIMTON CMOCOOCTBYET
MPOCKaJIb3bIBAHUIO OTIEIbHBIX 0J10KOB. Takoe mpe-
PBIBUCTOE CKOJIbXXeHUe (stick-slip) 1 mopoxaaeT celi-
cmuueckue coobitusi. 1. Typkort [Turcotte, 1994]
MpoBea 0030p OOJIBIIOrO YKcia JeTEPMUHUPOBAH-
HBIX MEXaHWYeCKUX MojeJieil, 3BOJIOLUS KOTOPBIX
BO BpE€MEHU UCIOJIb30Baach IIIMPOKUM KPYroM HcC-
clieaoBaTesiei 11 onycaHusl TaKOro B 1IEJI0M Xa0TH-
YeCKOTO MPUPOIHOIO IMpoliecca, Kak CeCMUYHOCTD
[Huang, Turcotte, 1990; Narkounskaia, Turcotte,
1992; Brown et al., 1991; Carlson et al., 1993].

PE3VJIbTATbI TEOMEXAHWUYECKOI'O
MOJEJIMPOBAHUA

OcHoBOI co3gaHus Monaeinu “Kadgenn” aBiIsSioTCsa
pe3yabTaThl, MOIYyYeHHbIC IO IMHAMUKE HAIIPSKEH-
Ho-nedopmupoBaHHoro coctostHus (HC) 3emHoii
Kopsl FOxHoit KanudopHuu repen 3eMaeTpsiICCHUEM
Pumxkpect 6.07.2019 r. ¢ M = 7.1 1 KoopAUHATaAMU
35.766° c.i1. u 117.605° 3.1.

AHanm3 NpoBOAMIICS B paMKax MSITUCIONHOM reo-
MEXaHMUYECKOI MOMEIN, YYUTHIBAIOLIEH pa3IOMHYIO
TEKTOHUKY, PEOJIOTUUECKHNE CBOMCTBA CJIOEB 3€MHOM
KOpBI, pejibed U BHEIIHUE TEKTOHUYECKUE BO3Ieii-
CTBHSI, 4TO TTOAPOOHO omnucaHo B paborax [Bondur
et al., 2020; bouayp u np., 2010; 2016; 2021]. B mane
00JIaCTh MOIETMPOBAHUSI UMeEET pasMep 645 X 560 km
(31-36° c.ur. 1 114—121.2° 3.1.) ¥ AUCKPETUZUPYETCS
MPSIMOYTOJIBHOM CETKOM C DJIEMEHTaMM (STUeiKaMM)
5 X 5 kM. Monenb oxBaThIBaeT MHTEPBaI IIIyOUH OT
JTHEBHOM MOBEPXHOCTH (C y4eTOM peabeda) 10 35 KM;
pa3bueHre B BEepTUKAJILHOM HaIlpaBJICHUU YBI3aHO C

reoMeTpureil TpaHUIl CJIOEB, 3aIaBacMbIX HA OCHOBE
MMEIOLIMNXCST TEOJIOTMYECKUX JaHHbBIX. KaxkmoMy ciioro
MPUCBOEHBI ONpEIecHHbIE 3HAYCHUSI TeOMeXaHJe-
CKHUX TTapaMeTPOB B paMKax yIPyroriacTU4ecKoil Mo-
nemu Kymona—Mopa (Momysib 00beMHOro cxaTtus K,
MOIYJIb capura (G, CLIETUIEHVE ¢ W YToJl BHYTPEHHETO
TpeHus ¢). Pa3momMHO-0/10KOBasI TEKTOHMKA PErMoHa
3a/aeTcsl ¢ UCIIOIb30BAaHMEM TaHHBIX JIMHEAMEHTHOTO
axHaym3za [Bondur et al., 2010]. Pacripenenenust HeKOToO-
pBIX MapaMeTPOB MOKa3aHbI Ha puc. 1.

Ha nepBoM 3Tane reoMmexaHMYECKOro MOAEINPO-
BaHUS BBIIMIOJHSUICS pacyeT HadyajJbHOIO HAaNpPSDKEH-
HOT'O COCTOSIHUSI MOAEJIM, OTpaXKarollero ee Hadalb-
HYIO IOBPEXIEHHOCTh, CBSI3aHHYIO C Pa3JIOMHO-0J10-
KOBOIi TEKTOHUKOM, YYWUTHIBAIOIIEr0 COOCTBEHHBIMN
BEC U IeMICTBUE PETUOHAIbHBIX TEKTOHUYECKUX CHII.
BrruucneHuss mpoBOOMJIMCh B KBa3HMCTAaTUYECKOM
OpUOIVDKEHUN C HCIOJb30BaHHUEM IIPOrpaMMHOIO
naketa FLAC3D [Itasca..., 2006].

IMocnenyrwoiiee MoAaeaIMpoOBaHUE TIPEAIIOIaraeT
YYEeT TEKYLIEN CeiiCMUYECKON aKTUBHOCTU U pEAIU-
3yeTcs B BUJIe UTEPALIMOHHOM MpOoLieAyphl MepecyeTa
tekyuiero coctostHust (HAC) monenu, ocyiiecTBisie-
MOIi TyTeM TOC/iefOBaTeIbHOM KOPpPEeKIUU 3Haye-
HUI TeOMEXaHUYECKUX CBOMCTB (MOAyJielf 00beMHO-
ro cXaTusl, CIBUra, CLUEIUIEHUS U yIjla BHYyTPEHHETO
TPEHUsI) TeX DJIEMEHTOB (sSlueeK) MOJIeJiu, KOTOpbIe
0Ka3aJIMCh 3aTPOHYTHl CEMCMUUYECKUMU COOBITUSIMU
¢ maruutynamMu M > 1 (mo ganHsiM KaTajgora USGS
ComCat, https://earthquake.usgs.gov/data/comcat/), B
TPEeXMeCSIUHbIM BpeMEHHOM MHTEpBaJI, IPEAIIeCTBY-
touit MomeHTy pacueta HIIC. KoppekTupoBKa ocy-
ILIECTBJISIETCSI HAa OCHOBE OLIEHOK BbIAEIUBILIEHCS
SHEPIUU 3EeMJIETPSICEHUI W MaKCUMAaJbHOTO Kaca-
TeJibHOro HampstkeHusl. CKoOppeKTUpOBaHHAsi MO-
JleJib McTioib3yeTtcs mist pacuyeta HoBoro HJIC. 3aTtem
OIMMCAHHbIH LIMKJT TOBTOPSIETCS AJIsSI HOBOTO TpeXMe-
CSIYHOTO MHTepBaJia, cABUHYTOro Ha 0.5 mec. OTHO-
CUTEJIbHO mpeablayliero (puc. 2).

Takum ob6pa3zoM, “paboTa” MOAEIU B peXKHUME MO-
HUTOPUHTA CBOIUTCS K ITOCIIEIOBATEILHOMY pacueTy
HIC c monymMecSYHBIM MHTEPBAJIOM IO BPEMEHM.
IMTonyyeHHbie MaccuBbl napameTpoB HIC ucnonb3y-
TOTCS TSI pacyeTa M BU3yaIu3aliy KITIOUEBbIX KITHE-
MaTUYECKUX XapaKTePUCTUK — MPUPAIICHUS BEKTO-

pa cMelleHUs u = {ux,uy,uz}, paccuYnTHIBAEMOTO BO

BCeX y3JIaX CEeTKM, a TaKXKe MHTEHCUBHOCTHU Aedop-
Maluu casura (caBuroBoit nepopmaruu — CJI) y:

1 2 2
y= \/8[(8“ —e,) + (g, —e.) + (e - exx)z] +€5, +€), +en,

I7e €; — KOMIIOHEHTBI TeH30pa feopMalum.
Pacnipenenenns ropn30HTAIILHOM COCTABIISIONICH
CMEILICHUS IJISI TOTO UJIM MHOTO CJIOSl MOACIIU TIpel-
CTaBJISIIOTCSI B BUJIE CTPEJIOK, IJIMHEI KOTOPBIX IIPO-
MOPLMOHANbHBI aMIUIMTYIE CMEIICHUS B COOTBET-

OU3NUKA 3EMIIM  Ne 4 2023

CTByIOIIMX Yy3maX. WMHTeHCUBHOCTH aedopMaru
n300paxkaeTcs B BUIE IIBETOBBIX KapT.

Hunamuka HJC ucciaenoBajiiach IpU BBEACHUU B
MOJEIb TEKYIIEi CECMUYHOCTH, KOIIA KaXKI0e 36M-
nerpsicenue, HaunHasa ¢ M > 1 mo karamory USGS
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Puc. 1. KapTel HA9aIbHBIX pacripee/IeHH reoOMeXaHUUEeCKUX TTapaMeTPOB IUIS 3 BEPXHUX CIIOEB MOJIEITN: MOIYJTb OOBEMHOTO CXKa-
TH (a), MOIyITb cBura (0), crierieHue (B) 1 yron TpeHus (T). HeomHopomHOCTH OTpaXaroT pa3JIOMHYIO TEKTOHUKY PETHOoHa.

DOU3UKA 3EMJIIM Ne 4 2023
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Puc. 2. Cxema nTepallMOHHOM MPOIIETyPhl BRIYMCIECHUS HANTPSIKEHHO-Te(OPMUPOBAHHOTO COCTOSTHHSI MOJIE]T, OOHOBJISIEMO-

TO MpU CABUIE MHTEPBaja yyeTa TEKYIIEU CEMCMUUHOCTHU.

paccMaTpUBaIOCh KaK HOBBIHM Te(EKT 36 MHOM KOPHI
COOTBETCTBYIOIINX Pa3MepPOB, TPUBOISIINI K Tepe-
pacnpenenaeHuio nedopmaumii [ bouoyp u op., 2016].

HMcnonab3yemble ISt TOCTPOSHUST MOMIEIN PE3Yib-
TaTbl OTHOCSTCSI K IIPOCTPAHCTBEHHO-BPEMEHHBIM
pacrpeneaeHUSIM IpupalleHri 1ehopMaliiy CABUATA
(CH) u BeKTOpOB cMelleHus Ha rryouHe 3—10 km
BTOPOTO CJIOSI BEpXHEi 36 MHOI KOPBI, I1e JOKaTU3y-
eTcd OCHOBHas TeKylas ceiicMruaHocTh FOxHoit Ka-
JdopHUN.

Ha puc. 3. mpeacrasieHo pacnpeaeieHe MaKCH-
MaJibHbIX 3HaueHuii npupaieHus: CJ1 u cMelleHuii ¢
JIBYX CTOPOH OT OYIYIIETro pa3pbiBa 3eMJIETPSICEHUS
Pumxkpect 06.07.2019 1. 3a 1.5 mec. u 5 gHeit, cooT-
BETCTBEHHO. Pa3zmepbl o61acTeit COCTaBISIIOT MOPsII-
Ka 20 KM IIpHU IeTaJbHOCTH 110 pa3MepaM pPacdeTHHBIX
sTYeeK B MOJIENIN 5 X 5 KM, a BeJIMYUHBI IPUPAIIEHUS
cMmeleHuit 3a 0.5 Mec. JOCTUTAIOT TTOPSIAKa NECITKOB
CaHTUMETPOB.

IMonyyeHHOE pacnpeneieHrue B OKPECTHOCTU pe-
aJIbHOTO oyara HaxOAWTCSl B COIIAaCUU C TeOopeTude-
CKOM MOMENbI0O PasBUTUS TPEIIUHBI U3 pPabGOTHI
[MstukuH u ap., 1975] (puc. 4).

B pabote [bounyp u ap., 2022] nnpuBoggTcs pe-
3yabTaThl 1o guHaMmuke H/IC B anmmieHTpaabHOI 30-
He (O3) Ha 2018—2019 rr. npumepHo 3a 1.5 roaa no
3eMJIETPSICEHU ST, KOTa HaYaJIoCh MHTEHCUBHOE (hop-
mupoBaHue ouara (puc. 3). Kak BunHo, aHOManbHOE
pa3BuTHe npupamieHns cMemeHuit B CII ¢ 1Byx cTo-
POH OT (pOPMUPYIOIIETOCsl ouara MpuHUMAaeT TaHTe-
JIEBUAHYI0 (OpMYy TOTOBOM K pa3pylIeHUIO Iiepe-
MBIYKH.

BwMmecTe ¢ TEM, B TCOPETUUYCCKUX U J1a60paToprlx
HCCICOJOBAHUAX IO Pa3BUTHUIO TPEIIIMH HE O6CY)KL[H—
€TCA BpEMCHHAaA IoCJa€a10BaTCIbHOCTL YEPECAOBaHUA

OU3NUKA 3EMIIM  Ne 4 2023

paspylIeHUil ¢ pasHbIX CTOPOH OT TOTOBSIIErOCs
paspbiBa.

B cootBeTcTBMM € pHC. 5 U pucC. 6 TIPUBEACHO IO~
cJenoBaTeIbHOE MTPOCTPAHCTBEHHOE pacpeaeicHe
XapaKTePHBIX MOMEHTOB MaKCHUMAaJIbHBIX CMEIIICHUIA,
HaumHasg ¢ mapTa 2018 r., Korma, Kak ImoKa3aHo B pa-
6otax [bonnyp u ap., 2021; 2022], nposiBiasieTcs UH-
TeHCHBHOe (opMupoBaHue odara. [lomepeMeHHOE
MOSIBJICHHE MaKCHMaJTbHBIX CMEIICHWIT Ha pa3HBIX
OKOHEYHOCTSIX OyAylIero pa3pbiBa UMUTUPYET TIPO-
1IecC packayMBaHUsl SIULEHTPaJIbHON 30HBI (D3)
BITJIOTBH 1O MOMEHTA COOBITHSI.

HetanpbHOoe pacnpeaeieHe BCeX BEMYUH Mprpa-
IIEHUS CMEIIEHUI 32 JaHHBII MPOMEXYTOK BpeMEeHU
npuBeneHo Ha puc. 7 [boanyp u op., 2022].

OtpuliaTeibHbIE BEJIMYWHBI, TTOKa3aHHbIE Kpac-
HBIM IIBETOM, COOTBETCTBYIOT MECTOITOJIOXECHMIO
aHoMaJibHbIX cMeteHuit ¢ OB ctopoHbl mpomoke-
HUS TIPOCTUPAHUS ouara, a moJoXUTeJIbHbIe (CUHETO
nBeta) ¢ C3 CTOPOHBI B COOTBETCTBUM C PHUC. 5.

Takum o6pa3oM, IIpUBEICHHbBIC pe3yIbTaThl yKa-
3BIBAIOT Ha HAJIMYMeE Mpoliecca pacKauyMBaHUS 00J1a-
CTH, TOTOBSIIEHCS K pa3pylIeHHIO iepeMbluku. [1pu
3TOM, NEpUOM pacKauyMBaHUS TaKUX “Kadeyeil” co-
CTaBJISIET TOPSIIKA OJHOTO—HECKOJIBKUX MECSIICB,
IpoTsKeHHOCTh mopsinka 100 kM, pa3Mepsl aHO-
MaJIbHBIX 00JacTeil — B npeaenax 20 kM. BeamuuHbl
npUpanieHus CMEIeHU, MOASINPYeMbIX Ha IIIyOu-
Hax 3—10 KM BTOPOTO CJI0ST BEpXHEM 36 MHOM KOPHI B
reoMexaHM4eCKOM MOIeIN, JOCTUTAIOT AECSITKOB CM.

MOZJEJIb “KAYEJIN”

ComracHO COBpEMEHHBIM IIPEACTABICHUSIM, 3eM-
Hasl Kopa IIpeACcTaBIIsIeT CO00M nepapXudecKyro QUC-
KpeTHyto cpeny [CamoBckuii, ITucapenko, 1991]. Ta-
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npupaiieHus nedopMalnu caBura, M/M

Puc. 3. CoBMelieHHbIE aHOMAJIMU HATIPSKEHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS, BBIIE/ISIEMbIE Ha I0TO-BOCTOYHOM U CEBEPO-
3aragHOM NPOIOJIKEHMSIX Oyayliero pasioma Pumxkkpect o cocrostHuio Ha 01.05.2019 r. u 01.07.2019 r. LIBeToM moka3zaHbl
3HAUYeHMs] WMHTEHCHUBHOCTU IIpUpalleHus1 nedopmalvu caBura (IIKajga JaHa B 0Oe3pa3MepHBIX €IUWHUIIAX); CUHUMU
CcTpeKaMu — BeKTOpbl cMelieHus. Cepasi TMHUS COOTBETCTBYET OCPEIHEHHOMY TTOJIOKEHMIO IJIABHOTO pa3jioMa 3eMIeTpsice-
HUst Pumkkpect, xenTasi 3Be3104Ka — SIMULEHTPY INIABHOTO TOJYKA, & KPACHBIE CTPEJIKM MOKa3bIBaIOT CMEIIEHMS OJIOKOB Cpe-

IIbI IO pa3yioMy.

KO€ CTpOEHME HEOIHOPOMOHOI cpenbl OmpenesseT
pa3BUTHE CEHCMOTEKTOHWYECKOTO Tpoliecca. [lom-
TBEPKIEHUEM 3TOTO BBIBOJA SIBJISIETCS MOJIEb pas-
nmoma [Burridge, Knopoff, 1967], oGbsicHsII01IIasT 9BO-
JIIOIMIO CEMCMUYECKOTO IIpoiecca (puc. §).

Mopenb npeacTaBisieT co00il HAaOOp OTHEIbHBIX
3J1eMeHTOB (0JIOKOB) C Maccoii m, JexXallluxX Ha He-
TMOABUKHOM TOPU30HTAJILHO IIJIMTE U COENUHEHHBIX

MEXIY COO0M NMPYXMHHBIMU XECTKUMMU CB3SIMU K, .
C NoABIXKHOII TOPU3OHTAJIBHOM IIJIMTOM, IBMXKY-
1Ieiicsa CoO CKOPOCThIO V', 3IEeMEHThI COeIUHEHHI T11a-
CTUHYATBIMU 3JIEMEHTAMU C XECTKOCTbIO k;. Ilpe-

OIlOJIEHME CUJIBI TPEHUSA F;, MEXIY HUXHEN IUIUTON 1
0J10KaMy MPUBOJIUT BpeMsl OT BpeMEHU K TTPOCKaJb-
3bIBAaHUIO OTAEIbHBIX 0J10KOB. IIpocKaib3bIBaTh MO-
KET KaK OTHEJIbHBIN OJIOK, TaK M HECKOJILKO OJIOKOB.
Takoe mpepbIBUCTOE CKONbXeHUE (Stick-slip) n BO3-
HUKAaloIIMe MpU 3TOM (DPUKIIMOHHBIE aBTOKOJieOa-
HUSI CBA3BIBAIOT C BOBHUKHOBEHUEM 3€MJIETPSICEHU A
[KopoHoBckuii u ap., 2015]. [Tpumepom addekTuB-
HOCTU TaKOTO MOJAX0Ja MOXET CJIYXWUTh KJIABUIIIHAS
MOJieJIb CUJILHBIX 3€MJIETPSICEHM I B OCTPOBHBIX AyTrax
U aKTUBHBIX KOHTHMHEHTaJbHBIX oKpaunHax [Kepu-
maH, JJookoBckmii, 1988; JloOkoBcKkuii u ap., 2017].

o(T) ~ oo(1/2r)/*F(0) ;

.1

l.l

1.0

Puc. 4. CrpykTypa MoJjisi MaKCUMaJIbHBIX KacaTeJbHbIX
HaTpSDKEHUH MeEXIy OBYMSI TpellMHAMHW 0 JaHHBIM

pa6oTel [MsiukuH u ap., 1975].
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Puc. 5. PacrionoxeHre 1 MHTEHCUBHOCTh aHOMaJINil AeopManiviv ciBura, HabIIOMaeMbIX Ha IOTO-BOCTOYHOM (KpacHbIE
KPYXKKM) U CeBEpO-3anaaHoM (CUHUE KPYXKKH) MPOAOIKeHUsIX pa3iioMa Pumkkpect B nepuon ¢ mapra 2018 r. mo uions 2019 r.
Pa3mepsl KPy>KKOB COOTBETCTBYIOT TIPOCTPAHCTBEHHBIM PA3MEPaM aHOMATLHBIX obracreit, OKOHTYPEHHBIX 10 TTOPOTOBOMY
snaueHuto CII, cocrasistomemy 107>, TOICTBIMU Y€PHOIA U CEPOIi IMHUSIMU TTOKA3aHbI PA3JIOMBI 3eMJieTpsiceHusi PUxkpecT
2019 1. 1 I'ektop MaitH 1999 1., COOTBETCTBEHHO; XENTHIMU KPYXKKaMM — STUIIEHTPHI UX TTIaBHBIX TOTYKOB. CBETJIO-Cepoii Tu-

HMUel 0603HaueH pasyiom [apiok.
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cMmenieHust: 0.5 M

Puc. 6. Lukiael murpanmu (“packaumBaHus”) 006JaCTU MaKCUMaJbHBIX CIBUTOBBIX eopMallMii B SIUIIEHTPAIbHOM 30HE.
LIBeToM moka3zaHa MHTEHCUBHOCTD Je(OpMalM CIBUTa, CHHUMU CTPEIKAMU — BEKTOPbI CMelleHUsT. YepHBIMU JIMHSMU T10-
Ka3aHbl Pa3JIOMbl, COOTBETCTBYIOIIINE TIABHOMY TOJUKY 3eMieTpsiceHns: Pumkkpect 06.07.2019 r. (ummHHasT) 1 eTo GOpIToKy

04.07.2019 r. (kopoTKast).

OcTtaBasich B U3JIOKEHHOI Mapaaurme, pacCMoT-
PYIM CJICAYIOIIYIO MOAEIb IBMKEHMS OJIOKOB, OOBsIC-
HSIOILIYIO pacKadyMBaHME IIEPEMBIUKU IIEpel pa3py-
meHrneM. PaccMoTpuM IBMKEHNE TpeX OJIOKOB, pas3-
MEILIEHHBIX Ha IBVXKYIIEHCS] CO CKOPOCThIO V' muiuTe
(puc. 9a).

OU3NUKA 3EMIIM  Ne 4 2023

CpenHuii 6JI0K TpencTaBiisieT co00it mepeMbIuKy.
Biioxu ckpenseHbl MeXAy cO00it yIPYTMMU CBA3SIMU
¢ Kkoa(duureHTaMu k,, k; U BA3KMMU JIEMEHTaMHU C
ko3 dureHToM BI3KOCTH L. KpaiiHre 6;10KH ¢ ro-
MOLLBIO YIIPYTUX 3JIEMEHTOB C XECTKOCTBIO ki, Kk,
B3aMMOJEMCTBYIOT C HEMNOMBMXKHBIMU IIperpagaMu.
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Puc. 7. Bapuaiimn "HTEHCUBHOCTH aHOMAaJINIA techopMaliuy CIBUTA, HAOJIIOTaeMbIX Ha FOTO-BOCTOYHOM (KpacHBIE CTOJIOMKN )1
ceBepo-3arnajaHoM (CMHME CTOJIOWKU) MPOAOIKEeHUsIX pa3ioMa Pumxkkpect B nepuoa ¢ mapta 2018 o utons 2019 rr.

Driver plate %
- ... —
k, k; ki
3
F F Fy
P s =
7777777777777 /777777777777 77777 /77777777777 7777771777777 Y

Puc. 8. OnHoMepHast Mojiesb IpocKab3biBalomnx 6;10koB [ Burridge, Knopoff, 1967].

Bbiroxu mipyzkaThl K IJINTE YCUIUSIMU P 11 B3auMoIeii-
CTBYIOT C Hell IO 3aKOHY CyXOoro TpeHus (puc. 70),
COIVIaCHO KOTOPOMY ITpU JOCTMXKEHUM ycuineM F Ha
KOHTaKTe KPUTUUYECKOTO 3HaUeHus F,, cuia TpeHus

YMEHbIIaeTcss A0 3HaueHust F,,, ¥ Mox AeicTBUEM
c6poca Harpy3Ku

AF = F,

U,

= Fa- (1)

(@)

HaYMHACTCA ITPOCKAJIb3bIBAHUC.

IMpenmnosoxuM, 4To CHadYajaa MPUXOIUT B IBUKE-
Hue 1-i1 610K (puc. 10a), KOTOPEIT IPOCKAJIb3bIBAET

Ha BEJIMYMHY 4, TOI NEHCTBMEM cOPOCAa Harpy3Ku
@ _ O M
AF = Elp — Law-

1
ITo mepe Toro, kak Harpy3ka AF o nepenaercd Ha
BSI3KOYTIPYTYIO CBSI3b MeXAy OJloKaMM, HauuHaeT

P P P ©)
| | l r
ky ) yyyves @l | Q) &, Fup| AF
— AN Ho H3 AN Fa,
—F — 5 —
L >

«—

V

Puc. 9. Monenb cucteMbl U3 3-X 6J10KOB (a), B3aMMOAECTBYIOIIMX C ABMXKYIIIMMCSI OCHOBAaHHMEM I10 3aKOHY CyXOro TpeHus (0).
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(a)
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Puc. 10. ITpockanb3biBaHue 1-ro 6J10Ka (a) ¥ IIpocKab3bIBaHUE 3-TO 6JIOKA, MPEAIIeCTBYIOIINE IBMXKEHUIO 3-T0 6JI0Ka (0).

BO3pacTaTh Harpy3Ka Ha CpemHUil 2-i1 610K (Tepe-

MbIUKY). ITockonbKy F,fpz) > Fu(]:) u F,fpz) > FIS), 3TO He
MPUBENET K aKTUBU3aLIMU TIepeMbIYKH. [ToaTOMY Yye-
pe3 HEKOTOpOe BpeMsl pPacTsSKEHUE YIIPYTOil CBsI3U K,
NpUBeAET B ABMDKeHME 3-11 OJI0K, I OH CMECTUTCS Ha
BEJIMYMHY u;. B pesynbrare K Harpy3ke Ha nepeMbIi-
KY CO CTOPOHBI 1-T0 6;10Ka 100aBUTCS AaBICHUE 3-TO
osoka. Ecii aToro 0yneT mocTaTouyHO IS TIPEOI0JIe-

HUSI CUJIBI TPEHUS Qf), TO 2-11 OJIOK CTPOHETCSI C Me-
cta. Eciu Het, TO onsITh MOBTOPUTCS HArpy>kKeHKe 1-ro
6;10Ka M JajbHelIee Bo3pacTaHe Harpy3Ku Ha Te-
peMbIuky. OTMcaHHBIN BbIIIE Mpolecc OyaeT mpo-
JIOJKATBCSI IO TE€X MOpP, MOKa He OyIeT MPeomoieHO
COIIPOTHUBJIEHUE 2-TO OJIOKA.

Brinuiem ypaBHeHue nBUxXKeHUs 1-To 610Ka:
o
%4_@“1 +&V1_£ =
ot ) 25} W,

Ero peireHuie, ynosierBopsioiiiee yciaoBuio u; = 0
npu ¢t = 0, UMeeT BU:
k\Vt

)
u = AF 1—exp —Mt - .
k +k, Ly k +k,

JBmxeHue 1-ro 6j0Ka OCTAaHOBUTCS, KOrda Ha-
rpy3Ka cieBa Ha 1-ii 610K YMEHBILIUTCS:

0. 2)

3

FY - kuy = Fy,). 4

CornacHo (4) BpeMst OCTAaHOBKH f; " (stick) Haiinem
W3 YCIIOBHS

OU3NUKA 3EMIIM  Ne 4 2023

AF® {1 —exp (— k+k tﬂ -
MU, (5)

_ iy -k A g0 _ .
ki
JBrzkeHue 3-ro 6JioKa yIOBJIETBOPSIET YPaBHEHUIO

(3)
%+Mu3+&Vt—ALZO, (6)

ot U3 U3 M3
aHAJIOTMYHOMY ypaBHEHUIO (2).

Hcnonb3ysa pewenust ypaBHenuit (2) u (6), us
yCa0BUS

Ef;) - [kzul(tlst) + Wty (tlﬂ):' -

@)
— (ks + 15 %) = Fd(»i)

. TR
HaiineM Bpemsi #; (slip), IpYM KOTOPOM HAYHETCS JBU -
KeHue 2-ro 0JioKa.

3agaguMcs claeAyloIUMU IapaMeTpaMy MoJe-
mm. Mognynb FOHra 6nokoB — E, = E, =2X 10" Ma,
E; =1.5%10"  Ta,
v =0.25, BI3KOCTb — 1, =1, =M, = 6x10" Ia - c,

CpellHee HampsKeHWe 033 =1.25% 10°  Ia,
o, =05 u oy =0.3 — KOOPOULKUEHTB TPEHUS.

ko3 punment Ilyaccona

5
JmmHaa v mmpuHa 6;10koB L =1x 10" Mmu A = 5000 m
cooTBeTcTBeHHO. CKOpPOCTb JBMXKEHUSI  TUIMTHI

V=0.5 M/FO}I.
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B stom CJIyda€ BpE€MsA aKTUBalln (HpOCKaJ'IBSLIBa—

()

HMs) 1-ro Groka ¢, = 0.358ron. 3aTeM MPOMCXOIUT

aKkTUBaLWA 3-To OJI0Ka, KOTOpast IJTUTCS tS) = 0.339 ron.
Harpy3ka, Bo3HuKalolass co CTOpOoHbI 1-ro m 3-TO
0J10Ka, IIPUBOIUT B OBMKEHME 2-i1 OJIOK (IIepeMBbIU-

KY). AKTUBanus 2-1o 6J10Ka JUIUTC ts(,z) = 0.373 ron.
Takum 06pa3oM, UCITOIb30BaHME XapaKTePHBIX 3HA-
YeHUI MeXaHUYECKUX U TeOMETPUYECKUX MapaMeT-
POB CUCTEMBI KOPOBBIX OJIOKOB ITPUBOITUT K 000CHO-
BaHHBIM 3HAUYCHUSIM TIPOMEXKYTKOB BDEMEHM UX pac-
KauyMBaHUS.

B pamMkax npuBeneHHOI MOAEIN, UCIIOIb3YS Ha-
OmogaemMble (MO TeONEe3UYECKUM MOaHHBIM) W/WIn
CMOJIETUPOBaHHBIE (C YYETOM CECMUYHOCTU) CMe-
meHus (MM UX CKOPOCTH) IJISI psiia BbIIEICHHBIX
0JIOKOB, IyTeM pelleHMsT 0O0paTHOI 3amaur MOXKHO
YTOYHUTh 3HAyeHUs I1apaMeTpPOB, BKIIOYAIOLINX
XKECTKOCTU k U KO(PDULIMEHTHI BI3KOCTH [l IS CU-
CTeMblI OJIOKOB TaKMM 00pa30M, UYTOOBI ee HabIoaac-
MOe MOBeIeHNEe COOTBETCTBOBAJIO 3KCIIEPUMEHTAb-
HBIM ITapaMeTpaM, BKJIIoYasl Iepuoj packKayrBaHUsI
U paccTosiHue MexXay pokycamMu packauyku. Ha ocHo-
BaHUM ITOJTyY€HHBIX YUCICHHBIX OLIEHOK YCTAaHOBJIE-
HO, YTO 110 OJHMM JIMIIb BEJIMYMHAM IIEPUOIa pacKa-
YUBAHUS JOCTATOYHO YCTOMYMBO ONPEIC/ISTIOTCS
TOJIBKO MEXOJIOKOBBIE BSI3KOCTH [L, B TO BPEMsI KakK
IJISL APYTUX FeOMEXaHNYeCKUX MapaMeTPOB CUCTEMBI
0JIOKOB XapaKTepHa HEOTHO3HAYHOCTh B IOCTATOYHO
IIMPOKOM MHTEpBajic 3HAUYCHUIA.

B 1O ke BpeMs1, OHM MOTYT OBITH OOJIiee HAJIEXKHO
ornpeaesieHbl IO BpeMEHHBIM 3aBUCUMOCTSIM HaOII0-
JTaeMBIX CMeIIeHNId GJIOKOB, a TeOMETPUYSCKUE Xa-
PaKTEpUCTUKH CHUCTEMBI MOTYT 3a1aBaThCsl C UCTTOJTb-
30BaHUEM JOCTYMHOI Te0Joro-reopu3ndyeckon nH-
dopMaliy, BKIIOYas MMEIOIIMECS MaTepHalibl IO
pa3IOMHOM TeKTOHUKE MCCIICIyeMOTO pernoHa. Bos-
MOXHO, 00001IeHe paccMaTprMBaeMoil MOaeau Ha
cJIydail mepeMeHHBIX BO BDeMEHU XKeCTKOCTEI 1 BSI3-
KOCTell MEXOJIOKOBBIX CBSI3€if, UTO IIpearojiaracT
HCIIOJIb30BaHUE HECKOJBbKMUX MAacCCHUBOB JaHHBIX I10
CMEIIEeHUSIM (CKOPOCTSIM CMEIICHUIT), OTBEYAIOIINX
Pa3IMYHBIM CTaAUSIM CEHCMMWYECKOro IIMKJIa, U T10-
JIydaTh COOTBETCTBYIOIIME OLICHKU JIJIsI 9TUX KUHEMAa-
TUYECKUX peXnMOB. OnpenencHue yKa3aHHBIX BEJIN-
YUH MO3KET OBITh OCYIIECTBICHO IMyTEM pelIeHUS He-
JIMHEMHON o0O0paTHOM 3amayu C MCIIOJb30BaHUEM
METONOB ontuMmusauuu. Ilpm 3TOM, B KadecTBe
¢yHKIIMOHAJIa HEBSI3KM MOXET MCIOJb30BaThCs
KBaZpaTU4YHasi Mepa pacXoxXIeHUS KUHEMaTUYEeCKUX
nmapaMeTpoB (CKOPOCTEli), pacCUUTAaHHBIX IJIS MOJIE-
JIV OBWKEHUS OJIOKOB M TOJIYYEHHBIX C ITOMOIIBIO
GNSS-HabaoneHuit, a1M00 CMOIEJIUPOBAHHBIX B
paMKax yYUTHIBAIOIIEHl TEKYIIyl0 CEMCMUYHOCTh
reoMeXaHMYeCKO MOAEeNu CIUIOIIHOM cpeabl IJis
HEKOTOpPOro Habopa MOMEHTOB BpeMeHU. Perynsapu-
3al1sl MOXeT OBITh peajl30BaHa B BUIE OTpaHUYE-
HHS 00JIAaCTH TTOMCKA IT0 KaXKIOMY M3 ITapaMeTpOB.

OBCYXIEHMUWE PE3VJIIbTATOB

IMonxon, McoOAb30BaHHBIN MPU MOCTPOEHUHN UC-
XOIHOI reomexanmdeckoit moaeau IOxuon Kamnu-
dopuum [Bonduret al., 2020; 2022], yaCTUYHO BKIIIO-
YaeT KakK 3JIEMEHThl KaCKaJIHO-BOCXOASIIECH MOAETN
[Yoon et al., 2019], Tak 1 KOHLIENIIUY TPOTrpeCcCcUpy-
forreit Jokaymzanum [Rice, 2017; Ben-Zion, Zaliapin,
2020]. B nanHOM city4ae 1oJie (pOHOBBIX HaIpsike-
HU 1 gepopmalinii, ornpenesieMoe peruoHaJIbHbBI-
MU TEKTOHMYECKMMM CUJIaMU 1 paHee CYIIECTBO-
BaBIIUM pacIlipeJieIeHueM pa3JIOMOB, JOMOTHSIETCS
JIOKAJIbHBIM OcJIabieHueM (IOBPEXIEHHOCTBIO) U
MOCJICAYIONINM 3a>KMBJICHUEM 3€MHOII KOPBI, CBSI-
3aHHBIMM C TeKyllell ci1adoii CeMCMUYHOCTBIO, UTO
IMO3BOJISIET MOACINPOBATh AMHAMUYECKHE TIOJISI Ha-
NpsoKeHU 1 nedopmaitiii st Beeil oomactu FOx-
Hoii KanudopHuu. PoHoOBasi CEICMUYHOCTb, OTpa-
XKamlasi HeIIpephIBHOE pa3pylleHrue 3eMHOM KOPbI
MO/ NeMICTBMEM PETMOHAIbHBIX TEKTOHUYECKUX CHII,
B OCHOBHOM, CBsi3aHa c pazioMamu CaH-AHIpeac,
lapimok 1 MayHTt. OgHAKO, IIOCKOJBKY paccMaTpu-
BaeMast MOJIe/Ib BKJIIOYAeT JaHHBIE 110 CEICMUYHOCTHU
MaJjioil MarHUTYAbl, IpeoOpa3oBaHHBIE B KOADHUIIM-
€HT IIOBPEXISHHOCTU TOPHBIX IIOpon, a (aKThuye-
cKas (paccessHHasl) CEMCMUYHOCTh HE OrpaHMYMBa-
€TCsI KOHKPETHBIMM pa3jioMaMM (XOTSI OHU UTpaloT
BaXKHYIO POJIb B pacIpeae/IeHN CTallMOHAPHBIX Ha-
NPSDKEHUI), paCUET SBOJIOLUU PACTIPENCTICHHBIX Ha-
MpsKeHU U AedopMalivii myreM UTepaTUBHOTO 00-
HOBJICHUSI TE€OMEXaHWYECKMX CBOMCTB (MOMyJIeid
VIIPYTOCTH U T. 1I.) obecrieunBaeT n3MeHene H/IC B
JIOCTaTOYHO IIMUPOKOM 0OJacTU BOKPYT OYHYIIETO
pa3phIBa.

AHamn3 B paMKaX MOJEJIM IIPOTPeCcCUpYyIoNIeii 10-
kamm3aumm mig FOxuoit Kamndopann, npuBeneH-
HbIH B paboTax [Ben-Zion, Zaliapin, 2019; 2020; Ka-
to, Ben-Zion, 2021], cBUaETEIbCTBYET O IIPOTPECCU-
pyIoIIeM ocIabJeHUN KOPBI BOKPYT BO3MOXKHBIX 30H
BCIIapbIBaHUS Tiepen KpyImHbIMU (M > 7) coObITUSI-
MU, IIPOU3OLICAIIMMY B 5TOM PETUOHE 3a ITOC/ICTHIE
IEeCATUICTHS, C YETKOM JJOKaIn3aleil B Te4CHUE O~
cliemHuX 2—3 JieT mepen HUMU. BeIIeynoMsHyThIe
KCCJIENOBAaHUSI B OCHOBHOM COCPEIOTOUYECHBI Ha IIPSI-
MOM IIpe0oOpa3oBaHNM HA0II0AaeMOi CEICMUYHOCTH
B 00bEM U JIOKAJIM3ALMIO TTOBPEXIEHHOCTU TOPHBIX
IOpOoI, C IIPUMEHEHUEM T'€OCTaTUCTUYECKNX OLICHOK
[Molchan, Keilis-Borok, 2008] 6e3 mcrions3oBanmns
IMOJTHOTO TE€OMEXaHWYECKOIr0 MOJECIMPOBAHUS IS
noyydyeHus pacnpeneaenuiit HAC.

OmnuceiBaeMas B HacTosIe paboTe MoIeIb OTIU -
paeTcs Ha IpeIIoKeHHYI0 HaMU paHee KOHIICHIINIO,
COUETAIOIIYI0 NPMHIUMBI KacKaIHO-BOCXOISIIEH
MOJEJU 1 TIPOTPECCUPYIOLLEH JIOKATU3AIMU C TEOME-
XaHMYeCKUM MonaeanpoBaHueM mapamerpoB HIC c
y4yeToM (POHOBOM CEMCMWUYHOCTH, ITO3BOJIUBIIYIO
BBISIBUTh IIUKJIMYECKUNA TIPOLIECC MUTpAllMU aHO-
MaJIbHBIX AeopManmii Ha (pJiaHrax oyara rOTOBSIIIIE-
rocsi CUJIbHOTO 3emuerpsicenusi Pumxkkpect. C opy-
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Puc. 11. Pacnipenenenue makcuManbHbix ipupaineHuit CI0 va 01.08.2018 1. (3eseHble 061acTi) 1 c1aboit TeKyIei ceiicMud-
HOCTH ¢ M ~ 1—2 st uHTepBaiia 3 Mecsilia (CUHME KPYXKKU B BEpXHell yacTu) 1 st uHTepBaia 0.5 Mec. (KpacHble KPYXXKU B
HIDKHEM 4acTH).
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TOIf CTOpOHEBI, Monelh “Kademn” conepXKuT 3JIeMEHTHI,
OIM3KKE K MOAEIISIM MEIJIEHHOTo cKolbxXeHus [Ko-
yapsiH, 2014].

BrinosHeHHbBIE KOTUYECTBEHHbBIE OLIEHKU ITOKa-
3BIBAIOT, YTO OOHApyXKEeHHBIE IIEPUOObLI IIpolecca
“packauynBaHus”’ SMULICHTPAILHOM 30HBI COBIIaAa-
IOT C MIEPUOINYHOCTHIO CpbhIBa OJIOKOB B pACCMOTPEH-
HOM JIEeTepPMUHUPOBAHHOI MEXaHWUYECKON MOJICIIN.
JaHHBI TpomHecc T.H. “pacKayMBaHUS” SIBJISICTCS
MPU3HAKOM 3aKJIOYMTEIbHOTO 3Tamna (opMHUpOBa-
HUS o4ara repe Ha4ajJoM pa3pylIeHUsI IEPEMBbIYKH,
omnpenensioniein caMo 3emierpsiceHue. [Ipu sToMm,
pa3Mephl 00J1acTH “packayrMBaHus” (IIMHA pa3pbiBa
L) cBs3aHBl ¢ MarHuTygoit M Oymyiiero coObITUS,
KOTOpasi MOXeT OBbITh OLleHEeHAa, HAIlpuMep, B COOT-
BeTcTBUMU ¢ (popmynoii Kacaxapsl [Kacaxapa, 1985]:

gL =3.2+0.5M,

rne L 3amaetcs B cM. B ciiydae 3emuieTpsiceHust Pumxk-
KpECT, KOrJa HabJrogaeMblii pa3Mep MepeMbIUKU 110
JIAaHHBIM T€OMEXaHWYE€CKOTO0 MOHUTOPMHIA COCTaB-
JsieT nopsinka 100 KM, MOXHO MOJYYUTh OILIEHKY
MaKCHUMaJIbHOM OXUAaeMOM MarHUTYIBI OKOJO 7.6,
YTO HECKOJIBKO BhIIIe (pakKTUYecKoii. B To XXe BpeMs,
BCJIed 32 aBTOpaMU KCCJIENOBaHUS MO aHAIU3y MO-
BepxXHOCTHBIX cMelneHuit [Chen et al., 2020], MoxHO
MPENNOI0XKUTh, UTO pa3Mephbl oUyara U MarHuTya co-
OBITHSI MOTJIM OKa3aThCsl O0IbIIIE (paKTUUECKUX, ECIIU
OblI pa3BUTHE pa3pbiBa HE ObLIO OCTAaHOBJIEHO PEruo-
HaJbHBIMU TE€KTOHUYECKUMU OCOOEHHOCTSIMU pac-
CcMaTpUBaEMOI TEpPUTOPHUU: pa3ioMoM [apJiok ¢ on-
HOM CTOPOHBI M 30HOI1 BYJIKAHOB C Apyroil. Takum
00pa3oM, YCTAHOBJIEHME XapaKTEPHBIX MPOCTpaH-
CTBEHHBIX pa3MepoOB 30H “pacKayMBaHUsI” MOXKET
JaTh BaXKHeHIylo MHGOPMAIIMIO O MOTeHIUATbHOMI
MarHuTyJle TOTOBSIIETOCs 3€MJIETPSICEHUS.

HMcnonb3oBaHUe CO3DaHHOM MOJEIN OTKPHIBAET
HOBBIE€ BO3MOXHOCTY MPU PEILIEHUH LIEJIOTO psifa 00-
paTHBIX 3a/a4, HAIpaBJICHHBIX Ha OIlpele/icHUue Xa-
PAKTEPUCTUK 3aKIJIIOYUTEILHON (Pa3bl MOATOTOBKU
3eMJIETPSICEHUSI, BAXKHBIX JJIsI KPATKOCPOUYHOTO MPO-
THO3UPOBAHUSL.

CriemyeT OTMETUTDb, YTO MCIOJIb3yeMble TaHHbBIC
MpY NOJYYEHUHN PE3YJIbTaTOB MO MPOoLecCy pacKadyu-
BaHMUsI, Jiexalllie B OCHOBE co3aaHusI Mmoaenu “Kaue-
Jn”, OBLIM pacCYMTAHbI B paMKax TeOMeXaHN4YeCKOM
MOJAEIU, KyJa BBOAMJIACH TEKyIlllasi CEeCMUYHOCTb.
B nporecce pa3Butust caMoii TeKyIeu ceiicMuuHo-
ctu Takue ocoobeHHocTy auHaMuku HIAC BeioeauTh
BeCbMa 3aTPyAHUTCIIBHO.

HeiicTBUTENbHO, clabdast ceiiCMUYHOCTb, KOTOpast
CBSI3aHa C JIOKAJIbHBIM Pa3pylLIE€HUEM IIOPOI, BbI3bI-
BaeT IepepacripeneysieHue nedopMalii B CIOXHO
MOCTPOCHHOI 3€MHOII KOope ¢ € TEeKTOHMYECKUMMU
OCOOEHHOCTSIMU — Pa3JIO0MHO-0JIOKOBOI, JOCTATOY-
HO MO3au4HOIi CTpyKTypoil. UMeHHO B reomMexaHu4e-
CKOI1 MOEI1, B COOTBETCTBUM C pa3BUTHUEM CEICMUYEC-
CKOT'O IIpoliecca 1 0COOCHHOCTSIMM JIOKAJIbHOM TEK-

TOHUKH, BBIACISIOTCS OO0JacTH, TIIe BO3HWKAIOT
MaKCUMYyMBl YIPyTroll 3HEpruu, KacaTeJbHBbIX Ha-
MPSKeHUI M CIBUTOBBIX AedopMalinii. DT ob6aactu
3a9acTyio He COBIAAaloT ¢ MeCTaMHU MaKCUMaJIbHOTO
MPOSIBJCHUS TEKYIIEeH CeICMUYHOCTH, a 00yC/IaBIv-
BalOTCS TaK Ha3bIBaeMOl “4yBCTBUTEIbHOCTHIO”
Cpenbl, 9TO IeMOHCTpUpYeTcs Ha puc. 11.

ITpumepbl TaKoi “4yBCTBUTEILHOCTU” Cpellbl OT-
MedatoTcst B padbotax [[ox0epr u np., 2004; bormyp
u ap., 2021], koraa B Moaeu BO3AEHUCTBUE B BUJIE JIO-
KaJIbHOM MOBEPXHOCTHOM HArpy3Ku OTpaxkaeTcs Ha
KOHIIEHTpallMK TIpoliecca NpUOJMXKEHUS Mopoa K
rpeaesy ITpOYHOCTU Ha pa3HbIX DIYOMHax, B JOCTa-
TOYHO YAaJEHHBIX OO0JACTSIX COMIACHO CJIOXHOMY
TEKTOHUYECKOMY CTPOEHMUIO.

M3 mpuBeaeHHOro pUCyHKa BUAHO, YTO JIJISI OMHOIO
JIOCTaTOYHO XapaKTepHOTO MOMEHTa BpEeMeHH
(01.08.2018 r., mpuMepHO 3a TOJI 0 3eMJICTPSICEHUS),
IIPOCTPAHCTBEHHOE pacIlipedeiicHue 30H C MaKCHU-
MaJIbHBIMM 3HaueHusIMu IpupaimeHuii CJ1 He coBna-
JIaeT C pacrpencieHueM TEKYLIEe CEMCMMUYHOCTU.
Hanmo orMeTtutsh, 4TO Ha BCEM MCCIEAYEMOM IIPOMe-
XyTtKe BpeMeHu 2018—2019 rr. xnacTep JOKaIbHOM
cl1aboii ceiCMUYHOCTH, B OCHOBHOM, MPUYPOYEH K
ceBepo-3aragHoMy Kpbuty odara. [1pu aToM, appekt
packauyMBaHWS, CBS3aHHBIM C IIOCIEOOBATEILHOM
Murpauueil aHomanbHbIX 30H CII, B onpenesieMoi
TaKMM 00pa30M M MOATOTOBJIEHHOI K pa3pylIeHUIO
IIEPEMBIYKE BBISIBIIEH IIPU I'€OMEXaHMIECKOM MOIEe-
JIMPOBaHUMU.

B »TOM cMEBICIE TTOKa3BIBAeTCS MPEUMYIIECTBO
HCCIeIOBaHUSI Ha MOMAEIU, C IIOMOIIbI0O KOTOPOI
yaaeTcsl BhIASINTh ocobeHHocTn mmHamuku HJIC,
KOTOpPBIE MOTYT PacCMaTpUBATLCS B KaUeCTBE HOBBIX
BaXKHBIX MPEABECTHUKOB 3eMJIETPSICCHMUSI.

SAKJIIOYEHHME

IIpencraBiaeHHast B paboTe KOHLEHILMS ITO3BOJISI-
€T IIyO:Ke MOHSITh ITPOLIECCHI, IPOUCXOASIINE B 36M-
HOM Kope Iieped CUJIbHBIMU 3eMJICTPSICCHUSIMU U
CBsSI3aHHBIE C AMHAMMKOII HampszKeHHO-Ie(OpMU-
POBAHHOIO COCTOSIHVSI, MOHUTOPUHT KOTOPOI'O MOXET
KCIIOJIb30BaThCs IS KPAaTKOCPOYHOIO IIPOrHO3MPOBa-
Hus. BaxkHeiineir o0coOeHHOCTBIO BEIAECICHHOTO TIPE-
BecTHUKA 3emiieTpsiceHuss M = 7.1 Pumxkpect 2019 T.
SIBJISIETCS T.H. “pacKauynMBaHue” Ha (yiaHrax oymylie-
ro pa3phIBa, aCCOLMUPOBAHHOTO C 3eMJICTPSICEHUEM,
BBhIpaXkaroleecs B IMKJINYECKOM MOSIBICHUN aHOMa-
JInii necpbopMany cIBUTa Ha €ro CeBepo-3aIlafHOM U
IOr0-BOCTOYHOM MpomonkeHusix. Ilpencrasisercs,
YTO NOAO0OHBIE 3aKOHOMEPHOCTU U3MEHEHMS HATIPsI-
KEHHO-Ie(OPMUPOBAHHOIO COCTOSIHUS TIEpel 3eM-
JeTpsiceHneM PumXKpecT, BBIIBIEHHBIE Ha OCHOBE
reOMEXaHMYECKO MOAENM CIUIOLIHOM Cpelbl C IU-
HaMMWYECKUM YYETOM TEKYIeil CeMCMUYHOCTH, MOTYT
OBITH OOBSICHEHBI B paMKaX OTHOCHUTEILHO IIPOCTBIX
OmouyHBIX Mopelneit. JampHeillmee pa3BUTHE TaKOTO
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MOIX0Aa MOXKET BKJIIOYATh OLIEHKY T€OMEXaHMIECKIX
ImapaMeTpOB CUCTEMbI OJIOKOB Ha OCHOBE PEIICHUS
0oOpaTHBIX 33124 MO 3KCHEePUMEHTATbHBIM U CUMYJISI -
IOHHBIM JaHHBIM, a TAKXKe IOCICIYIOIIEee MOIEI-
pOBaHME €€ JajibHEMIIE 3BOJIIOLUU C LEJbI0 KpaT-
KOCPOYHOI'0 MPOTrHO3a CUJIbHBIX CEMCMMYECKUX CO-
OBITHIA.

CrienyeT OTMETUTh, UTO MpPEAIOKEHHAasT MOJAEIb
OTKPBIBACT BO3MOXKHOCTH JIJISI IOMCKA IIUKJIMYECKUX
MaTTepHOB TUMA “Kadyelin” B pa3IMYHBIX TeoPU3MUe-
CKMX ITOJISIX, @ TAKXKE TaHHBIX JUCTAHIIMOHHOIO 30H-
IUPOBaHUS, BKJIIOYas M300pakeHUs 3E€MHOM II0-
BEPXHOCTH B BUIMMOM U paIvO-I1ana3oHax.
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Migration of Anomalous Displacements on the Flanks of a Preparing Earthquake
Source: A Swing Model

V. G. Bondur* *, I. A. Garagash*?, M. B. Gokhberg®?, and D. A. Alekseev* *
YAEROCOSMOS Research Institute for Aerospace Monitoring, Moscow, 105064 Russia
bSchmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, 123242 Russia
“Moscow Institute of Physics and Technology (State University), Dolgoprudnyi, 141701 Russia
*e-mail: vgbondur@aerocosmos.info

The geomechanical modeling results on the stress-strain state dynamics before the 2019 M = 7.1 Ridgecrest
earthquake, Southern California, show the alternating development of maximum displacements at the fault’s
ends, which simulates the process of “swinging” of the epicentral zone of the earthquake. These results to-
gether with the existing theoretical ideas about the block structure of the Earth’s crust and the corresponding
connections between blocks are used to construct a geomechanical “swing” model based on the stick-slip
motion of three interconnected blocks. The model parameters are related to the rheological properties of the
Earth’s crust in the region of the rupture of the bridging isthmus which determines the source size of the seis-

mic event.

Keywords: geomechanical model, shear deformation, earthquake, earthquake source, stress-strain state,

Southern California
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