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OcymiecTBieHa MPOrpaMMHasl peaau3alisi MOIYJST MOIEIUPOBAHHS CEHCMUYECKOTO U reoe(opMamoHHOTO
IIPOLIECCOB ITPH 0TOOPE U 3aKauKe KUAKOCTH B Teocpeny. B pacuerax HanpsmkeHHO-IepOpPMUPOBAHHOTO COCTO-
STHUSI TE0CPEIbI NCTIONB3YeTCsl MoAU(UIMpoBaHHas Moziens M. bro, KoTopast yauTBIBaeT CKOPOCTh H3MEHEHHS
o0beMHON nedopmanuu B ypaBHeHHH [lapcn. [l mporpaMMHOM peann3aiuy MOIYJS MOACIMPOBAHUS MPH
mepeMenieHun GIIonaa B paMkax Moaen bruo Obu1 npuMeneH cBoOoaHkbNi makeT C++ oubmmorek OpenFOAM
2.4.0. TTakeT npencrasnseT co0o0if HAOOP CKOMITMIMPOBAHHBIX MOIYIIEH, a TAKKe MX MCXOTHBIX KOJAOB, HHKAII-
CYJIHPYIOIIMX B ITOJTHOM COOTBETCTBUH C MPUHIMIIAMH 00BEKTHO-OPUEHTUPOBAHHOTO ITPOTPAMMHPOBAHHUS BCE
HanOoJee pacpoCTpaHEHHbBIE 0OBEKTHI M OTNIEPALIMN BBIYMCIUTEILHON MEXaHUKH CIUTOMIHBIX cpex. [locTpoenue
MOyl pacdeTa HanpsDKeHUH Oasupyercst Ha cTaHmapTHOM pemarene u3 nakera OpenFOAM s ynpyroi
nedopmarun m3oTporHoro Tena. K ero koxy O6pu1a 1o6aBeHa nporeaypa JMCKPETH3alMy U PELICHNUs ypaBHe-
nust Jlapeu uta moposoro pasnenus. ['eonedopmaririonasie 3 QeKTsl OLEHUBAIOTCS MTyTEM MPSIMOTO pacdeTa
CMEIIEHNH Ha CBOOOIHON TOBEPXHOCTH BOJIM3HM HCTOYHUKOB 3aKauKH M 0TOOPA XKHUIKOCTH, YTO MOXKET IPUBECTH,
B YaCTHOCTH, K OITACHOMY HPOCEAAHHIO MOBEPXHOCTH M BOSHUKHOBCHMIO HHAYLIMPOBAHHON CEHCMHUYHOCTH.
Tpurrepnsie celicMudeckne 3QeKTh OLEHUBAIOTCS ITyTEM pacyeTa CKOPOCTH HAKOIIICHHUS M30BITOUHBIX Kaca-
TEJNBHBIX HANpPsDKEHUH B 30HE pa3iioMa Ha TIyOWHE CEHCMOTeHHOTO ciost (5—15 KM) ¢ y4eTOM COOTHOIICHHH,
CBSI3BIBAIOIIMX UCTOPHIECKYIO CEHCMUYHOCTD M CKOPOCTh HAKOIUICHNSI TCKTOHNYECKUX HANPSDKCHNH B paMKax
MoauuIpoBaHHOW Mozenn [lutpuxa. BeimonHeHo ceiicMonornyeckoe 000CHOBAaHHE BO3MOXKHBIX MaKCH-
MaJIBHBIX MarHUTYZ TEXHOT€HHBIX 3EMJICTPSICCHUH 1 X TIEPHOJIOB IIOBTOPSIEMOCTH B paliOHE MPOMBIIIIICHHOTO
OCBOCHHI IIENb()OBBIX MECTOPOXKICHNH HE(TH 1 Ta3a Ha ceBepo-BOCTOKE 0. CaxanuH, a TaKKe yTOYHEHBI MOJCIH
aKTHBU3AIMU CEHCMUYECKOTO MPOLIECCa B PE3YIIbTAaTe TEXHOTEHHOTO BO3JCHCTBHS HA TEOCPENY.

Kniouegwie cnosa: moaeupoBanme, ceiicMu4ecKuii mpouecc, HaBeIeHHasi CEHCMUYHOCThb, MECTOPOKIECHHU S

He(TH M ra3a, NPOrpaMMHas peaan3aiusi, HanpsiKeHHO-1e()OPMHPOBAHHOE COCTOSIHHE,
reoMexaHuKa, reocpena, o. Caxajus.

BBEJJEHUE

N3BecTHO [1], 4TO mpH dKCIUTyaTaliuu MECTOPO-
XKIEeHUH He(TH W ra3a BOZHUKAIOT paszINYHBIC SBICHHUS,
MPUBOSAIINE K HEXKEIIATEILHBIM SKOJIOTHYSCKUM TTOCIIE-
cTBUAM. K MX YUCITy OTHOCATCS HApyIICHUS TIPHPOTHOTO
MEXaHHYECKOTO PAaBHOBECHUS B 30HE KOJUIEKTOpA, B MeEp-
BYIO Ouepeib, 32 CUET 0TOOPA U 3aKauku (UIFOHIa H COOT-
BETCTBYIOIIETO M3MCHEHUS OaylaHCa MEXaHUYCCKUX Ha-
MPSDKEHUI KaK B 30HE KOJUIEKTOPA, TaK M B OKPYKatoIen
TOJIIE. DTO MPOSBISIETCS B BUAE Pa3IHMYHBIX CEHCMOTEK-
TOHUYECKUX Je(hOpMaIIHii: TEXHOTCHHOW (HaBEICHHOM )

26

CEHCMHMYHOCTH U OTHOCHUTENBHO OBICTPHIX COBPEMEHHBIX
TEKTOHHYECKHUX Ae(POpMannid, B YaCTHOCTH, OCETaHUN
3eMHOU TTOBEPXHOCTH.

[To-BuguMoMy, ruipaBIHYeCcKas repegaya nopoBo-
TO IaBJICHUS Yepe3 pa3ioMbl U CUCTEMY TPEIUH B MACCH-
BE SIBJIIETCS INIABHOM MPUYMHON NepepacrpeneneHus Ha-
MPsDKEHUH B T€0Cpeie, CBI3aHHOW C U3BJIEYEHUEM YIJie-
BOZIOPOJIOB U 3aKauykoi xuakoctH [1]. B coBokymHOCTH
3TO MOKET CIPOBOIIMPOBATh Pa3psAJIKy paHee HaKOIJICH-
HBIX €CTECTBCHHBIX HAIIPSHKCHUH B ON3IICKAIINX 30HAX
C aKTUBHBIMH TCKTOHUYCCKUMU HAPYIICHUAMU, IJIC KOM-
OuHanys 3QQPEeKTUBHBIX HAMPSDKCHUH B TOpoze OIU3Ka K
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KPUTHIECKAM 3HaueHUsM. Takue coOBITHS KiracCu(uIm-
PYIOTCS KaK TPUTTEPHBIE.

Hawnbonee cunpHbIe celicMUYIECKHE TPOSIBICHHUS, TI0
BCell BUIUMOCTH, BBI3BAHEI CEpHel KaracTpo(hUIeCKUX
3emuerpsicernii B 1976—-1984 rr. (M ~ 7.0) BOau3u ['a3-
JHACKOTO MecTopoxaeHus (Y30eKucTan), uIeHTUHUIIH-
pyeMble Kak HamIAAHBIA IPUMEP TPUITEPHOIO MEXaHU3-
Ma TeXHOTCHHOH ceiicMIIHOCTH. Kpome Toro, BO3MOXKeH
MEXaHN3M, IMTPU KOTOPOM JJIUTCIIbHAA SKCILTyaTalus Me-
CTOPOXKICHUN MOXET CIIPOBOIIMPOBATH CEPUI0 CHIIBHBIX
3eMJIETPSACEHUM MHYLIUPOBAaHHOIO WK TPUITEPHOIO Xa-
pakTepa, B TO BpeMs KaK IPOH3O0IIEIIINAE 3eMICTPSICECHIS
MOT'YT CTaTh TPUITEpaMH Oojee CHIBHOTO CeHCMUYECKO-
r0 COOBITHS BOJIM3H aKTHBHBIX T€OJIOTHUECKUX CTPYKTYD,
Kak 3To, HanpuMmep, 0p110 B 2011 1. 6;1u3 ropoaa Ilpara
(wrrar Oxnaxoma, CIIIA) [26]. OgHako sHEpPrus TpUrrep-
HBIX COOBITHI HE MOXKET OBITh BBIIIE SHEPTHH 3eMIIETPS-
CEHUH €CTECTBEHHOTO MpoucxokaeHus [1].

[Mocnennue nBa necsartuierust Ha ceBepe o. Caxa-
JUH BEAYTCS HHTCHCUBHEBIE pabOTHI O pa3BUTHIO HEd-
Terazomo0biBaronieii otpaciu. [Ipu 3TOM paiioHbI Mpo-
MBIIIJICHHON pa3paboTku meab(OBEIX HEPTEra30BEIX
MECTOPOXKICHUH U IMOAABIAIONMAS YaCTh COMTYyTCTBYIO-
e nHQPaCTPYKTYphI PaCIOIOKEHBI B 30HE aKTHBHBIX
TEKTOHMYECKHX HapyLIEHUH pa3HOro paHra M BO3pacTa,
BBISIBJIEHHBIX 10 PE3yJbTaTaM MHOTOYHCIIEHHBIX Ie0JIO0-
ro-reou3nyeckux uccienoBanuil. [loatomy TpurrepHas
CCHCMHUYHOCTh NPEACTABIISET CEPhE3HYIO OMTACHOCTD IIPU
pa3paboTKe MECTOPOKICHUI.

Henp HacTosmeil paboTsl — pa3paboTka MOAENH
AKTUBM3AIUN CEHCMUYHOCTH TPUITEPHOTO XapakTepa B
pe3yabTaTe HarHETAaHUs KUJKOCTU Ha OCHOBE MOJACIH-
pOBaHMS HANpPSKEHHO-AE(POPMUPOBAHHOTO COCTOSHHUS
reocpe/ipl ¢ mapaMeTpaMH 3aKadyku (IIFOUI0B, OIU3KUMH
K 9KCIUTyaTallMOHHBIM, a TaKKe celicMonornaeckoe 000-
CHOBaHHE BO3MOKHBIX MaKCHMaJIbHBIX MarHUTYX TEXHO-
TeHHBIX 3€MJICTPSICCHUI U X MEPHUOJOB ITOBTOPSIEMOCTH
B paiioHE IIPOMBIIIJICHHOTO OCBOEHHUS IIETIH(POBBIX MECTO-
POXIEeHUM HeTH U rasa Ha ceBepo-BOCTOKe 0. CaxaluH.

OCHOBHBIE YPABHEHWSA J1JIA
OITIONTOHACBIIIEHHOM MOPOYIIPYTOM CPEJIBI

ITponecc HarHeTaHUs! U U3BJICUCHUS (ITIOUIOB IIPU
pa3paboTke HeTEera3oBEIX MECTOPOXKICHUIN MPUBOIUT
K U3MCHEHHUIO TIOPOBOTO JIABJIEHUS U MACChl )KHJIKOCTH
B IUIacTax 3aKayMBaHUS U, COOTBETCTBEHHO, K Iepepac-
MIpe/IeJICHNIO T0JIel HanpsKeHus B reocpene. Tak, 3Ha-
YUTEJIbHOE U3MEHEHNE €CTECTBEHHOI'O IIJIaCTOBOTO JaB-
JIEHUS! CTIOCOOHO BBI3BIBaTH 00BEMHBIC AchOpPMAINH B
OKPECTHOCTHU pe3epByapa U, KaK pe3yJbTar, IPUBOIUTH K
OCE/IaHUI0 3eMHOW TTOBEPXHOCTH U BO3MOKHOMY BO30Yy-
JKIEHUIO CECMUYECKON aKTUBHOCTH. 11 peleHus 3a-
Jlauyl, TI03BOJISIOIIEN OLICHUTh paclpeieeHUe HalpsKe-

HUH B OKPECTHOCTH MECTOPOKICHHUS, BEHIOpaHa MOJIEIb
Ha OCHOBE TEOPUU MOPOYNPYyToil (arong0HACKIIICHHON
cpenpl, paspadotannoit M. buo [13]. YpaBHeHUs Teopun
M. Buo MoryT ObITh aIaITUPOBAHBI [T PEIICHUS IIUPO-
KOTO KpyTa 3aaad reomexaHuku. Kak mokazaHo B gyHna-
MeHTansHOU padbote k. Paiica u M. Kiepu [22], koraa B
KauecTBE OIMPEACIIOIINX MapaMeTPOB BEIOpaHBI HAIPsI-
JKEHHE ¥ TIOPOBOE JIaBIICHUE, Cpe/la OMHUCHIBACTCS JBYMS
YpaBHEHUSIMHU:
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KOTOPBIE COZEPKAT TOJBKO YETHIPE YIPYrue KOHCTaH-
TBI: APESHUPOBAHHBIC — MOAYJb COBUTA M KO UIUCHT
ITyaccona ¢ u v, ¥ HEIPESHUPOBAHHBIC — KOAPPHUITUCHTHI
Ckemnona u Ilyaccona B v v, COOTBETCTBEHHO [22].
Tak, ypaBHeHue (1) cBsi3bpIBaeT neOpPMAIIUIO CPEIIbI €
HANpPSOKEHUE 0, ¥ TIOPOBOE NaBICHUE p. YpaBHeHue (2)
CBA3BIBACT M3MEHEHUE (IIIOMIHON Macchl Am, cpelnHee

(o}
HOPMAJIbHOEC HAIMPsI)KCHUE % 1 IOpPOBOC OABJICHHUE p.

Ecnm B xagecTBe OnpeAesIronIux NepeMeHHbIX BbI-
OpaTh HampsHKCHHE 0, ¥ I3MCHEHHE MACChI Am, T0, 00pa-
mast ypasHeHus (1) u (2), momydnM ypaBHEHUS, UCTIONb-
3yeMble IIPH YUCICHHOM MOJETHpOBaHuu [22-24]:

2v u BK
0, =2p5, + 5,6, - Ams, 3
y y 1_2Vu i A U ( )
EQ
=£ &Am_o-kk R (4)
3 3p()(vu _V)

rae K 1o cMbICiTy TIPEICTaBIsAET COO0H HEAPEHUPOBaH-
HBII 00BEMHBII MOIYIb YIPYTOCTH:
_ 2ul+v,) (5)
Yo31-2v)
JomonHuTenbHO K ypaBHeHUsM (3), (4) HEoOXonu-
MO0 100aBUTh 3aKoH Jlapcu, onpenenstommi auddysnro
IIOPOBOH JKUAKOCTH, KOTOPBI B TMHEAPU30BaHHOU MOJIe-
7m 0e3 ydeTa BIUSHHUS 00bEMHBIX CHJI UMEET BH:

__pk dp
4: == "7 (6)
ndx,
TJIE ¢, — CKOPOCTh (pUIIBTpALMH, & p, U 1] — COOTBETCTBEH-
HO, IUIOTHOCTh M IMHAMHYECKasi BI3KOCTh [TIOPOBOM KU~
KOCTH, k — KOO QUIMECHT MPOHUIIAEMOCTH, a TAKXKE YPaB-

HEHUE COXPAHCHUS MaCChL:
dAm dg,
+t—=, (7)

dt  dx,
rJe y — IPOCTPAHCTBEHHAs IJIOTHOCTh MCTOYHUKOB (M
CTOKOB).
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CEMACMOJIOTAYECKASI OLIEHKA

Amnanus ceiicMonorudeckux aaHHeix [10-12, 16,
17, 20, 21 u ap.] moka3pIBaeT, YTO pa3BUTHE ceWcMOpa3-
PBIBa IPOUCXOIUT KaK depeia MOABHIKEK 110 OTHOCUTENb-
HO y3KHUM 30HaM: KaxkJas Takas MOJBUXKKA HHUIIUHPYET
MOJIBMXKKY B COCEHEl 30HE, a cama yepe3 KOpOTKOe Bpe-
Ms At ocTaHaBiIMBaeTcs (3anednBaetcs). [Ipu 3ToM reHe-
PaNbHBIA Pa3pbIB MPOJOIDKAET PACTIPOCTPAHITHCS.

Bo3sHukHOBeHUE KaXk1011 MOIBUKKH KOHTPOJIUPYET-
cs1 3aJlaHHBIM KpuTepueM, Hanpumep kputepuem Kynona-
Mopa (k03¢ dHunreHTaMu CTaTH4eCKOro U JMHAMHYIECKO-
ro TPEeHUs): NOCTHKEHHUE NMPEeNbHbIX 3HAaUeHUH Kaca-
TEJIbHBIX HaNpsHKEHUH B 3aJaHHOM siuelike MPOCTPaHCTBA
WHULMUPYET NOIABIKKY. [lanee mpoucxonur nepenaua
COpOILIEHHOTO HANPSKEHHUS B COCEIHUE SYCHKH, U, €CIIN
B HUX JIOCTUTAIOTCA MpeesIbHbIE HAPSKEHUs, IPOUCXO-
IUT cOpoc u Tparcdep HampspkeHus U T.4. PopMupyercs
HEKOoTopast 00JIaCTh JIOKaTbHOM HEYCTOMIHBOCTH.

Korna Takast o6mactb qocTuraer pasmepa, conocra-
BHMOTO C Pa3MepoM 00IaCTH 3apOKICHHS JUHAMUYECKOM
HEYyCTOWYMBOCTH, IPOUCXOAUT TUHAMUYECKUH MPOOOii
13 30HBI 3apOXKICHHS U MEPEX0] K CeHCMUYEeCKOMY pas3-
PBIBY, KOTOPBII MOXKET BBIPAcTH 10 OONbBIIEro pazMepa.
OueHku pazMepoB 00JacTH 3apOXKICHUS JUHAMUYECKON
HEYCTOWYMBOCTH M WLIIOCTPALIUU ITOTO Iepexona AJis
TPEHUS, 3aBUCALIETO OT CKOPOCTH CKOJIBKEHHSI U COCTO-
STHUSI TIOBEPXHOCTH CKOJIbKeHus, mansl B [10, 21 u ap.].
[TomoOHBIE Mepexo/Ibl XapaKTEPU3YIOT MPOIIECCH Ae(op-
MalliH, CBSI3aHHBIC C JOKPUTHYECKHM POCTOM TPEIIHUHBI
Y pa3ylpOYHEHUEM NIPU TPEHUH CKOIBKEHHSL.

Takum o6pa3oM, IPOUCXOIUT IEpPexoid OT aceil-
CMHUYECKOTO CKOJIbKEHUS K JMHAMUYEeCKOMY pa3pbIBY Ha
y4acTKe 3apOXKIAEHUS KOHEUYHOro pasmepa. k. [Jutpux
[16] u A. ben-3uon [10] oneHnnm, 9T0 MarHUTyaa 3€M-
JIETPSICEHUS, SKBUBAJICHTHOTO (ha3ze 3apOoXkJICHHUS, OTpe-
JenseMoi 1a00paTOpHBIMU 3HAYEHUSIMU TTapaMeTpOB
TpEeHUs, HAaXOJUTCS B JUana3oHe oT -2 10 -4. Pe3ynprarbl
uccrnenoBaHui, cymmupoBanHbie B [10], mokasbiBator,
YTO HEPOBHOCTH MOBEPXHOCTEH CKOJIBKEHHUS U MOIIIHOCTD
30H CKOJIBKE€HUS! B TPUPOJHBIX PA3JIOMHBIX CTPYKTYpax
YMEHbLIaeTCs MPU YBEIMYSHUN pa3Mepa paszioma. bosee
TOT0, re0/Ie3NYeCKHe U3MEPEHUs C BBICOKHM paspelie-
HUEM U HaOJIOeHUs 3a 3emieTpsaceHusMu ¢ M < —1 Ha
HECKOJIbKUX KPYITHBIX 30HaX pa3joMOB, BKIIIOUasl Pa3jioM
Can-AHnnpeac, MO3BOJSIOT CYATATH, YTO 30HBI 3aPOXK/Ie-
HUS Ha OOJBIINX pa3IoMax HEHAMHOTO OOINBIIIE TEX, YTO
CBSI3aHBI ¢ TaOOPAaTOPHEIMU dKcnepuMerTamu [12]. Oto
M03BOJIIET OLIEHUTH pa3Mep 30HbI JIOKAIHHON HEyCTOM-
YUBOCTH, KOTOPBIH HE MPEBOCXOIUT MEPBBIX JCCATKOB
MeTpOB. BMmecTe ¢ TeM, pe3ynaprarsl AeTalbHOTO 0030pa
Te0JIOTMYECKUX, CEHCMONIOTMYECKUX U TaNeoCceicMoo-
TUYECKUX UCCIEAOBaHMI MOKa3bIBAIOT, YTO CelicMuye-

CKHE TIOABIDKKH II0 Pa3iioMaM COCPEIOTOYCHBI B Mpee-
JaxX Ype3BBIYAIHO y3KUX 30H B MacmTade HECKOIBKUX
CAaHTHMETPOB WJIM MEHBIIE. DTO IMO3BOJISIET OLEHUTh MH-
HUMAJIbHBINA pa3Mep CEeTKU, KOTOPBIN, UCXOI U3 OrpaHu-
YEHHBIX PECYPCOB BBIYUCIHUTEIBLHOTO KJACcTepa, MOXKHO
npuHATh paBHbIM 100 M. CaM pa3ioM MOXHO CMOAETH-
POBaTh IIOCKOCTHIO, 32 IpeielaMi KOTOPOH IPOUCXOIUT
u3MeHeHne GU3NIECKIX TTapaMeTPOB CPEIbL.

Jx. Jutpux [17] npoananu3upoBai peakiuio CKo-
pocTu AedopMaluy Ha CKAYOK HAMpPsKEHUS, UCTIONb3YS
YpaBHEHUS TPEHUS, 3aBUCSIIETO OT CKOPOCTU M COCTOsI-
HUS pa3iIoMa, BMECTE ¢ MPEANoIaraeMbIM pacIpeserne-
HUEM TMIEPEMEHHBIX COCTOSHUS Ha COBOKYITHOCTH HEB3a-
MMOJICHCTBYIOIINX YYaCTKOB 3apPOXKJICHHUS JTOKAJIbHOM
HEYCTOWYMBOCTH, IIPEABAPSIONICH BOSHUKHOBEHHUE Ma-
TUCTPAJIbHOTO paspbiBa. Pemenne 1t HHIyHIUpOBaHHOM
nedopMannuy UMeeT BUI IKCIIOHCHIHATHHON (yHKIIHH,
00paTHO MPOMOPIIMOHANEHON BpEMEHH, KOTOPOE COB-
MECTHMO C 3akoHOM Omopu-Yny [t 3aryxanus ag-
TEPILIOKOBOI aKTHUBHOCTU BO BpeMeHHU. [laHHBINA moaxox
MO3BOJISIET MOJTYYUTh OLIEHKH U3MEHEHUS CeHCMUYeCKO
AKTUBHOCTH Ha PE3KHU CKauOK HampsbkeHus. B obmem
ke cllydae, B paMKaxX pe3ynbTaroB padoTs [20], celicmu-
YyecKasi aKTUBHOCTh R B pe3yibTraTe U3MEHEHUs Hampsi-
KEHHO-1e()OPMUPOBAHHOTO COCTOSIHHS T€OCPEIBI MOXKET
OBITh MPEJICTaBICHA B BUIIE:

r
R=—o, ®)
7%
rae 7 — uctopudeckas (hpoHoBas) ceiicMUUecKasi aKTHB-
HOCTB; 7, — CKOPOCTh TEKTOHMYECKON HATPY3KH; y —
TIepeMEHHAsI COCTOSHIS:

N U
7= Aa(l 70, 9)

rne Ao — 3pexTuBHOE HAIpPSKCHHE, OIpelIesieMoe
rmapameTpoM COCTOSIHHSI pa3jioMa 4 (0OBIYHO BEIMYMHA
Ao cocrasnser nopsaka 0.1 MIla); ¢ — kacarenbHOE
HaIlpspKeHHe, B O0IIEeM ciIydae 3aBHUCAIICe OT BPEMEHH 1
MIPOCTPAHCTBEHHBIX KOOPANHAT.

B CJlyda€ MCAJICHHBIX M3MEHEHUM KacaTelbHbIX Ha-
NPSKEHUH ¥ OTCYTCTBHSI PE3KUX CKAauKOB HaIlpsKEHHUS,
BBI3BAHHBIX, HAIPUMED, BOSHUKHOBEHUEM KPYITHBIX 3EM-
JIETPSICEHUH B WICCIIEyEMOM palioHE, CeCMHUYECKas aK-
THUBHOCTH R MOXeT OBITh ITpECTaBIICHA B BHIIE:

(10)
]

Ie 7 €CTh CKOPOCTh HAKOIUICHHS KacaTelbHBIX HaIps-
’)keHuil. B Hamiell 3amauye BeIUYMHA 7 OIpeneiseTcs
aJIUTUBHBIM BKJIaJIOM CKOPOCTH HAKOIJIEHUS] TEKTOHHU-
YECKHMX KacaTebHbIX HANPSKEHUH 7, BHI3BAHHBIX MeEJI-
JIEHHBIM CKOJIb)KEHHEM OeperoB pasiioma, U CKOPOCTH Ha-
KOIJIEHHS U3OBITOYHBIX KACATENbHBIX HANPSUKEHUA 7, B
30HE Pa3IoMa, BHI3BAHHBIX 3aKAYKOM JKUKOCTH.
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CXEMA PEHIEHUS 3AJAYA

Mogens M. buo ocHOBaHa Ha TPeX MOJIOKECHUSAX:
1) u3MeHeHHe JaBlieHUs B IOPOBOM JKUAKOCTH BBI3bIBAET
TOJILKO 00BbEeMHYIO JiehopMarivio; 2) aeopMaiiiu cpebl
PaBHOBECHBI U 00paTUMBI; 3) ABMKEHHE >KUIKOCTH IO~
ynHseTcs 3akony [apcu.

Tak, nocnenHee MOJOKEHUE TEOPUH, KaK IOKa3aHO
B [22], NpUBOAUT K BAXKHOMY pE3yJbTaTy — ypaBHEHHUE CO-
XpaHEHUs MacChl IPUOOPETaeT BUI KIACCHIECKOTO ypaB-
Henws quddysuun. [Ipu nocnenoBaTenbHOM TOICTAHOBKE
ypaBHeHuit (4)—(6)—(7) nomyuum:

OAm

W—CVZ(Am)zya (11)

e ¢ — kKo3QPUIMEeHT Mbe30TPOBOTHOCTH, OTpeeIsie-
MBIl KOMOMHAIMEN BCEX ApAMETPOB 3a1A4H:

K [ 2u(l-v) B*(1+v,)

S A=) |9 -v), -v) |
rne K, n — npomvmaeMocn, MOPOYIIPYTOi Cpelbl U BsI3-
KOCTb CKMMAaeMOIi KMIKOCTH, COOTBETCTBEHHO.

Bropoe 1mosiokeHre TEOPHH IPUBOINT K TOMY, YTO B
nporiecce aeOPMUPOBAHUS TOPOYIIPYTOM CPEIbI TOJIK-
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1) Onpenenuts pacupezneneHue Am Kak peleHue
ypaBHenus (11) mpu yclioBHUM paBeHCTBa HYJIO MOTO-
Ka JKUIKOCTH Ha OECKOHEYHOCTH U HAa4aJIbHOM yCIIOBHHU
Am = 0. 3aBucsuias OT BpeMEHHU IIOTHOCTh 00bEMHBIX
HCTOYHUKOB (PIIIOMIOB OTBEYAET paclpeaesieHHuI0 CKBa-
JKMH ¥ CKOPOCTH 3aKaIHBaHMUS.

2) Pemuts ypaBHenue (15) nns Bceit obnactu oT-
HOCHMTEJBHO BEKTOPA CMEIIEHHUS U, B KaXIbIH MOMEHT
BpEMEHH.

3) Ilo Bextopy cmentenus u, u3 (14) u (3) BbIuM-
CIUTh nedopManu U HaNpsHKEHUsI, MHIYLIUPOBAHHbIC B
cpeze B Impoliecce 3aKaurBaHMs.

4) BbIYMCIUTG MHAYLIMPOBAHHOE MIOPOBOE IABICHUE
KugKocTu u3 (4).

5) Paccuurtarh KacaTenbHbIe HANPSKEHUS, BbI3BAH-
HBIC IBIDKEHHUEM (piIron/a, Ha IPOCTPAHCTBEHHBIX pa3Me-

pax OombIe, 4eM pa3Mep 00acTH 3apOXKICHUS HEYCTOMN-
YHUBOCTH, YTO COOTBETCTBYET BHIOODPY SUCHKU ¢ TUHEH-
HBIM pa3zmepom okoio 100 m.

6) OueHuTh MaKCUMaJIbHBIE KacaTellbHbIE HaIlpshKe-
HUSl B CEHCMOTEHHOM CJIO€ ¥ CKOPOCTh UX U3MCHECHHS B
KaKI0U sSUeiike.

7) Ilo pe3ynbpraTaM KOMILIEKCHBIX CelicMOornye-
CKHUX, T€0Ie3NUECKUX, TEOJOTHYECKUX U MAIe0CeHcMOoIo-
THYECKUX HCCIeOBAaHUI OIIEHUTDH MEPUO]] TOBTOPSIEMO-
CTH (MJTM YacTOTY BOSHUKHOBEHHS1) CUIIBHBIX 3eMJIeTpsice-
HUH 1 UX MAaKCUMaJbHYIO0 MarHUTYy Ha 3aJaHHOM pa3Jio-
Me, KOTOPBIH, UCXOIs U3 TOCTAHOBKH 3a7[a4M, HAXOAUTCS B
OKPECTHOCTH Pa3padaThIBAEMOT0 MECTOPOKACHHS.

8) Jlns 3amaHHBIX MaKCUMAaJbHBIX MarHUTY]l 3€M-
JETPsICEHUH Ha 3aJlaHHOM pa3joMe OIICHUTH JUIMHY Cell-
CMOpa3pbIBa, HATPUMEP HCIIONB3Ys CPETHEMUPOBBIE WIIN
(ecnu ecTh) peruoHaJbHbIE MEPEXOAHbIE 3aBUCUMOCTHU
MarHuTyna—JyIMHa pa3phiBa.

9) Ucxons u3 aHanu3a UMEIOIIUXCA celcMoIornye-
CKHUX, T€0Ie3NUECKUX, TEOJOTHUECKUX U MANIe0CeHcMOIo-
TMYECKUX JaHHBIX OLIEHUTH CKOPOCTh HAKOMJIEHUS TEKTO-
HHMYECKUX KacaTeNIbHbIX HAPSHKEHUH 7, .

10) Ha 3amanHoM TMHEHOM MaciiTabe ceiicMopas-
PBIBa OLICHUTDH CPEIHIOI0 BEIMYUHY CKOPOCTH HaKOILJIe-
HHsS U30BITOUHBIX KACATENbHBIX HANPSIKEHUN 7, , BBI3-
BaHHBIX 3aKaYKOH JKUAKOCTH.

11) Ilpumennuts Gopmysay (10) ams mporHosa HaBe-
JIEHHOM CeHCMUYECKON aKTUBHOCTH 3a COOTBETCTBYIO-
MK TIEPUOJ] BPEMEHH SKCILTyaTallud MECTOPOXKICHHUS.

COBPEMEHHASI CEUCMOT'EQJIOT'HYECKASI MOJEJIb
B PAMOHE HIEJIb®OBBIX MECTOPOXJIEHUA HEDGTH
N T'A3A HA CEBEPE O. CAXAJIUH

B mpenenax ceBepo-BocTouHOro menbha ¢ 52.5°
o 55.0° c.m1., B paiioHe He(Tera3oBbIX MECTOPOXKICHHHA
(nemHoro BoctouHee oceBoi TuHUKU BoctouHo-Caxanus-
CKOTO TIIYyOMHHOTO pa3jioMa, H300pakeHHOM Ha puc. 1),
BIOJIb IPOCTHPAHUS €r0 OCHOBHBIX CTPYKTYP OBLITH JIOKa-
JU30BaHbl O4ard ciaadbIX U yMEPEHHBIX 3eMJIETPICEHH
B XOJI¢ MTPOBEJICHUSI HETPEPHIBHBIX JCTAIBHBIX CEHCMO-
JIOTHYECKHUX HaOIoneHuit [7]. DTo moATBEpKIaeT COBpe-
MEHHYIO aKTUBHOCTb JaHHOH I'€0JIOTHYECKOM CTPYKTYPHI,
MPOTSKEHHOCTh KOTOPOM COCTABISAET MPUOIH3UTEIHHO
250-300 kM (puc. 1). Moxmens mpoCcTpaHCTBEHHOTO pac-
MpeaeaeHUs] COBPEMEHHONM KOPOBO CEMCMUYHOCTH Ha
ceepe o. CaxanuH, mpeioxkeHHas B padore [4], mo-
3BOJIHJIA MACHTH(GHUINPOBATH HOBBIH aKTUBHBIN Pa3yioM,
HaxOJSUINICS B HEMOCPEACTBEHHOW ONM30CTH OT pas-
pabaTeIBacMBIX MIETH(OBEIX MECTOPOXKICHIH HEYTH U
ra3a. B npenenax 1aHHOro pasiaoma Npou30LIIO CHIIBHOE
kopoBoe 3emiuerpsicenue 12 urons 2005 . ¢ MOMEHT-
HOU MarHuTyno Mw = 5.6 BOoCTOUHEE MECTOPOXKICHUS
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Puc. 1. Kapra aHOManbsHOr0 MarHUTHOTO MOJIS U OCHOBHBIX
CTPYKTYPHBIX 3JIEMEHTOB CEBEPO-BOCTOUHOTO IIenbda o. Ca-
xauH [4].

1 — >muncel OmMOOK B ONPEAEIeHNH KOOPAWHAT SIUICHTPOB
semurerpsicennit B 20062011 rr. (90 % noBepurenbHas 001acTs);
2 — sumunc omuOOK B ONMpPEAETICHUN KOOPAMHAT SMHLEHTpa 3eM-
nerpsicerust 12 wmions 2005 r. (90 % nosepuTenbHas 00JacTh);
3 — MecTopoxkieHus HehTH U ra3a; 4 — aHTHKIMHAIBHBIC MOXHITHS
BHOJb BocTouHO-OnONTHHCKON aHTUKIMHAIBHON 30HBL, 5 — pa3-
noMel: 1 — 3anagno-Onontuackuii, 2 — Bocrouno-CaxaanHCKUIL;
6 — N30IMHAMBI.

HedTH m raza [TunsryH-AcTOXCKOE (pHC. 1), pa3pabarbi-
Baemoro ¢ 1999 r., Ha paccrosiuuu okosno 20-35 kM oT
Hero. HeckonbKo 3eMIleTpsiICeHN ¢ MarHUTYA0U, OIu3-
Kot kK M ~ 5.5, panee yxxe ObUIM 3apEeTUCTPUPOBAHBI Ha
CEBEPO-BOCTOYHOM mIenbde (BocTounee m-Ba llImunra),
WX BO3HUKHOBEHHE OOBIYHO CBS3BIBAIU C COBPEMEHHOM
TEKTOHWYIECKOW aKTHBHOCTBIO 3aITaHOTO OOPTa BITaIHHBI
Heproruna. CoOpitue 12 utons 2005 1. mpoHu301IIO 3HA-
YUTEJIHHO I0XKHEE YIOMSHYTHIX COOBITUH U MOKA SIBIISET-
Csl CaMbIM CHJIBHBIM B 3TOMH 1IeNb()OBOK 30HE OCTPOBA 32
BCIO UCTOPHIO MHCTPYMEHTAIbHBIX CEHCMOIOrHYECKUX
HabmoneHwuit (¢ 1905 1. mo HacTosiee Bpems).

[To cOBOKYNHOCTH HE3aBUCUMBIX ONPENEICHUNA Me-
XaHW3Ma odara CUJIbHOTO 3emierpsicenust 12 urons 2005 .
(Mw = 5.6) ycTaHOBIIEHO, YTO 3eMJICTPSICCHUE C MTOJIBUK-
KO# B30pOCO-CABUIOBOIO THIIA MPOU3OILIIO B YCIOBHIX
CyOIIMPOTHOTO CXKATHS U CBSI3aHO C MEPEMEIICHUEM T10
ryOMHHOMY pasjioMy, PaclojiOKEHHOMY B OCHOBaHHUHU
BOCTOYHOTO Kpbuia BocTtouno-OnonTHHCKON aHTUKIIH-
HanbHOH 30HBI (puc. 1). [TogBukKa B ouare mpousonuia
0 TUTOCKOCTH, MMagaronieit Ha 3aman [4].

Opxna u3 nocneauux mozeneit 301 BO3 (Bo3HUKHO-
BeHUs ouaroB 3emiieTpsicenuit) UMIul, koropas ucnosb-
30Bajach ISl pacueToB ceiicMuueckor onacHocTH B Ca-
XaJIMHCKOM 00nactu 5], BkitoyaeT B cebst 10 miomaHbix
30H (MU JOMEHOB, [0 TEPMHHOJOTHUH, IPUHATON TPH
cocrapneHnn kaptel OCP-97), cooTBeTCTBYIONMUX OMpe-
JICJIEHHBIM CTPYKTYpHBbIM ieMeHTaM CeBepHoro u llen-
TpansHOro CaxannHa W MpUJIETaroiel YacTH MaTepHKa,
a TakXKe PsJl TMHSHHBIX 30H (WM CEHCMOIMHEaMEHTOB),
KOTOpbIE OTBEYAIOT JOCTOBEPHO YCTAHOBJIEHHBIM HIIH
MpearnoiaaraeMbIM aKTUBHBIM pasiomaM. Ha puc. 2 noka-
3aHbl TpaHULIbI UT0IAaHbIX 30H BO3 (nomenor) D1-D10
U TIOJIO)KEHUE JIMHEUHBIX 30H (CEHCMOIMHEaMEHTOB).

[Tnomraanas 3ona D3 BKiIFOYaeT B ceOs MPAKTHIECKH
BECh CEBEPO-BOCTOUHBIN mmenb( CaxaianHa, 32 HCKITIOUe-
HUEM HEOOIBIINX yYACTKOB, MPUMBIKAIOIINX K modepe-
BIO U BKIIFOUYEHHBIX B 30HBI D1 u D2. ITo ypoBHIO (o-
HOBOH ceficMUYeCKON aKTUBHOCTH 30Ha D3 3HaunTENbHO
ycrynaet 30Ham D1 u D2 (B 5 pa3 u 6onee), 4TO HEOAHO-
KpaTHO OTMEYaoCh U paHee [3 u 11p.], a Takxke 0OTMEUEHO
0 pe3yJIbTaTaM CeHCMHYECKOT0 MOHUTOPUHTA, TPOBO/IH-
Moro Ha ceBepe ocTposa ¢ 2006 r. B mocnennue ronpl 310
MHEHHE elle 0ojee YKPEenuiIoch Mocie Toro, Kak ObLIo
BBIIIOJIHEHO IIEpEoIIpesiesieHne KOOPAUHAT 3MHUIEHTPOB
psana ucrtopuueckux 3emiuerpscenuit ¢ MLH = 4.5-5.5,
MIPOU3OMICIINX BOIU3H CEBEPO-BOCTOYHOTO MOOEPEIKbS
octposa B iepuof] 1932—-1964 rr. [6], a Takxke yTOUHEHHE
TTOJIOXKEHUS CUIIBHOTO 3emierpsicerust 12 mrons 2005 r.
[4], omrcanHoTO BBIMIE. B pe3ynbrare nepeonpeiencHus
MOJIOKEHHUSI 0YaroB 3eMJIETPSICEHUN KOOPAMHATHI 3IIH-
LIEHTPOB 3TUX COOBITHI OBLIM NepeMelleHbl K 3anany
Ha 10-20 KM ¥ oKa3ajHch pacloNOKEHHBIMHU Ha CyIIe, B
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JIHelHble 30HbI:
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ANULEHTPbI CUMBHENLLNX UCTOPUYECKUX 3EMIMETPSICEHWIA
CaxanuHa.

Puc. 2. Mogens UMTI'ul’ 300 BO3 nns Ceseproro u Llent-
paspHOTO CaxajrHa, KOTOpas HCIONb30BaIach AJIS PacueToB
ceiiCMUYeCKOM OMmacHOCTH [5].

Hudppamu ob6o3nauens! mionagasie 30861 D1-D10 ¢ pa3znuunoit

MOBTOPSIEMOCTHIO 3€MJICTPSICEHUN U BBIJCJIEHHbIE BHYTPU HHUX
nuHeHHBIe 30HBI BO3.

OCHOBHOM B IIpefieax YIOMSHYTOH BbIILIE 30HbI ITIaBHBIX
AKTUBHBIX Pa3JIOMOB, BbIIESIEMON B Ipeaenax IUIomai-
HOH 30HBI D1. A snu1eHTpsl 3eMiIeTpACeHUH, 3aperu-
ctpupoBaHHbIX ¢ 2006 mo 2015 rr. ceTbi0 BHICOKOUYB-
CTBUTEJBHBIX CEMCMUYECKUX CTAHIUH, PACIOIOKHUINCH
CYyIIIECTBEHHO BOCTOYHEee ocu BocTtouno-OnonTuHCKOM
AHTUKIIMHAIIBHON 30HBI, & B IIEHTPAJIbHON U 0COOCHHO
CEBEPHOM ee YacTAX OHM CMECTHJIMCH Ha BOCTOK Ha 30 u
Ooee kM (puc. 1).

CxoJbKO-HUOYb 3HAUYUTENbHBIX U JTOCTOBEPHO
YCTaHOBJIEHHBIX aKTUBHBIX PAa3JIOMOB Ha CEBEpPO-BOC-
TOYHOM mienbpe 0. CaxaauH K HACTOAIIEMY MOMEHTY
HE BBISIBJIEHO. [10 COBOKYMTHOCTH MMEIOLIUXCS T€0JI0T0-
reoPpu3nYeCcKuX M CEHCMONIOTHYSCKUX NaHHBIX 37eCh

BBIJIEJIEHO 3 celicMonnHeaMeHnTa. [J1aBHbBIN celicMOoInHe-
ameHnt L3 ¢ Mmax = 6.5 oTBedaeT 30HE MPOTSIKEHHOTO
Bocrouno-CaxalnuHCcKoro pasioma, Hanbosee KpyIHOTO
TEKTOHMYECKOT0 HapylIEHUs, BEIAEIAEMOro B Mpeaeax
ceBepo-BocToUHOTO 1enbda [9]. [IBa apyrux cericmomnu-
HeameHTa ¢ Mmax = 6.0 COOTBETCTBYIOT MEHEe KPYIHbBIM
TEKTOHUYECKUM HapylIeHusM: 3anagHo-OXoTCKoMy pas-
JIOMY, Pa3AeNAIIEeMy CTPYKTYPhl CaXaJMHCKOTO IIeTb-
(ha 1 rmyOoKoBOAHOM BraauHbI JleploruHa, JIsl KOTOpOn
B KafHO30MCKO€ BpeMsi OBLIN XapaKTepHBI HHTCHCHBHEIC
nporubanus U pudToreHHbIe pomecchH [9]; BO3MOX-
HOMY HPOJOJDKEHUIO Ha I0r0-BOCTOK 30HBI aKTHBHBIX
paznomoB n-oBa llImuara (3amagno-OgonTHHCKAN pa3-
oM, o B.B. XapaxuHoBy, n3o0paxeHHbIN Ha puc. 1).
B HacTosAmMIiT MOMEHT JaHHas CTPYKTypa celicMHYeCcKH
MeHee aKTHBHaA, ueM BocTtouno-CaxaduHCKU pa3ioM.
OTo moaTBepKaaeT 00Ias KapTHHA MPOCTPAHCTBEHHOTO
pacrmpesiefieHlsi COBpEMEHHON CEHCMUYHOCTH Ha CeBepe
OCTPOBA: MarHUTYJla HEMHOTOUYNCIIEHHBIX 3eMJIeTpsiCe-
HUM, 3aperucTpUpoBaHHbIX B 3T0H 30He B 20062015 1T,
coctaBuia M ~ 2.0-3.0.

Ha puc. 1 npeacrasneHa cxemMa MeCTOPOXKACHUN
He(TH M ra3a Ha ceBepe OCTPOBa, KOTOPBIE YXkKe cerldac
HaxoJATCS B CTaJMM MPOMBIIIJIEHHON JKCIUTyaTaluu.
Enre Heckonbko KPYIHBIX MECTOPOXKACHHUM, KOTOPBIE, 110
BCeH BUAMMOCTH, OyayT pa3pabarbIBaTbes B OymyImieM,
MIPUMBIKAIOT C 3alaja K OTMEYEHHOMY Ha puc. 1 pa3imomy.

TaxkuMm oOpa3oM, paccMaTpUBaeMBIil celicMouHEa-
MEHT IUIOIIAHOK 30HKI D3 mpejicraBiser HanOOIBIIYIO
OTIaCHOCTH B CBA3U C BO3MOXKHOCTHIO BOSHUKHOBEHUS
TPUTTEPHBIX MOJBWXEK, BEI3BAHHBIX BO3JCHCTBHEM Ha
reocpeny. B tabn. 1 npuBenena uHpopMaIus 0 MakcH-
MaJTbHOW MarHuTyzAe 3eMJIETPSICEHH ISl paccMarpuBae-
MOTO ceiicMOJInHEaMeHTa 1 JJaHa OLleHKa I1epHo/ia MOBTO-
pAEMOCTH 3eMIIETPSCEHUH, COIIacHO paHee MPOBEAeH-
HBIM KOMILUTICKCHBIM H3bICKaHISIM [5]. Beibop Makcumans-
HOW MarHUTyAsl Mw = 6.5 mJis ucciieIyeMoi 30HbI pa3-
JIOMOB COOTBETCTBYET KOHCEPBAaTUBHBIM OLIEHKAM, €CIIH
Y4eCTh, YTO MaKCHMallbHas 3aperuCTpUpPOBaHHAs Mar-
HUTyAa cocTaBmwia Mw = 5.6 [4]. OgHako HEOOXOIUMO
YUYUTHIBATh, YTO TOYHOCTH OINpENEICHUS MOMEHTHOU
MarHutyabl coctapiseT 0.2 eauHUIB! (3TO BUIHO H3
0030pa, npencrasneHHoro B [4]). Kpome Toro, ceiicMorno-
rudeckasi IpakTUKa OLEHKM MaKCUMaJbHONM MarHUTYIIbI
OCHOBBIBAa€TCA Ha KOPPEKTUPOBKE MaKCUMAaJIbHON 3ape-
TUCTPUPOBAHHON MarHUTY/BI TUTIOC 0.5 eTMHUIIBL.

O1ieHUM CKOPOCTH HAKOTUICHHsI TEKTOHUYECKUX Ha-
MPSDKEHUH 7, . 38 CEHCMUYESCKUN MK TPOMCXOANUT HAKO-
IUICHHE HANPSDKEHUH B 04aroBO 30HE OYIYIIEro CHIHHO-
rO 3eMJIETPSCEHUS, pa3Mep KOTOPOTO OMPEAeIsAeTCs ero
MaKCUMaJIbHOW MarHHUTY/IOH, a Jajee MPOUCXOTUT cOpoc
HaKOIICHHOTO HAINPSDKSHUS U 3aJIe9MBaHue (a(TepIIOKo-
BbI1 Tipotiecc). CortacHo MOCIEAHNM UCCIIeIOBaHUsM [8],
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TaﬁJII/l[la 1. OcHOBHBIE celicMOJIOTHYECKHE U reoaesnueCckue JaHHbIC NJI OHEHKH CKOPOCTH HAKONJICHUA TCKTOHHYECKHUX

HANPSIKeHMIA.
Marnuryzna Jnuna [lepuon CopomeHnble HanpsoKkeHUS | CKOPOCTh MEXKIUIHTO- | MoIyib
Mw pa3iomMa | HOBTOPSEMOCTH CaXaJTMHCKUX BOT'O CKOJIBXKCHUS cABHTa
L (xm) T (yeT) 3emierpsicenuit Ao (MIla) v; (Mm/Tox) p (I1a)
6.5 30 600 1.7-4.5 1-7 510"
CKOpOCTh HaKOIUICHHUS 0.0028-0.0075 CKOpOCTh HaKOIUICHHUS 0.0017-0.012
TEKTOHUYECKHUX TEKTOHUYECKUX HaIpsKeHUH
it N
L™ A (MIla/roxm)

COpOIIICHHBIC HANIPSHKEHUS CaXalIMHCKUX 3eMJICTPSCCHUI
Ao xapaktepusytorcs BenmmunHoi 1.7-4.5 MIla. Ilepuog
MOBTOPSIEMOCTH T 3eMIIETPSICEHUI ¢ MaKCUMAJIbHOM Mar-
HUTynoi Mw ~ 6.5 Ha celicMOIMHEaMeHTe IUIOIa HON
30HEI D3 onenuBaercs B 600 net. Torga ckopocTs HAKO-

IINICHUSA TCKTOHUYCCKUX HaHpSDKeHI/Iﬁ f] = A—O- JICKUT B
npenenax ot 0.0028 xo 0.0075 MIla/ron.

C npyroit CTOPOHBI, COMIACHO COBPEMEHHBIM TMPE/I-
CTaBICHHSM, CKOPOCTh HAKOIUIEHHS TEKTOHHYECKUX Ha-
MPSDKEHUH TPOIOPIIHOHAIEHA CKOPOCTH CKOJIBKEHHSI Oe-

. _MH
PEroB pasioMa 1 3aJ1aeTCsl COOTHOLIEHNEM 7; = z"z [20],

rae L — mmHa paszmoma, vl — CKOpOCTh MEKIUTUTOBOTO
ckoJibxeHus. [1o JaHHBIM CITyTHUKOBBIX T'€0E€3MUYECKUX
HaOJNFOJICHUN JUIsI CaXallMHCKOTO perHoHa BenuduHa Vvl
JEXUT B nuana3one 1-7 mm/rox [2]. Oyaru caxaJluHCKUX
3eMIICTPSICEHUH JIOKAIU3YIOTCS B WHTEpBalie TIyOuH
5-15 kM, rae, No-BUAMMOMY, U MIPOUCXOAUT HAKOILJICHHUE
YIPYTUX Jegopmariiii, 00ycIOBICHHBIX OOIIUM PETHO-
HaJbHBIM CKaTHEM 30HBI pa3ioMoB. Moaynb caBura
IUTSL COOTBETCTBYIOIIEH YacTH KOPBI COCTABIISCT MOPSAKA
5-10'° ITa. Pa3Mep [IHHBI pa3iioMa, Ha KOTOPOM MPOKUC-
XOIUT HAKOIUICHUE W pa3psiKa ynpyrou aepopmanud,
OLICHUBAJICA, UCIIOJB3YSl AIMIUPUIECKOE COOTHOLIEHUE
[28], cBA3BIBAIOIEE MArHUTYAY 3eMIETPsACEHUI Mw
C XapaKTEepHBIM pa3MepoM ceiicMomuciokauuu L s
MPOU3BOJIBLHOTO TUIA MOJABWXKKHU B ouare: Mw = 4.38 +
1.49 1g L. [na 3emnerpsiceHus ¢ MarHuTynoi Mw ~ 6.5
JutiHA pasinoma coctaBuna 30 kM. Takum oOpaszom, 7, ie-
*ut B auamnaszone 0.0017-0.012 MIla/rox, yTto OIHU3KO K
HE3aBUCHMBIM OIICHKaM I10 CEHCMOJIOTHYCCKUM JTaHHBIM.
[Ipumem 1u1st nanpHEUIINX PACUETOB CpeHEE 3HAUCHHE

7,=0.006 MIIa/rox.

YUCJIEHHASA MOJEJIb 3AJ1AYU U ITPOI'PAMMHO-
TEXHUYECKHUE PEHIEHUS

MopenupyeMblil pErMOH MPEACTAaBICH KaK HEIpe-
phIBHas (CIJIONIHAA) Cpefa, cocTosas u3 IByX obma-
CTEH, B OTHOW U3 KOTOPOU PaCIONIOKeHa HarHeTaTeIbHas
CKB&)XMHA U BO BTOPON — MPUCOEANHEHHBIN 10 pas3yioMy

OIHOPOIHEIHN 10 (pr3ndecKkuM cBoiicTBaMm 610K (puc. 3).
[o r1yOuHe mepBas 00IacTh pa3ieicHa Ha TPH CIIOS U
umeet pasmepsl 20x30x10 km®. BepxHnuii cioit obnactu
Mo1HocThi0 1500 M moutu Henponuuaemblil. CpeaHuii
CJIOH, B IpezeTax KOTOPOTO MPOM3BOAUTCS 3aKadka (irro-
U7, — BEICOKONIPOHHUIIAEMBIH CII0H ¢ MepeMEHHBIM KO-
(PUIMEHTOM ITEE30IPOBOJHOCTH — UMEET MOITHOCTE 750
M. HuxHuii — cnabonpoHuIaeMslil ciioil pacrnpoctpans-
eTcsl 10 HIDKHEH rpaHubl Moaenu. Bropas o6macTs 3a 30-
HOM pa3jioMa UMeeT COOTBETCTBEHHO pa3Mepsl 5x30x10
KM® | SIBIISICTCs cirabonponuiiaemoit. Hagamo koopauHar
PacojoKeHO Ha MepeceuyeHUu BepXHel MOBEPXHOCTHU C
BEpPTUKAJILHOW OCBHIO HArHETATENbHON CKBaXHHBIL. OCh Z
HampaslieHa BEPTUKAJIbHO BBEPX, 0Ch X — NEPIEHIUKY-
JISIPHO TUTOCKOCTH pa3ioMa.

Odu3ryecKue mapaMeTphl s paccMaTpruBaeMoin 00-
JIACTH B 3aBUCUMOCTH OT ITyOUHBI IIPEICTABICHBI B TA0. 2.

Koadppuuuent Ckemnrona B, otHomenue [lyacco-
Ha B HEIPEHUPOBAHHBIX U IPEHUPOBAHHBIX YCIOBHUAX V ,
v paBusl 0.6, 0.33 1 0.2, COOTBETCTBEHHO, M UCTIONB3YIOT-
cs Bo Bcel Mozenu. Takxe mpenmoaraercs, 4To mioT-
HOCTB cpefbl coctaBisiet 2300 Kr/M® ¥ BeTHUMHA MOTYJIS
CIBHUTA 3a 30HOM pa3ioMa paBua 5.5-10° I1a.

st mpocToTHl MpeanonaraeTcs, YTo 3aKayuBaHUE
BOJIbI BBITIOJIHAETCS] OMHOW CKBaXKHHOM. McTouHuK (hiro-
HJ0B MOJENUPYETCs UJIMHAPOM BBICOTON 35 M U 1uame-
TpoM 0.18 M. 3akaunBaHue BOJIBI B HEPa 3aBUCHUT OT Bpe-
MEHH, TpadyK ITOH 3aBHCUMOCTH IPENCTABICH Ha pHC. 4.

B cuiy Toro, uto pacueTHas o0IacTe UMEET AOCTa-
TOYHO MPOCTYIO (OPMY, a CIOUCTAs CTPYKTYPa MOJCITIHPY-
€MOr'0 I'pYHTa OINKCBIBAETCS PACHPEAEICHUEM YIPYTHX U

Tabauua 2. Pacnpenesenne no riayoune kodppuunenrta
Nb€30MPOBOHOCTH ¥ MOJYJISI C/IBUTA.

I'mybuna, m ¢, m/c u, I[la
0-1500 1074 5.33-10°
500-1770 0.2 5.43-10°
1770-2050 0.6 5.58:10°
2050-2250 0.2 5.6:10°
2250-10000 1073 510"
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BS3KHX MapaMeTpoB, IS PELICHHUS 3aa4 MOJCINPOBa-
HUS HAPSKEHHOTO COCTOSIHUS T€0Cpebl U OLEHKH BIIH-
SIHUA 3aKa4yKy (IIFOUIOB B IUIACT HAa CEHCMUYHOCTS Iiee-
c000pa3HO NMPUMEHATh METOA KOHEUHBIX 00beMoB. Ilpu
HCIIONB30BaHUH 3TOTO METOZa cama 0o0JIacTh OCTaeTcs
HEMOJBIKHOM (XOTS METOJ JIETKO OIYCKAeT IOCTPOEHHE
JUHAMUYECKOI MPOCTPAaHCTBEHHOI CETKH), a BCE HCKO-
MbI€ IIAPAMETPBI OMHUCHIBAIOTCS KaK AUHAMUYECKHUE MO,
OyaIb TO BEKTOpP CMELIEHHS WM TEH30p HanpsokeHuit. Tou-
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Puc. 4. I'paduk mrannpyemoii 3aKauku BOJIbI 1 HHTEHCHBHO-
CTH MaKCHMaJIbHBIX KacaTelbHBIX HAIPSDKEHUH, BOSHHKAIO-
KX BIOJIb JINHUH pa3jioMa Ha TIIyOUHE 5 KM B 3aBHCUMOCTH
OT BPEMEHH.

Puc. 3. Cxemarnueckoe n300paxeHHe UCCIelyeMoi 00IacTH.
CrpenkaMy 0003Ha4€HO HallpaBJIeHUE ABMKEHHUA 110 PA3JIOMY.

HO TaK k€ paclpenereHIeM B BUJIC 10N, B SUeifkax pac-
YETHOH CETKH, MOTYT OBITH ONMCAHBI IIOPOBOE IAaBICHUE U
BEJIMYMHBI, ABISIONINECS ONPEIENSIONIIMH JUIS TOTO WIIH
WHOTO KPUTEPHS Pa3pyLeHHs CIUIOLIHOMN MOPOABL.

OpHuM 13 HauboJiee Pa3BUTHIX MAKETOB YHCIICH-
HOTO PEIICHHSA 3a/1ad TEOPHH TI0JIA SBISAETCS CBOOOIHO
pacupoctpansemas 6ubnuoreka — OpenFOAM (Open-
source Field Operation and Manipulation) [18]. B coctas
9TON OMONHMOTEKH BXOAHUT OOJBINOE YNCIO (DYHKIIMH, Ha-
MPaBJICHHBIX HAa PEIICHUE TOM WK UHOW 3aa4 U3 TUHA-
MUKH CIUIOIIHOM cpeabl. Ho Ii1aBHBIM €€ J0CTOMHCTBOM,
B OTIMYHE OT MHOTHX KOMMEPUYECKHX MPOLYKTOB, TAKUX
kak ANSYS mmm COMSOL, aBisercss BO3MOXHOCTD I10-
CTpOEHUS COOCTBEHHBIX (yHKIMH (Kak B cpene Linux,
Tak u B cpeae Windows) 1i1st pemeHus y3KoCeuaan3u-
POBaHHBIX 3a/1a4 TeO(U3UKH.

OpenFOAM mmpoko npuMeHsieTcs B 3ajadax Ju-
HaMHKHU XUJKOCTU U rasa [15], a B mocnegHee BpeMs
HaXOJWT NMPAKTUYECKOEe MIPUMEHEHHUE B 3a/ladyax pacuera
HaNpsDKEeHUH U paspylieHus B reocpene [14].

IMocTpoenne Momynst pacdera HanpspkeHHH (cmod)
OaszupyeTcs Ha CTaHZApTHOM pemiaTeie M3 IMakeTa
OpenFOAM nns ynpyroit nedgopmani H30TpOITHOTO
tena — solidDisplacementFoam. K ero xony 6s11a 1o6as-
JIeHa MPOLEAypa JUCKPETU3AIUY U PEICHHs YPaBHCHHUS
ﬂapCI/I C COOTBCTCTBYIOIIIUMU I'PAHUYHBIMH U Ha4YaJIbHbI-
MH YCIOBUSIMHU, COITIACHO COBPEMEHHOH MHTEpIIpeTaIliu



34 3a6onomun, Jlockymos u op.

MoJenn (DITFONIOHACHIIICHHOW Te0CPENbl, CPOPMYITHPO-
BaHHOU B paborax [16, 22-24, 27].

OBCYXJEHHUE PE3YJIbTATOB

it onricaHHOW HaMU BEIIIE OOJIACTH, CXeMaTHde-
CKH TIPEJICTaBICHHON Ha pHC. 3, B 3aBUCUMOCTH OT TJIaHH-
pyeMotii 3akauku Qrrounaa (puc. 4), MpOU3BeICHbI YHCIICH-
HBIE PacdeThl W30BITOYHBIX KaCATCIBHBIX HANPSKCHHM,
BO3HUKAIOIIMX B pe3yJbTaTe TEXHOTC€HHOTO BO3JACHCTBUA
Ha cpeny B TedeHue 10 ner. [Tog BenmmunHOM H30BITOYHO-
TO KacaTeJIbHOTO HANPSDKCHUS IPUHSTA TaKas CKaIspHas
Mepa, Kak HHTEHCHUBHOCTh KacaTelbHbIX HANPSKEHUH MO
Muszecy. Ha puc. 5 npencraBieHbl MHTEHCUBHOCTH Kaca-
TEJNBHBIX HANPSHKEHUH, BOSHUKAIOMINX Ha TITyOHMHE 5 KM
BJIOJIb IJIOCKOCTH pasiioMa JIuHOH 30 KM Ha pacCTOSHUH
10 kM oT ckBakuHBI. 13 pe3ynbTaToB YUCIEHHOTO MO/E-
JTUPOBAHUS CICIYET, YTO U3OBITOUHBIC KacaTeIbHbIE Ha-
MPSDKEHUS TOCTUTAIOT MAKCUMANTbHBIX 3HAUCHU B IICHTPE
W IUTABHO CMAJAI0T K KPasiM HCCIIeyeMOon 00IacT B Tede-
HHUE BCETO MUCCIEIYEeMOro BpEMEHHOTO mepuoaa (puc. 5).
Tax, Ha puc. 4 npeacTaBieHa 3aBUCUMOCTh MaKCUMaJlb-
HBIX 3HaYCHUH M30BITOUHBIX KacaTeIbHBIX HAPSHKEHHMH,
BO3HUKAIOIIX Ha TITyOWHE 5 KM, OT BPEMEHH pa3paboTKu
MecTopokaeHua. OTMETUM, UYTO 3HAYCHUS] MaKCUMAaJb-
HBIX BEJIMYMH H30BITOYHOTO KacaTENFHOTO HAIPSKCHHUS
MOHOTOHHO BO3pacTalOT Ha MPOTSHKEHUH BCETO MepUoaa
pa3pabOTKu MECTOPOXKICHUS M JOCTUTAIOT CBOETO MaKCH-
MasibHOTo 3HadeHus 4-10° MIla Ha 10-om romy naxke mpu
PaBHOMEPHOH 3aKauke (IIONIA B TEUCHHE 5 JIET.

Hcnonp3ys nonydeHHbIE Pe3yIbTaThl YUCICHHOTO
MOJICJIMPOBAHUS, TIPOU3BENICHA OIICHKA CPEeTHEH BEITHYH-
HBI CKOPOCTH HAKOIUIEHUS! M30BITOUHBIX KacaTeIbHbIX Ha-

NpsOKeHHit 7, , BRI3BAHHBIX 3aKAYKOH KMAKOCTH. OIEHH-
BaJIOCh CpeIHEe HaNpsDKEHHUE 1Mo JuTHHE pasioma (30 km).
Ucnonb3yemas HaMu MOJEJb aeT CIAEAYIOIUe OLEHKH
CpemHell BEMYNHBI CKOPOCTH HAKOIUICHUST M30BITOYHBIX

A
T _ 30410+ M
200
IMpumenss gopmymy (10) a1t mporuo3a HaBeAEHHOI ceif-

CMHYECKON aKTUBHOCTH 32 COOTBETCTBYIOIINI MEPUOJ
BPEMEHH DKCILTyaTallud MECTOPOXKIACHUS, MOJYUUM Clie-

KacaTebHBIX HAIPSKEHUHA 7, =

YOI pe3yabTat R =1+ Ti =1.05. Taxum obpazom,
r 7,
BEJIMYMHA HaBEJICHHON celCMUYecKOor akTUBHOCTH 3a 10
JIeT 3KCIUTyaTallud MECTOPOXKIEHUS yBEIMYMUBAETCS Ha
5 %, IpyTUMHU CJIOBaMH, IEPUOJ MOBTOPSIEMOCTH 3EM-
JIETPSICEHUI MaKCHUMaJIbHOM MarHUTyJbl Ha paccMarpu-
BaeMOM pasiiomMe yMeHbIHTCs Ha 5 %. OgHako ciexyer
OTMETUTH, YTO PEAJIbHBIM CPOK IPOMBIIIIIEHHOM KCILTya-
TalUU MECTOPOXKIIEHUM COCTaBIISIET OPSIIKA HECKOJIBKUX
necsTkoB JeT. KpoMe Toro, Ha KaXkJ1oM MECTOPOXKIEHUH,
MIOMHUMO 3aKa4Ku KUAKOCTH, BEIETCA HETPEPhIBHBINA OT-
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Puc. 5. 3aBHCHMOCTh HHTEHCHBHOCTH KacaTeIbHBIX HAIPS-
JKEHUHM, BO3HUKAIOIIMX B PE3YJIbTATE 3aKayKU JKUJKOCTH B
reocpeny, BOOIb JIMHUHU pa3jioMa Ha IIIyOHHE 5 KM.

Kaxxmas muHus Ha Tpadiike HIMeeT CBOI Mapkep M HOMep, KOTOPBIi

COOTBETCTBYET BPEMEHHU, U3MEPSIEMOMY TOZIOM, HPOLIEAIINM OT
Haydasa 3aKadykH.

60p HedrenmpomykToB. HHUCIIO CKBaXXHWH HAa OJTHOM MECTO-
poxxaeHun MoxeT nocrurarb 10. PaccmarpuBas kaprty
menb(GOoBBIX MECTOPOXKICHUN Ha ceBepe 0. CaxanuH,
MOXHO OTMETUTh UX OJM30CTh K aKTHBHBIM Pa3joMaM.
[MoaToMy cremyeT 0xuAaTh, YTO HABEACHHBIN (TpUrTEp-
HBIH) 3 PekT MOKeT MPUBECTU K TOpa3fo OoIbHIEMY
YBEJIMUYEHHUIO CEICMUYECKON aKTUBHOCTH, B TOM YHUCIIE U
3eMJIETPSCEHUI MaKCUMaJIbHOW MarHUTY/bL.

Bwmecre ¢ Tem, mocie BeIpaOOTKH MECTOPOXK/ICHUS
ClIelyeT pellakcanus M30BITOYHBIX HAMPSKEHUH 10 (o-
HOBBIX TEKTOHMYECKUX 3HaueHui. [Ipumenss Gopmymny
(10) st O1IEeHKHM U3MEHEHUS CEHCMUYECKOM aKTUBHOCTH,
MBI TIPEJIoJiaraeM, 9TO TEMI HAKOTUICHUS! H30BITOYHBIX
HanpsOKEHUH OyJIeT MOCTOSTHEH B TEUEHUE BCETO CEHCMHU-
yeckoro nukia. OmHaKo TaKoW UK OI[EHUBAETCS MPO-
nomxutenbHOCTHIO B 600 net. To ects B mepBeie 10 net
roclie Havaya MpoMbICiia HA MECTOPOXKIECHUH CIIEA0Ba-
710 OBl M3MEHEHHE CEHCMHUYECKON aKTUBHOCTH COTJIac-
HO moJrydeHHOU oneHke. OnHako ocraBmuecs: 590 et
celicMHuYeCcKasi akTUBHOCTh OYZIET ONPEIENAThCS TOIBKO
TEKTOHWYEeCKUMHU (TTpupoaHbIMu) (hakropamu. Ho, ¢ npy-
rOi CTOPOHBI, MBI HE 3Ha€M, KOTJIa B TIOCIIEIHUH pa3 Mpo-
H30LUI0 3€MJIETPSACEHHE C MAKCUMaJIbHOM MarHUTYI0MH,
TeM Oonee Ha menbge octposa. Ilo kpaitHeil mepe ecTh
naHHbIE He Oornee, yem 3a mpomeamue 100 ner. Mcxonas
W3 3TOTO JUIsl CEHCMHUYECKOTO PaiiOHMPOBAHUS UCITONb-
3yeTCsl METOJIOJIOTUSI BEPOSTHOCTHOTO aHANIN3a CEHCMHU-
yeckoit onacHocTH. [1o3TOMY TIONTydeHHBIE pacUeThl IS
peabHBIX YCIOBUH (TEMIIOB 3aKaYKW/U3BICUEHUS, KOJIU-
YECTBO CKBAXXHH U T.J.), MOTYT OBITh HCIIOJIh30BaHbI KaK
9KCTIEPTHBIC (B OMPEACICHHOM CMBICIIC KOHCEPBATHB-
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HbI€) OLIEHKU YaCTOThl BOSHUKHOBEHUS 3€MIIETPACEHUIM
B METOZIOJIOTMM BEPOSITHOCTHOTO aHAIN3a CEHCMUYECKON
OIIaCHOCTH.

OOcyxas ganpHeilee pa3BUTHE W IPUMCHECHHE
MEeTo/a MOJEIUPOBAHUS CleayeT 0OpaTUTh BHUMaHHE
Ha TO, YTO JJIsl IOCTPOEHUS] PETMOHAIBHON MOJIENH Cel-
CMHYHOCTH HEOOXOANMO HCIIOIB30BATh KPUTCPHH XPYII-
Koro paspymenus. B o0miem ciydae reocpena MOXKET Xa-
PaKTepU30BaThCs MapaMeTPOM MOBPEXKIEHHOCTH, KOTO-
PBIH JUIA WeaIbHO YIPYToW cpesibl OyIeT paBeH HYJIo, a
B IIPEJEILHOM COCTOSIHUM TPELIMHOBATOCTH IIEepe]] Xpyl-
KHM pa3pylIeHueM OyIeT CTpeMuThes K equnuie. B [10—
12, 19] momy4deHbl ypaBHEHHUS [IJIs1 HBOJIOLNN ITapaMeTpa
MOBPEXIEHHOCTH, NPU 3TOM MOKA3aHO, YTO 3BOJIOLHUIO
MOBPEXKACHHOCTH MOYKHO BBIPA3HUTh Uepe3 KPUTUYECKYIO
nedopMaIuio, pasAesMIoNIy0 XpyIKoe pa3pylIeHue U
3aJieYrBaHUE TeOCpesl, U Oe3pa3MepHBIN KOI(PPHIUSHT
CKOPOCTH 3BOJIIOLINH.

B pabote [25] BRINONHAIOCH MOJIETUPOBAHUE, KaK
B HACTOANICH paboTe, UCTIONB3Ys KPUTEPHIA pa3pylICHHS
Ha OCHOBE MOJI€JIM TPEHUS, 3aBUCSIIETO OT CKOPOCTH
U COCTOSIHUA CKONbxkeHUs Ha pasnome [17]. [TokaszaHo,
YTO BO BpEMsl 3aKaYKH JKUIKOCTH IMOPOYIIPYroe Clerie-
HUE MOXKET YBEJIMYUTh WM YMEHBIIUTh CEHCMHUUECKYIO
AKTUBHOCTbH B 3aBUCUMOCTH OT OPHUEHTALUH IJIOCKOCTU
pasiioMa Mo OTHOIISHHWIO K MCTOYHHKY 3aKauku. Ecim
n30BITOYHOE HANPsDKEHUE, BEI3BAHHOE 3aKauKOU, TIpe-
MATCTBYET CKOJIbKEHHIO, TO BHE3aIHOE MpeKpalleHne
3aKa4YKH MOXKET NMPUBECTU K YCKOPCHHOMY POCTY CeWi-
CMHYECKOM aKTUBHOCTH; Ooliee IIaBHOE MpeKpalleHne
3aKayku cMmsArdaet 3ToT 3¢ dekt. CoObITUS C MAKCUMATTb-
HOW MarHUTYJI0H HAaONIONATNCh TOJIBKO MOCIE MpeKpa-
LICHUS 3aKa4YKH.

Hcxons u3 BBIIIECKA3aHHOTO, HA CCHCMHUUYCCKHU
PEeXHUM CYIIECTBEHHOE BIUSHUE MOXKET OKa3bIBaTh JBU-
KEHHUE KUAKOCTH, B TOM YHUCIIE U TEXHOTEHHOW MpPUpPO-
1. OCHOBHAs Mpo0OJiieMa COCTOUT B OLIEHKE HETMHEHHO-
rO BIIMAHUA NepeMEelIeHUs 3aKauuBaeMoil KHUAKOCTH Ha
MOBEIEHUE Te0CPENbl B OKPECTHOCTSIX JTOOBIBAIOMINX U
HarHeTalolMX CKBaXUH U BO3MOXKHBIX aKTHBHBIX pasiio-
MoB. He MeHee BakHOM 3amadeil IBISIETCS OIICHKA CEH-
CMOT€0JIOTHYECKUX ITapaMEeTPOB pazjoma.

Penienue 31oii mpobiaeMbl BUANUTCS, C OMHON CTOPO-
HBI, B TIOJly4Y€HUU dMIUPUIECKUX JTaHHBIX 10 HaBEICH-
HON U €CTEeCTBEHHON CEHCMHYHOCTH MyTEM Pa3BUTHUS
CUCTEMBbl MOHUTOPHUHIA B 30HaX MPOMBIIIJIEHHON pa3-
paboOTKH MECTOPOXKICHISI YITICBOIOPOIOB; C IPYTOi — B
MOZETMPOBAHHUU CericMoae(hOpMAaIIHOHHOTO TIpoIiecca Ha
OCHOBE TPECTABICHHUN O MTOPOYIPYTOH MOJIETH CPEIBI C
Y4ETOM 3BOJIIOLMY IIapaMeTpa IOBPEXICHHOCTH U 3a/1aH-
HBIX KPUTEPUEB pa3pylICHHUS (M3BECTHBIX U3 MEXaHUKH
paspyuIeHus).

BbIBOJbI

Pa3paboranHblil HaMU TPOTpaMMHBIA MOAYJb HA
0asze naketa OpenFOAM npenaHasHaueH s MOJCITHPO-
BaHUS TPUTTEPHOTO CEHCMHYECKOTo U Teoaedopmaliu-
OHHOTO IIPOIIECCOB IPH TEPEMEIICHUH (IIIOUIA B T'€0-
cpene. B pacuerax HampsxeHHO-Ae(hOPMUPOBAHHOTO
COCTOSIHUSI T€OCPENbl UCIIONB3YeTCs MOTU(PHUITIPOBaH-
Hag moneiab M. buo, koTopast y4uTBIBa€T CKOPOCTh U3-
MEHEHHs 00beMHOM AedopManui B ypaBHeHUH [lapcH.
leopedopmannonnsie 3¢(HEeKTh OLEHUBAIOTCS MyTEeM
MPSIMOTO pacueTa CMEIICHHH Ha CBOOOJHOW MOBEPXHO-
CTU BOJM3M HUCTOYHUKOB 3aKa4KU WUIU 0TOOpA >KHIKO-
CTH, YTO MOXKET IPUBECTH, B HACTHOCTH, K ONACHOMY
npocenanuio nosepxHoctu. Ceicmuueckue 3¢ HexTs
OLIEHUBAIOTCS NYTEM pacdyeTa MaKCUMaJbHBIX Kaca-
TEJNBbHBIX HANpsKEHWH B MPOCTPAHCTBE Ha TIyOUHE
ceficMoreHHoro cios (5—15 KM) ¢ y4eTOM COOTHOIICHHIA,
CBSI3BIBAIONIUX MCTOPUYECKYI CEHCMHUYHOCTH U CKO-
POCTh HaKOIUIEHUs KacaTeNlbHbIX HanpsbkeHui. OueHka
MEJIJIEHHBIX JedopMmalnii, CBI3aHHBIX C MPOCENAHUEM
CBOOOIHOI TOBEPXHOCTH, HE pacCMaTpHUBajach B HACTO-
siel paboTte, OJHAKO €€ MOXKHO HUCITOJIb30BaTh AJIS MPO-
THO3a OINAaCHBIX CMEILIEHUI B CPaBHEHUH C IPOEKTHBIMU
3HAYEHUSIMHU.

Pemenne, momaydeHHOE C TOMOMIBIO pa3paboTaHHOTO
MOJyJIsl, CPAaBHUBAJIOCh C PELUIEHUEM B JAEMOBEPCUHU
COMSOL nns paccmaTrpuBaeMoid HaMu 00JIacT ¢
TEMHU XKC IapaMETpaMH. Brinn MOJTYYCHBI YHUCJIICHHO
COTTIaCYIONIMECS PE3YNbTATHI JJIs1 U30BITOYHBIX KacaTelb-
HBIX HaHpﬂ)KeHHﬁ, BO3HHUKAIOIIUX B PE3YJIbTATC TCXHO-
TeHHOTO BO3/eHcTBUS Ha cpeay B TeueHue 10 mpet. s
JIeCITUIETHEW HEeNpPEepbIBHON 3aKaYKH >KHAKOCTH CKO-
pOCTb HaKOIJIEHUS M30OBITOUHBIX KacaTelbHBIX Hamps-
KEHUH HE MPEBOCXOIUT CKOPOCTh HAKOIUIEHHS €CTECT-
BEHHBIX TEKTOHUYECKUX HanmpspkeHuil. CeliCMUYHOCTbD,
BEI3BaHHAs] BOSHUKHOBCHHEM M30BITOYHBIX HAMIPSIKEHUH,
W3MEHHTCS B paMKax MOJIenu He Oonee, ueM Ha 5 %. [l
peanbHbIX YCIOBUH TOT NOKa3areilb MOXKET BO3pacTH, B
CBA3H C YEM HCO6XOJII/IMO YUYUTBIBATH IMMOJTYYEHHBIC OKC-
IMECPTHBIC OLICHKU Ha CTAUU IMPOCKTUPOBAHNA U IIPOBCIC-
HUSA UHKCHECPHO-TCOJIOTHICCKUX W3BICKAHUH.

CeiicMosoruueckue HaOJNIOAEHUs MOKa3ajau, YTo
BBIOOp MAaKCHMAaJIbHON MarHuTyabl Mw=6.5 B menb¢o-
BOW 30HE PA3JIOMOB, IIPUIIETAIOIIEN K MECTOPOKACHUSAM,
IS 1[efied CeMICMHUYEeCKOT0 PalOHUPOBAHUS SIBIISIETCS
000CHOBaHHBIM.

Pabora BeIONHEHA B paMKax peanu3aiuu Qene-
panbHOM IeneBol mporpaMMbl MuHoOpHayku Poccuu
«MccnenoBanus n pa3pabOTKH 1O IPUOPHUTETHHIM Ha-
MPaBJICHUSM Pa3BUTUSA HAYUYHO-TEXHOJIOTHYECKOIO KOM-
mnekca Poccnn Ha 2014-2020 roasny (yHUKAIBHBIN HIIEH-
tudukarop npoekra RFMEF160714X0105).
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The simulation of the triggered seismic and geodeformation process induced by fluid injection and

extraction into geomedium

A module for simulation of seismic and deformation processes of geomedium during fluid injection and extraction
is developed. The Biot consolidation theory’s equations are used to describe stress state of geomedium with
consideration to the volumetric strain rate according to the Darcy equation. The software implementation of
the module is based on the OpenFOAM. This package is a collection of compiled modules and source codes,
encapsulating all the most common physical objects of the computational continuum mechanics in full compliance
with the principles of object-oriented programming. The code of the module is based on the standard solver of
the OpenFOAM package for elastic deformation of isotropic solids. A discretization procedure of the solution
of the equation of Darcy for pore pressure was added. Stress-strain effects are estimated by direct calculation of
the displacement field near the fluid injection and extraction wells, which can lead, in particular, to a dangerous
subsidence of the surface and the induced seismicity. Trigger seismic effects are estimated by calculating the
accumulation rate of injection-induced shear stresses in the fault zone at depths of seismogenic layer (5-15 km)
with correlation linking the historical seismicity and the accumulation rate of tectonic stress within the modified
Dietrich rate and state model. We performed a seismic study of the potential maximum magnitude of induced
earthquakes and their periods of recurrence in the area of industrial development of offshore oil and gas fields
in the northeast of the Sakhalin Island, and also refined the model of activation of the seismic process as a result
of anthropogenic impact on the geomedium.

Key words: simulation, seismic process, induced seismicity, oil and gas fields, software implementation,
stress-strain state, geomechanics, geomedium, Sakhalin Island.
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