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Ha ocHOBE MaTeMaTu4ecKoro MoIeIMpOBaHUs IIPOBEACHA OLICHKA IIPOTSKEHHOCTH AUIIaTAHCUOHHBIX 30H, pas3-
BHBAIOIIMXCsI BOJIM3K CBOOOTHON TIOBEPXHOCTH B IPOIIECCE MOJTOTOBKH 3eMIIeTpsiceHUiA. Pa3paboraH u mpu-
MEHEH JUJISl YACIECHHOIO MOJAEIMPOBaHUS AJITOPUTM pacueTa 30H AuiaTaHcuu. [IpuBeneHsl pacueTHbIE IpUMe-
PBI Pa3BUTHUS NPUIMOBEPXHOCTHBIX 30H JMJIATAHCUH Nepes] KAMYATCKUMU 3eMJICTPSACEHUSIMU ¢ MarHUTYIaMU
M = 6.7P7.8. Pe3ynbTaThl YMCICHHBIX SKCIIEPUMEHTOB B paMKax MPUHATHIX JOMYIICHUH peIiaiT npodieMy
JTAJIbHO/ICHCTBHS TOTOBSILIIETOCS 04ara 3eMJIETPSICEHUsI Ha Y/IalIeHHYI0 OTpaHU4EeHHYI0 001acTh cOopa MUKpO-
ceiicMuueckoi HH(OpPMAILMU: MOJIEIb JONMYCKAeT pa3BUTHE IIPUIIOBEPXHOCTHBIX 30H JIMJIATAHCUH B OKPECTHO-
CTSIX PETUCTPHUPYIOIIEH CeiCMUYECKHUII IITyM CTAHIUH, YTO U MOXET IIPUBECTH K BOZHUKHOBEHHUIO ITPEJIBECTHH-

KOBBIX aHOMAJIUM.

Knrouesvle crnosa: celicMudecKkasi SMUCCHUS, CEHCMUYECKU IIYM, 04ar 3eMJIETPSICEHHSs, TUIATAHCHSA,

Kamuarka.

BBEJIEHUE

Konuentpanust HanpspkeHUM, MpEaIIecTBYIOMIUX
BO3HUKHOBEHUIO CHJIBHOTO 3€MJIETPSICEHUSI, BHOCHUT
CBOU BKJIaJl B U3MEHEHHE CBOWCTB CpeJibl B 00beMe ova-
ra U Npuiekalmx K HeMy OOIIUPHBIX MPUITOBEPXHOCT-
HBIX obnacTsx [1]. IIpu 5TOM POUCXOAAT KPYIIHbIE Peo-
JIOTUYECKUE U3MEHEHUs B cpefe U GOPMHUPYIOTCS aHO-
MaJIbHbIE 30HBI T€0(U3UYECKUX MOJICH pa3HOI MPUPOJIBI.
[To [1], Haubonee yHUBEpCANbHBIM MEXaHU3MOM Pa3BU-
THS U3MEHEHUH B Cpe/ie SABISIETCS PACKpPBITHE TPEIIUH B
30HaX MOBBIIICHHBIX 3HAYCHUN CJIBUTOBBIX U PACTATHBA-
ouX HanpsbkeHud. HavanpHylo cTanuio packpbliTus
TPEILUH U MOCJIENYIOIIEe COCTOSHUE CPEIbI, IPU KOTO-
POM pa3BUBAIOTCS MPOIECCHl pa3pylIeHUs, OOIbIINH-
CTBO CEHCMOJIOTOB CBSA3BIBAIOT C COCTOSTHUEM JWiIaTaH-
cuu cpenpl, onucanHbiM B [16, 35]. Tlog aunarancueit
(T y3xoM cmbicie ciaoBa¥Y[16]) Oymem 31ech TOHUMATh
HeJIMHEeHOe pa3yIUIOTHEHHE CPesibl 3a cueT 00pa3oBa-
HUS TPELIUH CIIBUTA BCIEACTBHE MPEBBIICHUS HANOOb-
IIUX KacaTeJIbHBIX HAaIpsKEHUH HEKOTOpPOro Iopora.
BnusHue nporeccoB packpbITUS MUKPOTPEIIMH MOTYT
WCTBITHIBATh TAKHE TeOPU3NICCKUE TTapaMeTphl, KaK ra-
30Bast ¥ (PIIIOUIHASI MPOHUIIAEMOCTh 00JacTell 3eMHON
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KOPBI, YPOBEHB MOJ3EMHBIX BOJ, 3JIEKTPHUECKOE COMPO-
THUBJICHHE, HHTEHCUBHOCTH T'a30BBIX MOTOKOB M CEHCMHU-
YECKOM 3MHUCCUH U Jp.

Ilox ceiicMuuyeckoll AMHCCHUEH NOHHMMAETCS CO-
CTaBHAas 4aCTh PETHCTPUPYEMOI0 Ha MOBEPXHOCTH 3eM-
71 (POHOBOTO MHUKPOCEHCMHYECKOTO U3ITy4YEHUS, UMEIO-
mast IyOMHHOE (HJIOTEHHOE) MPOUCXOKICHHUE (aMILITH-
tyaa 10°P10'? M, qacToTHBIH quana3on P mepBbie gecsT-
ku ['11). CormacHo KOHIIETIINU aKTUBHON Ieo(U3nIecKoi
cpensl [15, 25], ceficMuyeckas 3MUCCHS pacCMaTPUBAECTCS
KaK MHTETPAJbHBIM OTKJIMK HA BCE OAHOBPEMEHHO BO3-
JEUCTBYIOIINE HA PETHOH JIe(pOPMAIIOHHBIC TIPOIIECCHI.

B nannoit paboTe, MpUMEHssI MaTeMaTHIECKOe MO-
JICNTUPOBAaHUE, MBI JIEIaeM OIICHKY BO3MOXKHOI HpOTS-
JKEHHOCTH JUJIATaHCHOHHBIX 30H, Pa3BUBAIOIINXCS
BONM3U CBOOOJHON MOBEPXHOCTH B MPOIIECCE TOATOTOB-
KM 3eMJIETPSICEHUM.

Ob OCOBEHHOCTAX AHOMAJIBHOI'O ITIOBEJJEHUS
CEHCMHYECKOI SYMHACCHUH MEPEJ CUJIbHBIMHA
3EMJIETPACEHUAMUAU

C xonna 80-x rogos Ha Kamuarke BeqyTCst Hccie-
JOBaHUS BBICOKOYACTOTHBIX CeﬁCMH‘IeCKHX HIyMOB
(BCII) B pamkax ¢yHnameHTanbHON IpoOneMsl ceiic-



MOJIOTUH, CBSI3aHHOM C M3YyYEHHEM BO3MOKHOCTU KOHT-
poJIsl HAIPSIKEHHOIO COCTOSHMSI CPEIbl U MOATOTOBKU
CUJIBHBIX 3€MJIETPSICEHUN 110 U3MEHEHUIO I1apaMeTpOB
reo(pU3NUECKUX MoJeii, K KOTOPBIM CIEAYEeT OTHECTH U
nosie BCII. Bo3M0OXHOCTh UCIIONB30BAHUS CEHCMUYEC-
KHUX IIYMOB JUIsl MOHUTOPUHTA HaIPSKEHHO-Ae()OpPMHU-
POBaHHOI'O COCTOSIHUS CPEJbl U IIPOrHO3a 3eMIETpsCe-
HUI OCHOBBIBAETCA Ha IIPUCYTCTBUU B UX COCTaBeE CeEilc-
MHYECKOil AIMHCCHH, T.€. HH(OPMATUBHBIX 3HJOTCHHBIX
KOMIIOHEHT.

OCHOBHOII 1eNIBbI0 3TUX Pa0OT SIBISETCS U3ydYECHUE
xapakrepuctuk BCIII, ero nonBep>keHHOCTH BHEIIHUM
BO3JIeHicTBUSAM U ycTaHosieHue cBsizu BCII ¢ piauHHO-
HNEPUOTHBIMU 1e(OPMAIIIOHHBIMU MPOIECCAMU, B TOM
YHUCJe C 3eMHBIMU NpuiauBamMu [23].

B ocHoBe uccnenoBanuii Jiexar crieuaibHO opra-
HU30BaHHBIC JIOJITOBpeMeHHbIe HaOmoaeHus [29], koto-
pble BEAyTCs B IIyHKTaX, JOCTATOYHO YAAJEHHBIX OT paii-
OHOB MHJIyCTpUaJIbHON U TPAHCIOPTHON aKTUBHOCTU. B
HacToslee BpeMs HenpepbiBHas peructpauus BCII Be-
JEeTCs B UeThlpex IMyHKTax B npenenax Kypuno-Kamuar-
ckoit octpoBHO# nyru (puc.la): THaunkuy u TKapbiM-
muHay (roxkHas yacTh m-Ba Kamuatka, ¢ 1992 r. u
2001 r., coorBeTcTBeHHO), Tlnkorany (Manas Kypuis-
ckas rpsiaa, ¢ 2005 1), TOpumo V(0. Xokkaiino, Mbic Dpu-
Mo, ¢ 1995 1) [9, 28, 29, 33].

B kauectBe garuuka curnaigos BCUI npumensiercs
PE30HAHCHBIA Y3KOMOJIOCHBIM BEPTHUKAJIBbHBIN MbE30KE-
pamMHUYECKOi ceiCMOMETp (4yBCTBUTEIBHOCTD C yUCTOM
npenBapurtelbHoro yeuinenus P ve xyxe 10° B/m; yacto-
Ta cobcTBeHHbIX Kosebanuii P 30 I';; moOpotHOCTH P
100) [22, 33].

B teuenne nocnegnux 20 et mosiydeHbl HEMpe-
peiBHbIE psaabl faHHbIx BCII, He nMerolyue aHaJIOrOB B
MUPOBOH CEMCMOJIOIMYECKON MpaKTUKe. AHAIU3 ITUX
JAHHBIX BBIIBUJ PsZl 0COOEHHOCTEH, KOTOpBIE CBUC-
TenbCTBYIOT 0 Monyisinuun BCHI mpunuBamu u cBsi3U
BCHI ¢ pazauunbIMU reohU3UUECKUMHU NPOLIECCAMU, B
TOM 4YMCJIE C U3MEHEHUEM HaIIPSIKEHHOIO COCTOSHHS
cpeabl B Ipollecce MOArOTOBKH 3eMiieTpsiceHuit [9, 24,
26P33]. Otu paboTHl HOCAT HE TONBKO (PyHIAMEHTANb-
HBIM, HO ¥ NPUKIAAHON XapaKTep, 4YTO CBSI3aHO C aKTy-
aNbHOCTBIO TMPOOIEMBI CEHCMUYECKOTO MPOTHO3A.

Oo6napyxeHo BaxxHOe cBoicTBO oTKiIMKa BCII Ha
NpUIMBHOE BO3AEHCTBHE: 3(PdeKT He sBIsieTcs cTabuib-
HBIM BO BpemeHH (puc.10). B 90-x rogax mo pe3syibra-
tam uccinenosannit BCII na Kamuarke BbIIBUHYTA T'H-
1OTe3a O CBSI3U BapHauuil (ha3bl IPUIMBHON KOMIIOHCH-
1ol BCIII ¢ reonnHaMuyecKUMHU TPOLIECCAMH B PETUOHE
[26, 27]. B yacTHOCTH, BBISIBIIEHa CHUHXPOHU3ALIMSI BbIJIE-
nenHoil u3 BCII npuianBHON KOMIIOHEHTHI C BOJIHOM
rPaBUTALlMOHHOIO MPUIMBHOIO noTeHuuana. CUHXpo-

HHU3aI¥s (COrIacoBaHHOE M3MEHEHUE HEKOTOPBIX KONHU-
YECTBEHHBIX XapaKTepucTHK cucteM) C CBOHUCTBO Mare-
pUANbHBIX O0BEKTOB PA3IUYHON MPUPOABI BHIPAOATHI-
BaTh €IMHBII PUTM COBMECTHOTO JIBHIKEHUS, HECMOTPS
Ha rmojayac BechbMa ciia0dble B3auMHbIE cBsizu [19]. B Ha-
IIeM ClIy4ae B KaueCTBE BHEIIHEro BO30YyKIAaloIIero
MOJISl BRICTYIIAET 3eMHOM mpuiuB P mpouecc ¢ xoporio
W3YYCHHBIMHU U MPOTHO3UPYEMBIMH XapaKTEPUCTUKAMH.
B kauecTBe BEIOMON CHCTEMBI pacCMaTpPUBAIOTCS aH-
caM0nu MHKpocelicMuYeckux uannydareneit. [Ipennona-
raercs, YTo Hanboyee MHTCHCUBHO PEarupyloT Ha BHEII-
Hee BO3CHCTBHE 00IacTH Cpe/ibl, HAXOAAIINECS B METa-
CTaOMIBHOM COCTOSHUH. TakumMu oONacTsIMH MOTYT
OBITH OUary TOTOBSAIIETOCS 3EMIICTPSICCHUS U OOIIUPHBIC
MPUITOBEPXHOCTHBIE 30HBI MUKPOTPEIINHOBATOCTH U JH-
natacuu [29]. OTMeTuM, YTO AOCTOBEPHOCTH 3TOTO
HPEINOI0KEHNS MOATBEPKACHA HKCIEPUMEHTANbHO B
xoj1e JlabopaTtopHOro MojaenupoBanus [31].

Ha ocHOBe MHOTOIETHUX HATYypHBIX HAOIIOACHUN
HaMu Nokas3aHo [26P33], uro npuinBHasl 4yBCTBUTEIIb-
HocTh BCIII Hanbonee ctabmiibHa U CTATUCTHUECKHU 3HA-
YHMa B IEPUO]] TOJATOTOBKU CUIIBHBIX JIOKAJIBHBIX 3eMJIe-
TpsiceHnil. D QeKT mposBILeTCs Kak cTabunuzaus ¢a-
30BOro caBura A@ Mexay IPWIMBHOM KOMIIOHEHTOH
BCII 1 npuiauBHON BOJTHOM Ha ONpPENEIEHHOM ypOBHE
(mpumeps! P Ha puc. 1 OPe).

OOHapyXeHHBIH 3P hexm cuHXpoHU3ayuUU TPO-
I[ECCOB JIET B OCHOBY METOJAA KOHTPOJISI HAPSKCHHO-
IO COCTOSHHUS 3€MHON KOPBI JJI MPOTHO3a CHUIBHBIX
3eMJICTPSACEHUN M0 M3MEHEHHUIO XapakTepa OTKIUKa
BCII na npunusnoe Bo3aeictBue [17, 31, 32]. Opu-
TUHAJIBHBIM B JAHHONH METOJUKE SBISCTCS HCIOIB30-
BaHHE 3EMHBIX MPUIMNBOB, OOYCIOBICHHBIX JIYHHO-
COJIHEUHBIM TPaBUTAIIMOHHBIM BO3JICHCTBHUEM, B Kaue-
CTBE KalMOpPOBOYHOTrO (PTaJOHHOIO) CUTHANa C M3-
BECTHBIMHU XapaKTEPUCTUKAMHU NMPU U3YUYEHHUH 3aKOHO-
MEpPHOCTEN MHUKpOCeHCMUUECKOro u3inydeHus. B ka-
4€CTBE ONMOPHOH BhIOpana BonHa O, Tak Kak Ha Kam-
YaTKe OHAa HMEeT HaMOOJBIIYI0 ITOMEXO3allHUINcH-
HOCTh M OTHOCHUTEJIBHO OONBINYI0 aMIUIUTYyRy. MuHu-
MaJbHOE 3HaYCHHE MATHUTYABI M BO3MOXXHOTO 3eMJiIe-
TPSICEHHUS CBA3BIBACTCS C €T0 AMUIEHTPAIBHBIM pac-
CTOSIHHEM OT TOYKH HAOMIOECHNUS YMIIUPUYECKOH 3aBU-
cuMocTbio M > 4.0 + 0.008xA npu A <400 xm. uana-
30H MPOTHO3UPYEMBIX COOBITHI OTpaHUYEH MO TIIyOHHE
250 kM. MeToanka HCHONB3YETCS I KOMILIEKCHOM
OIIEHKH ceiicMuyeckoil onacHocTu aiag Kamuarku [32].

Dddekr cradbmnmmzanuu A OblT OOHApYKEH Kak
PETPOCHEKTUBHO, TAK U B PEXKHUME PEabHOIO BPEMEHH
st 32 3emnerpsicenuit 1992P2008 rr. B inana3one mar-
HUTY]L MW oT 5.0 1o 7.8 asis SNUIEHTPATBHBIX PACCTOSI-
Huii 10 400 kM. 13 Hux 22 coObitua umenu M > 6.0.
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Puc. 1. AHOManuu ceficMu4ecKoi SMUCCHM TIEPe]l CUIbHBIMU 3€MJIETPSACEHUSIMHU HA CHEIHATU3UPOBAHHBIX CTAHLIUIX

peructpanuu BCII.

a P craHIMM perucTpanuy ceiCMUYeCKUX IIyMOB (TpeyroiabHUKH); 6 Pe P BpeMeHHOH X071 ha30BOro caBura A¢ MPHIMBHBIX KOMIIOHEHT
JUTsl BOJHEI O ¥ aMIUTUTY/IbI IPMIIMBHOM FrapMOHMKH (B YCIIOBHBIX €MHUIAX). [IprMepb CHHXpOHU3ALNY ITepe]] CHIbHBIMU 3eMJIeTpsICe-
HUSIMU. MOMEHT 3eMIIeTpsICeHUsI OTMEUEH cTpeikoi. CTabuin3anms napaMeTpa BblIeJIeHa TOPH30HTAIBHON JIMHUCH.

Jlutib mepea eAMHCTBEHHBIM 3eMIIETPSICEHUEM dHepre-
THYeCKoro auanasona M > 6.0 (08.03.1999, M, = 6.9)
MPEIBECTHUK BBIJEINUTH HE ynanock. B 2001P2008 rr.,
korna Ha KamuyaTke paboTanu yxe JBe CTaHIUH
BCIII, B psje ciydyaeB OTMEYEHO IOSBIEHUE NIPEABE-
CTHHKOB TIepe]l 3eMJIETPSICEHUSIMH Ha 00€UX CTaHIIU-
SIX OTHOBPEMEHHO.

PesynbTaThl  peTpOCHEKTUBHOTO
IIpEJBECTHUKA B JAPYIUX CEHCMOAKTUBHBIX pailoHax,
rae takke Bexytcs HaOmonenus 3a BCIL (o. Xokkaii-
1o [28], o. llukotan [9]), cornmacyroTcs ¢ TOTy4SHHBI-
Mu Ha KamyaTke, XOTS U UMEIOT PsAJ 0COOCHHOCTEH.
CiienoBaTelibHO, CHHXPOHU3AIMUIO TPUIMBHONW TapMoO-
Huku BCII ¢ cooTBeTcTByIO1IEH BOJHOW MPUIMBHOTO
MOTEHIIMAIa MOXHO paccMaTpUBaTh KaK YHUBEPCaIb-
HOE CBOHCTBO Te0(pU3MUECKOM cpe/bl, CBI3aHHOE C ee
HaIpsHKEHHO-/1e(OPMHUPOBAHHBIM COCTOSTHUEM U TPO-

BBISIBJICHUA

ABJIAONICECA, B YaCTHOCTHU, ME€PEa CUIbHBIMU PETHUO-
HaJbHBIMHU 3EMJICTPSCCHUSIMU.

HEJb UCCIEJOBAHUSA

Ilenbto gaHHOI pabOTHI SBISETCS PEIICHUE MPO-
O1eMbl 1aTbHOACHCTBUS (POPMUPYIOIIETOCS 04ara CUilb-
HOTO 3eMieTpsicenus. Pagmyc cbopa Mukpoceiicmudaec-
kot mHpopMmanun cranuueir BCI na wactoTte 30 I'p
oneHuBaercs B 8 kM [13]. KamMuarckue craHuu perucr-
paunuu BCUI ynaneHs! ot ceficModoKkaabHOM 30HBI 00-
nee yeM Ha 100 xm. CnenoBaTenbHO, 3(Q(HEKT CHHXPOHU-
3auun BCIHI ¢ npunuBaMu He OTHOCHUTCSI HENOCPEX-
CTBCHHO K O4aroBbIM 30HAaM I'OTOBAIIUXCSA CUJIBHBIX 3€M-
JICTPSICEHU, a CBSI3aH C U3MEHEHHUEM COCTOSIHUS CPEJIb
B HEOONBIINX 00NACTAX, MPUIEKAIUX K PErUCTPUPYIO-
el cTaHIMU U UMEIOLUX JIMHEHHBIE pa3Mephl 10 He-
CKOJIBKHX KHJIOMeTpoB. [Ipuposa Takoro 3Ha4UTEILHOTO
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JaTbHOACHCTBUSA IPH TOSBICHUM MHPEIBECTHUKOB HA
paccTOAHUSIX B HECKOJIBKO COTE€H KUJIOMETPOB OT ouara
3emiIeTpsiceHus P Bolpoc TUCKYCCUOHHBIN U BCE €LIE HE
peIIeHHbIH 10 KoHua. {7 perieHust mpooaeMbl H3MEHe-
Hus TeH3ouyBcTBUTENbHOCTH BCIII B nepuos moaroros-
KW CHJIBHBIX 3€MJICTPSICEHUI Ha OONBIIOM PACCTOSHUU
OT X O4aroB Mbl IPUBJIEKAaeM rumnoresy [1], B koTopoii
paccMaTpUBalOTCs MPOLECCH (POPMUPOBAHUSI MTPOTHKEH-
HBIX (C TMHEHHBIMH pasMepaMM 10 HECKOJIBKHX COTEH
KHJIOMETPOB) NPHUIIOBEPXHOCTHBIX 30H JUIATAHCUU U
MHKpPOTPEIINHOBATOCTH.

B paGorte [1] BnepBbie ObUT IOKa3aH CIOXKHBIN Xa-
pakTep pOpPMUPOBAHUS 30H AUIATAHCHM B YIPYTOM Of-
HOPOJHOM IOJIYyIPOCTPAHCTBE MPH OTCYTCTBUH HAmpsi-
JKEeHUIl Ha cBOOOAHOM moBepxHOCTH. B pacueTax B Kaue-
CTBC HMCTOYHHMKA TEKTOHMYECKUX HaIpsDKCHUH Oblia
IIpUMEHEHA €IMHUYHAsl cOCpeloToueHHas cuna. MHre-
pecHbIM (pakToOM OKazanoch 0OpazoBaHUE IBYX 30H JH-
JATaHCUU: OYaroBOH B OKPECTHOCTH TOYEYHOIO CUIJIOBO-
T0 UCTOYHHUKA U MMOTPAHUYHOU B CJIO€ OKOJIO CBOOOIHOM
IIOBEPXHOCTHU. 3/1€Ch [10JI€ HAINPSIKEHUN MOKET COLEP-
JKaThb CUJIBHBIM BKJIaJ KacaTelIbHBIX HANpPsDKEHUN Ha
(oHE C1abOr0 BIUSHUS CXKHMMAIOIUX HAMpsDKEHUH U
JIABJICHUSI B CBS3U C ONNM30CTHIO TPAHUIIBI, CBOOOAHOM OT
BHEILIHUX HalpsKeHUH. Pe3ynpTarsl UnCIeHHOrO MOje-
JUPOBAHUS MIPOAEMOHCTPHUPOBATIN BO3ZMOKHOCTH 00pa-
30BaHMA JOCTATOYHO MPOTSIKEHHBIX IPUITOBEPXHOCTHBIX
30H JIUJIaTaHCUU C JIMHEHHBIMU pa3MepaMu 10 HECKOJIb-
KHX COTEH KHJIOMETPOB U CIOXHON (popMoif mpoekuuu
Ha JIHEBHYIO IOBEPXHOCTh. OTMEUEHO, YTO IIOBEPXHOCT-
HBIC 30HBI AUJIATAHCHU BEAYT CeOs1 JOCTAaTOYHO M3MEH-
YUBO B 3aBHCHUMOCTHU OT IlapaMeTpoB Monenu. Ilpenro-
JaraeTcsl, 4To MpH ASHCTBUM HECKOIBKUX PAa3HECEHHBIX
B IPOCTPAHCTBE UCTOUYHUKOB MIEPEMEHHON BO BPEMEHHU
MHTCHCUBHOCTH KapTHHA IEPEMEIICHUs JUIaTaHCHBIX
30H 10 TOBEPXHOCTH MOXKET OBITh TOCTATOYHO CJIOKHOII.
Pacuersl obnacTelt nunaraHCUu JUIsl IIUPOKOTO Habopa
peaTHCTUYHBIX BAPUAHTOB CTPOCHHUS CPEABI U YCIOBUI
Harpy>KeHHUs IIPU UCTIOIB30BAHNH aJIBTEPHATUBHBIX KPH-
TEPUEB pa3pylleHUs MaTepuaja IoJ AeUCTBUEM pacTs-
JKEHUS U CKaJbIBAIOIIMUX HATPy30K MIOKA3bIBAIOT COIa-
COBAHHOCTb PE3YJIbTATOB. DTO MO3BOJIAET IPENIOIO-
KUTh, YTO IPUIIOBEPXHOCTHAS 30HA JUJIATAHCUH MOXKET
CYILIECTBOBATh B PEANBHBIX MPUPOAHBIX YCIOBUAX, Xa-
PaKTEepU3YIOLUXCSl CI0KHOCTIO, MO3aUYHOCTbIO, KOH-
TPaCTHOCTBIO CBOMCTB. DHEPreTUYECKOM cpenol, B Ko-
TOPOM OCYLIECTBISAETCS CBA3b 04aroBOH U IIPUIIOBEPX-
HOCTHOM 30H AWJIATAHCUH, SIBISAETCS €IMHOE I10JIE Ha-
NpPsDKEHUH, CO31aBaeMO€e CUIIAMU B UCTOYHHKE TOTOBS-
LIETr0Csl 3€MJIETPSICEHUSL.

Wneonorust padoTsl [1] B3daTa HaMH 3a OCHOBY
IIPEJCTABIIIEMOIO UCCIIEJOBAHUSI.

Hwxe nipescraBnensl mpuMepsl, KOTOpbIe HA OCHO-
BE MaTeMaTHYECKOTO MOJICTUPOBAHUS MMOKA3bIBAIOT, YTO
JUIsl KaMuaTckux 3emierpsicenuit 1992P2008 rr., nepen
KOTOpBIMU HabOmonanachk cunxponuzayus BCIL u npu-
JUBOB, BO3MOXXHO pa3BUTHE MPHUIIOBEPXHOCTHBIX 30H
JUIaTaHCUU B Touke Bepenwus peructpanuu BCII (t.e.
Ha 3HAYUTEIBHOM PACCTOSSHUU OT MHCTPYMEHTAJIBHOTO
SMUIEHTPA).

BA3OBBIE SJIEMEHTBI IPEJJTATAEMOM
MATEMATHYECKOM MOJIEJIHN

B 0CHOBY YHCJIEHHBIX DKCIIEPUMEHTOB, BBIIIOJIHEH-
HBIX B XOJ/I€ HalllUX UCCIENO0BAaHUMN, 3aJI0KEHBI CIEAYIO-
1IM€ IPEJCTaBICHUS:

- MOJIeNb TUTOC(EPHI paccMaTpUBacTCa Kak OJHO-
POLHOE U30TPOIIHOE YIIPYTO€ IOIYIIPOCTPAHCTBO;

- B KaQueCTBE MOJEIU O4Yara 3eMJIETPSICEHUs B3ST
HPOTSKCHHBIH HCTOYHUK: JUCIOKAIUS (IPSAMOYTOIBHUK
C TIOCTOSTHHBIM BEKTOPOM MOABHKKH);

- pacuer HalpsDKEHUHM B KOHKPETHOU TOUYKE IOJIy-
IIPOCTPAHCTBA Yepe3 NapaMeTphl AUCIOKALIMOHHOTO HC-
TOYHHKA U XapaKTEPUCTUKU Cpenbl BeaeTcs 1o Gopmy-
nam pabotsr [38].

3ananue mapamMeTpoB odara

[TapameTps! ouara (KOOpAMHATHI IIEHTPOHUIA, Ceiic-
MHUYECKUI MOMEHT, NapaMeTphl INIOCKOCTEH pa3phiBa)
3a/1al0TCS B COOTBETCTBUHU C KaTajJOrOM MEXaHH3MOB
ouaroB 3emietrpscenuid (CMT Catalog, http://www.
globalemt.org). [lonoxeHne meHTpa IMIIOIIAIKH O4ara
(mMcnoKanum) COBMENIAETCs C IIEHTPOUIOM.

Pa3mMepsl ouara onpenessiroTcs o0 3HAUEHUIO CKa-
JIIPHOTO CEHCMUIECKOTO MOMEHTa M) Ha OCHOBE KOppe-
JSIMMOHHBIX (GOpMYT U3 paboTsl [4].

Jo1st nmuHel L v mdpuHel W AMCIOKaluu HMEeM:

lg(L)=0.5-M-1.85, Lg(W) = 0.5-M ,-2.25,
e M =2/3-1g(M,)-10.7 P MomeHTHas Maruutya.

Benununna momswxkku U =M /(n-S), rne u P mo-
JyJb caBUTA, S P miomans JucIoOKalMH.

KoMIOHEHTHI MOJBMKKH 110 TIPOCTUPAHUIO U Taje-
HUIO OTIPENIENAIOTCS 1Mo ee BeanuuHe U ¢ y4eToM yKJIOHA
(slip), 3HaueHne xkotoporo npuseneHo B katamore CMT.

B pacuerax ucnonb3yeTcs NOHATHE CEHCMUUYECKOTO
KIIJ. CymMapHas sHEprus odara, OIpeiesonas Hampsi-
KEHHO-JIe(POPMUPOBAHHOE COCTOSTHUE B HCCIIETYEMOM 00-
JIACTH, BBIUUCIISIETCS U3 CEHCMUYECKON SHEPTUHU C YUETOM
noBbImaromux koddduuuentos [8, 20, 36, 37 u ap.].

3anaHue MapaMeTpPoOB cpebl

CBoiicTBa cpe/ibl MPUHATHI OJJMHAKOBBIMU BO BCEH
pacdeTHoii obnacTu (ynpyroe moynpoCcTpPaHCTBO) U CO-
OTBETCTBYIOT KPEIIKUM T'OpHBIM IIopoAaM. 3aznatorcs: p P
WIOTHOCTH Toposl (p = 3.0 r/em?), a P koaddunuent



100

BHyTpeHHero Tpenus (o = 0.5), ¥ P ciennenue nopoast
(Y=15-10° H/m?), n P moayns casura, A P mapametp
Jams (A=p=3.675-10'"" H/m?).

3ananue (pOHOBBIX PErHOHAJBHBIX HANIPAKEHUI

B pesynbraTe B3aMMOAEHCTBUS PETHOHAIBHBIX U
JIOKaJbHBIX TEKTOHUYECKUX CHJI B CEHCMOAKTUBHBIX 30-
HaX MOTYT BO3HHMKATh OOJIACTH BBICOKOI KOHIICHTpaluu
TEKTOHUYECKUX HaIpsDKeHUH. B celicMOaKTUBHBIX 30-
Hax OoJbIre 0ObEMBI CpPe/bl HAXOAATCS B AHOMAJIBHO
BBICOKOM HAIPSKEHHOM COCTOSIHUH, KOTOPOE peaan3yeT-
Csl uepe3 CeliCMUYECKYl0 aKTUBHOCTb. B paccMarpuBae-
MOM perHoHe (POHOBBIC TCKTOHHYECKUE HAMPSIKECHUS
OTIPENEISIOTCS TPOIECCOM CYORYKIUHU: MOAJBUIOM
Tuxookeanckoit autocdepHoil IuTH nox KamuaTky.

DoHOBOE HAMPSIKEHHO-AC(HOPMUPOBAHHOE CO-
CTOSTHHE CPEJbl MOXET OBITh OI[EHEHO 4Yepe3 MOJeIhb
Pa3BUBAIOMIETOCS THIOTETHYECKOTO Ovyara CUJIbHEMH-
IIETO 3EMJIETPACEHHUs, OKa3bIBAIOLIEI0 BO3JAEHCTBHUE
Ha PETHOH B LIeJIOM. B Hamem cirydae MbI IpeAnosiara-
€M, 4TO Ha PETHOHAJBbHOM YPOBHE HAaKOIHUBIIHECS 3a
cefcMUYECKUH UK AehOopMaIlui MOTIH OBITh CHSITHI
CUJIbHEHIIUMY 3emiueTpsacenusamu 1923 ., M = 8.5P
8.8m 1952 ., M;,=9.0 [5, 6].

C.LU,

54°-

51°1

48°

1 s
156° 162° B.A.

Puc. 2. 3aganne oyara MoAeIbHOTO CHILHENIIIETO 3EMIIE-
TPsICEHUS.

1 P rpaHuna npoexknuu odara MoAEJIbHOIO CHIIbHEHIIero 3emie-
TPSICCHUS Ha 3€MHYIO IIOBEPXHOCTh; 2 P rpaHuIbl poekuuii oua-
roB 3emierpsceHuil 1923 u 1952 rr. Ha 3eMHYI0 TOBEPXHOCTH 110
[6]; 3 P rpanuna ob1actu CkaHUPOBAHWUSL.

Canmuixos, Kyeaenxo

Oyar MOJeNbHOTO CHIIBHEUIIETO 3eMJICTPSACCHHS,
onpenensomero GoHoBoe HampsHKEHHO-AehOopMHUpYe-
MO€ COCTOSTHUE CPeJlbl B PETHOHE, CTPOUTCS KaK MpPOTsi-
JKeHHAsl IMCJIOKAaIus, BKIIIOYArolnas 00JacTH 04aroB
1923 u 1952 rr. mo [6] (puc. 2). [Ipenmnonaraercs, 4To
CTaJusl Pa3BUTHUS MOJEIBHOIO OoYara COCTaBIAET B Ha-
crositiee Bpemst 1/3 celicMU4ecKoro 1uKa sk CUIbHEH-
J11050:€ peFI/IOHaJ'II)HLIX SCMHeTpHCCHHﬁ, a CO3JaHHasA UM
nedopmanus P 1/3 or HakanmuBaromencs: K KOHILy ceiic-
mudeckoro 1ukia [40]. Cuuraem, uto nius Kamyatku
CCﬁCMHHeCKHﬁ OUKJI JJIs1 aHAJOTUYHBIX CI/IJ'II)HGﬁHIHX
3eMiieTpsiceHuil paBeH mpubausutensHo 200 net. DHep-
TUss MOACJIBHOTI'O SCMHCTpHCCHI/IH MOXKET 6I>ITI> OILICHCHA
nus3 pacquHoi/'I BCJIIMYUHBI IOABHWXXKHU JIs1 peaﬂLme
CUJIbHEHIINX ceficMuueckux coObITuil. Hampumep, nis
Kamuarckoro 3emnerpsicenust 1952 r. moaBuka cocra-
Bmta okoso 10 m [39].

Pacuyet 301 nuaarancuu (mo [1, 2, 7])

K obnacTtu quiaTaHcHM OTHECEM MHOXKECTBO TOUYEK
YIpYyTroi cpenbl, AJIsl KOTOPBIX MPHU 3aJlaHHOM I0JIe Ha-
MIPSDKEHUH {S. } BBITIOJHEHO YCIIOBHE:

y
=1— —Y>

D=t-ax(P+tpgz)-Y20,
rae p P mmotHOCTH mopoasl; g P yckopenue cBoOo1HOTO
NajieHust, z — TyOuHa; P — ruApOJMHAMHYECKOE JlaBiie-
uue P =-1/3(o, +06,,+ 0, ), a P koopduunent BuyT-
penHero TpeHus, Y P cuemnienue nopoast; T P uHTEeHCHB-
HOCTb KacaTelIbHbIX HalpsKeHUH.

1
o \/g [(011_022)2 + (022'033)2 + (033_011)2 +

+ 6-(6122 + 0132 + 0232)]1/2

Ot1o0 ycnoBue conajgaer ¢ kpurepuem llneitxepa-
Hanau pa3pyuienust MaTepuana noj AeiiCTBHEM CKaJIbIBa-
IOIIUX HArPy30K U YJOBIETBOPUTEIHHO OMUCHIBACT MPO-
Iece Ipeapa3pyneHust TOpHBIX TOpof (IpH Harpyske 60P
90 % OT KpPUTHYECKOH) JIJisi Ka4eCTBEHHOTO OMHMCAHUSA
(opMBI 00JIACTH aKTUBU3AIMU PACKPBITHS TPEIIUH.

Buytpu obnactu D_> 0 KacaresbHbIe HAPSHKEHUSE
JOMUHHPYIOT Haj coxuMmaromumu. CompoTHBICHHUE cpe-
JIBI 32 CUET CLEIUICHUS 3/1€Ch IPEOI0TICHO CKAJIBIBAIOIIH-
MU YCHIUSIMHU, U CIOXKHIUCH YCIOBUS, OJaronpusTHhIC
JUIS pOCTa YUCJIa TPEUIuH. Pelenne OTHOCHTCS JHIIb K
OTIPENIEICHNIO TPAHHUIIBI TIEPEXOAA YIIPYTOTrO COCTOSHUS
B COCTOSIHHE HEITMHEHHOTO pa3yIIOTHEHUS ¢ 00pa3oBa-
HHEM CHCTeMBI TpemuH. CaMu MEXaHU3MBI X PACKPHI-
THUSI U PEOJIOTMUYECKUE U3MEHEHUS CPE/Ibl B 30HE Dr >0
UCTIONIb3yEMBIMH PEIICHUSIMU HE OMUCHIBAIOTCA U B JaH-
HOH paboTe He pacCMaTPUBAIOTCS.

Ilpu pacuere 30H qunarancun D_mone Hampsike-
HUH ompeenseTcs Kak cynepno3unus GpoHa ¥ BIUSHUSA
oyara paccMaTpPUBAaEMOTO 3EMJICTPSICEHHUS.
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JloNOIHUTENBbHO BBIUUCIIAIACH BapUalus JujlaTaH-
cuu 0D Kak pasHOCTb MEKAY D ¥ 3HAYCHHEM [IMIIATaH-
cum D . D/ P10 nunarancus, onpenenseMas MoJeIbHbIM
CHJIbHEHIIINM 3eMIICTPSICCHUEM (3a1al0IuM (OHOBOE Ha-
HPSHKEHHO-AC(POPMUPYEMOE COCTOSHUE CPEbl BO BCEM
peruone), 6e3 yueTa paccMaTpHBaEMOTo CEHCMUYECKOTo
coObITHs. VIMEHHO BapHaryst JuIaTaHCUu D IeMOHCTpH-
PYeT NPOTSKEHHOCTD 30H BIUSHUSA odara (opMHpYIoIe-
rocsi 3eMJIETPSICEHUS] Ha PEOJIOTMUECKUE CBOMCTBA CPEBI.

INPOTPAMMHOE OBECIIEYHEHHUE

Anroputm pacuera D_u 8D peanusoBaH B BHJIE
TrUOKOIl BBIYUCINUTENBHON MPOTpaMMBbI C YAOOHBIM HH-
TepdeiicoM u coepKaTeNbHON BU3yaIu3alue pe3yib-
taroB. [Iporpamma mno3Bossiet:

- 33/1aBaTh XapaKTCPUCTHKHU CPEIbl U MapaMeTphI
MOZICTIFHOTO CUJIbHEHIIIEro 3eMIECTPSICCHUS IIPU pacyeTe
(DOHOBBIX HAINPSKECHUIA,

- IPOU3BOJUTE PACUET 30H AUIATAHCHH JUIS OUAroB
KOHKPETHBIX 3€MJIETPACEHUH,

- OIIEPATUBHO BU3YalIM3UPOBATH IOTYUYCHHBIC pe-
3yIbTaThl B BUJE 3aJJaHHBIX TOPU30HTAIBHBIX U BEPTH-
KaJbHBIX CEUCHUI 00NaCTH CKaHUPOBAHNS,

- BBIBOAUTH 3aIIPALTNBAEMBIC PE3YIbTATHl PACUCTOB
Juis 6onee EeTalnbHON MX BU3yalW3alluu B APYTHX Tpa-
(mdeckux maxerax.

CkaHupOBaHUE BEIETCS B 3aJaHHOU IPAMOYIOb-
HO oOnacTy (C 3aAaHHBIM IIATOM) 10 ITyOMHBI odara
3eMIIETPSICCHUA (C 3aJIaHHBIM 1IarOM).

INPUMEPBI PACYHETA IIPUITOBEPXHOCTHBIX 30H
PA3ZBUTUSA JTUITATAHCHUU

Kamuarckoe 3emiieTpsiceHne
21.06.1996, M = 6.8

B TuxoMm okeane Ha 3amajHOM CKJIOHE IITyOOKOBOJI-
HOU BIaJIUHbI K FOr0-BOCTOKY OT ABauMHCKOTO 3aJIUBa CO-
Obrtrem 21 urons 13 wac. 57 mun. M= 6.8 Havascs Mol-
HBIM CCUCMUYCCKUU POU, TPOAOJDKABIINHNCA 10 CEPEANHDI
aprycta 1996 r. [10]. PaccmarpuBaemoe 3eMiIeTpsiceHHE
SBJISIETCS OCHOBHBIM COOBITHEM POsi. OHO OIIyIIAIOCH Ha
nobepexbe MOITyoCTPOBA C HHTEHCUBHOCTHIO / 10 7 Oan-
joB 110 mkaje MSK-64 u mMeeT JUCIOKAIMIO B odare
TUTIAa B30POCO-CIBUT MO CYOBEPTUKAIBHOW IIOCKOCTH,
OPHEHTHPOBAHHOI Ha CEBEPO-CEBEPO-BOCTOK.

Crabunuzanus (a3pl NPUIUBHOH KOMITOHEHTHI
BCII nepen 3emnerpsacenueM 21.06.1996 pnunacs oxo-
10 23 cytok (puc. 1). [Iporaos 3emuerpsicerus ObLT JaH
3a Tpoe CYTOK /10 COOBITHS M OMpaBJajcs MO BCEM Mapa-
MmeTrpam [32].

Pesynbrarel pacuera 300 D _u 8D mpuBeaeHbl Ha
puc. 3. Cranuus THauukuY nonagaer Kak B 30HY I10O-
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JIOKUTENbHBIX 3HAYCHUH D, TaK W MOJOKHUTEIbHBIX
3HaueHuit 6D. OOpaimnaet Ha ce0s BHUMaHHUE TO, YTO B
JaHHOM ciy4ae obmacte 8D > 0 oOpa3yeT Ha MOBEpX-
HOCTH JIB€ HECBsI3aHHBIE MEXJy COOON 30HBI HElpa-
BUIIBHOH (HOPMBEI.

Kponoukoe zemuerpsicenue 05.12.1997, M, = 7.8

5 nexabps 1997 . B 11 gac. 26 mun. y Tuxookeanc-
koro nobepexps Kamuatku BOnu3u Kpononxoro noiy-
OCTpOBa IIPOU30LLIO CAMOE CUIBHOE B 3TOM pailoHe 3a
BpeMs JIeTAlIbHBIX CEHCMOIOTHYECKUX HaOII0ICHHH
(1961P2010 rr.) semnerpsicenne ¢ M, =7.8 [11]. Ha no-
Oepekbe KaMuaTKi OHO OIyIANIOCh ¢ HHTEHCHBHOCTBIO
I no 7 6amnoB mo mxkane MSK-64. Mexanusm ouara
UMEET B30POCO-CABUIOBBIN XapakTep, MIOCKOCTh Pa3phl-
Ba pacrnojoKeHa BJOJb ceicMO(OKaIbHON 30HBI, TIOYTH
BEPTUKAJIbHA ¥ UIMEET CEBEPO-BOCTOYHOE NMPOCTUPAHHE.

Kpononkoe 3emieTpsiceHUe IpeaBapsAiloch CTa-
ounuzanueit paszpl mpunuBHOM KommnoneHTsl BCIL B
nyHkTe peructpauuu THauuxuV (puc.1B). Jautens-
HOCTh y4yacTKa CTaOMIM3allUU Nepe] CeHCMUIeCKUM
coOBITHEM cOocTaBMIa 0KOJIO 32 CyTOK. 3a 9 cyTOK 10
3eMJIETPsCEHUsI OBLIO COCTABIEHO MPOTHOCTUUYECKOE
3aKJIIOUEHHE O BO3MOXXHOCTH €ro BO3HUKHOBEHUS
[32]. KpoHonkoe 3eMIIETpsICEHUE TAKXKE IPENBaAPAIOCh
AQHOMAJBHBIMU BapUAIUSIMHU PEXMMa TOA3EMHBIX BOJI.
OTH IpeBECTHUKH HAOMIONANINCH HA PACCTOSHUH OKOJIO
250P300 kM OT ouaroBoii 006IaCTH 3EMICTPSACCHHUS.

Ha puc. 4 npencraBiieHbl pe3ynbTarbl pacuera AJis
NPUIIOBEPXHOCTHOM 30HBI quiaTaHcuu D W Bapuanuu
JuiataHcu 0D, KOTOpBIE B paMKaxX paccMaTpUBaeMoil
MOJICTIH MOTJIU HOSIBUTHCS Hepe KpoHOLKUM 3eMieTps-
CeHHEeM. 30HbI OOIIMPHBI U UMEIOT CIIOXKHBINA XapakTep.
Crannus peructpaunu BCLI THaunknyY nonagaer B 00-
nacte, tae D_>0u 3D > 0.

ITapa BepxHemMaHTHIHBIX TymMpokcKkux
3emurerpsicennii 16.06.2003, M, = 6.9 u
10.06.2004 M, = 6.8

B urone 2003 u 2004 rr. nox teppuropueit Kam-
YaTKY BHYTpU THUXOOKEaHCKON IJIUTHI IPOU3OLLIO J1BA
rnyookux 3emuetpscenus: 16 uroHsa 2003 1. B 22 yac
08 mun, M, = 6.9, na rny6une 7 = 190 km (3nnueHTp
pacnoJjiarajics B ceBepo-3anagHoil yactu Bocrounoro
xpebTa B orporax xp. Tympox) u 10 utons 2004 r. B 15
vac 19 mun, M, = 6.8, na ryOune 7 = 208 km (¢ snu-
IIEHTPOM Ha I0TO-3amagHoM ckjoHe TonbaumHCKOTO
BYJKaHAa, B 45 KM K ceBepy OT IepBoro codsltus) [12].
Onu omymanocsk Ha Tepputopun KamMuaTku ¢ HHTEH-
CUBHOCTBIO / 10 5P6 Oailios.

CXO0XeCTh paccMaTPUBAEMBIX 36MIICTPACCHUH HE
OTpaHWYMBAETCS OTU3KUMH 3HAUCHHUSIMHU UX THUIIONEH-
TpoB [12, 30]. MexaHu3Mbl 04aroB 3eMJIETPSICEHUIN
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55"

54°
Ct. Hauuku

53"_ |
) 6.1996
527 6.7
51% .
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Puc. 3. PesynbraTsl MOJIEIMPOBAHUS IPUIIOBEPXHOCTHOM 30HBI Aujarancuu D, (cneBa) M BapHalMuM JAUJIaTaHCHH 0D
(cupasa) st 3emuerpsicenns 21.06.1996, My = 6.7.

TToxazaHbl rOpH30OHTANBHBIE CEUCHUS CKaHUPYeMOoro oobema Juts ryounsl z = 0. Cepoll 3aIMBKOH BBIZIETICHBI 00JIaCTH, B KOTOPBIX pac-
cMarpHuBaeMble IapaMeTpbl IPUHUMAIOT [TOJ0XKUTENIbHbIE 3HAUCHUS, UTO 110 [ 1, 2] COOTBETCTBYET EPEXOAY Cpelibl U3 YIPYIOro CoCcTos-
HUSI B COCTOSIHAE HEIMHEWHOT0 pa3yIIOTHEHUsI ¢ 00pa30BaHUEM CHCTEMBI TPEUIHH. 3BE3/10YKOH 0003HAYEH IUIEHTP 3eMIICTPSICEHMS.
IIpuenen mexanmsm ouyara no CMT Catalog. Tpeyronpuuk P crannus perucrpanun BCIII.

Tuxuiu
OKeaH

1 | 1 T | | 1
156° 158° 160° 162°s.4. 156° 158° 160° 162°B.4.

Puc. 4. PesynbraTsl MOJIEIMPOBAHUS IPUIIOBEPXHOCTHOM 30HBI qujarancuu D, (cneBa) M BapHalMM JAUJIaTaHCHH 0D
(cupasa) nust Kponouxoro 3emnerpsicenust 05.12.1997, Mw = 7.8.

VYenoBHbIe 0003HAUCHHUSI AHATIOTHYHBI PHC. 3.
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nofgo0HBI: B 000UX ciydasx HaOmromasncs cOpoc ¢
3JE€MEHTaMH JIEBOCTOPOHHEIO CIABHUTa MO MIOCKOCTH,
OPUEHTHUPOBAHHOI B cyOMepHINOHAIBHOM HampaBiie-
Huu. Koppensuus BOIHOBBIX (OpPM paccMaTpuBaeMbIX
3eMJIETPSACEHHUI OUeHb BBICOKA U HA HEKOTOPBIX ydac-
TKax ceiicMorpamm kananoB BH cranuum IRIS Tlet-
pomaBioBCKY 3HaueHHE KOI(PUIHEHTA B3aUMHOM
koppensuuu K pocruraer 0.8. [30]. Unentuunocts
MEXaHHM3MOB YKa3bIBAaeT Ha OJHOTHUITHOCTH MOJBHKEK
B OYarax, a aHaJu3 o0jaka aTepIIOKOB ITOKa3al pac-
MPOCTPAHEHUE Pa3pbIBa C MIYOUMHBI K IMOBEPXHOCTH,
YTO XapaKTEPHO AJIs CYOTyKIIMOHHBIX 3eMIIETPSCCHUN
aToro auamna3zoHa ryoun [21]. B pabore [30] moka3za-
HO, YTO €Il¢ OHOH 0COOEHHOCTHI0 TyMpPOKCKHUX 3eM-
JNETPSICCHNUH SBISETCS HAJIMYUE y HUX a(TEepIIOKOBBIX
IO CJIEI0BATENBHOCTEH: 3TO EIUHCTBEHHBIE 3eMIICTPS-
ceHus Ha rryOmHax mopsiaka 200 kKM, 171 KOTOPHIX 32
BpeMs JCTAIbHBIX CEHCMOIOTHYCCKUX HAOIIOAEeHUN
3a(UKCHPOBAHBI a(TEPIIOKH.

TakuM 06pa3oM, OCHOBBIBASICH HA NIPOCTPAHCTBEH-
HOM OJIM30CTH TUIOICHTPOB, CXOXECTH MapaMEeTpOB
0YaroB, BBICOKOI KOPpESIIMM BOTHOBBIX (popM, Hamu-
4yus adTepIIOKOB, HE XapaKTEPHOIO JUIs CUJIBHBIX KaM-
YaTCKUX 3eMJIETPSICEHUI 3TOr0 Tuana3oHa ryouH, B pa-
6ore [30] mpeanmaraercst paccMarpuBaTh TyMpOKCKHE
3eMJICTPSICEHUSI KaK AymieT P mapy pasHECEHHBIX BO
BPEMEHHU OJJHOTHUITHBIX INIyOWHHBIX MOJBHKEK B JIOKaJIb-

Tuxuu
oOKeaH

T T
160°  162°s.a.

156°

158°
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HOM OTHOCHUTENBHO YHPYToil 00J1acTH, HOATOTOBKA KOTO-
PBIX TaKKe JIOJKHA UMETh CXO/IHBIE YEePTHL.

TyMpoKcKHe 3eMIEeTpsICEHUs PEABAPSIINCE NPE-
BECTHHKOBBIM 3(exTom: mepesr 000UMH COOBITUAMH HA
kamuarckux craHuusax THauukuV m TKapsimmunay
ObU1a 3apukcupoBaHa ctabumuzanus (pazoBOro CABHUra
Mexay npuiauBHON xoMmnoHeHToit BCII n mpunuBHOM
BOJIHOM O, NPHJIMBHOTO IMOTEHIHUAA, YTO IOAPOOHO
paccmotpeno B [30]. OTMETHM JHIb, YTO MOSIBICHHUE
JBYX HJIM OoJiee UIICHTHYHBIX 3eMJIETPSICEHUI B OJHOM
MECTe C pa3pbIBOM BO BPEMEHH, JIOCTATOYHBIM JUIs (hop-
MHUpPOBaHHMs TpEIBECTHHKA, P sBiIeHHE peiaKoe, aaxe
yHHKanbHOe. OHO Jajllo BO3MOXHOCTH IPOBEPUTH U
MPUHIMIIHAIBHO MOATBEPIUTH BOCIPOU3BOIMMOCTh Ha-
6monaeMbIX 3((eKTOB B €CTECTBEHHBIX YCIOBHSIX Ceic-
MOAKTHBHOT'O PEruoHa.

Crabunuzanus (a3pl NPUIUBHOH KOMITOHEHTHI
BCII nns crannuu TKapeivimnHaV nepen 3emieTpsce-
nueM 10.06.2004 mpuBenena na puc. 1r. O6a Tympoxkc-
KHX 3eMJIeTpsCeHHs ObUIN ONEpaTHBHO CIPOrHO3HPOBA-
HBI [10 BPEMEHHU M MarHUTY/IC.

Pesynbrarel pacuera 300 D_u 8D nnis Tympokckux
3eMJICTPSICCHUIl IPUBECHBI HA pUC. 5, 6.

Oo6nactu D_> 0 cxoxu mMexay coboi, a o0macTu
OD > 0 UMEIOT CIOKHYI0 HETPaBHIBHYIO (OPMY C SIPKO
BBIP@KCHHBIMHU JINHEHHBIMU CTPYKTYpaMH, MPOCTUPA-
HHUE KOTOPBIX COOTBETCTBYET a3UMYTy OCHOBHBIX ILIOC-

58" :
c.L.

57%

56

156°

158° A.

Puc. 5. Pe3ynbrarel MoJenupoBaHus IPUIIOBEPXHOCTHOM 30HBI AmiiaTaHcuu D, (cieBa) U Bapuanuu auiarancuu 0D

(cupasa) s 3emaerpsicenust 16.06.2003, Mw = 6.9.

VenoBHbIC 0003HAUCHHUSI @aHATIOTHYHBI PHC. 3.
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Puc. 6. Pe3ynprarsl MoieMpOBaHUs IPUTIOBEPXHOCTHOM 30HbBI Aniatancuu D, (cieBa) W Bapualuu auiataHcuu oD (crpasa) IUist 3eM-

netrpsicenus 10.06.2004, Mw = 6.8.
VYenoBHbIe 0003HAYCHHS AHAIOTUYHBI PHC. 3.

KOCTel pa3pbiBa B ouarax TYMpOKCKUX 3€MIIETPSICEHUN.
0O6e cranmun peructparuu BCII P THaunkuy u TKa-
peiMHAY P momanaioT B 00JACTh MOJIOKUTENBHBIX
3HAYEHUN DT u 0D B o0oux cimydasx. OgHaKo ciexyet
OTMETUTH Pa3jIN4us BO B3AUMHOM PAaCIOJOXKEHUU CTaH-
unid ¥ 308 D_u 8D. B 4acTHOCTH, UIMEHHO B 3THX MpHU-
Mepax CTaHLUU HAXOASITCs BOIM3H rpaHuIl Tcephx Y30H.

OBCYXIEHUE PE3YJIBTATOB U 3AK/IIOYEHUE

Pa3paboran u mpuUMeHEH ISk YUCICHHOTO MOICITH-
pOBaHUS AJNTOPUTM pacueTa 30H IUIATAHCUU BOIU3H
CcBOOO/IHOI MTOBEPXHOCTH.

OCHOBHBIE OTIHYHS TPEIAraeMOro Moaxoaa OT
MOCTPOCHUHN MPUITOBEPXHOCTHBIX 30H JUIATAHCUH, BbI-
MOJTHEHHBIX paHee APYTHMMHU aBTOPAMH:

- HCIMOJB30BaHUE MOJEIH MPOTSHKEHHOTO Ovara
3eMiieTpsiceHus. PaHee mpuMeHsIUCh TUO0 €qUHNY-
Has cocpepoToueHHas cuna [1], nubo nmapa cun 6e3
MoMmeHTa [3, 14, 18];

- YyXO[ OT HIMPOKO UCIIOJIb3YEeMOH B reOMEXaHUKE
MOJICNIM TIIOCKOTO Je(OPMHUPOBAHHOTO COCTOSHUS
(yciioBHe MPUMEHUMOCTH Takoi Monmenu P HezaBucu-
MOCTb CMEIIEHUI OT OJHO¥ M3 KOOPJUHAT) K TPEXMEpP-
HOHM MoOJienu;

- y4eT PeruoHaJbHOr0 KOMIIOHEHTA HAIMPSIKEH-
HO-1¢()OPMHUPOBAHHOTO COCTOSIHHUSI CPEIbI: 3aJaHue

(hOHOBBIX HAMPSDHKEHUH HA OCHOBE MOJICIIH TOTOBSIIIE-
roCsi CUIbHEHIIIET0 3eMIIETPSICEHUSI C UCITOJIb30BAHM-
€M JTaHHBIX [0 PeajbHbIM CHIbHEHIINM celicMHuYec-
KuM coObITHsIM KaMuyaTKu 3a HCTOPUUCCKUIN TEPUO U
MPEANOIoKeHUs 0 Pa3e ceHCMUYSCKOTO I[UKIa B Ha-
CTOSIIEE BpEMS;

- ICTIOJIb30BaHueE B pacuerax cericmuyeckoro KIT/I.

Crenyer OTMETHUTh, YTO MPUBEACHHYIO B padoTe
[1] xoHIEMIIMI0 MOKHO paccMaTpPUBaTh Kak OJHY U3
BO3MOXHBIX MoOJeell GopMUpPYIOIIEToCs o4Yara 3eM-
nerpscenus. K coxanenuto, yoequTeIbHBIX MPSIMbIX
JKCIIEPUMEHTANIbHBIX TOKA3aTe/IbCTB BBI3BAHHOM Oda-
rOM JWJIATAHCUU B YJAJCHHBIX MPHUIOBEPXHOCTHBIX
00JacTsIX 36MHOM KOPBI IO CHX MOp He moixydeHo. On-
HO M3 BO3MOXKHBIX aJIbTePHATHB MOXKET OBITh, HAIIPU-
Mep, OJHOBPEMEHHOE He3aBUcUMOe (HOpMHUpOBaHUE
KaK ovara 3eMJICTPSICEHUsI, TAK M HAXOMAIIUXCSI B Me-
TacTaOUIBHOM COCTOSHUU oOnacTell cpeabl BOIHU3H
PETHCTPUPYIONIUX CTAHIUHA MO NEeHCTBUEM BapHaIlHii
pEruoHaIbHOTO HaNpsKEeHUs. JTa mpodiema Tpedyer
JMalbHEHWIero U3y4eHus: C MPUBICUYCHUEM JOIOJIHHU-
TEJIbHBIX IKCIICPUMEHTAIbHBIX JTaHHBIX.

B xome MozaeupoBaHus yIaaoCh BBISICHUTH:

- CymecTBytoT ycinoBus (HaboOp mapaMeTpoB, He
MPOTHBOpEUAINX (PU3UUSCKUM MPEICTABICHUIM O pe-
ANBbHBIX (PU3UUECKUX MPOIIeCcCax, MPOTCKAIOIINX B PErH-



Pazsumue npuno6epxXHoCcmmnblx 30H OUNAMancul Kaxk 603MONCHAS npuiuna anomanutl

OHE), IPU KOTOPBIX MOAETH JOITyCKAET PAa3BUTHE MPUIIO-
BEPXHOCTHBIX 30H IMJIATAHCUH B OKPECTHOCTSIX PETHUCT-
pupylonei craHnuu.

- Pe3ynbTarhl CyIIecTBEHHO 3aBHUCSIT OT MapaMeT-
POB U crtocoba 3a1aHusT MOJCIBHOTO CHIIBHEHIIIETO 3eM-
JETPACCHUS, ONMPEACNIIIONEro (OHOBBIC 3HAYCHUS Ha-
NpsDKEHUH B CKaHUpYeMO# o0macTu.

BrInoaHeHHOE MOAETUPOBAHHUE SIBISIETCS YaCThIO
pabot mo paszpaboTke U3MUECKUX MpelCTaBIeHUN 00
aHOMAaJIMSAX OTKIIMKA CEHCMHYECKOM YMUCCUU HA 3€MHbIE
HOPUIIUBEl NIPH MU3MEHEHUAX HaNpsKEHHO-Ie()OopMUpO-
BaHHOTO COCTOSIHUSI CPE/Ibl, B YACTHOCTH, TIPH MOJATOTOB-
K€ PEernoHaJIbHBIX 3eMIIETpsiceHul. Pe3ynbrarel pacue-
TOB MOTYT YYHUTBIBATHCSI M MIPH PACCMOTPEHUU IPYTUX
MPEABECTHUKOBBIX 3(P(PEKTOB, CBI3aHHBIX C U3MECHEHUS-
MH KOH(UTYpAIH TPEIIUHHO-TIOPOBOTO MPOCTPAHCTBA,
HMPOHUIIAEMOCTH, HIIEKTPONIPOBOTHOCTH CPEIBI U TIP.

PesynbTaThl YMCICHHBIX SKCIEPUMEHTOB B paMKax
HNPUHATHIX JOMYIICHUH peIIaioT npodiieMy AalbHOACH-
CTBHSI OYara 3eMJICTPSICCHUS Ha YAAJCHHYIO OTPaHHUYCH-
HYI0 0051acTh c60pa MUKpOCeHicMUYeCKOr HH(POPMAIIHH.

ABtopsl 6marogapat B.M. IlaBnosa 3a pazpabort-
Ky MpPOrpaMMHOTO O0ecledYeHus] u IeHHbIe METOJU-
yeckue coBeThl. Pabora moamnepxana Poccuiickum
(dbounoM (yHIaMeHTAIbHBIX UCCIENOBAaHUM (TPaHTHI
08-05-00692).
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Pexomenooesana x neuamu B.B. Jlesunvim

V.A. Saltykov, Yu.A. Kugaenko

Near-surface dilatancy zones as possible reason of anomalies in the parameters of seismic
emission before strong earthquakes

Based on mathematical modeling, we estimated the length of dilatancy zones, developed near the earth surface
during precondition for an earthquake. An algorithm for evaluation of dilatancy zones was devised and applied
practically for numerical simulation. Computational examples of the development of near-surface dilatancy
zones before the Kamchatka earthquakes with M=6.7-7.8 are shown. Results of numerical simulation in the
framework of the adopted assumptions can solve the problem of preparing earthquake source effect upon the
distant limited area of microseismic data gathering: the model allows development of near-surface dilatancy
zones in the vicinity of seismic noise station, which can lead to the appearance of foreshock anomalies.

Key words: seismic emission, seismic noise, earthquake focus, dilatancy, Kamchatka.





