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Annoranusi. B craTbe IpeacTaBAEHBI PE3YABTATEI PAcYETOB 3HAYEHUH IIapaMeTPOB, OIPEAEASIIONINX CBOMCTBa
AedOPMaIMOHHOI'O IIPOLIECCA, Ha OCHOBAHUU AAHHBIX KaTaaora semaerpsiceHmit Kamuarckoro duamanra PI'BYH
DepepanbHBI NCCAEAOBaTeABCKHA LeHTp «EauwHas reodmsmueckas cayxba PAH» (K SUI[ EI'C PAH)
3a mepmop, 01.01.1962 — 31.12.2002rr. anrst 3omBl cybaykiuu Kypuno-KamMuaTcKoil oOCTpoOBHOM Ayrz B dase
adTepIIIOKOB B paMKaX paHee IPEeACTaBAEHHOM aBToOpaMu APOGHON MoaeAr AedOPMAaIlMOHHOrO Ipolecca. B KadecTse
MOAEAU DPacCMaTPUBAETCS COCTABHOM CTemeHHOM mnporecc [IlyaccoHa B ApPOOGHOM NIPEACTaBACHUM II0 BpPEMEHW.
Adrepiioku, CBS3aHHBIE C T'AABHEIM COOBITHEM 33aAAHHON SHEPTUM, OIPEAEASIIOTCS Ha OCHOBE SHEPTeTHYEeCcKOro,
IPOCTPAHCTBEHHOI'O ¥ BPEMEHHOT'O KPUTEPUEB. AN IOCTPOESHUS SMINPUIECKOr0 3aKOHA PACIIPEAEAEHUST A TEPIIIOKOB
PUKCIPOBAaHHOTO KAACCA B 3aBUCUMOCTH OT BPEMEHU AO I'MABHOT'O COOBITHSI IIPUMEHSIETCSI METOA HAAOXKEHUST «3IIIOX»
K IIOCAEAOBATEABHOCTSIM a(TEPIIOKOB AASL BCEX TAABHBIX COOBITHAY 33AAHHOM SHEPIUU B KAaTAAOTe. OMIMPUIECKUE
KYMYASITUBHBIE 3aKOHEI PaCIIPeAEAEHUsI BPeMEHN OXKUAAHUS a(pTEPIIOKOB alllIPOKCUMUPYIOTC dyHKIuel Murrar—
Neddnrépa Ha ocHOBaHMM pa3paboTaHHO! aBTOpaMu APOOHOM MoAeAM AedOPMAIMOHHOrO Ipoliecca. Pe3yabTaTh
pacyéToB 3HadeHMU napaMeTpoB GyHKIuM Murrar-Aeddrépa moxkasarm, YTO AeOPMAIMOHHEBIA IIPOIECC B
paccMaTpuBaeMoy 30He OOAaAAET CBOMCTBAMU HECTAIMOHAPHOCTH X SPEAUTAPHOCTH B ¢pase adTEePIIOKOB AASI
TAABHBIX COBBITHH kKaAaccoB K< 12,5. Ilpu yBeAmdYeHMEM KaAacca TAABHOTO yaAapa IIPOIECC MOXKHO CUUTATh
HeCTaIOHAPHLIM CTAHAAPTHLIM IIyaCCOHOBCKUM.
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Characteristics of the Deformation Process in the Subduction
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Abstract. The article presents the results of calculations of the values of parameters determining the
properties of the deformation process, based on data from the earthquake catalog of the Kamchatka Branch
of the Federal Research Center «Geophysical Survey of the Russian Academy of Sciencess (KB FRC
GS RAS) for the period from 1 January 1962 to 31 December 2002 for the Kuril-Kamchatka island arc
subduction zone (area 46°—62° N, 158°-174° E) in the aftershock phase in within the framework of the
fractional model of the deformation process previously presented by the authors. The compound power-law
Poisson process in fractional time representation is considered as a model. Aftershocks associated with the
mainshock of a given energy are determined based on energy, spatial and temporal criteria.To construct an
empirical cumulative distribution function (eCDF) for aftershocks of a fixed class depending on the time
before the mainshock, the superposed epoch analysis is applied to sequences of aftershocks for all mainshocks
of a given energy in the catalog. The eCDF of the aftershock waiting time are approximated by the Mittag-
Leffler function based on the fractional model of the deformation process developed by the authors. The
results of calculations of the values of the Mittag-Lefller function parameters for the mainshocks of the
classes K < 12.5 showed that the deformation process in the considered zone has the properties of non-
stationarity and hereditarity. With an increase in the class of the mainshock, the process can be considered
non-stationary standard Poisson process.
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BBeaenne

B cTaTbe U3N0KEHBI PEIYABTATEL UCCAEAOBAHUS, KOTOPOE SIBASIETCS IIPOAOAKEHUEM
pabor [1,2]. ViccaepoBarume IpoBoAKTCS B paMKax paspaboramuoit B UKVIP ABO PAH
APOBHOM MopeAU mpoliecca AedopManuu [3—7], TAe B Ka4eCTBE MOAEAY PACCMATPUBAETCS
coctaBHo# nporecc [Iyaccona [8,9] B pApobroM 06obmiernn [10-12] ¢ yu€ToM CTemeHHOro
PacnpeAeAeHrsT YaCTOT IOBTOPSIEMOCTH CobbrTuit [13,14].

Bepuduranus Mopeau B dase akTuBu3anuu (dasze popmokos) bblaa paccMOTpeHA
B paborax [5, 7, 15] mHa 6ase Kkaranora semaerpsicenuit K@ OUIl EI'C PAH
(01.01.1962 — 31.12.2002, 3oma cybaykmuu Kypmnro-KaMuaTckoir  ocTpoBHOM
ayru) [16]. Aas ampobarum MopeAwm B ase peaakcauuu (dase adTepIIOKOB)
HCIIOAB30BAAUCH 3aBUCHMOCTY, IIOAYYEHHBIE aBTOpaMM HCCAepoBaHui [17, 18] B
pesyabTaTe 06pabOTKM AAHHBIX ceficMudeckux KaTanoroB CIIIA (Kaamdoprus) u
VTarum COOTBETCTBEHHO. ANMPOKCAMAIIUS ITUX 3aBUCHMOCTeH TpEXIapaMTepriecKoi
dyuknueir Murrar-Aeddrépa mokazasa XopoIrnee IPUOAUIKEHNE SKCIEPUMEHTANBHBIX
3akoHOMepHOCTEH [4]. [IpuuéM B cAydIae 3aBUCUMOCTEH, IOAYIEHHBIX Ha 6a3e KaTaAOroB
adTepIIOKOBEIX mocAepoBaTeAbHOCTER (UTanmst) [18], orMedwanach 6AU30CTD 3HAYEHUN
IIapaMeTpoB V ¥ V anmpokcuMmupyiomeit dyakiuyr Murrar-Aeddaépa [4].

VccnepoBarue pAst dasbl HOPIIOKOB, IPEACTABAEHHOE B CTaThe (5|, mOKa3ano, 4To
CTATUCTUKA CENCMUYECKUX COOBITUH pEermoHa CAWIIKOM MaAa AAS ANIPOKCHMAIIUYN
[IOCTPOEHHBIX KAACTEPOB (IEIIOYEK CBSI3AHHBIX COOBITHHM) C IleABIO  IIOMCKA
3aKOHOMEPHOCTEeH B PaCIPEAEAEHUN COOBITUHM B 3aBUCUMOCTY OT BPEMEHU AO T'AABHOTO
yaapa [19,20]. [TosToMy B AQABHEHRIINX MCCAEAOBAHUSX HAPSIAY C IIOMCKOM CBSI3aHHBIX
COOBITMY Ha OCHOBAHUM CTATUCTUYECKOM Mopeaum [2, 19, 20] MCHIOAB30BAACS METOA
HAAOXKEHUSI «3I0X» [7,15], IOCKOABKY B KOHTEKCTE MOAEAU AePOPMAIMOHHEIH IIPOIECC
Ha BCeX MacCIITabHBIX YPOBHSIX IIPOTEKaeT eAMHOOOpasHO. Takoi IIOAXOA, ITO3BOAUA
IIOCTPOUTL (PYHKIIUY PACIPEAEAEHUS BPEMEHU OXUAAHUS (OPIIOKOB M CAEAATH
BBIBOA, O XapaKTepe AedOPMAIIMOHHOI'O IIPOIlecca B PErMOHe B pa3e aKTMBU3AUUMU Ha
OCHOBAHWY 3HAYEHWI IapaMeTPoB (i, V ¥ ¥V APOGHOro IIyacCOHOBCKOrO mporecca [7].

AOrMYeCcKuM IIPOAOAKEHUEM KCCAEAOBAHUN paccMaTpUBAeMOR APOOHON MOAEAU
AePOPMAITMOHHOT'O IIPOIIECCA SIBASIETCSI €€ BepuduKanus B ¢as3e peraKkcalluy Ha
OCHOBaHUM AAHHBIX KaTanora 3zemaerpsicenuit K® DUIL EI'C PAH anst 30HBI
cybaykuuur Kypunro-Kamuarckoit octpoBHO# Ayrm (46°-62° N, 158°-174° E) [16].
CoraacHO MOAEAV TPEXIApPaMETPUUECKOTO APOOHOTO IIyaCCOHOBCKOTO Iporecca |[7],
KOTOpasi IIO3BOASIET IPEACTAaBUTH KaK HOPMAAbHBIE, TaK X AHOMAABHBIE IIPOIIECCHI
AKTUBU3ALUY ¥ PEAAKCAIINY, 3aKOHBI PACIPEAEAEHNSI BPEMEHN OXKUAAHUS apTEPIITOKOB
(dbasa penakcamuu) anIpPOKCUMUPYIOTCS yOBbIBaioleir ApobHO# dyHKIme#r Murrar—
Neddbaépa ¢ mapamerpamu i, v 1 V:

Ev(—[

=

00 I _ ek
(tgr—t* :Z li af —t7)] ) (1)
=0

TA€ [L — CPeAHSIST MHTEHCUBHOCTH (IIAOTHOCTDB) IIOTOKA COOBITHH B AeDOPMAIMOHHOM
BO3MYIIEHUY B 3aAaHHOW 0OAACTH, V — IIOKa3aTeAb APODOHOM IPOM3BOAHOM (ApPOOHOrO
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mporiecca IlyaccoHa) ¥ 9MCAOBasi XapaKTEPUCTUKA CBONCTBA 3PEAUTAPHOCTH IIPOIECCA
(0 <v <1), V- noka3saTeAb CTENEHN B PACIPEAEAEHNAN YaCTOT IIOBTOPSIEMOCTH COOBITHA
(apryment dyuruuz MurTar-Aeddarépa), XapaKTepUIYOIIUN HECTAIXOHAPHEIE
cBoiictBa mpomecca (0 <V < 1), t* — MOMEHT BpeMeHM HAaCTYIAEHUsS TABHOI'O yAAPa,
tof — MOMEHT BpeMEHU HACTYIAeHUs adrepiioka (tqr > t*).

B aanHOI paboTe M3AATAIOTCS KPUTEPUM U METOA HAEHTUMUKAIIUY adTEPIIOKOB,
PE3YABTATBEI IIOCTPOEHUS SKCIEPUMEHTAABHBIX 3aKOHOB PACIPEAEAEHUS BpPeMEHU
OKUAQHUS adTEPIIOKOB X KX amnmpokcuMmanuu ¢yHkuueir Murtar-Aeddaépa (1),
BBIBOABI O XapaKTEPUCTUKAX CEACMUYIECKOTO IIpoIlecca B PervoHe B da3e adTepIIOKOB
Ha OCHOBAHWU BBIYUCAEHHBIX 3HAUYEHUH ITapaMeTPOB TPEXIapaMeTPUIECKOro APOHHOTO
nporecca [lyaccona.

Kpurepuu naentudunkaium adpTepHnioKon

BraloueHME CEeNCMUYECKUX COOBITHM BO MHOXXECTBO adTEPIIOKOB I'ABHOT'O yAapa
BBIOPAHHOT'O SHEPTETUYECKOI'O0 KAACCA IIPOBOAMAM HAa OCHOBAHUK CTATUCTUIECKON
MOAEAU B IPUAOKEHUE K hase penakcaruu [15,20]. Vcrmoab3oBaru SHEPTreTUIECKUH,
IIPOCTPAHCTBEHHLIA M BPEMEHHON KPUTEPUU CBSI3aHHOCTHY COOBITHH.

Upentundurranus adTepIIOKOB HA OCHOBAHUM JHEPTeTUYECKOTO KPUTEPUS
IIPOBOAMAACH C [IOMOIIBIO AATOPUTMA, U3AOKEHHOro B pabore [21]. K BripeneHHBIM
HUCXOAS U3 AQHHOT'O KPUTEPHUsI COOBITUSM IPUMEHSAN IIPOCTPAHCTBEHHLIN ¥ BpEMEHHOMN
KPUTEPUY, K3NAOKEHHBIE B paborax [1, 2], B COOTBETCTBHM C KOTOPBIMU COOBITHSI
CUUTAIOTCSA CTATUCTUYECKU CBSI3AHHBIMYU C IPEABIAYIITAM COOLITHEM.

B paHHOM WCCAEAOBaHWM, COOBITHE, IIPDOM3OIINEAIIEE IIOCAE TAABHOTO YAApa,
CUWTAEM CBSI3aHHLIM C HUM B IIPOCTPAHCTBE ¥ BPEMEHU, €CAU PaCCMATPUBAEMOE
cobBITME TIOIIAAdeT B IIPOCTPAHCTBEHHO-BPEMEHHYIO 0OAACTH BAUSHUS TAABHOT'O
yAapa ¥ yoKe UACHTUQPUIMPOBAHHEIX €ro adTepIIOKOoB. TakuM obpa3oM, COOBITHE
cumTaeM adTEepIIOKOM TAABHOTO yAapa ¥ B TOM CAydYae, €CAM OHO IIOIAaAAET
B IIPOCTPAHCTBEHHYIO WAM BPEMEHHYIO OOAACTb BAUSHUS TOABKO adTepIIoKa
TAaBHOTO ypapa. IIpocTpancTBeHHass 06AACTHL BAUSHUS 3€MAETPSICEHUSI — 3TO HaCTh
Imapa C IIEHTPOM B TUIOIEHTPE COOBITHS ¥ PAAUYCOM, KOTOPEBIA OIPEAEASTETCS
HEOAHOPOAHOCTBIO CPEABI M BBIUUCASIETCS IO popMyae AobpoBoabckoro [22]. B
KadeCcTBe MHTepBaAa (PaAUyca) BAUSHUS 3eMAETPSICEHUSI BO BPEMEHY PAaCCMaTPUABAETCSI
BpeMSI O>KUAAHUSI COOBITHSI SHEPIMU TAABHOTO YAApa UAUM €TI0 MAEHTU(MUIIXPOBAHHOT'O
adTepiioKa, KOTOPOE BBIYUCASETCS C IIOMOIIBIO 3aKOHA IIOBTOPSIEMOCTH COOBITHH
I'yTenbepra—PuxTepa AAS pacCMaTpUBaeMOro permoxa [19].

V3105XeHHYI0 METOAUKY IIPUMEHSIEM K AQHHBIM KaTaaora 3eMaerpsiceruit KO OUIL]
EI'C PAH 3a nepumop, c 1 suBapsa 1962r. mo 31 aexabpst 20021, AAST 30HBI CyOAYKIIUUT
Kypuno-Kamuarckoit ocTpoBHOE Ayru (obaacTs 46° —62° c.m., 158° —174° B.a.) [16].
Katanor BrAogaeT N = 79282 3eMAETPSICEHUS SHEPrETUIECKUX KAaaccoB 4,1 —16,1.

Ha puc. 1 mpeacTaBaeH rpadmK 3aBHCUMOCTY KOAWYECTBA 3EMAETPSICEHUN OT WX
SHEPTETUIECKOT'0 KAacca.
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Puc. 1. I'paduk 3aBECHMOCTY KOAXYECTBA 3EMAETPSICEHUH OT Kaacca 3eMAeTpsiceHust K
1o pAaHHBIM KaTaaora KO ®UIT I'C PAH [16] 3a mepuoa 01.01.1962—31.12.2002.

[Figure 1. Graph of dependence of the earthquakes number on the energy class K by

the data of catalog KB FRC GS RAS [16] from the period 01.01.1962 —31.12.2002.]

B uccaepn0BaHUYM UCIOAB3YIOTCS 3€EMAETPSICEHNST SHEPreTUYECKUX KAACCOB [8,5;12,9]
C KoAmYeCcTBOM cobbITmil 6oaee 50 (Tab. 1), KOTOPHIE BBIAEAEHBI KPAaCHBIM U CUHUM
uBeTaMy Ha rpaduke. B wmccarepOBaHWUM He UCIOAB3YIOTCH CAADBIE 3eMAETPSICEHUS
C SHEpPrumed MeHbINe Kaacca 8,5, a TakKe 3eMAETPSICEHUSI SHEPTEeTUYECKUX KAACCOB,
Goabumx 12,9, B CBSI3M C HENPEACTAaBUTEABHOCTHIO BBIOOPKU (KOAUYIECTBO COOBITHI
meree 35). B paccmaTpuBaeMoit IIPEACTaBATEABHON BEIOOPKE OLIPEAEASIAYN A(PTEPIIOKN
AAsT Bonee CHABHBIX 3eMAeTpsiceHuit Kaaccos [12,0;12,9], koTopble 0603HAYEHBI CUHUM
mBeToM Ha pucyHKe 1) (Tab. 1). OrMeTmMm, 9YTO HECMOTpPSI HA OOABINON 06BEM
KaTaaora ¥ OObEMBI BBIODOPOK a(pTEPIIOKOB AAS I'AABHBIX COOBITHN pacCMaTpPUBAEMBIX
KAaccoB (Tab. 1), 06BEMBI BHIOOPOK aTEPIIOKOB PACIPEAEAEHHBIX IO SHEPTUSM HE

mpessimatoT 200 coberruit (Tab. 2).

dMnupudeckme 3aK0oHbI P*(T) pacnpenesenusi BpeMeHHN OXKUIAHUs
adTepHIoKOB 1 UX anmnpokcuManus pyHKIuei

MutTar-Jledpdaépa

OMnupruecKre 3aKOHBI P*(T) pacnpeAeAeHUsT OTHOCUTEABHOM YaCTOTHI ITOSIBAEHUST
adpTEPIIOKOB 3aAaHHOTO Kaacca Kyf B 3aBUCMMOCTH OT BpPEMEHW T A0 TAABHOIO
cobriTus ¢ sHepruei K (pacupeaeseHuss BpeMEHN OKUAAHUS A TEPIIOKOB) CTPOUAK AAST
adTepIIOKOB I'AaBHBIX cOObITHH KaaccoB 12.0—12.9 (= 5—5.5 marmuTyasr Puxrepa).
Ecau raaBHOE cobbITHE C 3Heprue# K mpom3omao B MOMEHT BpeMeHH  t*, a adpTepmior —
B MOMEHT BpeMeHU tqf, TAe tqr > t¥, Torpa apryMeHT T SMOUPHUYECKON (QYHKIUA
pacnpeaenerHus P*(T) BeIpasuM cAeAyOmEM 06pa3oM

T=tg—t" T>0. (2)
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Tabauua 1
O61bEMBI BBIOOPOK TJIABHBIX yAapOB U UX adTEepIIOKOB
[Sample sizes of main shocks and their aftershocks]
Kaacc OBmén BEIBOPKT O6ném BEIOOPKU
TAABHOTO adTepPIIOKOB BCEX
yAapa, K TAABHBIX YAAPOB KAACCOB
12,0 117 831
12,1 99 744
12,2 85 931
12,3 96 1176
12,4 97 1306
12,5 85 1665
12,6 68 1681
12,7 64 1851
12,8 62 2260
12,9 63 3045
Tabaruua 2
O6BbéMbI BBIGOPOK adTepriokos (ngs > 50
[Aftershock sample sizes (ngs > 50])
Kaf, KAacc Knaacc raasroro ypapa, K
aprepmoxa | 12,0 | 12,1 | 12,2 [ 12,3 | 12,4 [ 125 | 12,6 | 12,7 | 12,8 | 12,9
8,5 65 57 60 83 70 116 125 119 149 194
8,6 63 75 72 99 103 102 139 | 200
8,7 60 73 66 91 94 104 | 136 183
8,8 59 66 72 81 92 107 | 139 191
8,9 52 96 85 84 119 154
9,0 58 92 98 94 128 169
9,1 58 66 87 74 114 | 141
9,2 54 58 64 64 87 90 137
9,3 60 56 72 66 74 85 118
9,4 62 62 74 81 101
9,5 60 53 68 76 99
9,6 52 54 58 72 91
9,7 51 76 84
9,8 59 52 61
9,9 62
10,0 51 55 63
10,1 56
10,2 58
10,3 53
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[TocTpoeHre 3aKoHaA pacIpereAcHUs P*(T) BpeMeHM OXUAAHUS aTEPIIOKOB
OCHOBBIBAAOCH Ha METOAE HAAOMKEHUS «III0X». B CBA3M ¢ MaabIMU 0O6BbEMaMU BBEIOOPOK
OOBbEAUHSIAUCE ITIOAYYEHHBIE MHOMXECTBA aQTEPIIOKOB OIpPeAeAEHHON sHeprum Kgf
AASL BCEX TAABHBIX COOBITHII OAHOTO 3HepreTmdeckoro kaacca K. Bce adrepmoru
PAaCIPEAEASIANCE IO OCH BPEMEHM T C IINArOM AWCKPETH3ALMY PABHBIM OAHOMY
AHIO. HEcAam wHTepBan BpeMEHM AAWHOM B OAMH A€HBb COAEPYKaA MEHEe IISITH
COOBITUY, TO OH OOBEAMHSIACSI CO CMe>XHBIM uHTepBanroM [23]. [locae mpoBepeHWST
TaKOM CTATUCTUYECKOM OOpPabOTKM AAHHBEIX BBIYMCASIAM OTHOCHTEABHBIE YACTOTHI
TIOSIBAEHUST apTEPIIOKOB Ha IPoMesXyTKaX. C IOMOIIBIO ITIOAYYEHHOI'O PACIPEAEAECHUS
OTHOCATEABHBIX UYACTOT OIPEAEASIAM SMIMPUYECKAN 3aKOH pacuperercHus P*(T)
BPEMEHU OKUAAHUS adpTEPIIOKOB (PUKCUPOBAHHOI'0O KAacca Kqf

P*(1) = w(t > 1), (3)

rae t — IPOMEXKYTOK BPEMEHU MEKAY I'AAaBHBIM yAapoM u adrepirokoM. Hauboabmmit
IIPOMEXKYTOK BPEMEHU MEXKAY TMABHBIM YAAPOM U €TI0 apTEPIIOKOM 0bo3HaYaeM Iy —
9TO IIPOMEXKYTOK BPEMEHU, Ha KOTOPOM OIIPEAEAEHA IMIMPUYecKasi PYyHKIuUS P*(T).

Vcmoab3oBaHue ompepeneHus (3) sMmnupumdueckod GyHRuuzm P*(T) cBsizaHo C
yA0obcTBOM €€ ammpokcuManuy dyHKnue#r Mutrtar-Aeddaépa, 3apauHoil B Buae (1),
B COOTBETCTBUZ C APOOHOM MOAEABIO AeOpPMAIMOHHOrO Iporecca [7]. AAst momcka
HAWAYUNIIETO IPUOAVIKEHNST METOAOM HAUMEHBIINX KBAAPATOB IIEPEIIAY K TOYEIHOMY
33AQHUIO0 CTYIEHYATON SMIUPUYECKOH (pyHKIMM P*(T), B KOTOPOM OTHOCUTEABLHYIO
JaCTOTy Ha Ka’KAOM WHTepBaAe (CTYIEHM) CONOCTAaBASIAM C HadaAOM HHTEpBaaa, a
B CAydYae OObeAVHEHUS WHTEPBAAOB — C CEPEAMHON WHTepBaAa. l[Ipm BBIYUCAEHUU
mapamerpoB [i, v, V dyukmuu Murrar-NAeddnrépa (1) BBOAUAUCH OrpaHUYEHWS] Ha
IIapaMeTphl V ¥ V Ha OCHOBaHUK MOAEAM [7], a Ha mapameTp {i (CpepHee KOAMYECTBO
COOBITUY 3aAAHHOY SHEPTUU B EAVHUIY BPEMEHN B PACCMATPUBAEMOM 0OAACTH), UCXOAST
73 3akoHa ['yrenbepra-Puxrepa [15]. Pe3yApTaTel pacu€ToB AAST pacCMaTPUBAEMbIX
KAACCOB T'AABHBEIX YAAPOB ¥ HEKOTOPBIX KAACCOB KX adTepIIOKOB IIPUBEAEHBI B
Tabaure 3 m Ha Pucynke 2, rae ToueuHBI# TIpadUK COOTBETCTBYET TOUETHOMY
33AAHUI0 SMIOUPUYECKOd yHKuum P*(T), a cmAomHON AvHMeH M300pa>kéH TrpaduK
annporcumupyomeit dyarmun Murrar-Aeddaépa (1).

Tabnnuya 3. XapakTepuCTUKYA  ANIPOKCHMAIIM  SMIUPUIECKOTO  3aKoHa  P*(T)
[Parameters of the eCDF P*(1) approximation]

K Kaf | Smin | Ommubka £, % TLrorrocts v v Tmax, [AEH]
moToka L
12,0 | 8,5 | 0,005 0,56 0,211 0,990 | 0,440 52
12,1 | 8,5 | 0,005 0,45 0,118 0,999 | 0,625 40
12,2 | 8,5 | 0,004 0,58 0,066 0,890 | 0,610 68
8,6 | 0,005 0,48 0,056 0,860 | 0,840 67
8,7 | 0,005 0,37 0,074 0,830 | 0,840 59
8,8 | 0,013 0,64 0,130 0,480 | 0,890 62
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Tabnnua 3. XapakTepuCTUKXA  ANIPOKCHMAIUA  SMIOIUPUIECKOTO  3aKoHa  P*(T)
[Parameters of the eCDF P*(t1) approximation]

K Kaf | Smin | Ommubka £, % TLrorrocts v v Timax, [AEH]
IIoTOKa |l
12,3 | 8,5 | 0,008 0,42 0,123 0,510 | 0,860 75
8,7 | 0,024 1,68 0,066 0,990 | 0,880 49
8,9 | 0,004 0,64 0,089 0,990 | 0,700 49
9,1 | 0,018 0,43 0,101 0,700 | 0,930 69
9,3 | 0,004 0,61 0,080 0,990 | 0,560 68
12,4 | 8,5 | 0,012 0,51 0,065 0,530 | 0,980 143
8,6 | 0,004 0,61 0,064 0,860 | 0,670 132
8,7 | 0,003 0,55 0,041 0,620 | 0,750 143
8,8 | 0,010 0,46 0,095 0,580 | 0,910 142
9,2 | 0,002 0,27 0,075 0,970 | 0,450 142
9,3 | 0,019 1,07 0,057 0,660 | 0,740 141
12,5 | 8,5 | 0,014 1,41 0,049 0,990 | 0,510 120
8,7 | 0,017 0,79 0,047 0,990 | 0,620 111
8,9 | 0,005 0,49 0,057 0,990 | 0,510 119
9,1 | 0,002 0,41 0,145 0,510 | 0,650 88
9,3 | 0,002 0,32 0,052 0,980 | 0,540 115
9,5 | 0,003 0,39 0,072 0,990 | 0,430 88
9,6 | 0,005 0,40 0,061 0,590 | 0,710 107
12,6 | 8,5 | 0,039 1,18 0,038 0,990 | 0,640 124
8,7 | 0,035 1,56 0,047 0,990 | 0,560 131
8,9 | 0,009 1,14 0,077 0,990 | 0,400 109
9,1 | 0,009 0,97 0,056 0,990 | 0,520 133
9,3 | 0,000 0,18 0,067 0,760 | 0,580 122
9,5 | 0,006 0,73 0,029 0,990 | 0,540 118
9,6 | 0,002 0,46 0,071 0,990 | 0,450 103
12,71 8,5 | 0,005 0,30 0,046 0,990 | 0,670 115
8,7 | 0,031 0,94 0,053 0,990 | 0,660 104
8,9 | 0,014 0,68 0,057 0,890 | 0,690 119
9,1 | 0,016 0,80 0,043 0,990 | 0,640 115
9,3 | 0,010 0,82 0,058 0,870 | 0,620 107
9,5 | 0,009 0,78 0,050 0,840 | 0,650 118
9,6 | 0,014 0,99 0,045 0,990 | 0,610 112
9,8 | 0,005 0,51 0,052 0,990 | 0,510 117
10,0 | 0,006 0,60 0,047 0,950 | 0,550 90
12,8 | 8,5 | 0,012 1,21 0,015 0,990 | 0,670 327
8,7 | 0,013 1,67 0,020 0,990 | 0,560 323
8,9 | 0,006 0,53 0,068 0,810 | 0,520 299
9,0 | 0,024 0,94 0,027 0,940 | 0,610 321
9,2 | 0,006 0,72 0,035 0,990 | 0,490 265
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Tabnnua 3. XapakTepuCTUKXA  ANIPOKCHMAIUA  SMIOIUPUIECKOTO  3aKoHa  P*(T)
[Parameters of the eCDF P*(t1) approximation]

K Kaf | Smin | Ommubka £, % TLrorrocts v v Timax, [AEH]
IIoTOKa |l
9,3 | 0,031 0,98 0,046 0,850 | 0,610 209
9,6 | 0,023 0,70 0,021 0,990 | 0,510 323
9,7 | 0,018 0,62 0,039 0,940 | 0,530 305
9,8 | 0,003 0,41 0,020 0,590 | 0,710 316
10,0 | 0,018 0,97 0,039 0,610 | 0,590 282
129 | 8,5 | 0,039 0,88 0,032 0,980 | 0,900 129
8,8 | 0,033 0,97 0,031 0,990 | 0,850 128
9,1 | 0,071 1,17 0,030 0,990 | 0,900 125
9,3 | 0,082 1,37 0,031 0,990 | 0,950 122
9,4 | 0,040 0,88 0,040 0,830 | 0,960 116
9,7 | 0,035 1,49 0,063 0,990 | 0,490 118
9,9 | 0,007 0,97 0,041 0,820 | 0,800 117
10,1 | 0,030 1,28 0,039 0,990 | 0,650 125
10,2 | 0,017 1,04 0,036 0,860 | 0,720 129
10,3 | 0,019 1,00 0,047 0,990 | 0,500 99

PesyabTaTbl 1 00CyXKaeHHUE

IIo pesyapraTam obpaborrku xatanrora K& UL EI'C PAH moaydens
[IPEACTABUTEABHEIE BBIOOPKU AASI CODBITHIM SHEPreTUYeCKHX KAaaccoB [8,5;12,9].
ITocrepoBaTEABHOCTH adTEPIIOKOB CTPOUAM AAST Oonee CHABHBIX COOBITHH KAACCOB
(12,0;12,9] u3 paccMaTpuBaeMOro MHTepBaAa. HeobXOAMMO OTMETUTD, YTO CTATUCTUKA
adTEPIIOKOB AASI OTAEABHOI'O I'AaBHOI'O yAapa OdeHb MaAad, YTOOBI IIPEACTaBASIAOCH
BO3MOYKHBIM IIOAYYUTH KaKUe-AUOO pacnpereAeHUs: Ha ocu BpeMeHu [5]. [TosToMy anst
UCCAEAOBAHUS BPEMEHHBIX 3aKOHOMEPHOCTER B adTEPIIOKOBBIX ITOCAEAOBATEABHOCTSIX
IPUMEHSIACS METOA, HAAOXKEHUS «3I0X» X COOTBETCTBEHHO pPaCCMaTPUBAAUCH
CyMMapHBle OOBEMBI BHEIOODOK TAABHBEIX YAAPOB ¥ ux adrepmokoB. Vcxopas us
TIOAYYEHHBIX CTATUCTUYECKUX AAHHBIX B Tabaumrmax 1 m 2, MOKHO CAEAAThH BEIBOA,
YTO B CBS3U C YBEAUUYEHWEM IIPOCTPAHCTBEHHO-BPEMEHHON OOAACTH BAUSHUS IPU
VBEAWYEHUN 3SHEPreTUYecKOr'o Kaacca IAABHOTO yAapa HaOAIOAAETCS yBEAUUEHUE
06bEMOB BEIOOPOK adTepINOKOB, KakK B IeAoM (Tab. 1), Tak ¥ IO Ka>KAOMY KAACCY
B oTpeAbHOCTH (Tab. 2). OTMeTHM, 4TO HECMOTDSI Ha OOABIINE CyMMapHBIE OOBLEMEL
BEIOOPOK adrepmrokoB (Tab. 1), mpu pasAoKeHUM adTEPIIOKOB II0 SHEPTUSM OOBEMEL
7X BBIOGOPOK BapbupyIOTCcst oT 51 cobrrtust A0 200 cobriTuit (Tab. 2).

[IpuMeHeHNE METOAQ HANOXKEHUSI <«3IIOX» II0O3BOAUAO IIOCTPOUTH ISMIUPUIECKUE
3aKOHBI P*(T) pacmpepeneHust BpeMeHU oxkupaHus adreprnokos (Puc. 2). OcHoBHBIE
XapaKTEepPUCTUKY allIPOKCUMalUy ¥ 3HadeHUs IIapaMeTPOB allllPOKCUMUPYIOIei
dyukmuu Murtar-Nedbdarépa orpakens! B Tabaure 3.
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Puc. 2. 'padpuk sMOupUYecKOro 3akoHa P*(T) pacupeAeneHUsT BPEMEHM OXKUAAHUS
adTepIIOKOB M €ro  amnmnpokcuMaius —dyHKuuze#r Mutrar-Aeddarépa
By (—lutl?) (1).
[Figure 2. Graph of the eCDF P*(1) of waiting time of aftershocks (class Kq¢) and it
approximation by the Mittag-Leffler function E.((fit)Y) (1).]

Omwubra ammpokcuMaiuyu He IpeBhimaer 2%, YTO TOBOPUT O BHICOKOM TOYHOCTH
IPUOAMKeHUs ¢ moMoInbio pyHKImyr Murrar-Aeddaépa (Tab. 3).

Ha ocHOBaHUY IOAYYEHHBIX IPUOAMIKEHUN SMINPUIECKUX 3aKOHOB P* (1) dyHKRIMEH
Murrar-Aeddrépa (1) DOAYyUEHE! 3HAYEHUS IIAOTHOCTH [L IIOTOKA COOBITHH B
AedOpMaIOHHOM Bo3MymeHny mopsiaka 107! — 1072, 4To He IPOTHBOPEYUT CPEAHMM
OIleHKaM II0 AAHHBIM Karanora [15]. OTMmeTuM, 4TO IO pe3yAbTaTaM AIIIPOKCUMAIIAN
TIOAYYEHHbBIE 3HAUEHUS ITOT'O ITapaMeTpa 3aBUCAT KaK OT KAacca I'AaBHOI'O yAapa, Tak
u oT Kaacca adrepmoxka. Habaropaercs obIirmast TEHAEHITHST YMEHBIIEHUWS 3HAYEHUS
IIAOTHOCTY [L IIOTOKa adhTEePIIOKOB 3aAaHHOMN SHEPIUY IIPY YBEANUYEHUY KAaCCa TAABHOT'O
coberTust (Tab. 3), 4TO BO3MOXKHO CBSI3aHO C YBEAWYEHWEM BpPEMEHHOro Macurraba
TAABHOTO yAapa Ha POHE HEAOCTATOYHOCTH CTATUCTUKU B KATAAOTe 3EMAETPSICEHUH.

SHayeHMWsT IapaMmeTpa APOOHOCTH V, OTBEYAIOIIETO 32 3PEAUTAPHBIE CBOMCTBA
mporecca («IIaMsATby ), BapbUpyIOTcs B mpepeaax (0,5;1), Ho dWame IpWHAAAEXKAT
uraTepBany (0,8;1). BoabImast 9acTb SMIUPUIECKUX 3aKOHOB P*(T) amIpoKCHUMUPYIOTCS
dyukiueit Murrar-Aedbdaépa (1) co sHauerueM v ~ 0.9 —0.99 (Tab. 3), ITO BOZMOKHO
CBSI3aHO C YBEAWYEHUEM BpPEMEH), 4YTO TOBOPUT O Caaboil «maMsiTms IIpoliecca
UAU €€ OTCYTCTBUM, a I[IPOIECC B ITOM CAydYae II0 CBOEMY XapakKTepy OAmXe K
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CTAaHAAPTHOMY IIyaCCOHOBCKOMY. Hanwdme speAUTapHBIX CBOMCTB, UCXOAS U3 3HAYEHUN
ImapaMeTpa, HabAIOAAETCSI TOABKO AAS IIOCAEAOBATEABHOCTEV adTEPIIOKOB I'AABHBIX
yAQPOB KaaccoB 12,2 —12,4.

HecramuonapaocTs AepOPMAIIMOHHOTO IIPOIECCA XapaKTepU3yeT IapaMeTp V.
[I[py pacuérax OH INpPWHUMAA 3HAYEHWS MEHbBIE EAVHWIEB], KaK IIPaBUAO, U3
npomexxytka [0,4;0,9]. ToabKO B CAyY9ae TAABHOTO yaapa Kaacca 12,9 moToru
adrepmokoB KaaccoB 92,3 m 9,4  xXapaKTepm3YIOTCS 3HAYEHUSMM IlapaMeTpa
HeCTalMoHapHOCTH, npeBbImaromuMu 0,9, B sTumx caydasx mporecc 6AM30K K
CTallMoHapHOMY, Korpaa VvV =1.

TakuMm o6pa3oM, II0 pe3yAbTATaM PACUETOB MOXKHO CAEAATH BBIBOA O TOM,
4T0 AepOpPMAlIMOHHBIA IIPOIlECC B pPacCMaTpHBaeMo#l obracTu obrapaeT CBOKECTBOM
HECTaIlMOHAPHOCTH ¥ CAaboil spepuTapHOCTHI0. OAHAKO OTMETHM, UTO HAa IIOAYYEHHBIE
PE3YABTATEI BAUSET BHIOOD KPUTEPUEB, aATOPUTMA X KaTanora. [IosToMy m3MeHeHUe
UMM YTOUHEHNE KPUTEPUEB UAKU AATOPUTMA, PACIIXPEHNE KaTaAOTa UAY UCIIOAB30BAHUE
APYTHX KAaTaAOTOB MOTYT VTOYHUTL UWAKW U3MEHUTH IIOAYYEHHBIE PE3YABTATHI
ANIIPOKCUMAIINH.

SaKJ/II0UeHue

Vcnoab30BaHMe METOAA HANOMKEHUS «IIOX» IIO3BOAMAO IIOCTPOUTH Ha HEOOABIIOM
obbeme pauHBIX KaTaaora KO OUIL EI'C PAH sMmnupuyeckue QyHKIIUY PaCIIPEAENAEHUS
OTHOCUTEABHO! YaCTOTBHI IIOSIBACHUS adTEpPIIOKOB B 3aBUCHMOCTH OT BPEMEHU AQ
TAQBHOTO yAadpa UAM (PYHKIIUY PACIPEAEAECHUS BPEMEHU OXKUAAHUS adTEPIIOKOB
33aAQHHOM HEPIUU.

Annpoxkcumarust  Tpéxmapamerpudeckoit dymrumeit MwurTar-Aeddarépa (1)
TIOAYYEHHBIX SMIUPUYECKUX 3aKOHOB IIOKA3aAd BEICOKYIO TOYHOCTL IIPUOAMIKEHUS
(memee 2%). IInoTHOCTE | TOTOKA ATEPIIOKOB 33AAHHOM 3SHEPTUU YMEHBIIAETCS
IpY YBEAWYEHUV SHEPIETUYECKOr0 KAAcCa I'AABHOIO ypapa. [IopsiA0K BBIYUCAEHHBIX
3HaueHM# mapaMerpa W cocTaBaster 107! — 1072 u coraacyeTcs ¢ HafA€HHBIME
Ha OCHOBAaHWM KaTaaOTa CPEAHUMU 3HAdYeHWSIMU. llapaMeTp 3SpeAUTapHOCTH V
IPUHUMAET 3HauYeHUsI OAW3KME K eAUHWIle, YTO XapaKTepu3yeT IIpollecc B ddase
adTEepPIIOKOB KaK CTAHAAPTHBIN IIyaCCOHOBCKUM UAM OAM3KUE K HeMy. 3HadeHUS
IIapaMeTpa HECTAIlMOHAPHOCTY V MEHBINE EAWHUITHI, YTO TOBOPUT O HAAWYUU Y
adTepPIIOKOBOTO IIPOllecca HECTAIIMOHAPHBIX CBOMCTB. AAST T'MaBHBIX YAAPOB KAACCOB
12,1—12,4 aecdopMalmoHHEIA Iporecc B (pa3e adTepPIIOKOB 06AaAaeT CBOWCTBAMU
HECTAIIMOHAPHOCTY U 3PEAUTapHOCTH. B IleAOM Ke OH MOXXeT OBITH OXapaKTepPU30BaH
KaK HeCTAIIMOHAPHBIN IIyaCCOHOBCKUY IIPOIIECC CO CAaboit 9peAUnTapPHOCTDIO.

CaepyeT OTMETUTD, YTO YBEAUUEHE 06 bEMA PACCMATPUBAEMOT0O KATAAOTA TIO3BOAUT
VTOYHUTHL pPE3YAbTAThl BBIYUCACHUN B CBS3U VBEAWUEHUEM OOBEMOB BBIOOPOK
adTepmorkoB. Kpome TOro, aAropuTM IOMCKa adTEPIIOKOB UYBCTBUTEAEH K BBIOODY
KPUTEPUEB CBSI3HOCTU COOBITUH, YTO TaK’Ke BAUSET Ha PE3YABTAT.
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