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Pe3iome. B paboTe onmcaH aaroputM u pe3yabTaThl OLIEHKH CEHCMHYECKOH OMacHOCTH B paiioHe CaxanuHa
u IOxnpix Kypun Ha ocHOBe naHHbBIX SInoHCKOTO pernoHansHoro karaiora (JMA). B kauecTBe MmaremaTnue-
CKOIl MOZIeNH UCIIONB3YeTCs HeNMHEeHHOoe Tu(depeHInalbHOe ypaBHEHHE BTOPOTO MOPAAKA; aJITOPUTMBI OII-
TUMH3ALMHU U OLIEHKH IPOTHO3UPYEMOCTH NPECTAaBICHBI aBTOPCKUMH pa3zpadoTkamu. B ocHOBY anropurma
MIPOrHO3HPOBAHUS 3aJI0KEH MOUCK 30H CEHICMMUYECKONH aKTUBHOCTH, B KOTOPBIX TEKYIIHE TPEH bl AKTUBHO-
CTH COOTBETCTBYIOT ()OPILIOKOBBIM ITOCIIEAOBATEILHOCTSIM, 3a)MKCHPOBAHHBIM IIEPE YK€ MPOU30IICAITHMH
CWJIBHBIMH 3€MJIETPACEHMSIMHU (IIpeLefeHTaMu). BpeMs 3eMIeTpsceHus pacCUMThIBAETCS IKCTPANoAuen
00Hapy>KEHHBIX TPEHIOB 10 YPOBHS aKTMBHOCTH, MMEBIIETO MECTO B MOMEHT NPELEICHTHOIO 3eMJIETpPsI-
cerns. Ha mpumepe npeneaeHTHbIX (OPLIOKOBIX MOCIEA0BaTeIbHOCTEH SMOHNU IOKa3aHo, YTo 3abmaro-
BPEMEHHOCTH MOJ00HOro mporxosa jpocruraer 10-15 ner, a ero peanusamus o0ycCIOBIE€HAa COXPAHEHUEM
¥ yCTOMYMBOCTHIO BBISABICHHBIX TpeHAOB. lIprBesena kapTa MOTEeHNHAIHHO OMACHBIX 30H s CaxamuHa
n KypuiabCkux 0-BOB M HEKOTOpBIE MPUMEPHI pacdeTa BPEMEHH CHJIbHBIX 3€MJICTPSICEHUH 10 JaHHBIM Ka-
tanora JMA Ha 31 aBrycra 2018 . PaccMoTpeHb! 3TanHOCTh ASHCTBUI NpH BBIABICHWN NMOTEHLUAIBHO
OTACHBIX TPEHAOB CEHCMUYECKON aKTHBHOCTHU U CTIeUM(pHKa BOZMOKHOTO UCTIONIL30BaHUS MeTouku B Ca-
XaJIMHCKOHM 0071aCTH.

KuroueBble ci1oBa: 3eMIIETpsICEHUE, CEHCMIIECKas SHEPTHsI, (DOPIITOKH, MPEIEACHTHO-IKCTPATIONISIIHOHHAS
OILIEHKA CEMCMHUYECKON OMTaCHOCTHU
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Abstract. The paper describes the algorithm and the results of the seismic hazard estimate in the Sakhalin
and Southern Kurils region based on the data of the Japan Regional Catalogue (JMA). A nonlinear
differential equation of the second order is used as a mathematical model, and algorithms for optimization
and predictability estimation are presented by the author's solutions. The forecasting algorithm is based
on the search for seismic activity zones in which the current activity trends correspond to foreshock
sequences recorded before strong earthquakes (precedents) that have already occurred. The earthquake time
is calculated with extrapolating the detected trends to the level of activity that occurred at the time of the
precedent earthquake. By the example of precedent foreshock sequences in Japan, it is shown that the lead
time of such a forecast reaches 10—15 years and its implementation is due to the preservation and stability
of the identified trends. A map of potentially dangerous zones for Sakhalin and the Kuril Islands and some
examples of calculating the time of strong earthquakes according to the JMA catalogue as of August 31,
2018 are presented. Action sequence in identifying the potentially dangerous trends in seismic activity and
the specifics of possible use of the technique in the Sakhalin region are considered.
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Beenenne

[loTok celicMUYEeCKOW 3HEPruM 3eMIIEeTps-
CeHMI £ TMOKa3bpIBacT XOPOLIYID MPOrHO3UpPYeE-
MocTh [MasbiiieB, MansbiiieBa, 2018; Masnblies,
2019 a, 6; Mansimes, 2020] mpu UCIIOIE30BaHIH
B KaueCTBE MOJEIU YpaBHEHMs JUHAMHKHU CaMO-
Pa3BHUBAIOIIMXCS MPUPOIAHBIX MPOIIECCOB (ypaBHE-
nus JCIIII, cm. Hmke). [lomyueHHbIe pe3yabTaThbl
MIPOAEMOHCTPUPOBAIM  XOPOUIUE IEPCHIEKTUBBI
anmpOKCUMAIIMOHHO-3KCTPANIONSLIUOHHOTO IO~
X0/la JJIs MPOrHO3a KaK CaMUX CHUJIBHBIX 3emJie-
TPSICEHUI, TaK U MOCIEIYIONMET0 ah)TEePIIOKOBOTO
3aTyxaHus ceicMuueckoi akTuBHOCTH. [Ipu 0600-
IICHUU TOJTyYE€HHBIX PE3YJIbTaTOB ObUIO YCTAHOB-
neHo [MamnbimeB, Mansimesa, 2019], uro o6nacts
3HaYeHUH nmapameTpoB o 1 k B ypaBHeHuu J{CIIII,
OTIPENENAIOMUX  (OPIIOKOBYIO  MPOTHO3UpYe-
MOCTh CHJIBHBIX 3€MJIETPSICEHUM, CMEIlleHa OTHO-
CHUTEJBHO BCEH 00JIacTH MPOTHO3UPYEMOCTH B JIe-
BYIO HIDKHIOIO YacTh Tuarpammsl o—lg|k| (puc. 1),
T.€. Ty, IJIe JIOKAJTU3YIOTCs (PUTYpaTUBHBIE TOU-
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K1 HanOoJee MEIJICHHO Pa3BUBAIOIIUXCA U JIU-
TENbHBIX MPOLECCOB AKTHBHU3AIMU. JTO JENaeT
BO3MOXKHBIM AU PepeHIHalNI0 TPEHI0B aKTUBH-
3aI[MU MOTOKA CEHCMUYECKOM YHEPTUH TTO IMapame-
Tpam o 1 k, C OJHOW CTOPOHBI, HA YCIOBHO 0Oe3-
oracHble (He UMEIOILIME MTPELIEACHTOB 3aBEPLICHUS
CWJIBHBIMU 3E€MJICTPSICCHHUSIMH), a C JPYyrol — Ha
MOTEHIMAJIHO OIacHbIE, 3acilyKUBAIOIIUE MpU-
CTaJIbHOTO BHHUMAaHUSI B CBS3M C HaJMYHMEM IIpe-
[IEICHTOB (HEPEIKO HEOAHOKPATHBIX ) 3aBEPILICHUS
3TUX TPEH/IOB CUIIbHBIMU 3€MJIETPSICEHUSIMHU.
O06paboTka JaHHBIX KaTtaynora SIMOHCKOro Me-
Teoposiorndeckoro areurcta (JMA) mokasainal,
YTO MPOTHO3UpYyeMasi aKTUBHU3AIMsI MOTOKA Celic-
MUYECKOW dHEepruu mpemmectByer 123 (u3 676)
CcWIbHBIM (M > 7) 3emnetpscenusM. OOHapyKEeHO
87 536 npeneAcHTOB MOMAIaHUs ITUX 3EMIIETPS-
CEHUH B MOJIOCY AOMYCTUMBIX OIIMOOK MPH PETPO-
CTHIEKTUBHOM SKCTPAITOISAIUN (DOPIIOKOBBIX TpPEH-
70B B «Oynyuiee». B wactHOCTH, camO€ CUIIbHOE
3eMJIETPSICEHHE U3 ATOTO YHCia — 3eMIIETPsICEHHUE

Puc. 1. Pacnpenenenue yneapHOro Beca IpOrHO3UPYEMOCTH W, JUIsl aKTHBH3ALHH II0TOKa ceiicMu4ecKoii sHepruu (ciesa),
(hOpIIOKOBOI IPOTHO3MPYEMOCTH CHIIBHBIX 3eMJIETPICCHHUH (CIIpaBa) U UX COBMEIICHHUE (B IICHTPE) B KOOpAWHATAX 0—1g|k]
napametpos ypaBHenus ICIIII, no [Mansrmes, Mansimesa, 2019].

' Masnbires A.U., Mansiesa JI.K. @opIirokoBast IpOrHO3UPYEMOCTh CHIIBHBIX 3eMIIETPSICEHHUI SIMOHNH 110 TOTOKY CEHCMHYECKON SHEp-

Uy (HampasiieHa Ui MyONuKauy B xypHaI «Pu3nka 3eMitmy).
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Toxoky (M = 9.0) — umeet 150 mperieeHTOB T10-
NaJaHusl B MOJIOCY PETPOIPOrHO3HBIX IKCTparo-
JISIAT.

B pacmpenenenuu peTponporHo3HbIX Mpere-
JICHTOB TI0 WX 3abmaroBpeMenHocTH O6omnee 20 %
PETPONPOrHO30B HUMEIOT 3a0JaroBpeMEHHOCTh
or 3 mo 10-15 u Gonee mer. Eme moutu 45 %
PETPONIPOrHO30B  MMEIOT 3a0JIarOBPEMEHHOCTh
ot 3 mec. 110 3 net. HecmoTpst Ha OOJIBIITYIO TIOJIO-
Cy OLIMOOK MPH MOJAECTUPOBAHUH MTOTOKA YHEPTHH
(0 CpaBHEHUIO C «YCIOBHBIMHU Jie(hopMaIUsIMmn)
1 gyucioM coObrtuii [Maneimes, 20196]), cTons
BBICOKass 3a01aroBpeMEHHOCTh OOYCJIOBIMBAET
JIOCTAaTOYHO BBICOKYIO TOYHOCTH IPOTHO3MPOBA-
HUS B 3THX JIuana3oHax. [IpyueM nMeHHO B nua-
naszoHe Oonee 3 et 3a01aroBpeMeHHOCTh TIPEBbI-
11aeT OTKJIOHEHHE 110 BPEMEHU B MOMEHT TOJYKa
B cpenHeM B 5.82 pasa, a 1 Haubosee TOUHOTO
pETpONpOrHo3a 3Toro auamnazosHa — B 37.18 pas.
OTOT (aKT CBUAETEIBCTBYET O BO3MOXXHOCTH
CpeaHe-A0ATOCPOYHON KOJIMYECTBEHHOM OIIEHKH
OIACHOCTH CHJIBHBIX 3€MJIETPSACEHU.

B nanHO# pa0oTe BBINONHEHA IETaTn3aIus
PE3yabTaTOB OIEHKU CEMCMUYECKOW OMAacCHOCTHU
Ha OCHOBe KaTtasiora JMA NpuMeHHUTENBHO K paii-
ony Caxanuna u FOxubix Kypui, a Taxke o0Ccyx-
JAIOTCSl TIEPCIEKTUBBI MCIIOJIb30BAHUS CaxalluH-
CKHMX PETMOHAJIbHBIX KaTaJIOTOB B 3TUX LIEJIAX.

MeTO}lLI HCCJICA0BAaHUA

B pabore ucnonb3yercs ypaBuenue JCIIII
[Manbimes, 1991]:

X = k[ - () (1)

IJIC X — pPacyeTHAs XapaKTePUCTHKA ITpoLiecca, Mo-
JENUPYIoIas UMeroIrecs GaKTUIeCKUE JaHHbIE,
x'u x" — ee mepBas U BTopasi IPOU3BOHBIE 10 Bpe-
MEHHU ¢, k — K03 HUIMEHT MPOTIOPIIMOHATBLHOCTH,
a TIOKa3aTey CTEMEeHU A U O ONPEIENISIOT HeJH-
HEHHOCTH IpoIlecca, COOTBETCTBEHHO, B OKPECT-
HOCTSIX CTAMOHAPHOTO COCTOsIHMSA (X' = X' ) M Ha
3HAYUTEIBHOM OT HETO ylaneHuu (x' >> x' ).

JlJis TIporHO3a TMOTEHIHATBHO KaTacTpogu-
YECKUX MPOIIECCOB HAauOOJIee HHTEPECEH CITyJaid
x'>>x' . I109TOMy B KaueCTBE allPOKCUMAIIHOH-
HOU MOJIeJT IMEeT 3HAaYCHUE YpaBHEHUE

X" =k (x')" 2)

JIuneHoCTh pemeHnid ypaBHeHHs (2) B 00bIY-
HBIX WM JIOrapu(MHUECKHX KOOpAMHATAX YNpo-
I1aeT MOMCK HAMIYYILEero COOTBETCTBUS (ONTUMU-
3aLMI0) MEKIY YaCTHBIM PELIEHHEM ypaBHEHN (2)
U alNpOKCUMUPYEMBIMH UM (PaKTUYECKUMU JaH-
HbIMU [Maunbies, 2019a].
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[IpocTpaHCTBEHHBII aHANM3 CEUCMHUYECKUX
JTaHHBIX OCYLIECTBIISIETCS O ChepUUECKUM THUIIO-
[IEHTpaJIbHBIM BEIOOpKaM C paauycamu 1.5, 3, 7.5,
15, 30, 60, 150 1 300 km. LlenTps! BEIOOPOK (HUK-
CUPOBaHbl U pacHpeesieHbl 0 MIUPOTE, T0JTr0Te
U TIyOWHE C IIaroM cMemeHus, B 1.5 paza MeHb-
UM pajuyca BHIOOPKH (T.€. COOTBETCTBEHHO 1,
2,5,10, 20,40, 100 u 200 k™), 4To OOCCIIEUMBACT
OPOCTPAHCTBEHHOE NEPEKPBITHE BHIOOPOK U HUC-
KJIFOYAET MPOITYCK JaHHBIX JIJIsl IPOTHOCTUYECKUX
OLICHOK. B peTpoCneKTHBHBIX HCCIEIOBAHUAX
Ka)xJi0e coOBbITHE aHAJIM3UPYyEeMOro KaTajiora Io-
CJIE/IOBAaTEIbHO PAcCMaTpPUBAETCS KaK «TEKy-
niee» coobiTue. MOMEHT BPEMEHU 3TOT0 COOBITHS
NpUHUMaeTCs 3a «Hactosuiee». Bpewms, mnpen-
IIECTBOBABILEE JTAHHOMY COOBITHIO, CUHUTACTCS
«TIPOLUIBIMY», a TOCTenyomee BpeMs — «Oyay-
mmm». Ilog mpornosupyemocTbio 3a€Ch U J1ajnee
MOHUMAETCSl HaxXOXKJeHUE (AaKTUIECKUX JTaHHBIX
«Oyny1iiero» B MOJIOCE JOMYCTUMBIX OIMIMOOK OT-
HOCHUTEIBHO PACUETHON KPUBOM B €€ SKCTPAIOJSI-
MOHHOW YacTH. {151 OIIEHKU TPOTHO3UPYEMOCTH
UCIIOJIb3yeTCs CpeaHee OTKIOHEHuE ¢ (hakTuye-
CKMX TOYEK OT pPacyeTHOM KPHBOM IO HOPMaIu
B KOOpJIMHATaX, HOPMHUPOBAaHHBIX Ha JMaNa3oH
ot 0 no 1. 3areM annpokcuManus KCTParoaupy-
eTcst B «OyayIee» 10 TeX Mop, MoKa HOpMaJlbHOE
paccTosiHUE KaKAOW mocienyrouieil (Iporsosu-
pyemoii) pakTuueckoi TOUKH 10 PaCYeTHON KpH-
BOIl HAXOIUTCS B IMOJIOCE JOMYCTUMBIX OLIMOOK
(£30) [Mansimes, 2016].

OTtHOcHTENBHAS TOYHOCTb MPELEAEHTHBIX IPO-
THO30B OLIEHUBAETCs 1O popmyne A = (£, — ¢ )/c,
e £, — BpeMs IJIABHOIO TOJYKA, f — TEKYIIECe
BpeMsl (MOMEHT MPOTHO3a), G, — CPEIHEE OTKIIO-
HEHUE MO BpeMeHU (AKTUYECKUX JaHHBIX OT
pacyeTHOU KpUBOH B ee OnrKauiel K TIIaBHOMY
TOM4Ky Touke. [lomMmumo 3Toro, /s mpereneHT-
HBIX PETPOIPOrHO3HBIX ONPENEICHUN U TPOTHO3-
HBIX JKCTPANoOJSIUN MUMEIOT 3HAYCHHUE €lIe JIBE
KOJIMYE€CTBEHHBIE XapAaKTEPUCTUKH — IIPOrHO3HAS
HEJIMHENHOCTh Lpn U alpOKCUMalMOHHO-DKCTpa-
NoJSIMOHHOE cooTHoueHue 4. IlepBas xapakre-
pUCTHKA, KaK OyJIeT MOKa3aHO HIDKE Ha MpUMEpe
IPELEIEHTHBIX PETPONPOTHO30B, OTPAXKAET CTO-
XaCTUYHOCTh/IE€TEPMUHUPOBAHHOCTH TOJIOKCHHUS
[JIJABHOTO TOJIYKA OTHOCUTEIBHO €r0 PacueTHOMN
kpuBoi. OHa paccuuThIBAETCS 1O hopMyIie

L, =2[A (A +A)21/(A +4), ()

e A = (x,—x)/(x—x)-1, A=(,~t)/(t~t)-1;
xnt,x nut,x, N, — COOTBCTCTBEHHO, 3HA-
YEHHUs MTapaMeTpa U BPEMEHH B HAYaJIbHOW TOYKE
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(b OopIIOKOBOI MOCIIE0BATEILHOCTH, B TOUKE MPO-
rHO3a U B MOMEHT IVIaBHOTO Toiuka. [Ipu 3tom
B CJIy4ae pPETPONPOTHO30B HCIONB3YIOTCS (ak-
TUYECKUE 3HAYEHUS X, M f,, TOTJa KaK IIPU Ipo-
THO3HBIX DKCTPAIOJISIUAX — HX PacueTHBIE BEIU-
yuHbl. 711 QOPIIOKOBBIX MOCIEI0BATEIbHOCTEH
BenuunHa L Bapeupyer ot 0 j0 1.

B cBor ouepenp anmpoOKCHMAIOHHO-DKC-
TPAIOJSIIHOHHOE COOTHOIICHUE A TIOKa3bIBAET,
BO CKOJBKO pa3 TOJIHBIA (DOPIIOKOBBIA TpPEH]
MIPEBBIIIACT CBOIO ANMPOKCUMAIIMOHHYIO COCTaB-
JSIOIIYI0 B KOOPJMHATAX IMOJHOTO TPEHAA, HOp-
MHUpOBaHHBIX Ha auamnas3oH ot 0 no 1. Cratuctu-
YEeCKHI aHaJN3 3TOr0 COOTHOILIEHHS BBIOJHEH
[0 TpEleJeHTHBIM PETPONPOTHO3HBIM OIpeie-
JEeHUAM W UCIOJIb3YyeTCs Ui OLIEHKU IMpererna
IPOTHO3HBIX 3KCTpanosiuid. B obmem cioyuae
3HaYeHHEe 4 MOXKET OBITh OTPEAENIEHO 10 COOTHO-
[ICHUIO JUTMH COOTBETCTBYIOIIMX Y4acTKOB pac-
YEeTHON KpPUBOHM, OHAKO B CIy4yae CTYNEHYaThIX
HAKOIUTENbHBIX XapaKTEPUCTHK CEHCMHYECKOTO
MOTOKa (SHEPTUH, YCIOBHBIX AepopManuii Wiu
gucia coObITHi) Oosiee MPOCTHIM U BIOJIHE d(-
(hEeKTHBHBIM OKa3bIBAETCS pacueT mo Gpopmyre

A=2/[(x,—x)/(x,,—x )+t ~)/(t,~1)]. (4)

st GopuIokoBoi peTpOrpoOrHO3UPYyEMOCTH
CHJIBHBIX 3€MJIETPSICEHHI SIMOHMM anmpoKcuMa-
[IMOHHO-3KCTPATIOJISIIMOHHOE COOTHOUIEHHE HE
npeBbllIaeT 3HaueHus 4 = 2.47.

3aKOHOMEPHOCTH MPELEAEHTHON (opioKo-
BOI MOJATOTOBKM CHIBHBIX (M > 7) 3emuerpsce-
HUW JeNIaloT BO3MOXHBIMHU BBISIBJICHHE aHAJIO-
TUYHBIX TPEHJOB HapacTaHUs CEHUCMUYECKOM
AKTUBHOCTH W HUX MOCJEAYIOUIYI0 3KCTpPAarois-
U0 Ha 0a3e karajora JMA, HeCMOTps Ha CyIie-
CTBYIOUIYIO 2-JIETHIOIO 33J€P)KKY €ro MOMOJIHe-
HUS ONEPAaTUBHON ceiicMuueckoil nHpopMaIuei.
[IporHo3Hasi olleHKa OMAcCHOCTU 3TUX TPEHIOB
MpeAnonaraeT HMCHOJIb30BaHUE JAHHBIX IIpele-
JNEHTHBIX PETPONPOTHO30B U Oa3upyeTcs Ha BO3-
MOXXHOCTH NPUBSI3KM BPEMEHU INIABHOTO TOIYKA
K CKOPOCTH M3MEHEHUs mapamerpa X', B Onvkaii-
1€l K NIABHOMY TOJTYKY TOYKE HKCTPanOIsAIUOH-
HOM KpuBOH. J[1s1 3TOTO CcO3maercs 0aza MaHHBIX
MIPELEACHTHBIX PETPONPOTHO30B € BKIOYEHHEM
B Hee MH(OpMaLIUK O TUIIOLEHTPATLHOM pajinyce
BBIOOPKH, TIOKa3aTese CTENeHUu o U Kodhduim-
eHTe k ypaBHEeHHS (2), CKOPOCTH U3MEHCHHS Ta-
pameTpa x', B OnmKalIIed K TOTYKY PacueTHOM
TOYKE TPEHIa, a Takke WH(POpMAIMU O Tpere-
JIGHTHOM TJIABHOM TOJTYKE (MarHUTy/Aa, JOKaIn3a-
1IMs B MPOCTPAHCTBE U BO BPEMEHHN ).
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CyTb npeleIEHTHO-3KCTPAITOJIALIMOHHOM OIIeH-
KU CEICMUYECKON OITaCHOCTH CBOJUTCS K BBISBIIC-
HUIO NTOTEHIMAJIbHO OMACHBIX MPOCTPAHCTBEHHBIX
30H, B KOTOpPBIX HAOIIONAETCsS TaKoe HapacTaHHUe
CeMCMUYECKON aKTMBHOCTH, KOTOPOE UMEET UCTO-
pUUYECKHE MPELENEHThl 3aBEPLICHUS] CHUIIbHBIM
3emieTpsiceHueM. KonmuuecTBeHHas CTOpoHa Ipo-
THO3a COOTBETCTBYET pacyeTy BO3MOKHOTO BpeMe-
HU aHAJIOTUYHOTO 3eMJIETPSICEHHSI HAa OCHOBE 0a3bl
JAHHBIX €TO MPELEICHTHBIX NPOrHO30B. ITockonbky
JUISL KQKJIOTO THUIAa aKTHUBHU3AllUHU, ONPEAEsIeMOro
paauycoM BBIOOPKM M 3HAYEHUSIMU I1OKa3aTess
crerieHu o U kod(pdunmenra k B ypaBHeHuu (2),
MOIOOHBIX TPEIEICHTOB MOXKET OBITh HECKOJIBKO,
COOTBETCTBYIOIIHME pPACYeThl BOSMOKHOTO BPEMEHH
BBITOJIHSOTCS JUISI KaX/10T0 U3 HUX.

AJITOPUTM IIPOTHO3HBIX 3KCTPATIOJISILIUHI IIPEI-
yCMaTpUBAET CIEAYIOLINE ONEPALIUH.

1. ITouck B Karanore He3aBEPUICHHbIX (HE BbI-
LIeIIINX U3 MTOJIOCHI IOIYCTUMBIX OIIMOOK Ha MO-
MEHT KOHIIa KaTaJlora) MPOTHO3HBIX oOmpezesne-
HUH, B KOTOPBIX OOHAPYXXMBAETCS TEHICHIIMS
K HapaCTaHHUIO CEMCMUYECKOW aKTUBHOCTH.

2. ConocTaBieHue TUIIA HApacTaHUsl aKTHB-
HOCTH ¢ 0a30if JaHHBIX MpPEleNeHTHBIX PETpPO-
MIPOTHO30B IO PAJUYCy BBIOOPKH, IMOKA3aTeIto
creniedu o (¢ TouHocThio 10 0.01) u ko3P Ppury-
eHTy k (mpu cpaBHeHuu lg k ¢ Tourocthio 10 0.1).
Bce cimyuan HapacTaHus akTUBHOCTH, HE UMEIO-
II[1€ aHAJIOTOB B 0a3e JaHHBIX MPELEICHTHBIX pe-
TPONPOTHO30B, UTHOPUPYIOTCSI.

3. OcraBumecs cilydau IIPOBEPSIIOTCS Ha Ipe-
LIE€ICHTh] CUJIbHBIX TOJYKOB IO PETPOCHEKTUBHOM
6a3e ganHbiX. [Ipum »3TOM U3 paccMoTpeHHs HC-
KITIOYAIOTCS BCE MpEleICHTHbIE CIy4Yal MPOrHO-
3a, 1JI KOTOPBIX CKOPOCTh U3MEHEHHUS TapaMeTpa
Ha MOMEHT MPELEIEHTHOTO TOMYKA X', MEHbLIE
TeKylIlel (Ha MOMEHT 3aBEepLICHHsI KaTaaora) CKo-
pocti x' (x', < x'). CMBICI 3TOTO OTpaHUYEHHUS
CBOJUTCSI, BO-IIEPBBIX, K UCKIIIOUEHHIO U3 PACCMO-
TPEHUsI MOCTIIOKOBOM AKTUBHOCTH (HayaJbHOMN
CTaaud aQTepIIOKOBBIX MOCIEI0BATEILHOCTEH,
KOTOpas MonajaeT B MOJOCY JOIYCTHUMBIX OIIU-
00K (hOPIIOKOBOW aKTHBM3ALMHU), a BO-BTOPHIX,
K aKIEHTUPOBAHUIO BHUMAHUs Ha paHHUX CTa]U-
X (DOPIIIOKOBOM MOATOTOBKH (X' << x'sh), e OTHO-
CHUTEJbHAas TOUHOCTh MIPOTHO3a HanboJee BBICOKA.

4. JIns KaxJ0ro MpeneeHTHOro peTporpor-
HO32 110 CKOPOCTH U3MEHEHHS ITapaMeTpa x', pac-
CUMTBIBAETCS BpPEMs f, W 3HAYCHHE Tapamerpa
X, IPH KOTOPBIX JUIsl IAHHOTO TUIA HAPACTaHUS
aKTUBHOCTH €€ ypOBeHb Oy/leT COOTBETCTBOBATH
YPOBHIO TMPEIEeIEHTHOTO TOTYKA:
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t,=T —x',"“k(l—o)] mpu o # 1

N S

MeTeoposiornueckoro arenrcrsa (JMA), Bkiro-
yaromuid gaHHele ¢ 1923 . mo koHel aBrycra

t,=t+Iln(x' /x' )k =1 5
w £, = f,#n (x, /) )k npr o = 1, ) 2018 r.* K 3ToMy MOMEHTY KaraJior COIep»Kal CBe-
v 2a B nenus o 3 498 071 3emnerpsiceHMH ¢ MarHUTYIOM
Xy =X X, /k(2 o)) npu a # 2 M =—-1.6 9.0 ipu ee moganbHOM 3HaueHUU 0.6.
wi x, = x,+n (X', /x")/k npu o = 2. (6) B kauecTBe mapameTpa X paccMaTpPUBAETCA IIO-

3areM pacCUUTHIBAIOTCS] YPOBEHBb MPOTHO3HOM
HEJIMHENHOCTH Lpn, anIpOKCUMALMOHHO-DKCTpa-
MOJIALIMOHHOE COOTHOUIEHUE 4 U OKHJAEMOE OT-
KJIIOHEHHE 10 BPEMEHH G, (PAKTUYECKUX JIAHHBIX
OT PacCYETHOI'O TPEH/1a B MOMEHT INIABHOTO TOTYKA.
3HAYEHUE HTOr0 0XKHMJIAEMOT0 OTKJIIOHEHUs OIpe-
JIETSIETCST U3 CPETHEr0 OTKJIOHEHHUS [0 HOPMaJn’
aNMpPOKCUMHUPYEMBIX JTaHHBIX U MEPECUUTHIBACTCS
Ha OTKJIOHEHHME I10 BPEMEHHM B PACYETHOW TOUKE
(¢, X,) TPELENAEHTHOrO TOMYKa. Omnpenenenus,
JUTSL KOTOPBIX A > 2.47, UCKITI0YAIOTCSl U3 PacCMO-
TPEHUS KaK HE UMEIOIIME PELEICHTOB.

5. OOHapyXeHHBIC TpPEIEICHTHBIE PETPO-
MPOTHO3bI TPYNIUPYIOTCS MO IJIABHOMY TOJUKY.
JInst Kak 10 TpyIIbl ONPEACIISIETCA CpeHEe pac-
YETHOE BpeMsl TONYKAa, €ro CpeIHeKBaJparhye-

CKOE OTKIIOHEHHE G ,, & TAKXKE CPEHUE 3HAYECHHUS
L ,Auoc.
pn t

HcxoaHbie JaHHBIE

B xauectBe HCXOJHBIX NAaHHBIX B pa60Te nuc-
IIOJIB3YCTCA KaTalJlor SCMHCTpHCGHI/Iﬁ SInmoHckoro

TOK CEHCMHUYECKON dHEpPruu £, T.e. HAKOIUTEIb-
Hasg cyMMma 3Heprum 3emiierpsceHuil. [Ipu stom
SHEPrUs OJUHOYHOTO 3EMJICTPSICEHUSI OIEHUBA-
€TCSl COMIACHO MMEIOIIENCS 3aBUCUMOCTH MEXKY
€ro MarHuTya0u M u 3HepreTuyecKkuM Kinaccom K
[Kanamori, 1977]: K=1.5 M+4.8.

Pe3yJ1]>TaTbI /1 06cy>1<)1eHHe

[Ipumepsl  peTpONpPOrHO3HBIX  BKCTpPAIo-
JSALUMM, MMEIMMUX JOCTAaTOYHO BBICOKYIO OT-
HOCUTEJIBHYI0 TOYHOCTh A U CYIIECTBEHHBIE
pa3nuyuus MO MPOTHO3HOW HEJIMHEWHOCTH Lpn,
npuBeneHbl Ha puc. 2. Tabn. 1 comepxur naH-
HBIC O TJIABHOM TOJYKE, BHIOOPKE U HEKOTOPBIX
XapakTepucTHKax (OpIIOKOBOTO TpeHAa, Co-
OTBETCTBYIOIIME 3TUM Ipumepam. [lepBbie Tpu
rpaguka HAISAHO WIUIIOCTPUPYIOT BBICOKYIO
3a0JIarOBPEMEHHOCTh JITUX (POPIIOKOBBIX pe-
Tpornporuo3oB (ot 5 1o 20 ner), Toraa kak 4-me-
csiyHasi 3a0JarOBPEeMEHHOCTh PETPONporHo3a 4
COOTBETCTBYET CPEIHE-KpPAaTKOCPOYHOMY AHarna-
30HYy IPOTHO3UPOBaHUs. Takxke Ha pHUC. 2 MOKHO

Tabnuya 1. lanuble 0 NIABHOM TOJTYKe, BLIOOPKE H HEKOTOPBIX XapaKTePHUCTHKAX
(opuroxoBoro TpeHa UIsi NPUMEPOB PeTPONPOrHO3HBIX IKCTPANOIALMIi, NPUBeIeHHbIX Ha puc. 1

| 1 | 2 | 3 | 4
3emnempsicenue
[Hara 1936.11.03 2016.11.22 2010.02.27 2005.08.16
Bpewms 05:45:57 05:59:46 05:31:25 11:46:25
M 7.4 7.4 7.2 7.2
l'umonenTp | mmpora 38.263° 37.355° 25.919° 38.150°
JoaroTa 142.062° 141.604° 128.680° 142.278°
riryOruHa, KM 61 24.5 37 42
Buibopra
Pamgmyc, km 300 30 60 30
Hentp LIMPOTA, 40.588° 37.365° 26.175° 38.084°
JONTOTa, 141.854° 141.784° 128.743° 142.081°
riryOnHa, KM 0 40 40 40
DopuioKosbitl mpeHo
t,—1,CyT 1749.696 6989.198 5355.244 132.471
A=(t,—t)lo, 16.8551 22.0833 65.0781 658.6533
L, 0.5645 0.9264 0.9896 0.9999
A 1.9900 23711 2.2984 2.0816
a 0.5918 2.0000 1.4827 2.0000
lg k 1.9937 —14.8779 —8.4397 —11.9478

2 B KOOpAMHATAX OT HEPBOM TOYKHU AMMPOKCUMALIMOHHOTO y4acTKa A0 PACIETHOro TOMYKA, HOPMUPOBAHHBIX Ha AnamnasoH ot 0 1o 1.
* http://www.data.jma.go.jp/svd/eqev/data/bulletin/hypo_e.html; 1aHHBIC HOMONHSIOTCS € 3aAEPIKKON OKOJIO 2 JIET.
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BUJIETh, YTO JIJI1 HU3KOM MPOTrHO3HON HEJTMHEUHO-
ctu L, (rpaduk 1 Ha puc. 2) monoxxeHue CTyIe-
HU CHJIBHOTO 3€MJIETPSICEHHS B IOTOKE SHEPIHU
c1abo JeTepMUHHUPYETCST TOJIOCON JIOMYCTUMBIX
OoTKJIOHEHUH. CuibHOE 3eMIIETPSICEHHE B 3TOM
[0JI0CE MOIIO Obl MPOU30MTH U CYIIECTBEHHO
paHbllle, 1 MHOTO MO3Xe ero ()akTU4ecKOoro Bpe-
MEHH, T.€. CTOXaCTUYHOCTh BpPEMEHHU CHIIBHOTO
TOJYKA YBEJIMYUBAETCS C YMEHBIIEHUEM IIPOTHO3-
HOM HesmHenHocTu. llocnennee xapakrepHo [uist
MOCTIEIOBATEIbHOCTE  aKTUBU3AIMU, ONU3KUX
K CTalMoHapHOMYy pasBututo. Hamporus, ¢ po-
CTOM TMPOTHO3HOM HenuHeHocTu (rpaduku 2—4
Ha pHC. 2) BO3pacTaeT aCUMMETPHSI MTOJIOCHI JIOITY-
CTHUMBIX OTKJIOHEHHUH IO MapaMeTpy U BpEeMEHH.
B pesynbrare cTyneHb CUIBHOTO 3€MJIETPSCEHUS,
TpeOyromasi 60JIBIIOr0 TOMYCTUMOTO OTKIOHEHUS
TI0 TTapaMeTpy, Bce Ooiee JKECTKO IeTePMUHUPYET-
Csl COKpaIlleHHEM MHTEpBajla BpEMEHH, B KOTOPOM

CUJIBHBIN TOJTYOK MOKET IMPOU30UTH. DTy U3MEH-
YHBOCTh CTOXAaCTHYHOCTH/IETEPMUHUPOBAHHOCTH
rpoliecca B 3aBUCUMOCTH OT YPOBHS POTHO3HOM
HEJIMHEMHOCTH Lpn HEOOXOJIIMO YYHUTHIBATH B IPO-
THO3HBIX 3KCTPANOISIIIMOHHBIX pacyeTax BpeMEHH!
CHJIBHBIX 3€MJICTPSCCHHI.

B pesynbrate ananuza gaHHbIX katajgora JMA
BBISBJICHO 186 30H, JIJIsl K&KI0M U3 KOTOPBIX UME-
erca He MeHee 10 He3aBepiieHHbIX (Ha 31 aBry-
cta 2018 1) NPOrHO3HBIX ONPEAEICHUN C TOTEH-
LHAAIBHO OIMACHBIM HApPaCTaHHEM CEUCMUYECKON
AKTUBHOCTU. 3aKOHOMEPHOCTH  aKTHBHU3ALUU
B OTUX 30HaX HMMEIOT aHAJIOTH B (DOPIIOKOBOI
MOATOTOBKE 759 3emileTpsiCeHUH-IIPELEIECHTOB.
Jns oneHkn celcMHUYECKOM M I[yHAMHOIIACHO-
cti Ha Teppuropun Caxanuna u FOxnbix Kypun
MMEIOT 3HaUEHHUE 30HBI C JIOKAIU3alel ceBEpHEe
40° c. 1. 31ech BBISABIECHO 15 MOTEHIMAIbHO OTac-
HBIX 30H, TCHJCHIIMH Pa3BUTUA CEHCMUYHOCTH

Puc. 2. [IpuMepbl HEKOTOPBIX (POPIIOKOBBIX IKCTPAIOIIIIHUIA ITOTOKA SHEPTUHL.

Hudpsr B kpykkax: 1 — kpuBast paKTHUECKUX NAaHHBIX, 2 — pacdeTHas KpuBas, 3 — moroca ommbok (£30),
4 — MOMEHT PEeTPONpPOrHo3a, 5 — cuiibHOE 3eMileTpaceHue. IlopsakoBble HoMepa IpadKOB COOTBETCTBYIOT
HyMepaluH JaHHbIX B Ta0n. 1. [lepecedueHne TOUEUHBIX BEPTUKAJIBHBIX U TOPU30HTAJIBHBIX JIMHUNA Ha rpa-
(MKax COOTBETCTBYET «TEKYIINM» 3HAYCHUSIM BPEMEHH U IapaMeTpa, JeBee U HHXKE ITOTO MepeceUeHus —

«IIPOIIIOE», MPABEC U BBIILIC — «6yﬂyHIC€».
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Puc. 3. Kapra (BBepxy ciieBa) MOTEHIIMAIBHO OMACHBIX 30H HapacTaHUsl MOTOKa
ceifcMuyeckoi sHepruu 1o cocrogHuto karanora JMA nHa 31 asrycra 2018 ., ee me-
PHUIMOHATIBHBIN pa3pe3-NpoeKIys (BBEpXY CIpaBa) U BpeMeHHasl pa3BepTKa ceiicMu-
YECKOU ONaCHOCTH.

OKpy’>KHOCTAMH TIOKa3aHO IOJIOKEHUE BBIOOPOK, B KOTOPBIX OOHApYXeHa MOTeHIU-
QJIBHO OTacHasi aKTHBHOCTB; SIPKOCTh JIMHUKM OKPYKHOCTH OTpPa)kaeT YPOBEHb Ollac-
HOCTH (110 HanboJlee CHIIbHOMY W3 BOBMOXKHBIX IIPH TEKYIINX 3aKOHOMEPHOCTSIX aK-
TUBU3AIMH 3eMJICTPSICCHUIO-TIPEIEICHTY), @ €€ TONIHMHA — YUCIO OOHAPYKCHHBIX
MOTCHUHAJIBHO OIIACHBIX HE3aBECPIICHHBIX MPOTHO3HBIX onpeueneﬂnﬁ; HOMEpOM
7 obo3HaueHa HanboJee onacHasi 30Ha, B KOTOPOW He3aBepLIEHHBIE TPOTrHO3bI HMe-
0T TCHACHIMU K aKTHMBH3allUH, aHAJIOT'HYHBIC (bOpLHOKOBOI‘/II IIOATrOTOBKE CHUJIBHBIX
3eMIJIETPSICEHU BILIOTH JI0 3eMieTpsiceHus-mperenenta ¢ M = 8.0.

BpemenHas pa3BepTka celiCMHUYECKON OIIACHOCTH COCTABIIEHA 110 CAMOMY CHIIBHOMY
3eMJICTPSICCHHUIO-TIPEIICICHTY KaXK10i 30HbI; HyMepallus 30H 3/1eCh U B Ta0JI. 2 B 10-
psiznke yOBbIBaHUS UX ONACHOCTH (110 HauOoJee CUILHOMY ITPELEeJeHTHOMY TOJIYKY )
1o BceMy kartasiory JMA; onnOka pacueTHOro BpeMEHH MPEeLeIeHTHOTO TOIYKa I10-
Ka3aHa I0 MaKCUMaJlbHOMY M3 3HauYeHud 36, u 30, (cM. Tabi. 2); NpeleIeHTHbIE
TOJTYKHU U UX BO3MOKHas OIINOKA BO BPEMCHHU ITOKa3aHa B IIATH I'paJallidaX OTTECHKOB
OT OJIEZIHO-CEPOro 110 YEPHOTO B 3aBUCHMOCTH OT YPOBHSI IPOTHO3HON HEJIMHEHHO-
CTH LIm: (<0.5, 0.5-0.8, 0.8-0.95, 0.95-0.99, 0.99—1.00), uTo OTpaKaeT CTOXaCTHU-
HOCTB/JIETEPMUHMPOBAHHOCTh B3aUMOCBA3H MEXK/y BPEMEHEM TOJUKA f, M CKOPO-
CTBIO 3MEHEHHS TTapamMeTpa X' .

FEOCUCTEMBI MEPEXOAQHbIX 30H
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KOTOPBIX HMMEIOT aHaJIOTU
B (hopuIokoBoil MOATOTOBKE
56 CuIBHBIX 3emileTpsce-
HUU-TIpenieIeHToB  (puc. 3,
Tabmn. 2). Hanbomnpmryro omac-
HOCTb JIJIsl pacCMaTpUBaeMoi
TEPPUTOPUU  MPEICTABISAET
TPEHJ aKTUBHOCTHU B 30HE 7
(puc. 4), umeromen paauyc
150 kM U pacnonararomeics
Ha ceBepe 0. XOKKail10 B He-
MOCPEJCTBEHHON  ONM30CTH
K I0’)KHOHM yactu o. CaxanuH
u obmactHoMy neHTpy HOx-
Ho-CaxanuHcky.  PasBurtue
CEICMUYECKOW AKTUBHOCTH
B JTOU 30HE MMEET aHaJIOru
B (OPIIOKOBOM MOATOTOBKE
3emuierpscenuss ¢ M = 8.0,
npousomenmero 21 geka-
Oops 1946 1. ¢ snHUIEHTPOM
1o’)kHee Mbica CHOHOMUCAKH.
PacueTtHoe Bpemsi aHamoruy-
HOTO TOJIYKA B 30HE 7 COOT-
BeTCTBYeT 6 aBrycra 2024 .
C JIOIMYCKOM IO OIIHOKE Bpe-
MeHu (36,) HeMHOTMM 60-
nee roxa. Ilommmo »3ToOrO,
B 30HE 7 BO3MOYKHBI U MEHEE
CWIIbHBIE  3eMJICTPSACEHUS,
TaK Kak sl HEKOTOPBIX He3a-
BEpPUIEHHBIX MMPOTHO30B 3TOMN
30HBI UMEIOTCS MpereIEHTHI
B (hopuiokoBoil MOATOTOBKE
enie 6 CHWIbHBIX 3eMIIeTpsice-
Hul ypoBHs M = 7.0-7.5.
Texymue TpeHIbl pa3BuU-
THSI CECMUYECKON aKTUBHO-
CTH U UX IIPOTHO3HAs HKCTpa-
noJisums s 301 20, 82, 153,
158 wmmrocTpupyroT (puc. 5)
pa3zHooOpas3ue mpeneaeHTHO-
AKCTPATOJIAIIMOHHBIX OIICHOK
CEHCMHUYECKOM  OMACHOCTH
B pasHBbIX 30HaX. EcrecTBeH-
HO, 9TO Bce 15 moTeHImanpHo
OTMAacHBIX 30H 3aCIyKHBAIOT
BHUMaHusA. OpHako MOMy-
YeHHBIE TI0 ATHM 30HaM pe-
3yJbTaThl CIIEAyeT paccMma-
TpHUBaTh, CKOpee, Kak paboune
MaTepualibl Il SKCIEPTHBIX
Ipynmn MO OIEHKE CelcMu-
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YECKOM OIMacHOCTU. 371eCh MPEXk/Ie Bcero HeoOxo-
JUMO YYMTBIBATh, YTO BCE MPUBEICHHBIC 3/1€Ch
pe3yNbTaThl MPELEeIEHTHO-3KCTPANOISIUOHHBIX
OIICHOK SIBJISIFOTCSL YCIIOBHBIMHU, T.€. UMEIOT CMBICIT
P YCIOBHUH, YTO OOHAPY>KEHHBIE MOTEHIIUATBHO
OTIaCHBIC TEHJCHIIMU HE BBIIUIM W3 TMOJIOCHI JI0-
MMyCTUMBIX OIMMOOK 3a nepuon ¢ aBrycra 2018 r.
Mo HacTosilee BpeMs (Meproj TeKyIen 3a1epik-
KM JaHHBIX B Katanore JMA) u COXpaHST CBOIO
aKTyaJbHOCTD B ONmkaiiiieM OymayIiem.

Takum 00pa3zom, METOA anmpOKCUMAIIHOHHO-
IO aHaJIM3a U MPOTHO3HOW AKCTPAIONSAIMU Ha OcC-
HoBe ypaBHenus [ICIIIT na maHHOM 3Tane MOXKHO
1 HY’KHO UCTIOJIb30BaTh KaK EPBUYHBINA METOJI IIPO-
CTPAHCTBEHHOW JMArHOCTUKHU HAJIMYUS OMACHBIX
CEHCMHUYECKUX TPEHJOB M OLIEHKH HMEOIINXCS
pE3EpBOB BPEMEHU. DTOT METOJl aHAJIM3a U OLICH-
K{ JIOTMYHO BCTPOMUTH B CaM MPOLECC CO3JaHMS
CEHCMHUYECKHX KAarajoroB, JOKYMEHTHPYIOIIHUX
MOTOK CEHCMHUYECKNX cOoObITHA. B 3TOM citydae,
BO-TIEPBBIX, J1I000€ MOMOJTHEHHE JaHHBIX Karajo-
ra W/Wil UX pelakTUpOBaHUE OymyT aBTOMaruye-
CKU OTPa)KaTh TEKYIYIO KAPTUHY OMACHBIX
TPEHIOB CEUCMHYECKOM AKTUBHOCTH, HX
MOSIBJICHUE WJIM MCUE3HOBEHHE (B Cllydyae
BBIXO/1a AKTHBHOCTHU 3a IPEJEIIbl MOJIO0CH
JIOMTyCTUMBIX OTKJIOHEHHH TpeHsa), a BO-
BTOPBIX, aBTOMAaTHU3aLMs TPELEIEHTHO-3KC-
TPANoJIALMOHHBIX OLIEHOK JIENaeT B Mep-
CHEKTUBE BO3MOXKHBIM  HCIOJIb30BAHUE
ATUX OLEHOK KaK CaMOCTOSTEIbHOIO IIpo-
THOCTMYECKOTO METO/1a Ha KPaTKOCPOYHOM
ypOBHE 3a071aroBpEMEHHOCTH.

OrnpenenieHHbIE OCHOBAHMS JIJIS1 3TOTO
JIEMOHCTPHUPYET 4-i1 mpuMep peTpoCHeK-
TUBHBIX MPOTHO3HBIX AKCTPanOISLIUn
Ha puc. 2 u B 1abn. 1. IIpu 4-mecsaunoit
3a0J1arOBPEMEHHOCTH 3TOT PETPOIPOTHO3
XapaKTepU3yeTcs B MOMEHT TOJTYKa CpeJl-
HUM OTKJIOHEHHEM TI0 BPEMEHH (G,) OKOJIO
0.2 cyt. To ecTp 0011as mosgoca AOMYCTH-
MBIX OIIMOOK +£3G, B 3TOM Clly4ae COCTaB-
nset Bcero 1.2 cyT. D10, B CBOIO OYEPE/b,
JleJaeT MPAKTUYECKH BO3MOXKHBIM IpHU-
MEHEHHE B OINACHBINA MEPUOJ KPaTKOBpE-
MEHHBIX TMPEBEHTUBHBIX MEp, HANPUMEP
9BaKyallUd HAceJIEHUs Ha ATOT IEpPHOA
U3 TIOTEHI[MAJIIBHO ONACHBIX 37JaHUM U Co-
OPY)XCHHI ¥ OOBSBIICHUE TOBBIIIEHHOMN
TOTOBHOCTHM B IlyHAMHUONACHBIX pailOHaX.
Kpome TOro, momobHble cpenHe-KpaTko-
CpPOYHBIE NMPOTHO3bI, KaK MPABUIIO, UMEIOT
MaJiblii paguyc NpOCTPAHCTBEHHOM JIOKA-

FEOCUCTEMBI MNEPEXOAHbIX 30H
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JIU3AIHMH, YTO TaKXKe 00JIeTYaeT UX MPAKTUIECKOe
UCIIOJIb30BaHHUE.

B mnacrosimee BpeMsi 4yucio MomoOHBIX pe-
TPOTIPOTHO30B B TMPEIEACHTHOW 0a3e HEBEIHKO,
OJTHAKO CYILIECTBYET BO3MOXKHOCTh €€ IOTMOJIHE-
HUS 33 CUET Pe3yIbTaTOB 00pa0OTKHU IPYTHX Ka-
TasnoroB. CUJIBHBIC 3€MIICTPSCEHHS TTPOUCXOIAT
penKo, a KadyecTBO U JETAIbHOCTh PErucTpaluu
CEHCMHYECKON aKTMBHOCTU CYLIECTBEHHO YBe-
JUYUIUCH B TIOCIEAHHUE TOABl M JACCATHIICTHS.
B uwactHocTH, karanor JMA 3a 80 net HaOmome-
Hui B XX B. COACPKUT CBeACHUS JIniib 0 0.5 MIH
COOBITHIA, TOT/Ia KaK 3a MIEPBBIC J[BA JICCATUICTHS
TEKYIIETO CTOJETHS YHCJIO 3aperucCTPUpPOBaH-
HBIX B HEM 3EMJIETPSACEHUN MPEBBICKIIO 3.5 MJIH.
EctecTBeHHO OXHOaTh, YTO JAeTalbHAs pEru-
CTpalis CEeHCMUYECKONW TOATOTOBKU CHIIBHBIX
3eMyIeTpsiceHUi B OynymieM Heu30eXHO HpuBe-
JeT K TOTOJIHCHUIO TPEIENIeHTHOW 0a3pl Ooree
Ka4eCTBCHHBIMU JTaHHBIMH. A 3TO, B CBOIO OuYe-
penb, MO3BOJUT PACIPOCTPAHUTH METOAHWKY Ha
KpPaTKOCPOYHbIE TPOTHO3HBIE JKCTPANOJISIUH.

Puc. 4. Texymee (a) u mporaosupyemoe (0) pa3BUTHE AKTUBHOCTH TIO
MIOTOKY CeicMUUEeCKoi sHeprun £ B 30He 7. 3/1eCh U Ha pHCYHKaX Ja-
Jiee pacueTHbIE KPUBbIE TPEHIOB aKTHBHOCTH IOKa3aHbI Ooiee TeM-
HBIM OTTEHKOM B aIlPOKCHMMALMOHHON 4acTH TpeHAa U Oojee cBeT-
JBIM — B JKCTpanoysinoHHOW. Kpyxkamu 0003HAYeHO pacueTHOe
TIOJIOXKEHHE TPELECHTHBIX 3EMIICTPSCCHUH, pa3Mep KPY/KKOB 3aBUCHT
OT MarHUTYBI (B JAHHOMY CIIydae MakCHMalbHas IPELeCHTHAs Mar-
uutyna M = 8.0). Ommnbka pac4eTHOTO BPEMEHH MPELeIeHTHOTO TOTd-
Ka [0Ka3aHa 10 MaKCUMAaJIbHOMY U3 3HaueHui 36, u 36, (cM. Tabu. 2).
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GEOPHYSICS. SEISMOLOGY

Taxke ecTb onpeneneHHble OCHOBaHMS OXKU-
JaTh, 4TO (DOPIIOKOBAs AKTUBU3ALMS B IpejiBe-
YU CHIIBHBIX 3€MJIETPSACEHUN UMEET IUKIINYECKUN
xapakTep. B uyacTHOCTH, cpeaM MOTEHUUAIBHO
OIIaCHBIX 30H SIIOHNY, BBISIBICHHBIX 110 TEKYILEMY
cocTosiHuIo Karanora JMA®Y, Beigesnsercs: Kiactep
U3 TPOCTPAHCTBEHHO COMMKEHHBIX M YACTUYHO
nepecekaromuxcs 30H 2, 4, 6 ¢ paguycom 150 km

Y JIOKaJIM3alue B pailoHe CeBEpO-BOCTOYHOM Ya-
ctu 0. Cukoky u ropono Kobe u Ocaka c omac-
HOCTBIO 3emiieTpsiceHust kimacca M = 8.0-8.2
B 2021 . B KOHTEKCTE MOMMIMKIMYHOCTH JIJIs1 HAC
UMeeT 3HaYeHHE, YTO B MPUHAAJICKAIICH K STOMY
KJacTepy 30He 4 YCTaHOBIICHO COMPSDKEHHE ABYX
IIUKJIOB MOTEHIIMAIBHO OMACHOTO HAPACTAHUS aK-
TUBHOCTH: Ha4aBIIerocs B ceHTa0pe 1943 r. mukia

3o0na 20

3omna 82

3ona 153

3ona 158

Puc. 5. Texymee (a) u nporao3upyemoe (6) pa3BUTHE CEHCMIYECKON aKTUBHOCTH B PACUETHBIX 30HAX.

4 Manpires A.W., Mansimesa JI.K. opIiokoBast POrHO3UPYEMOCTh CHITBHBIX 3eMJIETPSICEHHI SIMOHMH 10 TIOTOKY CEeHCMHUYECKON 3HEp-

ruu (HampasieHa I MyOUKaIuy B xKypHaI «Du3nka 3eMitny).
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MPEYEQEHTHO-3KCTPAMONSIUUOHHAS OLEHKA CEICMUYECKOMN OMACHOCTU B PAMOHE CAXANIMHA U FOXHbIX KyPun

MIOCTENIEHHOIO HAPACTaHUs IOTOKA YHEPTHU C OT-
HOCUTEJIBHO HU3KOM IIPOTHO3HOM HEJTUHEHHOCTBIO
u 0Oosee KpaTKOBPEMEHHOTO LHUKJIA C BBICOKOM
IIPOTHO3HOM HEIMHEWHOCTHIO. [locnenHuil ki
Hayajcsl cpasy IOcCie pa3pyLIMTEIbHOIO 3emJe-
Tpsicennst B T. Kobe 17 staBaps 1995 . (M = 7.3),
¥ UIMEHHO OH MMeeT Hauboliee onacHble TeH ICH-
MY HapacTaHUsl aKTUBHOCTH (BIUIOTH J0 WMEIO-
nierocs npenenenta ¢ M = 8.0).

Bo3MoxHasi MOMUIUKINYHOCTh (POPIIOKOBOM
MOJrOTOBKH CHJIBHBIX 3€MJIETPSICEHUN U YPE3BbI-
YaifHO MIMPOKUH Jrana3oH UX MPOTrHO3HOH 3abna-
TOBPEMEHHOCTH TTO3BOJISIIOT HAMETHTH YCIOBHYIO
ATaNHOCTh JACUCTBUN NPU BBISBICHUU MOTEHIU-
aJIbHO OINACHBIX TPEHIIOB CEMCMUYECKOW AKTHB-
HOCTH: 1) TIp¥ MPOTHO3HOM 3a0JarOBPEMEHHOCTH
6onee | roma — BepuuKanys BBISIBICHHOM omac-
HOCTH C TIOMOIIIBIO KOMIUIEKCA BCEX JOCTYITHBIX
MIPOTHOCTUYECKUX METONIOB; 2) MPH MPOTHO3HOM
3a0naroBpemMeHHocTy oT 1 roma g0 10 gneit (oco-
OCHHO B 30HAaX C COXPAHSIOIIUMUCA M BepUU-
IMPOBAaHHBIMU HA | 3Tame TeHIEHUUSIMU) — MPU-
BE/ICHUE B MOBBIIIEHHYIO TOTOBHOCThH ciayk0 ['O
u YC; 3) npu 3abnaroBpemeHHOCTH MeHee 10 nHei
B 30HAX C BBISBJICHHBIMHU Ha 1-M W/WIK 2-M dTamnax
U COXPAHSAIIIMMUCA ONACHBIMU TEHACHUUSMU —
MOJKJIIOYEHUE K MPOIECCY IMpeleeHTHO-3KCTpa-
TIOJISIITUOHHBIX OIIEHOK CHCTEM aBTOMAaTHYECKOTO
OTIOBEIIEHUS C 11eIbI0 HHPOPMUPOBaHHS 00 yTOU-
HEHUSX BPEMEHHOTO TIEPUO/Ia OTTACHOCTH UJTH O €€
orMeHe. Kak yxe ObLIO CKa3aHO BBIIIE, B HACTO-
dlee BpeMsl MPeleIeHTHO-IKCTPAIOIALMOHHbBIE
OIICHKHM MOXHO HCIOJB30BaTh Ha YypOBHE 1-TO
JTamna, TorAaa Kak 2-i u 3-il aTamsl — 1enb Oydy-
IIUX WUCCIIEOBAHUM, TOCTIKUMAs TIPU YCIOBUHU
BCTpPaMBAaHMs OLEHOYHOIO AJITOPUTMA B MPOLECC
dbopMHpOBaHUS CEHCMHUYECKUX KaTajoroB IpH
OTHOBPEMEHHOM HapallMBAaHUH BBIYUCIUTEIHHBIX
MOIIIHOCTEN M KaYe€CTBEHHOM M KOJUYE€CTBEHHOM
YBEJIMUEHUU MPEIEICHTHBIX JTaHHBIX.

Ha pernoHanpHOM YpOBHE HCIOJb30BAHKE
METOANKH MOXKET UMETh CBOIO CIEIU(UKY, 00-
YCIIOBJIICHHYIO XapaKTepoM CEHCMHYHOCTH, Ha-
KOTLJIEHHOW B KaTtayiorax uH(opmanuen mo peru-
OHAJILHOMY CEMCMHYECKOMY TMOTOKY, TEKYIIHM
COCTOSIHUEM PETUCTPUPYIOIIUX CEUCMHUYECKUX
CETeH U NPEICTaBIEHUAMU O MUHUMAJIBHOM SHEP-
TUU ONACHBIX 3€MJIETPSICEHHIA.

PaccmoTpuM  pernoHanbHyr — crieuuQpuky
UCIIONIb30BaHUsl MeToAuKH Ha npumepe Caxa-
JUHCKOM oOsactu. Hambosee BICOKUH ypOBEHB
PETHOHANBHON CEMCMOAKTUBHOCTU XapaKTEPEH
st KypuiibCkoit 0CTpOBOAYKHO-CYOTyKITHOH-
HOM CHCTEMBI B CBSI3H C €€ BBICOKOM TEKTOHUYE-
CKOM aKTMBHOCTBIO. 3/1€Ch HHCTPYMEHTAIbHBIMU
METOAaMU HEOJHOKPATHO 3aperuCTPUPOBAHBI
3eMIIeTpsACEHUs YpoBHA M > 8§, cOIpPOBOXKAar0-
1IMecs LyHaMU.

OctpoB CaxanuH, TI€ CKOHLEHTPHUPOBAHA
OoubIIasi YaCTh HACEJICHUS M MPOMBIIUICHHOCTH
o0nacTu, XapakTepu3yeTcs YMEPEHHBIM YpPOB-
HEM celicMUYeCcKol akTUBHOCTH [ TUXOHOB u Jip.,
2017]. B teuenue 10 net 3mech perucTpupyercs
B CpEHEM OAHO 3emieTpsicenue ¢ M > 6 u oko-
10 10 cobeiTuii ¢ M > 5. TUNOLEHTPHI caxaluH-
CKMX 3€MJIETPSICEHUN pacIoylaraloTcsi Ha Ma-
abix rmyouHax (1o 30 km) u Bronas Kypumiabckoit
ceficModoxanbHOU 30HBI (TiyonHa 250—650 kMm).
I'my6okodokycHble 3eMIeTpsSCeHHs, Kak Ipa-
BWJIO, CEPbE3HOM CEMCMHUYECKOM OMAaCHOCTHU
HE MPEACTABISIIOT, TOrAa Kak MajorTyOuWHHBIE
MOT'YT MPUBOAWTH K 3HAYUTEIBHBIM pa3pylie-
HUSIM U MHOTOYMCIICHHBIM XepTBaMm. B wacTHo-
ctH, B 1995 1. 3emnerpsicenuem ¢ M = 7.2 Obla
MOJTHOCTBIO paspymieH noc. Hedreropck Ha ce-
BEpPO-BOCTOKE OCTpPOBa. 3a OJHY HOYb HOTUOIIO
2240 genoBek, B ToM uncie 308 gereit, 720 mo-
JIYYUJIO CEPhE3HBIE paHEHUs U TOJbKO 30 HE mo-
cTpajany’. DTO 3eMIIETPACEHHE, a TaKKe Yrie-
ropckoe 2000 r. ¢ M = 7.0 B ueHTpaIbHON YaCcTH
octpoBa u Hesennckoe 2007 1. ¢ M = 6.2 Ha 1or€
YKa3blBalOT Ha BBICOKYIO CEHCMHUYECKYIO Omac-
HocTh Caxanuna [3akynuH u 1p., 2019], Hecmo-
TpsL Ha CPAaBHUTEJIBHO YMEPEHHBIN YPOBEHb €TI0
CEHCMMYECKON aKTUBHOCTH.

Hapsiny ¢ oObIYHOM TEKTOHHYECKO# ceiic-
MUYHOCTBIO CaxaluH XapakTepus3yeTcsl TEXHO-
T€HHOW M TEXHOT€HHO-TPUITEPHOU CEHCMHYHO-
CTBIO B CBSI3U C J1I00bIUEH MOJIE3HBIX UCKOMAEMBIX
Ha OCTpPOBE M B mpuiierawomiei akparopun ([ Tu-
X0HOB, 2010; Cemenona u np., 2020]; A.A. Cren-
HoB®). Ectb ocHoBanust oxxkumars [Foulger et al.,
2018], uyro ¢ rIaHupyeMoil MHTeHcH(UKauen
pa3paboTKu MECTOPOXKACHUN YIJIEBOIOPOIHOTO
CBIPbsl U JIPyTUX MUHEPAIIbHBIX PECYPCOB TEXHO-
IeHHas U TEXHOTEHHO-TPUTTEPHAasi COCTABIISIOIINE

5 https://pressa.tv/interesnoe/72899-neftegorsk-gorod-mertvyh-strashnoe-zemletryasenie-28-maya-1995-goda-8-foto-video.html.
¢ CrenHoB A.A. 2015. KoMIuiekcHast aBTOMaTU3MpPOBaHHas CUCTEMAa MOHUTOPHHTA JIJIsl aHaIM3a COBPEMEHHOI ceficMuynocTi CeBEpHOro
CaxanuHa: uc. ... Kaua. ¢us.-mat. Hayk. FOxHO0-CaxanuHck, MHCTUTYT MOpckoii reonorun u reo¢usuxu IBO PAH, 135 c.

FEOCUCTEMBI MNEPEXOAHbIX 30H
2021, 5 (2)

GEOSYSTEMS OF TRANSITION ZONES
2021,5(2)



FEO®U3NKA. CEACMONOrus

GEOPHYSICS. SEISMOLOGY

pETHOHAIIBHOM CeMCMUYHOCTH ycuiarcs. B ka-
YEeCTBE IMpHUMEpa MOXKHO MPUBECTH CHUTYalUIO
¢ MectopoxaeHueM [ponunren (Hunepnanmsi),
rae 1o0pIYa MPUPOTHOTO raza BhI3Balla POCT celic-
mudeckoir aktuBHOCcTH [Thienen-Visser et al.,
2015; borossnenckuii, borossiaenckuii, 2018],
YTO MOCTYXHUJIO IPUYUHOMN PEIIEHUs O 1I0CPOUHOM
MIPEKPAIICHUN  SKCIUTyaTalliil  MECTOPOXKICHUS
B 2030 7, a 3aTeM 0 mepeHoce 3aBEPILICHUS JKC-
rutyararmy Ha 2022 ¥ npu nepBoHaYaIbHbIX I1J1a-
Hax MCMOJb30BaHUs MecTopoxkaeHus 10 2080 r.

[Ipu u3ydyeHUn peruoHaIbLHOTO MOTOKA Ceiic-
MHYECKUX cOObITHI Ha CaxalMHE UCIONb3YIOT-
csa [Tuxonos u np., 2017; 3akynun u np., 2019;
3akynuH, borunckas, 2020], kak nmpaBuio, Tpu
karanora. JlanHesle 3a HauOomee UIMTEIbHBIH
nepuon (1905-2005 rr.) nHabmomeHuit coxep-
JKAT PETMOHAJbHBIA KaTaJlor 3eMJICTPSICEHUMN
[Peruonanbnbii... , 2006], rae uMeroTCs cBElE-
Hus o 6osee uem 3500 celicMUYECKUX COOBITUAX
B paiione o. Caxanun ¢ M > 3.0. Karanor Caxa-
muHckoro ¢mmana OUL] ET'C PAH, npexncras-
JICHHBIN B M€YaTH €KErOIHBIMU BBIITyCKaMu (Ha-
npumep, [Pokuna u ap., 2020]), BkItouaeT B ceOs
semerpscenuss M > 3.0 ¢ 1997 1. Tem He meHee
peanbHOe cocTosiHue ceiicMuuHocTu CaxanuHa
yIaJI0Ch OLEHUTH TOJBKO MOCIE Pa3BEPTHIBAHUS
JIOKaJBHBIX CceTed IUMPOBBIX CEUCMHUECKUX
CTAaHUMU Ha 1ore M ceeepe ocrtpoBa. lloaTomy
HauOoJyiee HAJCKHBIM HMCTOYHUKOM CBEIACHUI
o cnaboii celicMuyHoctu CaxanuHa, 10 MHEHHUIO
[TuxonoB u ap., 2017], ¢ 2003 r. cran Tpetuit
Kartajior, ¢opMUpyeMblii Ha OCHOBE JAHHBIX JIO-
KallbHBIX CETEeH PETUCTPHUPYIOIINUX CTAHIIUN U 0e3
MIPOITYCKOB BKJTIOYAIONTUHN B CE0s1 3eMJICTPSCCHHUS
¢ M >2.0[Karanor..., 2011].

Bricokast o11iacHOCTh TEXHOT€HHBIX U TEXHOTEH-
HO-TPUITEPHBIX 3EMJIETPSICEHUI B 30HAX >KH3HE-
NeSITeTIbHOCTH 4elloBeKa OO0yCIOBIMBaeT HE0OXO-
JUMOCTh PACIIMPEHHs JUara3oHa MOTEHIIMAIBHO
OTACHBIX 3eMJICTPSICEHUN BIUIOTH 1O BKJIFOUCHHS
B HEro 3emuieTpsiceHuit ¢ M > 5 [3akynuH u 1p.,
2018; 3axynun, Cemenona, 2018]. Bo3moxHOCTB
MIPUMEHEHHS ONMCAHHOM METOJIMKU K BBISIBICHUIO
OMACHOCTH TEXHOTEHHBIX W TEXHOTEHHO-TPHI-
TePHBIX 3EMIICTPACEHUII COMHEHUN HE BBHI3BIBACT.
o kpaitHell Mepe 3aKOHOMEPHOCTH (HOPIIIOKOBOIA
aKTHBH3AllUM B TMPEJIBEPUH CHIBHBIX 3eMJIETpS-
CEHUH, CBA3aHHBIX C BoJoOXpaHuWiumamu [Iymra,

7 https://ria.ru/20190225/1551301913 . html.
8 https://ria.ru/20191014/1559692698.html.
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Pacroru, 1979] (M = 6.2 B 1966 1. y 03. Kpemacra
B I'pertin, M = 6.1 B 1963 1. y 03. Kapuba B 3am-
oun — Ponesuu, M = 5.0 13 cenrs16pss u M = 6.4
10 nexabps 1967 r. na mnorune Koitna B Uuaun),
WCTIONIB30BAIMCH JIJI1 OOOCHOBAHMS YpaBHEHHS
JCIIIT B ero nepBuyHOoM Buje [Mabiies, 1991].
Kpome Ttoro, mepBbie MONBITKH MPAKTUYECKOTO
npumeHenus ypaHenust J|CIIII otHocsTes k u3-
YUEHHIO TOPHBIX yaapoB B KOxxHO- YpanbckoM O0K-
CUTOHOCHOM paiioHe, re 28 mas 1990 . npouso-
mea CWJIbHEHIIUNA TOPHO-TEKTOHUYECKUN yriap
C pa3pylIeHHeM TOJ3EMHBIX TOPHBIX BBIPAOOTOK
maxthl Kyprazakckas Ha ruomaau 45 ra.

Takum oOpa3om, peruoHanbHas crenuduxa
BO3MO)XHOTO TPUMEHEHHUS TMPEIEACHTHO-IKCTpa-
HOIANUOHHON Mertonukyd B CaxajJvHCKOW oOJia-
CTH OOYyCIIOBJICHA JIByMsl TUIIAMH CEHCMUYECKOM
OTIACHOCTH, Pa3JIMYAIOIIUMHUCS TI0 JIOKAJTU3AINH
MOTEHI[MAIbHO OMNACHBIX 3EMIIETPACEHUN M HUX
MUHUMAJIBHOW MarHuTyje.

[lepBblii THUN MOpeACTaBICH TEKTOHOTEHHOM
CEHCMUYECKON aKTUBHOCTHbIO KypHIibCKOW OCTpO-
BOJY’KHO-CYOQYKIIMOHHOW CHCTEMBI. 311€Ch BO3-
MOYKHO HCIOJIb30BaHHE OMUCAHHOW METOIHUKH 0e3
CYIIIECTBEHHBIX U3MEHEHUH C MPUBJICYCHUEM JIaH-
HbIX KaTtajora [ PernoHanbHbli. .. , 2006] 1 kaTano-
ra Caxanunckoro ¢punuana GUL] EI'C PAH, a tak-
K€ C WCTOIH30BAHUEM JAHHBIX COIPENCTHHBIX
peruonoB (KaM4aTckoro peruoHaibHOTO CercMu-
YECKOro Kartajora Juisi ceBepHOM 4dactu Kypuiis-
CKOM cHCTEeMBI M Karajora JMA — /is 10)KHOM).

BTopoli TN celcMUYECKON OIACHOCTH CBS-
3aH C TEKTOHUYECKOW M TEXHOTEHHO-TEKTOHUYE-
ckoil ceiicmuyHocThi0 0. Caxanud. [IpeueneHt-
HO-3KCTPANOJISIMUOHHAS OLICHKAa CEHCMUYECKON
OMAacCHOCTH 3[I€Chb BO3MO)KHA TOJBKO Ha OCHOBE
JAHHBIX JIOKAJBHBIX CETeH pPEerucTpUpPYOIIUX
CTaHIIUU C UCTIOIH30BAHUEM TMPEIECHTHON 0a3bI
mo (OPIIOKOBOM MOATOTOBKE 3E€MIICTPSICEHHIA
¢ M > 5. B cBs3U C pacnpoCTPaHEHHOCTHIO TEX-
HOreHHOU cericmuuHocTh [Foulger et al., 2018]
MIPENICTABIISIETCS  BO3MOXKHBIM CO37aTh  TOJ00-
HYIO TIPEIEICHTHYIO0 0a3y Mpu aHaIM3e JTaHHBIX
Bcemuphoro katanora I'eomoruueckoil CityKObI
CHIA (USGS) ¢ oqHOBpeMEHHBIM Y>KE€CTOUCHUEM
TpeOOBaHUl MO AETEPMUHUPOBAHHOCTU (POPIIO-
KOBBIX PETPOIPOTrHO30B KAK MUHUMYM JI0 YPOBHS
Lpn > 0.98. Ncnonp30Banne HAHHBIX JIOKAJBbHBIX
cereit ¢ 2003 1. mpu OMpEAEIEHHOM Ha OCHOBE
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MPEYEQEHTHO-3KCTPAMONSIUUOHHAS OLEHKA CEICMUYECKOMN OMACHOCTU B PAMOHE CAXANIMHA U FOXHbIX KyPun

JlaHHBbIX Katajora JMA MakCHMajIbHOM arIpoK-
CHUMAI[MOHHO-3KCTPANOJISILIUIOHHOM ~ COOTHOIIIE-
HUU A = 2.47 TeopeTuyecKkH aeT BO3MOXKHOCTb
MOJyYUTh MPOTHO3HYIO 3a0JIarOBPEMEHHOCTH 10
3.5 5eT, 4TO COOTBETCTBYET CpPEIHE-I0JIr0CPOU-
HOM IIPOrHO3MPYEMOCTH U 1-My 3Tamy AelcTBU
IIPY BBIABICHUU NOTEHUUAJIBHO ONACHBIX TPEH-
OB CEUCMHYECKON aKTUBHOCTH.

3akjaouyeHmne

AHanu3 (hOpIIOKOBBIX MOCIEN0BATEIbHOCTEN
o 3a0J1arOBPEMEHHOCTH ¥ TOUHOCTH PETPOIIPOr-
HO3HBIX OIpENETICHUN CBHUIETENbCTBYET O BO3-
MOKHOCTH HMX MCIIOJIb30BaHUSI B CpPEIHE-II0JIrO0-
CPOYHOM KOJMYECTBEHHOM IIPOTHO3€ CHJIBHBIX
3eMIIETpsACEHUI. B TekyleM COCTOSHHM IIpe-
LEJAEHTHO-3KCTPANOJIALIMOHHAs METOJUKa Mpe-
CTaBisieT co0Oi TepBUYHBINA (MCCIeI0BaTEb-
CKHil) BapHWaHT, HYXXIAIOMUKCA B JajbHEHIICH
ajlanTanuy, OTJa/iKe, BBIABIEHUU U YCTPaHEHHUU
MEJKUX HEI0YeTOB U (BO3MOXHO) omuOoK. YTto
Kacaercsi pa3BUTHsI CaMOM METOAMKH, TO 3/€Ch
BO3MOYKHO HEKOTOPOE IOBBIIIEHUE €€ TOYHOCTH
1 3(p(HEeKTUBHOCTH TPU COOTBETCTBYIOIIEM YyBe-
JUYEHUU BBIYMCIUTEIBHBIX MOILIHOCTEN. Takxke
IIPEICTABIISIETCS. MEPCIEKTUBHBIM IPUMEHEHHE
ONMCAHHON METOJMKHU K MOTOKY «YCJIOBHBIX Jie-
(dopmaruii», TpeHIbl KOTOPOTO XapaKTEPU3YIOTCA
MEHBIIIEH MOJIOCON OMMOOK U MOATOMY IO CpaB-
HEHMIO C TOTOKOM 3HEPruu MOTYT IOKa3arh 00-
Jiee BBICOKYIO TOYHOCTb B IIPOTHO3HBIX 3KCTPAIO-
JSALUUSX.

Tem He MeHee, IO HallleMy MHEHHIO, OHA yXkKe
ceifyac MpUro/iHa K NpakKTUYECKOMY HCIIOJIb30Ba-
Huto. [Ipu 3TOM HEOOXOAMMO YUUTHIBATh, YTO Me-
TOJIMKA, 10 KpailHE! Mepe Ha JaHHOM JTale, He
MpEeIHa3HAuYCHA ISl MCIIOJIb30BAaHUSl B KaueCTBE
CaMO/I0CTaTOYHOTO U aBTOHOMHOI'O METOJa Ipo-
rHO3a CWIBHBIX 3emiieTpsceHuil. OHa OCHOBBIBa-
€TCsl Ha PETPOCIEKTHBHOM AaHAJM3€ MPOrHO3U-
pyeMocTd (OPIIOKOBBIX TIOCIEN0BATEIBLHOCTEH
U TO3BOJISIET, MCHOJb3ys HAKOIUIEHHBIM mpere-
JIEHTHBIN OMBIT, BBISBIATH 30HBI C MOTEHLIUAIBHO
ONacHBIMM TEHACHIIMSIMU HapacTaHUs celicMuye-
CKOIl aKTUBHOCTH M paCCYUTHIBATH BPEMs, B KOTO-
POE€ 3TU TEHACHITUH (TIPH YCIIOBUH UX COXPAHEHU )
MOTYT JOCTHYb OIAaCHOTO YPOBHS. AKIIEHTUPOBA-
HUE BHUMaHMsI Ha TOTEHLMAJIbHO OMACHBIX 30HAX
U pacCTaHOBKA IPUOPUTETOB C yYETOM YPOBHS
OMACHOCTU U MMEIOILErocs pe3epBa BpEMEHU Jie-
JIAIOT BO3MOXHOM KOHILIEHTPALIUIO BCETO KOMILIEK-
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ca MPOTHOCTHYECKUX METO/IOB B HYKHOE BpeMs
B OINPEIECICHHOW IPOCTPAHCTBEHHOW JIOKAJIN3a-
[IMW: HAa3e€MHBbIC W CITyTHUKOBBIC Ie(pOopMaIinoH-
HbIE HAOJTFONIEHN S, HCCIICIOBAHUS Te0(U3NICCKUX
MOJICH, peXuMa TPYHTOBBIX BOJ U Jera3allioOH-
HBIX TPOIIECCOB, a TaK)Xe HapaluBaHue (Ipu
HEOOXOAMMOCTH) TUIOTHOCTH PETHCTPUPYIOIICH
ceTHu cercMuueckux ctanuuil. [lo Hamemy mHe-
HUIO, paHHEe OOHapyKEHUE OMACHOCTH C Toce-
OYIOIIEH KOHIIEHTPAIMel MPOrHOCTUYECKUX Me-
TOJIOB — KJIFOY K YCIEXY KaK B IPOrHO3€ CUIIbHBIX
3eMJIETPSACEHMI, TaK U B IOJy4YE€HUH HOBBIX BBICO-
KOKQYEeCTBEHHBIX JIAaHHBIX 00 UX MOJATOTOBKE.

Ha npumepe Tekymiero coctosiHusi Karajiora
JMA BbisiBI€HO 15 30H ¢ MOTEHUHMAIBHO ONAac-
HbIM (11 Tepputopun Caxanuna u Kypuibckux
0-BOB) HApacTaHHEM CEUCMHYECKOW AaKTUBHO-
cTu. st 3THX 30H B 56 cilydasix 10 MMEIOIIUMCS
MpereaeHTaM CHWIBHBIX (M > 7) 3eMIeTpsICeHHI
paccuuTaHO BO3MOXKHOE BpEMsI MX aHAJOIOB.
Haunbonpiryro onacHOCTh I paccMaTpruBaeMOi
TEPPUTOPUU IIPENCTABIIAECT 30HA 7, pacnojiararo-
nascs Ha ceBepe 0. XOKKanWJI0 B HENOCPEACTBEH-
HOM Onu3ocTy K 10kHOM yactu 0. CaxanuH. Pas-
BUTHE CEHCMHYECKOM aKTMBHOCTH B 3TOH 30HE
MMEeT aHaJloTu B (POPIIOKOBON MOATOTOBKE 3€M-
nerpsacenus ¢ M = 8.0. PacueTHoe Bpems aHaio-
TUYHOTO TOJIYKA COOTBETCTBYET 6 aBrycra 2024 1.
C JIOIYCKOM IO BpeMEHU HEMHOTUM OoJiee roja.

PeruonanpHas crnennduka BO3MOXKHOTO MpH-
MEHEHHUS MPELEACHTHO-IKCTPANOIALIMOHHBIX
onleHoKk B CaxanuHCKOW 06jacTu 0OyClIOBIEHA
JBYMsI TUIAaMHM CEUCMHMUYECKOW OIACHOCTH, pa3-
JUYAIOIUMUCA MO JIOKAJU3alMi MOTEHUUAIBHO
OMACHBIX 3E€MJIETPSACEHHH M MX MHHUMAaJIbHOU
MAarHUTyze: TEKTOHOT€HHOW CEMCMHUYECKOM aK-
TUBHOCTBIO KypHIIbCKOW  OCTPOBOIYKHO-CYO-
JTYKIIMOHHOM CHUCTEMBbl U TEKTOI€HHO-TEXHOTECH-
HOM U TEXHOIC€HHO-TPUTTEPHON CEHCMHYHOCTBIO
0. Caxanun. [Ipu onenke onacHoctu Kypuibckoii
OCTPOBOAYKHO-CYOTyKIIMOHHON CHUCTEMBI BO3-
MOXXHO HCIIOJIb30BaHWE OMUCAHHOW METOIUKH
0€3 CyIIECTBEHHBIX U3MEHEHUH C MIPUBJICUCHUEM
TAHHBIX PErHMOHANBHBIX KaTanoros. [IpeneneHT-
HO-3KCTPAIOJISIIUOHHAS OLIEHKa CEHCMUYECKON
onacHOCTH Ha 0. CaxanuH BO3MOXKHA TOJBKO Ha
OCHOBE JIAHHBIX JIOKAJIBHBIX CETEH pPEerucTpupy-
IOIUX CTAaHIUI U TpeOyeT pacuIMpeHus mnpere-
JNEHTHOM 0a3bl 0 (OPIIOKOBOM MOITOTOBKE 3€M-
JIETPACEHU 10 ypoBHS M > 5.
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Abstract. The paper describes the algorithm and the results of the seismic hazard estimate in the Sakhalin
and Southern Kurils region based on the data of the Japan Regional Catalogue (JMA). A nonlinear
differential equation of the second order is used as a mathematical model, and algorithms for optimization
and predictability estimation are presented by the author's solutions. The prediction algorithm is based
on the search for seismic activity zones in which the current activity trends correspond to foreshock
sequences recorded before strong earthquakes (precedents) that have already occurred. The earthquake time
is calculated with extrapolating the detected trends to the level of activity that occurred at the time of the
precedent earthquake. By the example of precedent foreshock sequences in Japan, it is shown that the lead
time of such a prediction reaches 10—15 years and its implementation is due to the preservation and stability
of the identified trends. A map of potentially dangerous zones for Sakhalin and the Kuril Islands and some
examples of calculating the time of strong earthquakes according to the JMA catalogue as of August 31,
2018 are presented. Action sequence in identifying the potentially dangerous trends in seismic activity and
the specifics of possible use of the technique in the Sakhalin region are considered..
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Introduction

The seismic energy flux of earthquakes £ shows
a good predictability [Malyshev, Malysheva, 2018;
Malyshev, 2019 a, b; Malyshev, 2020] when us-
ing the equations of dynamics of self-developing
natural processes (DSNP-equations, see below) as
a model. The obtained results demonstrated good
prospects for the approximating-extrapolation ap-
proach for predicting both the strong earthquakes
themselves and the subsequent aftershock decay
of seismic activity.

When summarizing the obtained results, it was
found [Malyshev, Malysheva, 2019] that the range
of values of the a and k parameters in the DSNP-
equation, which determine the foreshock predict-
ability of strong earthquakes, is shifted relative to
the whole predictability area to the lower left part
of the o — g || diagram (Fig. 1), i.e. where the fig-
urative points of the most slowly developing and
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long-lasting processes of activation are located.
This makes it possible to differentiate the trends
in the activation of the seismic energy flux by the
a and k parameters, on the one hand, into condi-
tionally safe (without precedents of termination by
strong earthquakes), and on the other hand, into po-
tentially dangerous ones that deserve close atten-
tion due to the precedents (often repeated) of these
trends completions with strong earthquakes.
Processing of the data from the Japan Mete-
orological Agency (JMA) catalogue showed' that
the predicted intensification of the seismic ener-
gy flux precedes 123 (out of 676) strong (M > 7)
earthquakes. 87 536 precedents of these earth-
quakes falling into the range of admissible errors
were found during the retrospective extrapolation
of the foreshock trends into the “future”. In par-
ticular, the strongest earthquake of that number —
the Tohoku earthquake (M = 9.0) — has 150 prec-

! Malyshev A.L., Malyshev L.K. Foreshock predictability of strong earthquakes in Japan by the seismic energy flux (submitted for

publication in the “Physics of the Solid Earth” journal).

Translation of the article published in the present issue of the Journal: Mansimes A.1., Mansimesa JI.K. IIpeneneHTHO-9KCTpanosuoH-
Has OIleHKa ceficMuueckoi onacHocTH B paiione Caxanuna u lOxusix Kypun. Translation by G.S. Kachesova.
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Figure 1. Distribution of the specific weight of predictability w, for activating the seismic energy flux (left), foreshock
predictability of strong earthquakes (right) and their combination (center) in the coordinates of the o — lg |k| parameters
of the DSNP-equation, according to [Malyshev, Malysheva, 2019].

edents of falling into the range of retrospective
prediction extrapolations.

In the distribution of retrospective prediction
precedents by their lead time, more than 20 %
of retrospective predictions have lead times from
3 to 1015 years or more. Another 45 % of them
has a lead time of 3 months to 3 years. Despite
the large error band when simulating the energy
flux (compared to “nominal strain” and the num-
ber of events [Malyshev, 2019b]), such a high
lead time brings to rather high forecasting accu-
racy in these ranges. Moreover, it is in the range
of more than 3 years that the lead time exceeds the
time deviation at the moment of shock by an aver-
age of 5.82 times, and for the most accurate retro-
spective prediction for this range — by 37.18 times.
This fact indicates the possibility of a medium
and long-term quantitative estimate of the strong
earthquakes hazard.

The results of the seismic hazard estimate
according to the JMA catalogue are detailed
for the Sakhalin and the Southern Kurils region,
and the prospects for using the Sakhalin regional
catalogue for these purposes are discussed in this
work.

Research techniques

The DSNP-equation is used in the work
[Malyshev, 1991]:

LGOS M

where x — calculated characteristic of the pro-
cess, which models the available empirical data,

FEOCUCTEMBI MEPEXOAQHbIX 30H
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x'u x" — its first and second derivative with time ¢,
k — proportionality factor, and the A u a exponents
determine the process nonlinearity close to the
stationary state (x' = x')) and at significant a con-
siderable distance from it (x' >> x)), respectively.

For predicting potentially catastrophic pro-
cesses, the most interesting case is x' >>x' . Due to
this, the following equation is of relevance as an
approximation model:

x"=k(x")" (2)

The linearity of equation (2) solutions in or-
dinary or logarithmic coordinates simplifies the
search for the best fit (optimization) between
a particular solution of equation (2) and the actual
data approximated with it [Malyshev, 2019a].

Spatial analysis of seismic data is carried
out by spherical hypocentral samples with ra-
dii of 1.5, 3, 7.5, 15, 30, 60, 150 and 300 km.
The centers of the samples are fixed and distribut-
ed over latitude, longitude, and depth with an off-
set step that is 1.5 times smaller than the sample's
radius (i.e., 1, 2, 5, 10, 20, 40, 100, and 200 km,
respectively), which provides spatial overlap
of the samples and eliminates data omission for
predictive estimates. In retrospective studies,
each event in the analyzed catalogue is sequen-
tially considered as a “current” event. The time
moment of this event is taken as “present”. The
time preceding this event is considered “past”,
and the subsequent time — “future”. Hereinafter,
the predictability means finding the actual data
of the “future” in the band of admissible errors
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relative to the calculated curve in its extrapolation
part. To estimate the predictability, the average de-
viation ¢ of the actual points from the calculated
curve along the normal is used in the coordinates
normalized to the range from O to 1. Then the ap-
proximation is extrapolated to the “future” until
the normal distance of each subsequent (predicted)
actual point to the calculated curve is in the band of
admissible errors (£30) [Malyshev, 2016].

The relative accuracy of precedent predictions
is estimated by the formula A = (¢, — ¢ )/c,, where
t, 1s the time of the main shock, 7_ is the current
time (prediction moment), c, is the average time
deviation of the actual data from the calculated
curve in its closest to the main shock point. In ad-
dition, two more quantitative characteristics — pre-
dicted nonlinearity L and approximation and ex-
trapolation ratio 4 — "are important for precedent
retrospective prediction definitions and predictive
extrapolations. As will be shown below using the
example of precedent retrospective predictions,
the first characteristic reflects the stochasticity/de-
terminacy of the main shock position relative to its
calculated curve. It is calculated using the formula:

L, =2[A~(A+A)21/(A +A),  (3)

where A =(x, —x,)/(x —x)—1, A=(t —t)/(t ~t)-1;
x andf,x and?,x, and ¢, —the values of parame-
ter and tlme in the orlgln point of the foreshock se-
quence, in the prediction point and in the moment
of main shock, respectively. In so doing, in the case
of retrospective predictions, the actual values of x ,
and 7, are used, while in the case of predictive ex-
trapolations — their calculated values. For the fore-
shock sequences, the L, _value varies from 0 to 1.

The approx1mat10n "and extrapolation ratio 4
shows, in turn, how many times the total fore-
shock trend exceeds its approximation component
in the coordinates of the full trend, normalized
to the range from 0 to 1. The statistical analy-
sis of this ratio has been carried out according
to the precedent retrospective prediction defini-
tions and is used to estimate the limit of predic-
tive extrapolations. In general, the 4 value can be
determined by the ratio of the lengths of the cor-
responding sections of the calculated curve. How-
ever, in the case of step cumulative characteristics
of the seismic flux (energy, conditional deforma-
tions, or the number of events), calculation by the
following formula turns out to be the simplest and
most effective:

FEOCUCTEMBI NEPEXOAHbIX 30H
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A=2/(x,—x)/(x, —x)Ht. —1)/(,—1)]. (4

For foreshock retrospective predictability
of the strong earthquakes in Japan, the approxi-
mation and extrapolation ratio does not exceed
the value 4 =2.47.

The regularities of the precedent foreshock
preparation of strong (M > 7) earthquakes allow
identifying similar trends in the seismic activity
increase and their subsequent extrapolation based
on the JMA catalogue, despite the existing 2-year
delay in its update with operational seismic infor-
mation. The prediction estimate of these trends
dangers assumes the use of the data of precedent
retrospective predictions and is based on the pos-
sibility of binding the time of the main shock to
the rate of change in the x' , parameter at the point
of the extrapolation curve closest to the main
shock. For this purpose, a database of precedent
retrospective predictions with the inclusion of
information about the hypocentral radius of the
sample, the exponent o and the coefficient & of
equation (2), the rate of change in the x', param-
eter at the calculated trend point closest to the
shock, as well as information about the precedent
main shock (magnitude, localization in space and
time) is created.

The essence of the precedent-extrapolation
estimate of the seismic hazard consists in identi-
fying potentially dangerous spatial zones, where
such an increase in seismic activity is observed,
which has historical precedents of completion
by a strong earthquake. The quantitative aspect
of the prediction corresponds to the calculation
of the possible time of a similar earthquake based
on the database of its precedent predictions. Since
for each type of activation, determined by the ra-
dius of the sample and the values of the exponent
a and the coefficient £ in equation (2), there are
can be several such precedents, the corresponding
calculations of the possible time are carried out
for each of them.

The prediction extrapolations algorithm pro-
vides for the following operations:

1. Search in the catalogue for incomplete (not
came out of the band of admissible errors at the
time of the catalogue end) prediction definitions,
in which a tendency towards an increase in seis-
mic activity is found.

2. Comparison of the type of an activity in-
crease with the database of precedent retrospective
predictions along the sample radius, exponent o

GEOSYSTEMS OF TRANSITION ZONES
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(with an accuracy of 0.01) and coefficient £ (when
comparing Igk with an accuracy of 0.1). All cases
of an activity increase that have no analoges in the
database of precedent retrospective predictions
are ignored.

3. The remaining cases are checked for strong
shock precedents according to the retrospective
database. In this case, all precedent prediction
cases, for which the rate of change in the x', pa-
rameter at the moment of the precedent shock is
less than the current (at the moment of the cata-
logue completion) speed x' (x', <x'), are excluded
from consideration. The essence of this limitation
is reduced, firstly, to excluding from consideration
post-shock activity (the initial stage of aftershock
sequences, which falls into the band of admissible
errors of the foreshock activation), and secondly,
to focusing attention at the early stages of fore-
shock preparation (x'<< x' ), where the relative
prediction accuracy is highest.

4. For each precedent retrospective prediction
based on the rate of change in the x', parameter,
the time 7, and the value of the x, parameter are
calculated at which, for a given type of an activ-
ity increase, its level will correspond to the level
of the precedent shock:

t,=T —x'"“[k(l —a)] when a# 1
ort, =t+In(x', /x')/kwhena=1, 5)

=X —x' 2 k(2—a)] when o # 2
orx, =x+tIn(x', /x')/kwhena=2. (6)

Then the level of predicted nonlinearity L,
the approximation and extrapolation ratio 4 and
the expected deviation in time o, of the actual data
from the calculated trend at the moment of the
main shock, are estimated. The value of this ex-
pected deviation is determined from the average
deviation along the normal® of the approximated
data and recalculated for the deviation in time
at the calculated point (¢,, x,) of the precedent
shock. The definitions, for which 4 > 2.47, are not
considered as having no precedents.

5. The revealed precedent retrospective pre-
dictions are grouped by the main shock. For each
group, the calculated average time of the shock,
its standard deviation o ,, as well as the average
values of Lpn, A and o, are determined.

Initial data

As the initial data, the work uses the Japan Me-
teorological Agency (JMA) earthquake catalogue,
which includes data from 1923 to the end of Au-
gust, 2018°. By this time, the catalogue contained
data on 3 498 071 earthquakes with a magnitude
M=-1.6 ... + 9.0 at its modal value 0.6. The seis-
mic energy flux E is considered as the x parameter,
i.e. a cumulative amount of earthquakes energy.
In this case, the energy of a single earthquake is
estimated according to the existing relationship
between its magnitude M and the energy class K
[Kanamori, 1977]: K=1.5 M +4.8.

Results and discussion

Examples of retrospective prediction extrap-
olations with a sufficiently high relative accuracy
A and significant differences in predicted nonlin-
earity L are shown in Fig. 2. Table 1 contains

pn .
data on the main shock, sample and some char-
acteristics of the foreshock trend corresponding
to these examples. The first three graphs clearly
illustrate the high lead time of these foreshock
retrospective predictions (from 5 to 20 years),
while the 4-month lead time of retrospective
prediction 4 corresponds to the medium-short
prediction range. Also, it can be seen in Fig. 2,
that for a low predrcted nonlinearity L, _(graph 1
in Fi ig. 2), the position of the strong earthquake
step in the energy flux is weakly determined
by the band of admissible deviations. A strong
earthquake in this band could have occurred both
much earlier, and much later than its actual time,
i.e. the stochasticity of a strong shock time in-
creases with decreasing predicted nonlinearity.
The latter is typical for the sequences of acti-
vation close to stationary development. On the
contrary, with an increase in the predicted non-
linearity (graphs 2—4 in Fig. 2), the asymmetry
of the band of admissible deviations by the pa-
rameter and time increases. As a result, the step
of a strong earthquake, requiring a large admis-
sible deviation by the parameter, is more and
more rigidly determined by a reduction of the
time interval, in which a strong shock can occur.
This variability of stochasticity/determinacy of
the process, depending on the level of predicted
nonlinearity Lp”, have to be taken into account in

2 In the coordinates from the first point of approximation area to the calculated shock, normalized to the range from 0 to 1.
3 http://www.data.jma.go.jp/svd/eqev/data/bulletin/hypo_e.html; data are updated with a delay of about 2 years.
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Table 1. Data on main shock, sample and some characteristics of the foreshock trend for the examples

of retrospective prediction extrapolations given in Fig. 1.

| 1 | 2 | 3 | 4
Earthquake
Date 1936.11.03 2016.11.22 2010.02.27 2005.08.16
Time 05:45:57 05:59:46 05:31:25 11:46:25
M 7.4 7.4 7.2 7.2
Hypocenter latitude 38.263° 37.355° 25.919° 38.150°
longitude 142.062° 141.604° 128.680° 142.278°
depth, km 61 24.5 37 42
Sample
Radius, km 300 30 60 30
Center latitude 40.588° 37.365° 26.175° 38.084°
longitude 141.854° 141.784° 128.743° 142.081°
depth, km 0 40 40 40
Foreshock trend
t,—t,days 1749.696 6989.198 5355.244 132.471
A=(t,—t)o, 16.8551 22.0833 65.0781 658.6533
L, 0.5645 0.9264 0.9896 0.9999
A 1.9900 2.3711 2.2984 2.0816
o 0.5918 2.0000 1.4827 2.0000
lg k 1.9937 —14.8779 —8.4397 —11.9478

Figure 2. Examples of some foreshock extrapolations of the energy flux.

Figures in circles: 1 —actual data curve, 2 — calculated curve, 3 — errors band (£30), 4 — retrospective prediction
moment, 5 — strong earthquake. The serial numbers of the graphs correspond to the data numbering in Table 1.
The intersection of the vertical and horizontal dotted lines on the graphs corresponds to “current” values of
time and parameter, there is “past” to the left and below this intersection, and “future” — to the right and above.
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predictive extrapolation calculations of the time
of strong earthquakes.

Resulting from the analysis of the JMA cata-
logue data, 186 zones were identified, for each

Figure 3. Map (top left) of the potentially dangerous zones of an increase in seismic
energy flux according to the JMA catalogue as of August 31, 2018, its meridional
sectional view (top right) and time base of the seismic hazard.

The circles show the position of the samples, in which potentially dangerous activi-
ty was identified; the brightness of the circle line reflects the danger level (according
to the strongest possible precedent earthquake by the current regularities of activa-
tion), and its thickness is the number of identified potentially dangerous uncomplete
prediction definitions; number 7 denotes the most dangerous zone, where uncom-
pleted predictions have tendencies to activation, similar to the foreshock prepara-
tion of strong earthquakes up to the precedent earthquake with M = 8.0.

The time base of the seismic hazard is made up of the strongest precedent earth-
quake for each zone; zones numbering here and in Table 2 is in descending order
of their danger (according to the strongest precedent shock) all over the JMA cata-
logue; the error in the estimated time of the precedent shock is shown by the maxi-
mum of the 36, and 3o, values (see Table 2); precedent shocks and their possible
time error are shown in five gradations of shades from pale gray to black depend-
ing on the level of predicted nonlinearity L, (<0.5, 0.5-0.8, 0.8-0.95, 0.95-0.99,
0.99-1.00), which reflects stochasticity/determinacy of the relationship between the
shock time 7, and the rate of change in the x' , parameter.
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of which there are at least 10 uncomplete (as of
August 31, 2018) prediction definitions with a po-
tentially dangerous increase in seismic activity.
The regularities of activation in these zones have

analogs in the foreshock
preparation of 759 precedent
earthquakes. The zones with
localization to the north of
40° N are of importance for
estimating the seismic and
tsunami hazard on the ter-
ritory of Sakhalin and the
Southern Kurils. 15 potential-
ly dangerous zones, the devel-
opment trends of seismicity
of which have analogs in the
foreshock preparation of 56
strong precedent earthquakes
(Fig. 3, Table 2), were identi-
fied here. The greatest danger
for the territory concerned is
the activity trend in zone 7
(Fig. 4), which has a radius
of 150 km and is located in the
north of Hokkaido Island in
close proximity to the south-
ern part of Sakhalin Island and
the regional center Yuzhno-
Sakhalinsk. The development
of seismic activity in this zone
has analogs in the foreshock
preparation of the earthquake
with M = 8.0, which occurred
on December 21, 1946, with
the epicenter to the south
of Cape Shionomisaki. The
estimated time of a similar
shock in zone 7 corresponds
to August 6, 2024 with a time
error (3o,) tolerance of a lit-
tle over a year. Besides, less
strong earthquakes are also
possible in zone 7, since there
are some precedents in the
foreshock preparation of an-
other 6 strong earthquakes of
level M = 7.0-7.5 for some
uncomplete predictions for
this zone.

The current trends in the
seismic activity development
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and their prediction extrapolation for zones 20,
82, 153, 158 illustrate (Fig. 5) a variety of prece-
dent extrapolation estimates of the seismic hazard
in different zones. Obviously, all 15 potentially
dangerous zones deserve attention. However, the
results obtained for these zones should be consid-
ered rather as working materials for expert groups
on the seismic hazard estimate. In this case, first
of all, it is necessary to take into account that
all the results of the precedent extrapolative es-
timates presented here are conditional, i.e. they
make sense, provided that the identified poten-
tially dangerous trends did not come out the band
of admissible errors for the period from August
2018 to the present (the period of the current data
delay in the JMA catalogue) and remain relevant
in the near future.

Therefore, at this stage, the method of ap-
proximation analysis and prediction extrapolation
based on the DSNP-equation can and should be
used as the primary method for spatial diagnostics
of the presence of dangerous seismic
trends and for estimating the available
time reserves. It is logical to build this
method of analysis and estimation
into the very process of creating seis-
mic catalogues, that document the flux
of seismic events. In this case, firstly,
any updating the catalogue data and/
or their editing will automatically re-
flect the current situation of the dan-
gerous trends in seismic activity, their
appearance or disappearance (in case
of activity going beyond the band of
admissible deviations of the trend),
and secondly, automation of prece-
dent-extrapolation estimates makes it
possible in the future to use these es-
timates as an independent prediction
method at a short-term lead time

The 4th example of retrospec-
tive prediction extrapolations demon-
strates the certain grounds for this in
Fig. 2 and in Table 1. With a 4-month
lead time, this retrospective predic-
tion is characterized with an average
time deviation (c,) of about 0.2 day at
the moment of the shock. That is, the
total band of admissible errors + 3c,
is only 1.2 days in this case. This, in
turn, makes it practically possible to

FEOCUCTEMBI MNEPEXOAHbIX 30H
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use short-term preventive measures during a dan-
gerous period, for example, evacuating the popu-
lation for this period from potentially dangerous
buildings and structures and declaring high alert
in the areas of tsunami risk. In addition, such me-
dium-term and short-term predictions have a small
radius of spatial localization, as a rule, which also
eases their practical use.

Currently, the number of such retrospective
predictions in the precedent base is not great,
but there is a possibility of its updating due to
the results of other catalogues processing. Strong
earthquakes are rare, and the quality and detail
of seismic activity recording have increased sig-
nificantly in recent years and decades. In particu-
lar, the JMA catalogue contains information about
only 0.5 million events for 80 years of observa-
tions in the XX century, while in the first two
decades of the current century, the number of re-
corded earthquakes exceeded 3.5 million. It is nat-
ural to expect that detailed recording the seismic

Figure 4. Current (top) and predicted (bottom) activity development ac-
cording to the seismic energy flux £ in zone 7. Here and in the figures
below the calculated curves of the activity trends are shown in darker
shade in the approximation part of the trend and in lighter shade — in the
extrapolation one. The circles show the calculated location of the prec-
edent earthquakes, size of the circles depends on magnitude (in this case,
maximum precedent magnitude M = 8.0). The error in calculated time of
the precedent shock is shown according to the maximum of 3o, and 3c,
values (see Table 2).
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preparation of strong earthquakes in the future will
inevitably result in the updating the precedent base
with more qualitative data. And this, in turn, will
allow the methodology to be extended to short-
term prediction extrapolations.

There are also certain grounds to expect that
foreshock activation before strong earthquakes is
of a cyclical nature. In particular, among the po-

tentially dangerous zones of Japan, identified by
the current state of the JMA catalogue’, there is a
cluster of spatially close and partially intersecting
zones 2, 4, 6 with a radius of 150 km and localiza-
tion in the region of the northeastern part of Shi-
koku Island and the cities of Kobe and Osaka with
a danger of an earthquake of M = 8.0-8.2 class in
2021. In the context of polycyclicity, it is impor-

Zone 20

Zone 82

Zone 153

Zone 158

Figure 5. Current (a) and predicted (b) seismic activity development in calculated zones.

4 Malyshev A.I, Malyshev L.K. Foreshock predictability of strong earthquakes in Japan by the seismic energy flux (submitted for

publication in the "Physics of the Solid Earth” journal).
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tant for us that in zone 4 belonging to this clus-
ter, two cycles of a potentially dangerous activity
increase were established: the cycle of a gradual
increase in the energy flux with a relatively low
predicted nonlinearity began in September, 1943
and a shorter cycle with a high predicted nonlin-
earity. The last cycle began immediately after the
devastating earthquake in Kobe on January 17,
1995 (M = 7.3), and it is this cycle that has the
most dangerous trends of activity increase (up to
the existing precedent with M = 8.0).

The possible polycyclic nature of the fore-
shock preparation of strong earthquakes and
an extremely wide range of their predicted lead
times allow us to outline a conditional staging
of actions when identifying potentially danger-
ous trends in seismic activity: 1) with a predicted
lead time of more than 1 year — verification of the
identified danger using a set of all available pre-
diction methods; 2) with a predicted lead time
from 1 year to 10 days (especially in areas with
persistent and verified at stage 1 trends) — bring-
ing the civil defense and emergency services into
high readiness; 3) with a lead time of less than
10 days in zones with identified at the 1st and/or
2nd stages and persisting dangerous trends — con-
nection to the process of precedent-extrapolation
estimates of automatic warning systems in order
to inform about the clarification of the time period
of the danger or about its cancellation. As already
mentioned above, at present, precedent-extrapo-
lation estimates can be used at the level of the 1st
stage, while the 2nd and 3rd stages are the goal
of future researches, achievable provided that the
estimation algorithm is integrated into the process
of seismic catalogues generating with simultane-
ous increase of computing power; and qualitative-
ly and quantitatively increasing precedent data.

At the regional level, the use of the method
can have its own specificity, due to the nature
of seismicity, information on the regional seis-
mic flux gathered in catalogues, the current state
of the recording seismic networks and ideas about
the minimum energy of dangerous earthquakes.

Let’s consider the regional specifics of using
the method on the example of the Sakhalin region.
The highest level of regional seismic activity is
characteristic of the Kuril island-arc-subduction

system due to its high tectonic activity. Instrumen-
tal methods have repeatedly recorded earthquakes
of level M > 8§ here, accompanied by a tsunami.

Sakhalin Island, where most of the popula-
tion and industry of the region is concentrated,
is characterized by a moderate level of seismic
activity [Tikhonov et al., 2017]. For 10 years, an
average of one earthquake with M > 6 and about
10 events with M > 5 is recorded here. The hy-
pocenters of Sakhalin earthquakes are located at
shallow depths (up to 30 km) and along the Kuril
seismic focal zone (depth 250-650 km). Deep-
focus earthquakes, as a rule, do not pose a serious
seismic hazard, while shallow earthquakes can
bring to significant destruction and numerous cas-
ualties. In particular, an earthquake with M = 7.2
completely destroyed the town of Neftegorsk in
the northeast of the island in 1995. In one night,
2 240 people died, including 308 children, 720
were seriously injured and only 30 were not hurt’.
This earthquake, as well as the Uglegorsk one in
2000 with M = 7.0 in the central part of the island
and the Nevelsk one in 2007 with M = 6.2 in the
south indicate the high seismic hazard of Sakhalin
[Zakupin et al., 2019] despite the relatively mod-
erate level of its seismic activity.

Along with the usual tectonic seismicity,
Sakhalin is characterized with technogenic and
technogenic-trigger seismicity in connection with
the mining on the island and in the adjacent wa-
ter area ([ Tikhonov, 2010; Semenova et al., 2020];
AA Stepnov®). There is reason to expect [Foulger
et al., 2018] that with the planned intensification of
the development of hydrocarbon deposits and other
mineral resources, the technogenic and technogen-
ic-trigger components of regional seismicity will
increase. The situation with the Groningen field
(Netherlands) may be cited as an example, where
natural gas production has caused an increase in
seismic activity [Thienen-Visser et al., 2015; Bo-
goyavlensky, Bogoyavlensky, 2018], which was
the reason for the decision to prematurely termi-
nate the operation of the field in 20307, and then
to postpone the completion of operation to 20228,
with the initial plans for using the field until 2080.

As arule, three catalogues are used when stud-
ying the regional flux of seismic events in Sakha-
lin [Tikhonov et al., 2017; Zakupin et al., 2019;

5 https://pressa.tv/interesnoe/72899-neftegorsk-gorod-mertvyh-strashnoe-zemletryasenie-28-maya-1995-goda-8-foto-video.html
¢Stepnov A.A. 2015. Complex automated monitoring system for analysis of contemporary seismicity of the North Sakhalin: diss. ... cand.
in phys. and math. sciences. Yuzhno-Sakhalinsk, Institute of Marine Geology and Geophysics of FEB RAS, 135 p.

" https://ria.ru/20190225/1551301913.html
8 https://ria.ru/20191014/1559692698.html
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Zakupin, Boginskaya, 2020]. The data for the
longest period of observations (1905-2005) is
contained in the regional earthquake catalogue
[Regional..., 2006], where there is informa-
tion about more than 3500 seismic events with
M > 3.0 in the area of Sakhalin Island. The cata-
logue of the Sakhalin branch of the Federal Re-
search Center of the UGS RAS, presented in
print in annual issues (for example, [Fokina et al.,
2020]), includes earthquakes with M > 3.0 since
1997. Nevertheless, the real state of seismicity
in Sakhalin was able to be estimated only after
the deployment of local networks of digital seis-
mic stations in the south and north of the island.
Therefore, the most reliable source of information
about the weak seismicity of Sakhalin, according
to [Tikhonov et al., 2017], since 2003, has become
the third catalogue formed on the basis of data
from local networks of recording stations [Earth-
quake... , 2011] and without omissions including
earthquakes with M > 2.0.

The high danger of technogenic and techno-
genic-trigger earthquakes in the zones of human
activity necessitates expanding the range of poten-
tially dangerous earthquakes up to including earth-
quakes with M > 5 [Zakupin et al., 2018; Zakupin,
Semenova, 2018]. The possibility of using the
described method to identify the danger of tech-
nogenic and technogenic-trigger earthquakes
is not in doubt. At least the regularities of fore-
shock activation before strong earthquakes asso-
ciated with the reservoirs [Gupta, Rastogi, 1979]
(M = 6.2 in 1966 near Lake Kremasta in Greece,
M = 6.1 in 1963 near Lake Kariba in Zambia —
Rhodesia, M = 5.0 on September 13 and M = 6.4
on December 10, 1967 at the Coyne Dam in In-
dia), were used to substantiate the DSNP-equation
in its primary form [Malyshev, 1991]. In addition,
the first attempts to practically apply the DSNP-
equation relate to the study of rockbursts in the
South Ural bauxite region, where on May 28,
1990, a strong tectonic rockburst occurred with
the destruction of underground mine workings
of the Kurgazakskaya mine over an area of 45 ha.

Thus, the regional specificity of the possible
use of the precedent-extrapolation method in the
Sakhalin region is due to two types of seismic
hazard, which differ in the localization of poten-
tially dangerous earthquakes and their minimum
magnitude.

The first type is represented by tectonogenic
seismic activity of the Kuril island-arc-subduction
system. Here it is possible to use the described

FEOCUCTEMBI MEPEXOAQHbIX 30H
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methodology without significant changes using
the data of the catalogue [Regional... , 2006] and
the catalogue of the Sakhalin branch of the Fed-
eral Research Center of the UGS RAS, as well as
using the data of adjacent regions (Kamchatka
regional seismic catalogue for the northern part
of the Kuril system and the JMA catalogue for the
southern part).

The second type of the seismic hazard is asso-
ciated with the tectonic and technogenic-tectonic
seismicity of Sakhalin Island. A precedent-extrap-
olation estimate of the seismic hazard is possible
here only on the basis of data from local networks
of recording stations using the precedent base for
foreshock preparation of earthquakes with M > 5.
Due to the prevalence of technogenic seismicity
[Foulger et al., 2018], it seems possible to create
a similar precedent base for analysis of data from
the US Geological Survey (USGS) World Cata-
logue with a simultaneous requirement strengthen-
ing for the determinism of foreshock retrospective
predictions to at least L,m > 0.98. The use of data
from local networks since 2003, with the maximum
approximation and extrapolation ratio 4 =2.47 de-
termined on the basis of the JMA catalogue data,
theoretically makes it possible to obtain a predict-
ed lead time of up to 3.5 years, which corresponds
to medium-term and long-term predictability and
the 1st stage of actions when identifying the poten-
tially dangerous trends of seismic activity.

Conclusion

Analysis of the foreshock sequences in terms
of the lead time and accuracy of retrospective pre-
diction determinations indicates the possibility of
their use in the medium-term and long-term quanti-
tative prediction of strong earthquakes. In the cur-
rent state, the precedent-extrapolation method
1s a primary (research) variation, that needs further
adaptation, debugging, identification and correc-
tion of minor weaknesses and (possibly) errors.
With regard to the development of the method it-
self, there may be some increase in its accuracy
and efficiency with a corresponding increase in
computing power. It also seems promising to apply
the described method to the “conditional deforma-
tions” flux, the trends of which are characterized
by a smaller error band and therefore, in compari-
son with the energy flux, can show a higher accu-
racy in prediction extrapolations.

Nevertheless, we suppose it to be already suit-
able for practical use. It should be borne in mind
that the method, at least at this stage, is not intend-
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ed to be used as a self-sufficient and autonomous
for forecasting strong earthquakes. It is based on
a retrospective analysis of the predictability of
foreshock sequences and allows identifying the
areas with potentially dangerous trends of in-
creasing seismic activity and to calculate the time,
at which these trends (providing they persist) can
reach a dangerous level, using the accumulated
precedent experience. Focus on potentially haz-
ardous areas and prioritizing with consideration
to the level of danger and the available reserve
of time make it possible to concentrate the entire
complex of prediction methods at the right time in
a certain spatial localization: ground and satellite
deformation observations, studies of geophysical
fields, groundwater regime and degassing pro-
cesses, and also growing (if necessary) the den-
sity of the recording network of seismic stations.
In our opinion, early detection of a hazard with
the subsequent concentration of prediction meth-
ods is the key to success both in predicting strong
earthquakes and in obtaining new high-quality
data on their preparation.

On the example of the current state of the IMA
catalogue, 15 zones with the potentially dangerous
(for the territory of Sakhalin and the Kuril Islands)
seismic activity increase have been identified.
For these zones, according to the available prec-
edents of strong (M > 7) earthquakes, the possible
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time of their analogs was calculated in 56 cases.
The greatest danger for the concerned territory is
zone 7, located in the north of Hokkaido Island in
close proximity to the southern part of Sakhalin
Island. The development of the seismic activity in
this zone has analogs in the foreshock preparation
of an earthquake with M = 8.0. The estimated time
for a similar shock corresponds to August 6, 2024,
with a time tolerance of just over a year.

The regional specificity of the possible ap-
plication of precedent-extrapolation estimates in
the Sakhalin region is due to two types of seismic
hazard, which differ in the localization of poten-
tially dangerous earthquakes and their minimum
magnitude: tectonogenic seismic activity of the
Kuril island-arc-subduction system and tectono-
genic-technogenic and technogenic-triggering
seismicity of Sakhalin Island. When estimating
the hazard of the Kuril island-arc-subduction sys-
tem, it is possible to use the described method
without significant changes with the involvement
of data from the regional catalogues. The prece-
dent-extrapolation estimate of the seismic hazard
on Sakhalin Island is possible only on the basis
of data from local networks of recording stations
and requires expanding the precedent base for
foreshock preparation of earthquakes to a level
of M>5.
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