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[IpeneneHTHO-3KCTPanoAMOHHAs OLIEHKA CECMUYECKON OITACHOCTH
B parioHe Caxannna u IOxHbIx Kypun

© 2021 4. 4. Manvuues* JI. K. Manviuesa

Hnemumym eeonoeuu u eeoxumuu um. akaoemura A.H. 3asapuyxoeo Ypanvckozo omoenenus PAH,
Examepunbype, Poccus

*E-mail: malyshev@igg.uran.ru

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

Precedent-extrapolation estimate of the seismic hazard
in the Sakhalin and the Southern Kurils region
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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.

Keywords: earthquake, seismic energy, foreshock, precedent-extrapolation estimate of the seismic hazard
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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].

FEOCUCTEMBI MEPEXOAQHbIX 30H
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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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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.
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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-

FEOCUCTEMBI MNEPEXOAHbIX 30H
2021, 5 (2)

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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TRANSLATION

Precedent-extrapolation estimate of the seismic hazard
in the Sakhalin and the Southern Kurils region
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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:
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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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Pe3srome. 25 mapta 2020 r. Ha ceBepe KypunbCckoil OCTpOBHOM OyTH K FOT0-BOCTOKY OT 0. [lapamymiup mpo-
M30LLIO CHIIBHOE 3€MJIETPACEHHE ¢ MarHUTY10id M, = 7.5. I UIIOIEHTD 3eMIICTPACEHUS HAXOAMIICS TIOJT OKe-
AHUYECKHUM CKJIOHOM IITyOOKOBOJHOTO JKeno0a B morpyskatomieiics TuxookeaHCKOH JIUTOC(HEpHOH TUHTE.
3emiieTpscenue SBWIOCH criibHeHMM ¢ 1900 T. ceficMuueckuM COOBITHEM JUIs BHEUTHEH OTHOCHUTEIHHO
xKenroba 00macTi mpoTsHKeHHOCTHE0 0Kosto 800 kM. OHO 0Ka3a10Ch CaMbIM CHIIBHBIM U IS TIPHJICTAFOIIETO
K SMUIICHTPY TPEXCOTKIIOMETpOoBOro yuacTka Kypuno-Kamuarckoii 30861 cyOoaykiun. B crarbe 00001IeHbI
JIAaHHBIC O 3EMJICTPSICCHUM: PACCMOTPEHBI €r0 TeKTOHUYECKAs MO3WIUs, MapaMeTphl oyara, 0COOCHHOCTH
pa3BUTHUs aPTEPIIOKOBOTO MPOLIECCa, a TAKKE KOCeHCMUUeckoe cMeleHne Ha Ommkaiiimeit GNSS-craniuu
HENPEPBIBHOM peructpaiuu. [IpoBeieHHbIN aHalW3 HE MO3BOJIWII OAHO3HAYHO BBIICIHTH Pa0OUyIO ILIO-
CKOCTb TIOJIBMDKKH B ouare. TeM He MeHee M3yueHHe OCOOCHHOCTEH BO3HUKHOBEHHMS BHEIIIHETO 3E€MIICTPSI-
CEHUS TPECTABIISICT HAYYHBI HHTEPEC, MMOCKOIBKY HAMPSKECHHOE COCTOSHUE 00JaCTH M3TrH0a MOTpyKaro-
mieiics TuxookeaHCKOW TUTOCHEPHON TUTHTHI OTPAKACT MEKITUTOBOS B3aMMOICHCTBUE B 30HE CYOTyKITHH.

KuioueBsle ciioBa: ceBepuble Kypuisckue octposa, [Tapamyimpcekoe 3emiieTpsicenue, ahTepioku, Mexa-
HH3M o4ara, KOCEMCMHUYECKHE CMCEUICHUA
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Abstract. The strong earthquake with moment magnitude M, = 7.5 occurred on March 25, 2020, in the
North Kurils to the southeast of the Paramushir Island. The hypocenter of the earthquake was located under
the oceanic rise of deep-sea trench in the subducting Pacific lithospheric plate. This earthquake has been the
strongest seismic event since 1900 for an area about 800 km long of the outer rise of the trench. It also was
the strongest earthquake for the 300-kilometer long area of the Kuril-Kamchatka subduction zone adjacent
to the epicenter. The article summarizes the data on the Paramushir earthquake. Tectonic position of the
earthquake, source parameters, features of the aftershock process development, as well as coseismic dis-
placement of the nearest continuous GNSS station are considered. The performed analysis did not allow us
to clearly determine the rupture plane in the source. Nevertheless, the study of the features of the outer-rise
earthquake is a matter of scientific interest, since the stress state of the bending area of the subducting Pacific
lithospheric plate reflects the interplate interaction in the subduction zone.
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Beenenne

25 mapra 2020 1. B 02:49 no I'purBHUCKOMY
BpeMmeHHU Ha ceBepe KypuiibCkoil OCTpOBHOM 1yru
B ~200 KM K 0T0-BOCTOKY OT 0. [Tapamymup npo-
M30ILI0 3eMJIETPSCEHHE C MOMEHTHOM MarHuTy-
non My = 7.5 (puc. 1). Ilo nanneiv Caxasnus-
ckoro u Kamuarckoro ¢unuanoB denepaibHOTo
uccienoBarenbckoro IeHrpa «Enunas reodu-
3uyeckas ciyx6a PAH» (CO OUL[ EI'C PAH
n K& ®OUIl EI'C PAH), ero makpoceilicmuye-
ckuii 3pdekt B I. CeBepo-Kypuibck gocturan
5—-6 6amnoB no mkaine MSK-64. B 6nmxaimmx
K SMUILIEHTPY HAaceJIeHHBIX MyHKTax m-oBa Kawm-
4yaTKa COTPSACEHMS OIYIIAJINCh C UHTEHCUBHO-
cThi0 4-5 OGammoB!. 3emiieTpsiceHHE BBI3BAIIO
LlyHaMH, BU3yaJIbHO OIPEIEJICHHAs BBICOTA BOJIH
KoTOporo Ha moOepexne o. [lapamymup cocra-
Bwia okoso 0.5 m [Kopones, Kopones, 2020].
B cooTrBeTcTBUU ¢ reorpaduuecKuM MOI0KEHU-
€M odara 3TO ceiicMuueckoe coObITHE B padboTe
Ha3BaHO [lapaMymMpCKUM 3€MIIETPSCEHHEM.
Hcnonb3yemslil ganee TEPMUH «BHEITHUI» 000-
3HayaeT OTHOIIEHHE K BHEIIHEMY CKJIOHY THXO-
OKEaHCKOT'0 NIyOOKOBOIHOTO Ke100a.

[Tapamymmpckoe 3emnerpscenne 25.03.2020 r.
MPOU30LLIO B MOrpyxarouieincs THuxookeaHCKOH
TUTOC(EpPHOI TUIUTE, OHO OTHOCUTCS K CHIIBHBIM
U pEeIKUM BHEIIHHM CEHCMHUYECKHM COOBITHIM
B Kypuno-Kamuarckoii 30He cyonykiuu. I1o nan-
HbIM USGS, 3emnerpsiceHue sBISETCS CUIbHEH-
M ¢ 1900 . Ha mpuIeraronieM BHEIIIHEM CKIIOHE
[TyOOKOBOJHOTO JKesno0a MpOTSKEHHOCThIO OKO-
70 800 KM, a TaKKe CaMbIM CHJIBHBIM ISl TPEXCO-
TKHJIOMETPOBOTO yuactka Kypunbckoit 1yru?.

AHanu3 BHEIIHEH CEMCMHUYHOCTH MPECTaAB-
JSieT HAyYHBI WHTEpecC, MOCKOIbKY HampsiKeH-
HOE COCTOsIHME 00JIaCTH U3rnda rnorpyxaromnieics
TuxookeaHCKOI TUTOCHEPHON TUIUTHI OTpaXkaeT
MEXIUIUTOBOE B3aUMOJICIICTBHE B 30HE CYOIyK-
uu [Christensen et al., 1988]. C atoii mensro
B paboTre 0000IICHBI U TPOAHAIIM3UPOBAHBI JaH-
Hble 0 BHemHeM [lapamymupckom 3emuerpsce-
o M, = 7.5.

TexkTOHMYeCKas] MO3UIIUS
U apaMeTpsbl o4ara 3emMJieTPsiCeHM st

Bzaumoneiictsue Tuxookeanckoit u Cese-
pOaMepUKaHCKON JUTOC(HEPHBIX TUTUT MPOSIBIIS-
€TCsI B 0COOCHHOCTSX MPOCTPAHCTBEHHOTO pac-

npeneNeHns o4yaroB 3emiieTpsicenuit (puc. 1).
ONUIEeHTPbl OONBIIMHCTBA CEHCMUYECKUX CO-
OBITHIA, BKIIFOYAsl camble CUiIbHBIE ¢ M > §, pac-
MOJIaraloTCsl MEXJYy OCTPOBHOM NYrod M OCHIO
ITyOOKOBOJTHOTO 5k€7100a U OTHOCSTCS K 00J1aCTH
MEXIUTUTOBOTO KOHTAKTa JUTOC(EpPHBIX TUIUT
(tun A). HanpspbkeHuss B o4arax TakuxX 3emiie-
TPSACEHUH OPUEHTUPOBAHBI IPEUMYIECTBEHHO
B FOPU30HTAJILHOM HAIMpaBICHUHM MEPIEHIUKY-
JIIPHO OCTPOBHOM Jyre U IO TUILy CEHCMOAUC-
JOKaMi KBaIU(UIUPYIOTCA Kak B30OpPOCOBBIC
Y HaJIBUTOBBIE.

BuyTpumnuToBas celCMUYHOCTb 30HBI CyO-
nykiu (tun B) oTueirBo mapkupyert ceiicmodo-
KaJIbHYIO 30HY MOIIIHOCTBIO OKouio 70 KM, najaro-
1Iyro moja octpona [ Tapakanos, AHmpeesa, 2012].
[Io Tumy celicMOAMCIIOKAMM CEHCMHUYECKUE
COOBITHS 311€Ch SABJISIOTCA cOpocaMu Uiu B30po-
caMHU B 3aBUCHUMOCTH OT TOTO, MPOHUCXOAST OHH
B HIKHEH, HCMBITHIBAIONICH PACTIKEHUE, WU
B BEpXHEH, HAaXOMAAIIEHCS B COCTOSHUU CXKATHS
yacTu cyomyrupyromeld THXOOKeaHCKOW TUIUTHI
[CadonoB u ap., 2015].

CeiicMuueckue  COOBITHS,  IPOUCXOAS-
M€ BO BHELIHEH OTHOCHUTENBHO jKeio0a 30He
(tum  C), TPOCTPAaHCTBEHHO PaCIHOJIAraroTCs
B TNPUOKEAHHMYECKOM CKJIOHE IITyOOKOBOIHOTO
xKeyoba 1 BOCTOYHEE OT HEro. 3/1eCh BO3MOXKHBI
CUJIbHBIE (B TOM YHUCJIE IlyHAMUT€HHbIE) BHYTPH-
IUTUTOBBIE 3EMJIETPSCEHUS CO COPOCOBBIM TUIIOM
ceiicmoauciokauuit [Tuxonos u ap., 2008]. Be-
POSITHOM TIPUYMHONW BO3HHUKHOBEHHUS IMOIOOHBIX
3eMIIETPSCEHUN SIBISIETCS M3rMO BEpxHEH 3Ja-
CTUYHOM yacTu norpy:xatouieiics miautel [Cado-
HOB | JIp., 2015]. OnHako B 1aHHOM palioHE He-
peaKu ciydau BO3HUKHOBEHUS 3€MIIETPSCEHUMN
C B30pOCOBBIM THUIIOM IOJBHXKEK B oyarax, yTo
OTPa)KaeT COCTOSIHME CXKaTHUs MPEeKeTI0OHOM
obnacTu.

C 1964 . B Kypmio-Kamuarckoii 30He CyoO-
OyKIUK 3a(UKCHPOBAHO JIMIIb JBa BHEIIHUX
3eMJIETPACEHHMs ¢ MaruuTynon My, > 7.0 (puc. 1).
CuIIbHEWIIIUM W3 HHUX SIBHJIOCH BTOPOE CelicMuye-
ckoe cobpitre 13.01.2007 . M, = 8.1 mymiera
Cumymmpckux 3emnerpsicennid 2006-2007 rr,
KOTOPOE€ BO3HHMKJIO Ha m1youne 10 kM B yciIoBH-
ax pactspkeHusa. [lo Tumy ceiicmMonuciokanui
OHO KBaTM(UIIUPYETCS KaK cCOpOC B pe3yibTare
mporecca pellakcallid HamnpshKeHUH B 30HE
cyOnykiuu mocie 3emuerpsicennst 15.11.2006 r.

! OUIT «Enunas reodusmdeckas cinyx6a PAH». URL: http://www.ceme.gsras.ru/new/struct (accessed 16.01.2021).
2 USGS — The United States Geological Survey. URL: https://earthquake.usgs.gov/ (accessed 15.01.2021).
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[APAMYWNPCKOE 3EMNIETPSICEHME 25 MAPTA 2020 1. M, = 7.5

M,,=8.3[Steblovetal.,2008; Ammonetal.,2008].
B 2009 r. ceBepo-BocTouHEee CUMYIIUPCKUX 3€M-
JeTpsCeHUI Ha TITyOUHE 45 KM B YCIIOBUSIX COKATHS
NPOM30ILIO 3eMieTpsicenne ¢ My, = 7.4. Ananus,
npoBeneHHbI B padore [Ye et al., 2021], nmoka-
3aJ1, 9TO ATO COOBITHE HE CBSA3aHO C MPOIECCAMH
KOHTaKTa JIMTOC(EPHBIX TJIUT B 30HE CYOMYyKIIHH
u apnsercs agreprmiokoM CUMYIIUPCKOTO 3eMIie-
tpsicenus 13.01.2007 ©. M, = 8.1, xors mpouso-
[IJI0 B 00CTAaHOBKE CXKATHUS M KMEII0 B30POCOBYIO
MOJIBMKKY B OUare.

[Tapamymmpckoe 3eMIIETpsCEHHE  omepa-
THUBHO 00pabOTaHO pEeTHOHAIBHBIMHU IEHTPAMHU
¥ MUPOBBIMHU CEHCMOJIOTHYECKUMH areHTCTBaMHU
(Tabmuna; puc. 1). PacxoxaeHus B onpeaeneHu-
SIX KOOPJWHAT SIHULIEHTPA IO TaHHBIM CEHCMOIIO0-
TMYECKUX areHTCTB, pa0OTAIONINX C Pa3IHYHbI-

MU HHCTPYMEHTAJIbHBIMH CETSIMU HaOJIIOJeHUMN
1 METOJAUKaMHu 00paboTKu MH(pOpPMAIUH, He3HA-
quTeNbHBL. [l0 TMOJTOXKEHUIO TUIOLEHTpPA 3eM-
JETPSICEHUS. MOXXHO YBEPEHHO 3aKJIIOUUTh, YTO
COOBITHE TPOU3O0IIJIO BO BHEIIHEH 30HE HA TITy-
OWHE ~55 KM T10J] OKCaHUYECKUM CKIIOHOM B I10-
rpyxatomeics THXOOKeaHCKOH IIIUTE.

Pemenust mexaHu3ma odara 3eMJICTPSCEHHUS
JOCTAaTOYHO CXOXHu (Tabmuma). Tompko peru-
oHanpHele omnpenenenus K@ OUI[ EI'C PAH
[Karanor mexanusmos...|] u UMI'ul' /IBO PAH
HECKOJIBKO OTJIMYAIOTCS OT PE3yJIBTaTOB MEXIY-
HApOJTHBIX areHTCTB, YTO MOXKET SIBIATHCS CIIEI-
CTBHEM DPA3JIMYHOTO KOJMUYECTBA CEHCMHUUECKHUX
CTaHIIH, UCTIOIb3YEMBbIX JIJISl pACUETOB, U UX I'e0-
rpaduyeckoro monokeHus. s Bcex MoiydeH-
HBIX PEHICHWH OCh CKaThUs CyOrOpHU30HTalIbHA

Puc. 1. Kapra snunenTpos 3emnetpsacennii Kypuno-Kamuarckoro peruona ¢ M > 7.0 3a nepuon 1900-2020 rr.
mo ganaeIM USGS (https://earthquake.usgs.gov/). (a) — SUUIEHTPHI U MeXaHU3MBI odara [lapamymmpckoro
3eMJIETPSICEHHSI TTOKA3aHbI 10 JAHHBIM CEMCMOJIOTMUECKIX areHTCTB (Tabnmia); (0) — cxeMaTuiecKkast MOJIENb
30HbI cyOaykiuu. A, B, C — TUIIBI CEHICMUYECKUX COOBITHIA B 30HE CYOIYKIIUU.
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U OpueHTHUpoBaHa 1o Hanpasienuto C3-H0B, ock
pacTsbkeHus — cyOBepTUKaibHa. THUIl TOABMXKHU
10 00€UM TUIOCKOCTSIM CeCMOpa3phiBa — YUCTHIH
B30pocC (OO0 B30pOC C HE3HAYUTETHHOW CIBU-
roBoi kommnoHeHTou). IlpocTupanue HoOIATB-
HBIX TUIOCKOCTEH odara MpakTUYeCKH COBIAJIAET
C IPOCTHPAHUEM IITyOOKOBOTHOTO JKe00a.

A¢TepiokoBbIil Mponecc

AdTepIIOKOBBII TMPOIIECC B OYAaroBOW 30HE
[Tapamymmpckoro 3eMieTpsiCEHHsl NTPOaHaIU3uU-
poBan 1o ganueiM KO OUILL ET'C PAH [Karanor
3emsierpsiceHuii ...]. Ilocie ocHOBHOrO TOMY-
ka ¢ M, = 7.7 B TeueHHE MEPBBIX CYTOK PETHO-
HaJbHBIMU CTAHIMSIMH 3apErHCTPUPOBAHO OoJiee
120 ceficMuuecKuX COOBITHI; 3a MapT—aAeKaOpb
2020 r. — okoso 400 adrepuiokoB, 3 U3 KOTOPBIX
uMenu Mareutyay M, > 5.5 (puc. 2).

IIpocTpancTBeHHOE pactipenenenue  agrep-
LIOKOB MO3BOJIMJIO OKOHTYPHUTD SMHIIEHTPAIBHYIO
obmacte 3emuerpsicenus. Ilo mupune ona co-
cTaBisieT 0kojo 50 KM M BBITSHYTa B HalpasJe-
Hun CB-1O3 Bpmonmp mmyOoKOBOAHOTO 3Kenoda
Ha 95 kM (puc. 2). JIunelinple pa3mMepsl 04aroBoit
30HBl YJOBJIETBOPSIOT AMIMPUYECKUM OLIEHKAM
(85x41 kM) Ans BHYTPHUIUIUTOBBIX 3eMJIETpsice-

it M, = 7.5 (M, ~ 2 - 10°° Hwm) [Blaser et al.,
2010; Skarlatoudis et al., 2016]. Dnuuentp ras-
HOTO TOJTYKA MPUYPOUYEH K I0KHOMY Kparo obOiaka
a(TEepIIOKOB, KOTOPBIE JTIOKATM30BaHbI B UHTEPBA-
ne rryoun 15-53 xkm. [IpoctpancTBeHHOE pacmpe-
neneHue adTepIIoKoB Mo MTyOuHE (ITOnepeuHbIit
pa3pe3 BKpEeCT NPOCTUPAHUSA TIIyOOKOBOIHOTO
xenoba mo auHMM AA') He JaeT BU3YaJbHOIO
IPEJICTaBICHNUS O BO3MOXKHON pabodeil Miocko-
CTHU MAJICHUS CericMOopa3phIBa.

IlepBolii cuibHbIN adTepiok M, = 5.7 3aperu-
CTpupoBaH 25 mapra Ha nryoune ~50 kM. 7 arpe-
7 HA TakoH jke IIyOMHE MpOM30IIeN agTepIIoK
M, = 5.5 (M,, = 5.1), 14 mons Ha rryoune ~30 km
— cericmuyeckoe codeitne M, = 5.9 (M, = 5.1).
PazHocTh MEXIy MarHUTy1aMH TJIABHOTO COOBITHS
¥ CuIbHEHIero adrepimoka mais M, cocraiser
1.8, misa M, — 2.4. ComiacHO 3MIMPHYECKOMY 32-
KoHY bota 3Ta pazHOCTb 10/KHA HAXOUTHCS B ITpe-
nemax 0.6—1.7 [Bath, 1965; Shcherbakov, Turcotte,
2004]. CnenoBarenbHO, OXHIaeMas MarHuTyaa
M, cunbHeiniero adprepuioka M0DKHA COCTABHTH
6.0-7.1, a M, — 5.8-6.9. Takasg 0COOEHHOCTb CBH-
JIETEIBCTBYET O HAIMYMU Ne(UITUTA CHIIBHBIX CO-
ObITHIA B adTEepIIOKOBOM Iporiecce. BpemeHHoi
XOJI ¥ TpapyK KyMyJISITUBHOM SHEPTHHU a(hTEPIIIOKOB

Ta6ﬂuua. OcHoBHBIE mapamMeTpbl l'[apaMyumpucoro 3EMJICTPSACCHHUS MO JAHHBIM PErHOHAJIBHBIX HEHTPOB

U MEKITYHAPOIHBIX CcelCMOJIOrHYeCKHUX areHTCTB

Koopumatsi Tnvo HopanbHble minockocTH
W cTOYHUK SIULEHTPA HyKI:Ha’ Marunutyna
¢°N A E Strike (°) Dip (°) Rake (°)
UMI'ul” IBO PAH 48.99 157.69 (32) M, =7 1
223/69 37/56 69/105
CO UL EI'C PAH 48.88 157.80 72 M =75
M =77
K® ®UII EI'C PAH 49.11 158.08 48 ML= 75 240/39 72/19 97/70
=7
USGS 48.964 157.696 5738 MWi 73 201/23 47/43 88/92
(61) mb=7.1
M.=7.5
GCMT 49.11 157.87 (52.6) S 194/32 48/43 78/103
M, =7.5
51 _
GFZ 48.89 157.74 (43) M, =74 199/28 46/43 84/96
GEOSCOPE Observatory 48.986 157.693 (45) M,,=7.5 203/30 51/39 86/95

Ilpumeuanus. B ckoOkax naHa DIyOMHA MOJEJBHOTO HEHTpouaa. M, — MOMEHTHas MarHMTyaa, M, — JOKajbHas MarHMTyAa Mo Io-
BEPXHOCTHBIM BOJIHAaM, M, — NlOKallbHas MAarHMTYy/a, MOJNy4eHHas MyTeM IepecueTa M3 JHEPreTHYeCKoro Kiacca 10 HOMOrpamme
C.A. ®enoroBa, M, — crieKTpasibHas Kojla-MarHuTyaa, My — MarHuTyaa 1o MoBEPXHOCTHBIM BOJIHAM, Mb — MarHUTYyAa 1o 0ObeMHbIM
BosiHaM. UMTI'ul" [IBO PAH — MHcTuTyT MOpCKOit reosoruu u reopusuku J{aapHEeBOCTOUHOTO OT/eeHns1 Poccuiickoil akageMun Hayk;
C® ®UIL ET'C PAH — http://www.ceme.gsras.ru/new/struct; Kb ®UL[ EI'C PAH — http://sdis.emsd.ru/info/earthquakes/catalogue.php;
USGS - https://earthquake.usgs.gov/; GCMT — Global Centroid Moment Tensor, https://www.globalecmt.org; GFZ — Global Centroid Mo-
ment Tensor, https://www.globalcmt.org; Geoscope Observatory — French Global Network of broad band seismic, http://geoscope.ipgp.fr.
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ocJIe IIaBHOro Toimyka mo koHua 2020 r. nokasad
Ha puc. 3. Huzkuil ypoBeHb KyMyJISITUBHOM SHEPTUU
2E adrepmiokos (3.0 - 10" JIx), 3HaUeHHE KOTOPOI
B 2.1 - 10° paza MeHbIIIe SHEPIHH TIIABHOTO COOBITHS
(6.3 - 10'¢ JTxx), TakyKe CBUACTEIBCTBYET O AHIIU-
T€ CEHCMUYHOCTH.

I'padux moBTOpsiemoctn adrepuiokoB [la-
pPaMyIIMPCKOTO 3E€MIIETPSACEHHUS TpPHUBEACH Ha
puc. 4. YpoBeHb NPEICTABUTEIBHOCTH KaTallo-
ra mo maruutyae M, co-
craBnser ~3.6. JIuHeHbIN
xapakTep rpaguka  co-
XpaHsieTcs UIsi MHTepBaia
Marautyn 3.6—4.4. Ero Ha-
kioH b = 1.08 = 0.10 (ko-
3¢GUIUEHT  KOppensuuu
R = 0.97 £ 0.09) coorBert-
cTByeT cpenHemy s Ky-
puno-OXOTCKOTO  perHoHa
MOKa3aTeso, JeCATUIeTHEE
3HaYeHue koroporo b = 1.0
[CadonoB u gp., 2020],
a TaKoke OJIM30K K CPEeIHEMY
MHOTOJIETHEMY  3HAUEHUIO
JUIL  30HBI CEHCMHUYHOCTH
«Tuxnit okean» Kamyarcko-
r0 peruoHa U MPUIIETAIONINX
K Hemy oOmacteii [JleBuHa
u ap., 2013]. KomuuectBo
adTepIIOKOB B JUAra3oHe
4.5-4.7 ropa3no HUXKE, 4YeM
clIenoBaio OBl OKMOATh HC-
X0 M3 pactupeneneHus 60-
nee c1albIX 3eMIIETPSICEHUH.

VYObiBaHNE 4YHCTIa 3EM-
JETPSICEHUH CO BPEMEHEM
[OCJIE  IVIaBHOTO  TOJYKa
JTaeT TpEACTaBIEHUE O Xa-
paKTepe pa3BUTUA CEHCMH-
yeckoro nporecca. Corac-
HO AMIHUPUYECKOMY 3aKOHY

Omopu [Omori, 1894] B Te-
YeHUE TEpBbIX 2 HENEb
aTEepIIOKOBBI  TpoLEecC

(puc. 5) pasBuBajucs B co-
OTBETCTBUU C IOKa3aTesieM
p = —1.28 = 0.18, 4t0 co-
OTBETCTBYET CpPEAHEMHPO-
BOMY 3HAYEHMIO 3aTyXaHUs
BO BPEMEHU CEHCMUYECKON
aKTUBHOCTH B Odarax 3€M-
netpsicenuii.  HeOGompimas
akTHBU3anuga B 4-5-¢ CcyT-

FEOCUCTEMBI MNEPEXOAHbIX 30H
2021, 5 (2)

117

KM CMEHWIACh CHW)XCHHEM CEHCMHUYECKOM aK-
TUBHOCTH Ha 7-i1 geHb. Cnaa CceHCMHUYHOCTHU
oTOOpakeH Ha KyMYJISITUBHOM TpadHKe 4ucia
3emsieTpsiceHuil (puc. 6), rme yObIBaromias BO
BPEMEHHU I10 THNEPOOINYECKOMY 3aKOoHY adrep-
IIOKOBAas MOCJIEOBATENBHOCTh MEPEXOJUT B HO-
BbIil pexxuM. Ha 20-e cytku (15.04.2020 r.) mo-
CJie OCHOBHOT'O TOJTYKA ATOT PEKUM MPHUOIU3UICS
K JINHEHHOMY, YTO MOXXET CBUJETEIILCTBOBATH

Puc. 2. Kapra adrepmroxos [Tapamymipckoro 3eMaeTpsceHus 10 JaHHBIM KaTajiora
K® ®UILL ET'C PAH [Karazor 3emneTpsiceHui. . . |. [opusoHTanbsHOE KOCceicMuueckoe
cmemenre GNSS-cranmu PARM noka3zaHo 4epHO# CTpeskol, BepTUKAIbHOE — CH-
Heil. Ha Bpe3ke moka3aH momnepeyHblid pa3pe3 oonacti adTepIioKkoB 1Mo JIMHUU AA’.
I'maBHBIN TOMTYOK 0003HAYECH 3BE30YKOM.

Puc. 3. BpemeHHoli X011 1 rpadUK KyMyJISITUBHON 3HEpruu adTepiokoBoro mpoiecca
3a nepuox 25.03.2020 — 31.12.2020.
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Puc. 4. I'paduk moBTopsiemoctu adreprokos [Tapamymmpceko-
O 3eMJIETpACeHHs. 3a Ha4alo OTCYeTa B35ATO BPEMs OCHOBHOIO
cOOBITHS. ANNpoKCHMauusl JIMHEHHON wacTu rpaduka mnpen-

CTaBJICHA CIUIOUTHOW MPSIMOH.

Puc. 5. I'paduk 3aryxaHus apTepIIoKOBOTrO Mpolecca B Teye-

HHE 2 HCICIIb ITIOCIIC HapaMyIm/Ipcxoro 3EMJICTPACCHUS.

Puc. 6. KymynsruBHbiii rpaduk yncna adrepiioko [lapamy-
LIMPCKOTO 3eMIICTpsICeHUs. BepTukanbHas MyHKTHpHAs JIMHHS

TOKAa3bIBACT BPEMS U3MCHCHU S a(l)TepIHOKOBOFO peKUMa.
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0 TIepexojie CEMCMUYECKOro Tpolecca B CTa-
nuto Gona. [IpumeuarenbHo, 4T0 adTEPIIOKH
7.04.2020 . M, = 5.5 1 14.06.2020. M, = 5.9
HE BBI3BAIM JIONIOJHUTEILHOW aKTHBH3AIHH
3aTyXarIlero BO BpEMEHH IpoIiecca.

KocelicMuueckoe cMeleHue
GNSS-crannuu PARM

KoceiicmMmueckne cMmelmeHyuss 3eMHOH I10-
BEPXHOCTU CIY>KaT OCHOBOM ISl MOCTPOEHUS
JMCTIOKAIIMOHHBIX MOJIENIE, KOTOpbIE II03BO-
JSIFOT OJJHO3HAYHO ONpENENuTh pabodyro IUIo-
CKOCTb CceiicMopa3phiBa B Pe3y/bTare CUIbHOTO
3emiieTpsiceHus. bmkaimas  permoHajbHas
GNSS (Global Navigation Satellite System)
CTaHIMsA HenpepbBHOM peructpaunn PARM
pacrnionoxeHa B I. CeBepo-Kypuibck Ha paccTost-
Hur 220 KM K CEBEPO-BOCTOKY OT anuieHTpa [1a-
pamyIiupckoro 3emierpsicenusi. Perucrpanus
JTAHHBIX HAa CTAHIIMM OCYILECTBIsIETCS 24-9aco-
BBIMM CYTOYHBIMHM cecCHsIMH C 30-CeKyHIHON
JTUCKPETHOCTHI0. OOpaboTKa TAaHHBIX BBITIOIHS-
€TCs C UCIIOJIb30BaHUEM MPOrPAMMHOT0 o0ecre-
yenus Bernese 5.2 [Dach et al., 2015]. Ilpu sTom
WCHOJIB3YIOTCS (PUHAIBbHBIE OPOUTHI CITyTHUKOB,
npeacrasneHHbie  [GS  (International GNSS
Service), mapamMeTpsl OpPUEHTALMK BPALICHHS
3emimu IERS (International Earth Rotation and
Reference Systems Service), TaGmuirs! ha30BBIX
LEHTPOB aHTEeHH, napameTrpoB ConHua u JIyHsl
U IpyTve MaTepHuaibl, peKOMEH/10BaHHbIe Mex-
nyHaporHoit GNSS-ciy:x60i1.

JInst BBISIBIEHUSA KOCEMCMHYECKUX CMENIe-
HUH MOCTPOEH rpaduK CyTOYHON MTOBTOPSEMO-
cTu n3MepeHui Ha craniuu PARM, oxBaTeiBa-
ot 10 cyTok 10 u nocne [lapamymmpckoro
3emuieTpsicenust (puc. 7). B kauectBe omop-
HbIX ((UKCUPOBAaHHBIX) B 00pabOTKY BKIIIO-
yeHbl ynaneHHble ctaHuuu 1GS-cetu MAGO
(r. Maragan), PETS (r. IlerponaBnoBck-Kam-
yarckuif) U YSSK (r. FOxHo-CaxanuHck).
AnpropHasi TO4HOCTh CYTOYHBIX PEIIEHUM, OC-
HOBaHHasi Ha TOYHOCTHU opOUTOrpaduu CIyT-
HUKOB, BO3MO)KHBIX OIIMOKax HOHOC(hEpHOU 1
TporiochepHON 3aAepiKEK MPOXOKIACHUSI CHT-
HaJla, cocTaBisieT 4—6 MM i1 TOPU30HTAIb-
HBIX KOMIOHEHT U 12—13 1151 BEpTUKAIBHOM.

JlesATensHOCTh aKTUBHOTO ByJKaHa DOEKO
(axcruio3uBHOE U3Bepkenue ¢ 2016 r. [[lerte-
peB, Uubucona, 2020]), Haxoxsimerocs B 7 kKM
ot cranimmu PARM, oka3pIBaeT BIHMSHUE Ha
pesyabratel  GNSS-uszmepenuit.  [loatomy
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Puc. 7. Bpemennsie cepum xoopauHar GNSS-cTaHImm
PARM (r. Cesepo-Kypuneck) ¢ 14 mapra mo 4 ampens
2020 . mo 'puHBHYCKOMY BpeMeHH. ATIpHOpHAs OIIEHKa
TOYHOCTH CYTOYHBIX DPEIICHHWH ITOKa3aHa BEPTHKAIbHBIMHU
JUHHUAMU BBEPX—BHU3 OT Kaxknod Touku. Cepoll BepTH-
KaJbHOH JMHHUEH 0003HaveHa J1aTa TaBHoro Tomuka [lapa-
MYIIHPCKOTO 3eMJICTPSICEHUSI.

KOCEMCMHUYECKOE CMEIIEHHE Ha CTaHIUHA ObLIO
ONpeIETICHO KaK pa3HOCTh cpemaHux 3a 10 cyTok
KOOpAMHAT /10 U TTocie 3emiieTpsicenus. [1o kommo-
HEHTaM OHO cocTaBujo: 6.4 MM Ha 1oL, 5.6 MM Ha
BOCTOK U 4.8 MM OIyCKaHuUe.

OLleHKH KOCEMMHYECKHX CMEIIEHUI Ha OcC-
HOBE JHCIIOKAIMOHHBIX Mozeneh [Okama, 1985]
C TMapaMeTpaMHd MEXaHHW3MOB ouara IO JaH-
HBIM Pa3JIMYHBIX CEHCMOJOTHYECKUX IIEHTPOB
(Tabnuia), TMOKa3bIBAIOT, YTO OJHO3HAYHO BHI-
JIENUTh pabo4yyl0 IUIOCKOCTh CelcMOpa3phiBa
[TapaMymIMpCKOTroO 3eMIIETPSICEHUSI HE MPEACTaB-
JIIETCS BO3MOXKHBIM. MoIenn 11l 00enX HOOAlIb-
HBIX IJIOCKOCTEH CEeBEpO-3aMaJHOro M FOro-BOC-
TOYHOTO IAJICHHS odyara JaroT CXO0)KHUE BEIWUYMHBI
KOCEMCMUYECKNX CMeIeHNH Ha cTaHnu PARM.
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3aKkJoueHmne

[Tapamymmpckoe 3emnerpsicenne 25.03.2020 .
MW= 7.5, npousouieiiee B nmorpysxaroueiics Tu-
XOOKEaHCKOH JUTOC(HEepHO IMTe Ha IIIyOuHe
OKOJIO 55 KM, SBJIIETCS BECbMa PEIKUM BHELIHUM
ceiicMuueckuM coobiTeM. HecMoTps Ha 10BOJIBHO
BBICOKHUH ypOBEHb CEUCMUYECKOW AaKTUBHOCTH
ceBepHoro (anra Kypunbckoii 30HbI cyOayKIuu,
3eMJIeTpsICEHHE ABIsieTcs cubHemuM ¢ 1900 .
CEHCMUYECKUM COOBITHEM /ISl BHEITHEH OTHOCH-
TEJIBHO 5ke7100a 00JaCTH MPOTSKEHHOCTHIO OKOJIO
800 xM. OHO OKa3aI0Ch CaMbIM CUJIBHEIM U 1A
IIPWJIETAIOILIETO K SMULEHTPY TPEXCOTKUIOMETPO-
BOIO y4YacTKa 30HbI CyOnykuuu. EnmHCTBEHHOE
COIIOCTaBUMOE IO CHJIE CEHCMUYECKOe COOBITHE
M = 7.3 npousouuio B 3ToM paiione B 1916 1. ce-
BEpHEE SIULEHTPAIBHOM 00NacTH HACTOSILErO
3eMJIETPSICEHHUS.

OuaroBast 30Ha 3emieTpsiceHus 95 x 50 kM BbI-
TAHYTa BJI0JIb BHELIHETO CKJIOHA INTyOOKOBOJHOIO
&Keso0a. DIUIEHTP IIaBHOIO TOJIYKAa MPUYpPOUYEH
K IOKHOMY Kpaw oOnaka adTepliokoB, KOTOpPbIE
JIOKAJIM30BaHbl B HMHTepBasie IIyOMH 15-53 kM.
AHanu3 pa3BUTUS CEHCMHUYECKOTO NPOLIECCA BbIA-
BWJI Ie(UIUAT CHITBHBIX COOBITHI B a) TEPILIOKOBOMA
MIOCJIEIOBATENIbHOCTHY (KyMYJISITUBHAS SHEPTUs ad-
TEpIIOKOB B ~2 - 10° pa3a MeHbIIIE SHEPIUU IIaB-
HOTO COOBITHSI) U OBICTPOE €ro CrajaHue ¢ nepe-
X070M B (pOHOBBIN pexxuM Ha 20-e CyTKH Mmocie
IJIaBHOTO TOJTYKA.

Pemiennss MexaHusma odara 3eMIICTPACEHUS
10 JIaHHBIM Pa3JINYHbIX CEHCMOJIOIMYECKUX LICH-
TPOB CXOKH. B odare peann3oBaaych HapsHKEHUS
CyOrOpH30HTAILHOTO C)KaTWsl, OPUCHTUPOBAHHbIC
o HartpasieHuto C3—HOB. Tun nonBrxKu —B30poc
0 00eUM BO3MOXHBIM IIJIOCKOCTSIM celcMopas-
pBIBA C UX NPOCTUPAHUEM BKPECT TEKTOHUYECKHUX
crpyktyp Kypuno-Kamuarckoit ceiicModoxkaib-
HOW 30HBI. AHaJIM3 NPOCTPAHCTBEHHOIO pacipe-
neneHust ahTepiokoB U KOCEHCMUYECKUX CMellle-
HU HE O3B0 OJHO3HAYHO BBLAEIUTH PA00UYIO
IUIOCKOCTBD MOJIBUXKKH B OUare.

BHemHsAs BHYTPUIUINTOBAs CEHCMHUYHOCTD,
uMesT  NPOCTPAHCTBEHHO-BPEMEHHYIO  CBS3b
C KPYIHBIMU MEXIUTUTOBBIMU 3€MJIETPSICEHUSIMH,
MOJKET SABJIATHCS TONOIHUTEIbHBIM HHAUKATOPOM
HaIpsKEHHOTO COCTOSIHUS 00JIaCTU KOHTAKTA JIU-
TOC(epHBIX IUIUT. AHAJIU3 COBPEMEHHON reonu-
HaMU4eCKON 00CTaHOBKHU ceBepHOro yuactka Ky-
PHIIbCKO 30HBI CyOAYKIIMU U OLIEHKA BIUSHUS Ha
Hee [lapamympekoro 3emnerpsicerust My, = 7.5
ABJIIETCS 3aJauell NaJbHENIINX UCCIEN0BaHUM.
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The March 25, 2020 M, 7.5 Paramushir earthquake
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Abstract. The strong earthquake with moment magnitude M, = 7.5 occurred on March 25, 2020, in the
North Kurils to the southeast of the Paramushir Island. The hypocenter of the earthquake was located under
the oceanic rise of deep-sea trench in the subducting Pacific lithospheric plate. This earthquake has been the
strongest seismic event since 1900 for an area about 800 km long of the outer rise of the trench. It also was
the strongest earthquake for the 300-kilometer long area of the Kuril-Kamchatka subduction zone adjacent
to the epicenter. The article summarizes the data on the Paramushir earthquake. Tectonic position of the
earthquake, source parameters, features of the aftershock process development, as well as coseismic dis-
placement of the nearest continuous GNSS station are considered. The performed analysis did not allow us
to clearly determine the rupture plane in the source. Nevertheless, the study of the features of the outer-rise
earthquake is a matter of scientific interest, since the stress state of the bending area of the subducting Pacific
lithospheric plate reflects the interplate interaction in the subduction zone.

Keywords: North Kurils, Paramushir earthquake, aftershocks, focal mechanism, coseismic displacements
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Introduction

On March 25, 2020, at 02:49 GMT in the
north of the Kuril island arc, about 200 km south-
east of the Paramushir Island an earthquake with
a moment magnitude M = 7.5 occurred (Fig. 1).
According to the data of the Sakhalin and Kam-
chatka branches of the Federal Research Center
“Geophysical Survey of the Russian Academy of
Sciences” (SB FRC GS RAS and KB FRC GS
RAS), its macroseismic effect in Severo-Kurilsk
reached 56 points on the MSK-64 scale. In the
settlements of the Kamchatka Peninsula closest to
the epicenter, tremors were felt with an intensity
of 4-5 points. The earthquake caused a tsunami,
the visually determined wave height of which on
the Paramushir Island coast was about 0.5 m [Ko-
rolev, Korolev, 2020]. In accordance with the geo-
graphic location of the source, this seismic event
is called the Paramushir earthquake in this work.
The used below term “outer” refers to the outer
rise of the Pacific Ocean Trench.

The March 25, 2020 Paramushir earthquake
occurred in the subducting Pacific lithospheric
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plate. It refers to strong and rare outer seismic
events in the Kuril-Kamchatka subduction zone.
According to the USGS data, this earthquake is
the strongest since 1900 on the adjacent outer rise
of a deep-sea trench about 800 km long, and also
the strongest for the 300-kilometer area of the
Kuril arc.

The analysis of outer seismicity is of scientific
interest, since the stress state of the bending area
of the subducting Pacific lithospheric plate re-
flects interplate interaction in the subduction zone
[Christensen et al., 1988]. For this purpose, the
work generalizes and analyzes data on the M, 7.5
outer-rise Paramushir earthquake.

Tectonic position and source parameters
of the earthquake

The interaction of the Pacific and North Amer-
ican lithospheric plates is reflected in the features
of the spatial distribution of earthquake sources
(Fig. 1). The epicenters of most seismic events, in-
cluding the strongest ones with M > §, are located
between the island arc and the axis of the deep-sea

' FRC GS RAS — URL: http://www.ceme.gsras.ru/new/struct (accessed 16.01.2021).
2 USGS — The United States Geological Survey. URL: https://earthquake.usgs.gov/ (accessed 15.01.2021).
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trench and belong to the region of interplate contact
of lithospheric plates (type A). The stresses in the
sources of such earthquakes are principally orient-
ed in the horizontal direction perpendicular to the
island arc and are classified as overthrust and thrust
faults according to the type of seismic dislocations.

The intraplate seismicity of the subduction
zone (type B) clearly marks a seismic focal zone
about 70 km thick, which falls under the islands
[Tarakanov, Andreeva, 2012]. By the type of seis-
mic dislocations, seismic events are normal faults
or thrust faults depending on if they occur in the
lower part of the subducting Pacific plate under
tension, or in the upper, compressed part [Safonov
et al., 2015].

Seismic events occurring in the zone external
to the trench (type C) are spatially located in the

oceanic rise of the deep-sea trench and eastward
of it. Strong (including tsunamigenic) intraplate
earthquakes with the seismic dislocations of normal
fault type are possible here [Tikhonov et al., 2008].
The likely cause of such earthquakes is the bend-
ing of the upper elastic part of the subducting plate
[Safonov et al., 2015]. However, there are frequent
cases of occurrence in this area of earthquakes with
thrust faults in the sources, which reflects the state
of compression of the fore-trench area.

Since 1964, only two outer-rise earthquakes
with magnitudes M > 7.0 have been recorded in
the Kuril-Kamchatka subduction zone (Fig. 1).
The strongest of them was the second seismic event
on January 13, 2007, with M, = 8.1 of Simushir
earthquake doublet of 2006-2007, which occurred
at a depth of 10 km under extension settings.

Figure 1. Map of earthquake epicenters of the Kuril-Kamchatka region with M > 7.0 for the period
of 1900-2020 according to USGS (https://earthquake.usgs.gov/). (a) — the epicenters and focal mechanisms
of the Paramushir earthquake according to the seismological agencies (Table); (b) — schematic model of the
subduction zone. A, B, C — types of seismic events in the subduction zone.
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In terms of seismic dislocations, it qualifies as a
normal fault resulting from the stress relaxation
process in the subduction zone after the Novem-
ber 15, 2006 M, 8.3 earthquake [Steblov et al.,
2008; Ammon et al., 2008]. In 2009, an earthquake
with M, = 7.4 occurred northeast of the Simushir
earthquakes at a depth of 45 km under compres-
sional settings. The analysis carried out in [Ye et
al., 2021] showed this event not to be associated
with the processes of contact of lithospheric plates
in the subduction zone and be an aftershock of the
January 13, 2007 M, 8.1 Simushir earthquake, al-
though it occurred in a compressional settings and
had a thrust movement in the source.

The Paramushir earthquake was promptly pro-
cessed by the regional centers and world seismo-
logical agencies (Table; Fig. 1). Discrepancies in
the setting of epicenter coordinates using the data
of seismological agencies working with various
instrumental observation networks and informa-
tion processing techniques are insignificant. From
the position of the earthquake hypocenter, we can
confidently conclude that this event took place in
the outer zone at a depth of ~ 55 km under the
oceanic rise in the subducting Pacific plate.

Earthquake focal mechanism solutions are
quite similar (table). Only the regional determina-
tions by the KB FRC GS RAS [Catalogue of earth-
quake...] and the IMGG FEB RAS differ somewhat
from the results of international agencies, which

can arise from different number of seismic stations
used for calculations and their geographic location.
The compression axis is subhorizontal and oriented
in the NW-SE direction, and the extension one is
subvertical, for all the solutions obtained. The type
of displacement along the both planes of the seis-
mic rupture is a pure thrust fault (or a thrust fault
with an insignificant shift component). The strike
of the nodal planes of the source practically coin-
cides with the strike of the deep-sea trench.

Aftershock process

The aftershock process in the source zone of
the Paramushir earthquake is analyzed according
to the data of the KB FRC GS RAS [Earthquakes
catalogue...]. After the main shock with M, = 7.7
the regional stations recorded more than 120 seis-
mic events during the first day; for March — De-
cember 2020 about 400 aftershocks were record-
ed, 3 of which had a magnitude M, > 5.5 (Fig. 2).

The aftershocks spatial distribution made it
possible to delineate the epicentral area of the
earthquake. It is about 50 km wide and extends
in the NE-SW direction along the deep-sea
trench for 95 km (Fig. 2). The linear dimensions
of the source zone satisfy empirical estimators
(85x41 km) for intraplate M, = 7.5 earthquakes
(M, ~ 2 - 10* Nm) [Blaser et al., 2010; Skarla-
toudis et al., 2016]. The main shock epicenter is
confined to the southern edge of the aftershock

Table. The main parameters of the Paramushir earthquake according to the data of regional centers

and international seismological agencies

Coordinates of the
. . Nodal planes
Source epicenter Depth, km | Magnitude
°N °E Strike (°) Dip (°) Rake (°)
IMGG FEB RAS 48.99 157.69 (32) M, =71
223/69 37/56 69/105
SB FRC GS RAS 48.88 157.80 72 M, =75
KB FRC GS RAS 49.11 158.08 48 BI\ZIILZ ;Z 240/39 72/19 97/70
=7
57.8 M, =175
USGS 48.964 157.696 1) mb=71 201/23 47/43 88/92
M. =75
GCMT 49.11 157.87 (52.6) s_ 194/32 48/43 78/103
M, =7.5
GFzZ 48.89 157.74 o1 M, =74 199/28 46/43 84/96
(43) v
GEOSCOPE Observatory 48.986 157.693 (45) M, =75 203/30 51/39 86/95

Note. The depth of model centroid is given in parenthesis. M, — moment magnitude, M, ,, — local surface wave magnitude, M, — local
magnitude obtained through recalculating from the energy class using the nomogram by S.A. Fedotov, M. — spectral coda magnitude,
M — surface wave magnitude, mb — body wave magnitude. IMGG FEB RAS — The Institute of Marine Geology and Geophysics of the
Far Eastern Branch of the Russian Academy of Sciences; SB FRC UGS RAS — http://www.ceme.gsras.ru/new/struct; KB FRC GS RAS —
http://sdis.emsd.ru/info/earthquakes/catalogue.php; USGS — https://earthquake.usgs.gov/; GCMT — Global Centroid Moment Tensor,
https://www.globalecmt.org; GFZ — Global Centroid Moment Tensor, https://www.globalcmt.org; Geoscope Observatory — French Global

Network of broad band seismic, http://geoscope.ipgp.fr.
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cloud, which are localized in the depth interval
of 15-53 km. The aftershocks spatial distribu-
tion over the depth (cross section across the strike
of the deep-sea trench along the AA' line) does not
give a visual representation of the possible work-
ing plane of the seismic rupture dip.

The first strong aftershock with M, = 5.7
was recorded on March 25 at a depth of ~50 km.
An aftershock with M, = 5.5 (M, = 5.1) occurred
on April 7, at the same depth, and a seismic event
with M, = 5.9 (M,, = 5.1) occurred on June 14,
at a depth of ~30 km. The difference between the

Figure 2. Map of the Paramushir earthquake aftershocks by KB FRC GS RAS
[Earthquakes Catalogue...]. The horizontal coseismic displacement of the GNSS
station PARM is shown with a black arrow, the vertical displacement is shown
with a blue one. The inset shows a cross section of the aftershock area along the

line AA’. The main shock is marked with an asterisk.

Figure 3. Time dependence and the graph of the aftershock cumulative energy of
the Paramushir earthquake for the period of 25.03.2020 — 31.12.2020.
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magnitudes of the main event and the strongest
aftershock for M, is 1.8, and for M, — 2.4. Ac-
cording to Bath’s empirical law, this difference
should be within the range of 0.6—1.7 [Bath, 1965;
Shcherbakov, Turcotte, 2004]. Consequently, the
expected magnitude M, of'the strongest aftershock
should be 6.0-7.1, and M, — 5.8-6.9. This feature
indicates the presence of strong events deficiency
in the aftershock process. The time dependence
and graph of the aftershock cumulative energy af-
ter the main shock until the end of 2020 are shown
in Fig. 3. The low level of the aftershock cumu-
lative energy XE (3.0 - 101 J),
the value of which is 2.1 - 103
times less than the energy of the
main event (6.3 - 10'¢J), also in-
dicates a seismicity deficiency.

The  aftershocks  recur-
rence graph of the Paramushir
earthquake is shown in Fig. 4.
The representativeness degree
of the catalogue by magnitude
M, is ~ 3.6. The linear charac-
ter of the graph remains for the
range of magnitudes 3.6-4.4. Its
slope b = 1.08 + 0.10 (correla-
tion coefficient R = 0.97 & 0.09)
corresponds to the average for
the Kuril-Okhotsk region, the
ten-year value of which » = 1.0
[Safonov etal., 2020], and is also
close to the long-term average
for the “Pacific Ocean” seismici-
ty zone of the Kamchatka region
and adjacent regions [Levina et
al., 2013]. The aftershocks num-
ber within the range of 4.5-4.7
is much lower than one would
expect based on the distribution
of weaker earthquakes.

The decrease in the number
of earthquakes with time after
the main shock gives an idea of
the nature of the seismic process
development. According to the
Omori empirical law [Omori,
1894], the aftershock process
(Fig. 5) developed during the
first two weeks in accordance
with the index p =—-1.28 £ 0.18,
which corresponds to the world-
wide average value of seismic
activity decay with time in the
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earthquakes’ sources. A slight activation on
the 45" days brought to a decrease in seis-
mic activity on the 7" day. The seismicity
decay is displayed on the cumulative graph
of the earthquakes number (Fig. 6), where
the aftershock sequence decreasing in time
according to the hyperbolic law passes
into a new mode. On the 20" day (April
15, 2020) after the main shock, this mode
came close to linear one, which may indi-
cate the transition of the seismic process to
the background stage. It is noteworthy that
the aftershocks of April 7, 2020, M, = 5.5
and June 14, 2020, M, = 5.9 did not cause
any additional activation of the process de-
caying with time.

Coseismic displacement
of the PARM GNSS-station

Coseismic displacements of the earth’s
surface serve as a basis for constructing
dislocation models, which make it pos-
sible to uniquely determine the working
plane of a seismic rupture as a result of
a strong earthquake. The nearest regional
GNSS (Global Navigation Satellite Sys-
tem) station of continuous recording
PARM is located in the Severo-Kurilsk
city and is 220 km northeast of the Para-
mushir earthquake epicenter. Data record
at the station is made by 24-hour daily ses-
sions with 30-second discreteness. Data
processing is performed using the Bernese
5.2 software [Dach et al., 2015]. In this
case, the final satellite orbits provided by
the IGS (International GNSS Service),
the parameters of the orientation of the
Earth rotation IERS (International Earth
Rotation and Reference Systems Service),
tables of the antenna phase centers, the
parameters of the Sun and the Moon, and
other materials recommended by the Inter-
national GNSS Service are used.

To identify coseismic displacements, a
graph of daily repeatability of measurements
at the PARM station, covering 10 days be-
fore and after the Paramushir earthquake,
was built (Fig. 7). Remote stations of the
IGS network MAGO (Magadan), PETS
(Petropavlovsk-Kamchatsky) and YSSK
(Yuzhno-Sakhalinsk) were included in the
processing as reference (fixed) stations.
The a priori accuracy of daily solutions
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Figure 4. The aftershocks recurrence graph of the Paramushir earth-
quake. Origin time of the main shock is taken as the reference point.
The approximation of the linear part of the graph is represented with
a solid line.

Figure 5. Graph of the aftershock process decay within two weeks
after the Paramushir earthquake.

Figure 6. Cumulative graph of the aftershocks number of the Para-
mushir earthquake. The vertical dashed line shows the time of the
change in aftershock mode.
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based on the accuracy of satellite orbitography,
possible errors in ionospheric and tropospheric sig-
nal propagation delays is 4-6 mm for horizontal
components and 12—13 mm for vertical one.
Activity of the Ebeko active volcano (explo-
sive eruption since 2016 [Degterev, Chibisova,
2020]), located 7 km from the PARM station, af-
fects the results of GNSS measurements. There-
fore, the coseismic displacement at the station was
determined as the difference between the average
coordinates for 10 days before and after the earth-
quake. By the components it was: 6.4 mm to the
south, 5.6 mm to the east, and 4.8 mm descending.
Estimates of coseimic displacements based
on dislocation models [Okada, 1985] with the
parameters of the focal mechanisms according
to the data of various seismological centers (ta-

Figure 7. Coordinate time series of the PARM GNSS-sta-
tion (Severo-Kurilsk city) from March 14 to April 4, 2020,
GMT. A priori estimation of the daily solutions accuracy is
shown with vertical lines up and down from each point. The
gray vertical line indicates the date of the main shock of the
Paramushir earthquake.
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ble) show that it is not possible to uniquely iden-
tify the working plane of the seismic rupture of
the Paramushir earthquake. The models for both
nodal planes of the northwest and southeast dip
of the source provide similar values of coseismic
displacements at the PARM station.

Conclusion

The March 25, 2020 M, 7.5 Paramushir
earthquake, which occurred in the subducting Pa-
cific lithospheric plate at a depth of about 55 km,
is a very rare outer seismic event. Despite the
rather high level of seismic activity in the north-
ern flank of the Kuril subduction zone, this earth-
quake is the strongest seismic event since 1900 for
an area about 800 km long external to the trench.
It appeared to be the strongest for the 300-kilom-
eter section of the subduction zone adjacent to the
epicenter. The only seismic event of comparable
strength with M = 7.3 have occurred in this area
in 1916 to the north of the epicentral area of the
present earthquake.

The focal zone of the 95 x 50 km earthquake
is extended along the outer rise of the deep-sea
trench. The main shock epicenter is confined to the
southern edge of the aftershock cloud, which are
localized in the depth interval of 15-53 km. Analy-
sis of the seismic process development revealed a
deficit of strong events in the aftershock sequence
(the cumulative energy of aftershocks is ~ 2 - 10°
times less than the energy of the main event) and
its rapid decay with a transition to the background
mode on the 20™ day after the main shock.

Earthquake focal mechanism solutions ac-
cording to the data of various seismological cent-
ers are quite similar. Subhorizontal compression
stresses, oriented in the NW-SE direction, were
realized in the source. Displacement type is a
thrust fault along both possible planes of seismic
rupture with their strike across the tectonic struc-
tures of the Kuril-Kamchatka seismic focal zone.
Analysis of the spatial distribution of aftershocks
and coseismic displacements did not make it pos-
sible to uniquely identify the working plane of the
displacement in the source.

Outer intraplate seismicity, having a spati-
otemporal connection with large interplate earth-
quakes, can be an additional indicator of the stress
state of the contact area of lithospheric plates. The
task of further research is the analysis of the cur-
rent geodynamic setting of the northern part of the
Kuril subduction zone and impact assessment of

the M, 7.5 Paramushir earthquake on it.
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Pe3tome. He mo MHOrMM Bompocam HaOMIOZAeTCsl Takoe pa3inuiyue MHEHUH, Kak O CyIECTBOBAaHMU M Xa-
paxrepe (OpIIOKOBOM akTUBH3alMU. [luana3oH 37ech OT MyONUYHOrO MPHU3HAHUS, YTO ONMCAHHBIA paHee
ad ekt GopIoKoBOIi TaBUHOOOPA3HOUM aKTUBU3AIUN — HEe OoJiee YeM pe3ynabrar (IIyCTh U HEOCO3HAHHOM)
MOATOHKY JaHHBIX, A0 CIy4acB HEMPaBIONOJOOHO TOUYHBIX MPOTHO30B BPEMEHHU CHIIBHBIX 3€MIICTPSCEHHUH
(mycth u perpocnexTuBHbIX). Ctarbs A.M. Mansiuesa u JIL.K. ManpiueBol, myOnukyemasi B HaCTOALIEM
BBIITyCKE JKypHaJia, ajia MOBOJl CHOBA BEPHYTHCSI K 3TUM Pa3HOINIACHSIM — U IPEIJIOKHUTH BOZMOXKHBIN BapH-
aHT UX OOBSCHEHUSI.

KuaroueBble cjioBa: MeTO caMOpa3BUBAIOIIMXCS TIpoIieccoB, accelerated seismic moment release (AMR),
(OpPIIOKOBBII KacKajl, CIyYaiHas i CUCTEMATHUECKasi KOMIIOHEHThI CEHCMUYECKOTO pekuMa

On the foreshock cascade and extraordinary predictions,

in relevance to the article by A.I. Malyshev and L.K. Malysheva
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Abstract. Not so many issues, that have such a divergence of view, as on the existence and nature of fore-
shock activation. The range here is from public admission, that the previously described effect of foreshock
avalanche-like activation is nothing more than the result of (though unconscious) data fitting, to the cases
of incredibly accurate predictions of the time of strong earthquakes (though retrospective). The article by
A.L. Malyshev and L.K. Malysheva, published in the current issue, gave a reason to return to these disagree-
ments again and to offer a possible explanation for them.
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baarogapHocTu u GpUHAHCHPOBaHHE

PaboTa BBINONTHEHA B paMKaxX TOCYJapCTBEHHOTO 3ajaHus VIHCTHTyTa TEOpHH NPOTHO3a 3€MIICTPSICEHHI U Ma-
temarmueckol reodmsnkn PAH (tema AAAA-A19-119011490129-0), MHCTHUTYTa MOpPCKOWH TCONOTHH W T€O-
¢usuku [IBO PAH (tema AAAA-A18-118012290125-2.2) u Unctutyta npodnem Hedtu u raza PAH (tema
AAAA-A19-119013190038-2) npu uactuuHoi nogaepxkke PODU (mpoekt Ne 19-05-00466).

Astop npusHaresnet JI.M. boromonoBy 3a npezasioxkeHne pa3BepHyTh PELIEH3UIO Ha CTAaTbO B MOJIHOLIEHHYIO Y-
OMNMKAINIO, 32 TIOXKEJIAHNS TOTIOTHUTEIFHO O0CYANUTH PSII BAXKHBIX CIIOPHBIX BOIIPOCOB U 33 00CY>KACHHS B IIpOLiecCe

IIOATOTOBKH ny6n1/11<a111/11/1.

B nosonpHO panexom yxe 2009 romy, xorma
MHE JIOBEJIOCh OBITh OIMOHEHTOM JOKTOPCKOM
nucceprauuu M.H. TuxoHoBa, Ha MEHs CUJIBHOE
BIIEYATIICHUE MPOU3BEIIN MOJYyUYECHHBIE UM PETPO-
CIIEKTHBHBIE MPOTHO3bI BPEMEHHU pPsifla CHIIbHBIX
caxanuHcKux 3emierpsiceHui [Tuxonos, 2009,
2019 u np.]. MBan HuxomaeBnu [yuisi mporsosa
BPEMEHH CHUJIBHBIX 3€MJICTPSACEHUN MCIOIH30Ba
MeTon camopasBuBaromuxcs mpomeccoB (CPII)
A.W. ManblimieBa B €ro e nporpaMMHON peasu-
3aruu [Maneimes, 1991; Manpimes, TuxoHOB,
1991, 2007; Tuxonos, 2008; Tikhonov, Rodkin,
2012; u ap.]. B CPII-merone pa3Butue ¢opiio-
KOBOM IOCIEA0BATEIbHOCTH OIMKMCHIBAECTCS MPO-
1eccoM ¢ obocrpeHueM. 3agaercs oduiee ypas-
HEHHUE Tpolecca ¢ obocTpeHueM. BriOupaercs
napameTp (Hampumep, ceicMHuYecKas SHEprus)
U MHTEpBaJ BPEMEHM; HA OCHOBAHHMM ITHUX JIaH-
HBIX PAaCCUMTHIBACTCSI MOMEHT BPEMEHHU BBIXOAA
mpolecca Ha BepTUKalIbHYI0 acuMnToTy. [loTps-
carolie, HO BPEMs HEKOTOPBIX COOBITUH TaKHM
00pa3oM PeTPOCIIEKTUBHO YTabIBAJIOCh C TOUYHO-
CTBIO JI0 HECKOJIBKUX JHEH WJIM YacCOB WIIM JaXKe
HECKOIBKUX MUHYT**. 3aMeTuM, 4TO I TaKuX
YAUBUTEIbHBIX  MPOTHO30B  HCIOJIB30BAIUCH
JJAHHBIE O CEMCMHYECKOM IpoLEecce JO CaMOro
MOMEHTa CHUJIBHOTO 3€MJIETPSICEHHUS; OTCIOJIA TO-
HSITHO, YTO TaKH€ MIPOTHO3bI U HE MOIIIU OBITH IO~
Jy4eHbl HHAYE KaK PETPOCHEKTUBHO.

B nanpueiimem meron CPII npumensiics u o-
paGatbiBasics [TuxonoB u nap., 2017; 3akynun
u ap., 2019; Mansiues, 2020; u np.]. OgHaxo 3¢-
(hEeKTUBHOCTH ATOTO METO/Ia OCTACTCS JIUCKYCCH-
OHHOM. B mepByto ouepenb HapeKaHUs BHI3bIBAIOT
HEYCTOHYHMBOCTH PE3yJBTAaTOB MPOTHO3a U MPOOIIe-
Ma 0TOPAKOBKH JIOKHBIX POTHO30B; OIIUOKH MPO-
ITyCKa LIeJIM BCTPEYAOTCSI OTHOCUTENIBHO PEXKE.

Becbma moxoxum 00pas3om, XOTS U MOA Ipy-
MMM Ha3BaHUSMHU, pa3BUBAIACh CUTyallMs U Ha
«MEXIYHAPOJHOM apeHe». AHaJor pexuMa ca-
Mopa3BuBatouierocst JiaBunoodOpasHoro CPII-

mporecca HOCHUT B MEXIYHAPOIHONW TEPMHUHO-
norun Ha3BaHuwe “accelerated moment release
model” (AMR model). Takoii pexxuM yCKOPEHHO-
ro poCTa BEJIIMYMH CEMCMUYECKOTO MOMEHTA Ha-
Omronascs mpu psijie 3eMIIETPICEHUN U TOXE TO-
POIUI HANEKbI, YTO €CIU YTOUYHUTHh METOJIUKY
aHaJM3a JaHHbBIX, TO YAOBJIETBOPUTEIHHO TOUHBIN
MPOrHO3 cKopo OyneT momydeH [Bowman et al.,
1998; Jaumé, Sykes, 1999; Bowman, King, 2001;
Sammis et al., 2004; u ap.]. OcHOBHOE pa3nuune
MO/IX0a AHMIOSN3BIYHBIX ABTOPOB M TMOAXOJAa Ha
ocHoBe CPII-meTozna B ToM, 4TO IIpH 00CYKIACHUU
AMR-3hdekra HE cTaBUTCS 3a7a4a ONMPEACITUTH
MOMEHT BBIXOJa TIpollecca Ha BEPTUKAIBHYIO
ACHUMITOTY, ¥ TIOTOMY TPOTHO3 BPEMEHHU COOBI-
THUS. OKAa3bIBA€TCSI MEHEE OINPEICICHHbIM U HE
BBI3BIBAET TAKOI'O CMEIIAHHOTO C BOCXMIIEHHEM
CHJIBHOTO HEIOYMEHHS, KaK OTAEIbHBbIC PE3yib-
tarbl, nosyyeHHble M.H. TuxonoBeim. [1pu 310M
pazButre AMR-pexuMa HaXoqUT €CTECTBEHHYIO
WHTEPIPETAINIO KaK B paMKaX MPeCTaBIECHUH 00
AQHAJIOTUU CUJIBHBIX 3EMJICTPSICEHUN C KpUTHYE-
CKHMMHU SIBJICHUSIMH, TaK ¥ B I1aHe 3¢ dekra pocra
TEKTOHUYECKON Harpy3ku, COOCTBEHHO M MPUBO-
nsmie k semuetrpsicernsiM [Bak, 1996; Bowman
et al., 1998; Bowman, King, 2001].

PasButue AMR-mozenu BcTpeTwsio, OfHa-
KO, U cepbe3Hble Bo3paxenus. C camMoro Hadana
OBLJI0 MOHATHO (Kak U B ciaydae ¢ moaenbio CPII-
mporecca), 4to BbimeneHue AMR-aHomanm
M XapaKTep aHOMAJIUM CYIIECTBEHHBIM 00pa3zom
3aBUCAT OT BBIOOpA MHTEpBaJia BPEMEHH JIJIsl aHa-
nmu3a. HesicHO mpu 3TOM Takke, 4T0, COOCTBEHHO,
HapacTaeT — pacTeT JIU YUCIIO COOBITH, UITH pac-
TET CPEeNHSS BEIMYMHA CEHCMHUYECKHX COOBITHI
[Vere-Jones, 2001]. [Ipu MHOTUX 3eMIETpsICEHU-
ax AMR-anomanusa He HabnrOMaMach, a B APYyTUX
ClIy4asix HaO01anach TOJIBKO MPH CHEIHATbHOM
BBIOOpE MHTEpBaia BpeMeHU /1715 pacuera. Ha Bon-
HE TaKOW KPUTHKH OJMH U3 MPOMAraHANCTOB 3TOTO
nonxoaa D. Bowman, BeicTynast Ha KOHpEpEHITNH

** DT0 Ka3aJ0Ch COBEPIICHHO HEMPABIONOJOOHBIM, HO aBTOP Ha MOE HEIOYMEHHE TOJBKO Pa3BOIHI PyKaMH — HY s )K€ He BUHOBAT, 4TO
TaK IOJIy4aeTcs, He CIENUaIbHO JKe MHE YXY/IIaTh U (hanbcuuImpoBarh HoayueHHbIe pe3ynsrarbl? I1pu aTom VBan Hukonaesuy cam
MMOCMEHUBAJICA HAQ TaKOW TOYHOCTBIO U HE 336])133.]'[ OTMETUTH, YTO B 60,]'[]>LLII/IHCTBC CJIy4Ja€B TakKoro nporHosa HE IoJIy4acTcCs. A BE€Ib
CIOCOOHOCTB MOCMESTHCS HaJl COOCTBEHHBIM MPOTHO30M CPEAH Tpe/cKa3areseil 3eMIeTPSICeHUI — SBICHHE HE YacToe, U OHO CaMo I10
cebe y)xe poxXIaeT JoBepHe. 3aliTa Ipolia BIOJIHE YCIENIHO.
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B 2007 1., mpu3HaJ, 4TO MPEIACTABICHHBIN paHee
spdpexr AMR [Bowman et al., 1998] — ckopee
BCEro He 0oJiee YeM pe3ysIbTar MOArOHKY TaHHbIX,
MyCTh J1ayKe U HE OCO3HAHHOM. B 3TOM ke Kittoue
B pabote [Hardebeck et al., 2008] nemnaercs BbI-
BOJ, YTO pa3BuTue anomannuu AMR-Tuna tpynHo
(dhopManu3yeMo, CTaTUCTUIECKH HE3HAYUMO U T10-
TOMY HE MOXET HCIIOJIb30BaThCsl B KAU€CTBE Ha-
JIEKHOTO MPOTHO3HOTO MPU3HAKA.

3aMeTuM, 4YTO KpPUTUKA PEaTbHOCTH CyIlle-
ctBoBaHusI AMR-aHoManuu pa3BuBajiach B pyciie
Oosee OOIIETO KPUTHYECKOTO HAmpaBJICHUS WC-
clefoBaHui. APryMEHTUPOBAHHO CTaBWJIACh IO
COMHEHHE cama MPUHIUIHUAIBLHAS BO3MOXXHOCTD
nporHo3a 3emiuerpsicenuit [Geller et al., 1997].
OmHOBPEMEHHO C BO3MOKHOCTBIO MPOTHO3a OBbLIH
MOCTAaBJICHBI 10/ COMHEHUE U TaKue, paHee Cuu-
TaBIIMECS HAJeKHO YCTAHOBJICHHBIMHU, 3aKOHBI
U XapaKTepHbIe 0COOEHHOCTH CEHCMUYECKOTro pe-
KMMa, KaK CyIIeCTBOBaHKE (DOPIIOKOBOTO Kackajaa
aKTUBHU3AIUH, BBINOJIHEHUS 3akoHa OMopH, cy1e-
CTBOBaHHUE XAPAKTEPUCTHUUECKUX 3€MJIETPSICEHUH,
CEHCMUYECKOTO IUKJIAa U CeUCMHUUYECKHX Operrei
[PomamkoBa, Koco6oxkos, 2001; Hardebeck et al.,
2008; Kagan et al., 2012]. B nepeuncieHHbIX pa-
00Tax BCE AT SIBJICHHS HE HAIUIA OJHO3HAYHOTO
CTaTUCTHYECKOTO MOATBEPKACHUS U IOTOMY OBLITH
MOCTaBIIEHBI MOJT COMHEHHUE. J[0cTaTouHO OBICTPO
COMHEHHSI OBUTH CHSITHI Pa3B€ TOJIBKO C BBITIOJIHU-
MocTH 3akoHa OMOpH, HO U OH TPaKTyeTcs He 60-
Jiee KaK CTaTUCTUYECKas TeHJICHLUA, C yKa3aHU-
SMHA Ha OYCHb CHJIBHYIO CIy4alHYI0 KOMIIOHEHTY
B CEWICMHUYECKOM pPEeXHME, BOSMOKHOCTh B 3Ha-
YUTEIBHON CTENEHU CIYyYallHOrO BOSHUKHOBEHUS
CWJIbHBIX a)TEPUIOKOB U HAa Pa3BUTUE BTOPUUYHBIX
KacKaJioB a(hTEePIIIOKOB.

[TomuepkHeM, 4TO Takasi *e CUTyallus UMEET
MECTO M B Ciy4yae C JAPYTUMHU MOCTaBICHHBIMU
10/ COMHEHHE 3aKOHOMEPHOCTSAMHU CEHCMUYECKO-
ro npouecca. Bce oHn MackupyroTces ciy4yainHOU
KOMITOHEHTOH CEHCMUYECKOTo MpoIecca U MOTYT
TOJBKO OOJiee WIIM MEHEE ONPEIEICHHO YTabl-
BaTbcs Ha (OHE ITOW JOMHHHPYIOUICH CiTydai-
HOM KOMITOHEHTBHI.

N3BecTHBIM CIOCOOOM BBIICTICHUS] CHCTEMA-
TUYECKOW KOMITIOHEHTHI Ha ()OHE CHIIBHOTO CITy-
YaifHOro Tmpolecca SBISETCS CTaTUCTHYECKHA
METOJl CyYMMUPOBAHHSI MHOTHUX MIPUMEPOB, B KaX-
JIOM W3 KOTOPBIX 00Ias CHUCTeMaTHYecKas KOM-
MOHEHTAa MOXeT ObITh MoYTH He3aMeTHoM. [Ipu-
MEHUTEJIbHO K JIAHHOMY CIIy4al0 TaKOW IOAXOJ
OBLIT peaTu30BaH B METO/IC TIOCTPOCHUS U aHATN3a
0000IIIEHHON OKPECTHOCTH CHJIBHOTO 3eMIIETpsI-
cenust (OOC3) [Pomkun, 2008; Rodkin, 2012;
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Rodkin, Tikhonov, 2016; Ponkun, 2020]. I1pu mo-
ctpoerun OOC3 orbuparorcs coObITHS, MONaB-
M€ B OKPECTHOCTH OJHOTO M3 OOJBIIOTO YHCIIA
(aeckonbko coteH, 10 1000) cunpHEHINX 3eMIIe-
TpsICEeHUH TaHHOTO KaTayora. [1oj okpecTHOCTbIO
HNOHUMAIOTCA COOBITHS, MPOUCIIEAIINE OT O4yara
JTAHHOTO TJIABHOTO CHJIBHOTO COOBITHS Ha paccTo-
SIHUU He OoJiee 1 pa3MepoB ovara IJ1aBHOTO COOBI-
Tus. Yucno n 0ObIYHO NPUHUMAETCS B UHTEpPBAJe
3—6. Jlna pacuera pasmepa odyara R (B KHJIOMe-
Tpax) B 3aBUCUMOCTH OT MAarHUTY/bI UCIIOIb3YeT-
csl o1Ha U3 popMyIl, IPUBOAUMBIX B padorax [Co-
6ones, 1993; Wells, Coppersmith, 1994]; pa3usie
(GopMyInbl AIOT Ka4eCTBEHHO aHAJIOTUYHBIE pe-
3yabrathl. OneiT noctpoeHuss OOC3 nokasbIBaer,
YTO MPU UCHONB30BaHUM A1 noctpoenuss OOC3
100 1 MeHee CHIIBHEUITNX COOBITUI COXPaHSIOT-
Csl IOBOJIBHO CHJIbHBIE (PITYKTyalluy ¥ TeHICHINH
U3MEHEHUS UCCIEeIyeMbIX MMapaMeTpoOB OKa3bIBa-
I0TCSl 3aMaCKUPOBAHHBIMH.

Metomom OOC3 ObuM TTOATBEPKACHBI TIPET-
CTaBJICHUS O Pa3BUTHUU CTENEHHBIX (Pop- u adrep-
IIOKOBOTO KackajoB. Takke ObLI BBISBICH pPsij
AHOMJINKA (YaCTUYHO HEW3BECTHBIX paHee) IS
JIPYTUX TMapaMeTpoB CEHCMHUYECKOro peXuMa.
3nech Hac MHTEpeCcyeT Xapakrep (hOpIIOKOBOM
aHomanuu. Ha pucynke nokaszan npumep OOC3
st hop- 1 ah TepIIOKOBBIX KACKAIOB 1O TaHHBIM
mupoBoro ISC karanora, n = 5, 4MCIIO UCTIONb-
30BaHHbIX Tpu nocTpoeHun OOC3 cuibHEUIINX
3emuierpsicenuit N = 500, nmpu mocTpoeHUH Hc-
HOJIb30BaHbI COObITUA M > 5.4, H <70 kM.

AdTepiiokoBbIii  Kackaa (CM. PHUCYHOK, O)
MOJTHOCTBIO OTBEYaeT 00OOLIEHHOMY 3aKOHY pe-
JaKcauuu MoToka adrepimokoB OMopu—YTcy.
Ho ne menee omnpeseeHHO BBIISLAUT U (HOPIIO-
KOBasi aHOMausl (CM. pUCYHOK, a). [To xapaxkre-
py HapacTaHus (HOPIIOKOBOTO CTETIEHHOTO POCTa
yyclia COOBITUH (@ TakXKe M0 aHaJOTHYHBIM aHO-
MajusiM Il BBIJEICHHOM CEHCMUYECKON 3Hep-
MU U BEJIMYMHAM CEHCMHYECKOTO MOMEHTA) He-
TPYIHO CIIPOrHO3MPOBATh MOMEHT 00O0OIIEHHOTO
CUJIBHOTO 3emieTpscenus. [lorpemHocts Takoii
OLICHKM cocTaBUT He Oosee 10 Munyt. Takas
orieHKa ObuTa OBl TIOJyYEHA W MPU MPUMECHCHHUH
metoauku CPII x aHanu3y HaHHBIX 1O POCTy ad-
TepiokoBoil aktuBHocTH B OOC3.

CpaBHeHHME C pe3yabTaTaMH, MOJy4YeHHbI-
mu npu aHanuze OOC3, no3BOAET NPEATIOKHUTD
OOBbsICHEHHE OOCYX/IaBIIMMCSI BBIIIE TPOTHBO-
pEUMBBIM BBIBOIAM O XapakTepe (HOpPIIOKOBOTO
npouecca, Haluuuu/orcyTcTBun pa3sutus CPII-
nporecca u Haanunu/orcyTctBur AMR-3¢ddexra.
[IpencraBisieTcss BO3MOXKHBIM 3aKJIIOYUTh, YTO
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Junamuka ¢opirokoBoro (a) u adprepurokooro (6) mpomecca 8 OOC3, no [Poaxusn, 2020].

CPII-npouecc u ero ananor AMR-addexrsr nume-
I0T MECTO, HO B KaKJJOM KOHKPETHOM CJIy4ae OHH
OKa3bIBAIOTCSl CUJIbHO 3aMacKUPOBAHHBIMH JIOMU-
HUPYIOLIEH CIIydallHOW KOMIIOHEHTOHM celicMuue-
CKOTI'0 peK1Ma, MHANBUAYaJIbHOU AJ1s1 OKPECTHOCTH
Y Ka)JI0TO OTAEIBHOIO CUJILHOIO 3€MJIETPSCEHUSL.
B cBsi3u ¢ 3TUM € TIOJTHOM OYE€BHUIHOCTHIO ATH A-
dexTrI iposiBisitoTes Tonbko B OOC3. [Ipu ananu-
3€ KaXXZI0T0 OTAEIBHOIO CHIBHOTO 3EMJIETPSICEHUS
OHH TOJIBKO YIaJbIBAIOTCS, C TOW WM MHOM CTelle-
HBIO HeompeneneHHoctu. Ilpencrasnsercs, onHa-
KO, BO3MOXKHBIM, YTO B psZIE CIy4yaeB CllydaiiHas
KOMIIOHEHTa CEMCMUYECKOro peXUMa HE WUIPAeT
pelaIIel poiay, U B 3TOM cirydae pexxum AMR-
aAHOMAJIUM TIPOSBIAETCA TOCTATOYHO OIPENCIICH-
HO, a Meroh CPII no3BosieT NoJy4nuTh XOPOIIYIO
OLICHKy MOMEHTa COOTBETCTBYIOILEIO CHUIIBHOIO
COOBITHSI, KaK 3TO MHOTI/IA U HAOIIONAIOCH 10 pe-
synpraram pacuetoB M.H. TuxoHosa.

[TpuBeneM IOMOJIHUTENbHBIE CBUIETEIBCTBA
B nonb3y cymecrBoBanuss AMR-addekra, Beco-
MO MOAKPEIUIAIOIME PE3yJIbTaThl CONIOCTaBICHUS
C BBIBOJAMM, IOJyYEHHBIMH IIPH TOCTPOCHHUH
u ananu3e OOC3. B pabore [Wang et al., 2008]
MIPUBOJISATCS CBUIETENILCTBA HAOIIOICHHS aHaJIoTa
AMR-nporiecca B 1a00paTOPHBIX UCCIIEIOBAHUIX
o aKycTu4eckout smuccun. A B pabote [Cianchini
etal., 2020] mo pe3ynpraraMm aHaIHM3a CTaTUCTHYE-
CKHX JaHHBIX O PEKUME CEICMUYHOCTH B OKPECT-
HOCTHM HCCIJIEJJOBAHHON COBOKYITHOCTH CHJIBHBIX
3eMJIETPSICEHUI U UX CPAaBHEHHUIO C PE3YJIbTaTaMU
YHUCJICHHOTO MOJEIMPOBAaHUS OBUIO MOJIYYEHO,
yro HabmoaeHHbli AMR-nponecc B OonblInH-
CTBE PACCMOTPEHHBIX CIy4aeB SIBJISIETCS peajib-
HOM OCOOCHHOCTBIO CEWCMHYECKOTO peXUMa,
a He CIy4ailHOM ero (myKTyalruei.

3akmodaeM, 4To JaBuHOOOpasuelii  CPII-
nporiecc 1 AMR-3¢¢ext, no-eugumMomy, sBis-
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IOTCSl peajbHON XapaKTepHOW OCOOEHHOCTHIO
(GOpIIOKOBOrO Tmpolecca M, COOTBETCTBEHHO,
MOTYT OBITh HCHOJB30BaHbl B IEISX MPOTHO3a
3emierpsceHuii. [IpobGnema mpu 3TOM COCTOUT
B BbIICJIEHUN MH(QOPMATUBHOM cHCTEMaTHYeCKOM
KOMIIOHEHTBI Ha (DOHE CHIIBHOTO U, [10-BUMMOMY,
Clly4aiHOTo IIyma. B 3TOM KOHTEKCTe mpeasio-
KEHHas B yka3aHHOH pabore A.M. Mainbimesa
n JL.K. MansieBoil uaest OpueHTUpOBaThCS IIPU
npumenennu Merona CPII Ha nmonoOue co ciyya-
MU pa3BUTHUSl paHee HaOMrogaBIIMXCS (OpIIOo-
KOBBIX IIOCJIEZIOBATEIIBHOCTEN IPEACTaBIACTCA
JIOBOJIHO CIIOPHOM; BIIPOYEM, peajibHyI0 dpdek-
TUBHOCTH TOTO WJIM MHOTO aJITOPUTMa IPOTHO3a
3eMJIETPSICEHUI MOXET I10Ka3aTh TOJIBKO MPAKTH-
Ka €ro MCIIO0JIb30BAHUS B PEAJIbHOM BPEMEHHU.
CymectBoBanue B OOC3 1enoro KoMmruiekca
SIBCTBEHHBIX IPEIBECTHUKOBBIX aHOMAJIUN BIIOJI-
He O4eBUAHO. M3 CcymecTBOBaHMs JTHUX BIIOIHE
SIBCTBEHHBIX AQHOMAJHUH CIENyeT NMPUHLMIIHAIIL-
Hasi BO3MOJKHOCTb IIPOIHO3a, B YaCTHOCTH BO3-
MOKHOCTB JIOCTaTOUYHO TOYHOTO «IIPOTHO3a» Bpe-
MEHH OOOOIIEHHOTO CHUJIBHOTO 3EMIICTPSCEHUS.
HesicHo, oHako, KakoBbl MEPCIEKTUBBI IepeHe-
CEHHS 3TOro pe3ysbTara Ha cilydyail OTAEIbHOrO
CHWJIBHOTO 3eMieTpscenus. Cenyer JIn 0)KuIaTh,
YTO yBEJIMYEHHE O0beMa JOCTYNMHOH MPOrHo3u-
CTy MH(pOPMAaLIUH, CKakeM, Ha 2 TMOpsKa U He-
MHOTHM Oouee, kak npu noctpoernn OOC3, obe-
CIIEYUT BO3MOKHOCTh aHAJIOTUYHOIO JJOCTATOYHO
TOYHOTO TPOTHO3a yXe He 00O0OIIeHHOro, a OT-
JEJIBHOTO CUIIBHOTO 3emuteTpsicenus? Mimm naxe
TAaKoe pe3Koe yBelndeHue o0beMa JIOCTYHMHOH
uHpopMaLuu He okaxercs 3(p(eKTUBHBIM, Tak
Kak B 3TOW MH(opMaIMu no-npexxueMy OyayT J0-
MUHHPOBATh HETUIIMYHBIE CITy4aiiHbIe 0COOEHHO-
CTH JJAHHOW KOHKPETHOW (DOPIIOKOBOI mocieno-
BaTesbHOCTH? OTBETA HA 3TU BOIPOCHI ITOKA HET.
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Abstract. Not so many issues, that have such a divergence of view, as on the existence and nature of fore-
shock activation. The range here is from public admission, that the previously described effect of foreshock
avalanche-like activation is nothing more than the result of (though unconscious) data fitting, to the cases
of incredibly accurate predictions of the time of strong earthquakes (though retrospective). The article by
A.I. Malyshev and L.K. Malysheva, published in the current issue, gave a reason to return to these disagree-
ments again and to offer a possible explanation for them.
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In quite distant 2009, when I happened to be
an opponent of a doctor dissertation by I.N. Tik-
honov, I was deeply impressed by the retrospec-
tive predictions of the time of a number of strong
Sakhalin earthquakes that he obtained [Tikhonov,
2009, 2019, etc.]. To predict the time of strong
earthquakes, Ivan Nikolaevich used the method
of self-developing processes (SDP) by A.I. Maly-
shev in his own software implementation [Maly-

* See this article in English in the current issue of the Journal.

shev, 1991; Malyshev, Tikhonov, 1991, 2007; Tik-
honov, 2008; Tikhonov, Rodkin, 2012; etc.]. The
SDP method describes the development of a fore-
shock sequence by an escalation process; the gen-
eral equation of the peaking process is set, a pa-
rameter (for example, seismic energy) and a time
interval are selected; on the basis of these data, the
timepoint, when the process reaches the vertical
asymptote, can be calculated. That is amazing, but

Translation of the article published in the present issue of the Journal: M.B. Poxkun. O $hopiiokoBoM Kackazie U yIUBUTEIIBHBIX IPOTHO3aX,
B cBs13U co crarbeil A.M. Manbiuesa u JIL.K. MansimeBoit «IIperneneHTHO-9KCTpanoIsiiMoHHast OLleHKa CeCMUUECKOl OMacHOCTH B paiioHe

Caxanuna u Oxubix Kypumy. Translation by G.S. Kachesova
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the time of some events was thus retrospectively
guessed with an accuracy of several days or hours
or even several minutes**. Note that for such ex-
traordinary predictions, the seismic process data
until the very moment of a strong earthquake were
used; therefore, it is clear, that such predictions
could not have been obtained otherwise than ret-
rospectively.

Later on, the SDP method was applied and re-
fined [Tikhonov et al., 2017; Zakupin et al., 2019;
Malyshev, 2020; etc.]. However, the effectiveness
of this method remains controversial. First of all,
complaints are caused by the instability of predic-
tion results and the problem of rejecting the false
predictions; target omission errors are relatively
less common.

The situation in the “international arena” de-
veloped in a very similar way, though under dif-
ferent names. An analogue of the self-developing
avalanche-like process is called the “accelerated
moment release model” (AMR model) in interna-
tional terminology. Such a mode of accelerated
growth of the seismic moment values was ob-
served during a number of earthquakes and also
raised hopes that, if the data analysis technique
is refined, a satisfactory accurate prediction will
soon be obtained [Bowman et al., 1998; Jaumé,
Sykes 1999; Bowman, King, 2001; Sammis et al.,
2004; etc]. The main difference between the ap-
proach of English-speaking authors and the ap-
proach based on the SDP method is that when
discussing the AMR effect, the task is not posed
to determine the moment, when the process
reaches the vertical asymptote, and therefore the
prediction of the event time turns out to be less
certain and does not cause such strong bewilder-
ment mixed with admiration, as separate results
obtained by I.N. Tikhonov. At the same time, the
development of the AMR model finds a natural
interpretation both within the framework of the
concept of the analogy of strong earthquakes with
critical phenomena, and in terms of the effect of
tectonic load increase, which actually brings to
earthquakes [Bak, 1996; Bowman et al., 1998;
Bowman, King, 2001].

However, the development of the AMR model
met with serious objections. From the very begin-
ning it was clear (as in the case of the SDP mod-

el) that the identification of the AMR anomaly
and the anomaly nature essentially depend on the
choice of the time interval for analysis. It is also
unclear what does actually increase — whether the
number of events increases or the average value
of seismic events increases [Vere-Jones, 2001].
For many earthquakes the AMR anomaly was
not observed, and for others it was observed only
with a special choice of the time interval for the
calculation. On the wave of such criticism, one
of the promoters of this approach, D. Bowman,
speaking at a conference in 2007, admitted that
the previously presented AMR effect [Bowman et
al., 1998] is most likely nothing more than a result
of data fitting, even if not deliberate. In the same
vein, the work [Hardebeck et al., 2008] concludes
that the AMR type anomaly development is dif-
ficult to be formalized, statistically insignificant,
and therefore cannot be used as a reliable predic-
tive indicator.

Note, that the criticism of the reality of the
AMR anomaly existence developed in the main-
stream of a more general critical line of research.
The very fundamental possibility of earthquake
forecasting was reasonably questioned [Geller et
al., 1997]. Simultaneously with the possibility of
forecasting, such laws and characteristic features
of the seismic regime as the existence of a fore-
shock cascade of activation, observance of the
Omori law, the existence of characteristic earth-
quakes, a seismic cycle and seismic gaps which
had been previously considered reliably, were
called into question [Romashkova, Kosobokov,
2001; Hardebeck et al., 2008; Kagan et al., 2012].
All these phenomena did not find unambiguous
statistical confirmation in the listed works and
therefore were questioned. Quite quickly, the
doubts were dispelled, may be only concerning
the Omori law, but it is also interpreted as no more
than a statistical trend, with indications of a very
strong random component in the seismic regime,
the possibility of a largely random occurrence of
strong aftershocks and the development of sec-
ondary aftershock cascades.

It should be stressed, that the same situation
takes place in the case of other questioned reg-
ularities of the seismic process. All of them are
masked by a random component of the seismic

** It seemed completely implausible, but the author only threw up his hands answering my bewilderment — well, is it my fault that this
happens, do I have to specially worsen and falsify the results obtained? At the same time, Ivan Nikolaevich himself laughed at such accuracy
and did not forget to note that in most cases such a prediction does not work. But the ability to laugh at one’s own prediction among
earthquake predictors is not a frequent phenomenon, and it in itself already generates the trust. The defense was quite successful.
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process and can only be more or less definitely
guessed against the background of this dominant
random component.

A well-known method of isolating the system-
atic component against the background of a strong
random process is the statistical method of sum-
ming many examples, in each of which the overall
systematic component can be almost invisible.

With regard to this case, such an approach was
implemented in the method of constructing and
analyzing the generalized vicinity of a large earth-
quake (GVLE) [Rodkin, 2008; Rodkin, 2012;
Rodkin, Tikhonov, 2016; Rodkin, 2020]. When
constructing the GVLE, those events are selected,
that fall in the vicinity of one of a large number
(several hundred, up to 1000) of the strongest
earthquakes in the used catalog. The neighbor-
hood is understood as events that occurred at
a distance from the focus of a given main strong
event of no more than # sizes of the focus of this
main event. The number 7 is usually taken in the
range 3—6. To calculate the size of the focus R (in
kilometers) depending on the magnitude, one of
the formulas given in [Sobolev, 1993; Wells, Cop-
persmith, 1994] is used; different formulas give
qualitatively similar results. The experience in
constructing the GVLE shows that when 100 or
less strong events are used to construct the GVLE,
rather strong fluctuations persist and the trends of
change in the parameters under study turned to be
masked.

The GVLE method confirmed the development
of the power-law foreshock and aftershock cas-
cades. A number of anomalies (partially unknown
earlier) were also identified for other parameters
of the seismic regime. Here we are interested in
the nature of the foreshock anomaly. The Figure

shows an example of the GVLE for foreshock
and aftershock cascades according to the world
ISC catalog, n = 5, the number of strongest earth-
quakes used in constructing the GVLE N = 500,
the events with M > 5.4, H <70 km were used
when constructing.

The aftershock cascade (see Figure, b) fully
corresponds to the generalized Omori — Utsu law
of aftershock sequences relaxation. But the fore-
shock anomaly looks no less certainly (see Fig-
ure, a). By the nature of the increase in the fore-
shock power-law growth of the number of events
(as well as by similar anomalies for the released
seismic energy and the magnitude of the seis-
mic moment), it is easy to predict the moment of
a generalized strong earthquake. The error of this
estimate will be no more than 10 minutes. Such
an estimate may be obtained by applying the SDP
method to the analysis of data on the growth of af-
tershock activity in the GVLE.

Comparison with the results obtained in the
GVLE analysis allows us to propose an explana-
tion for the contradictory conclusions discussed
above about the nature of the foreshock process,
the presence/absence of the SDP development and
the presence/absence of the AMR effect. It seems
possible to conclude that the SDP and its analog
AMR effects take place, but in each specific case
they turn out to be strongly masked by the domi-
nant random component of the seismic regime,
which is individual for the neighborhood and for
each separate strong earthquake. In this regard,
these effects are manifested with ample evidence
in the GVLE only. When analyzing each separate
strong earthquake, they are only guessed with
varying degrees of uncertainty. However, it seems
possible that in a number of cases the random

Figure. Dynamics of the foreshock (a) and aftershock (b) process in the GVLE, according to [Rodkin, 2020].
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component of the seismic regime does not play a
decisive role, and then the AMR anomaly regime
manifests itself quite clearly, and the SDP method
allows to obtain a good estimate of the moment
of the corresponding strong event, as was some-
times observed from the results of calculations by
LN. Tikhonov.

Let us provide additional evidence in favor
of the AMR effect existence, which significantly
confirms the results of comparison with the con-
clusions obtained in the construction and analy-
sis of the GVLE. The work [Wang, Ma, 2008]
provides evidence of the observation of the AMR
process analogue in laboratory studies of acous-
tic emission. And in [Cianchini et al., 2020],
based on the results of the analysis of statisti-
cal data on the seismicity regime in the vicinity
of the studied aggregate of strong earthquakes
and their comparison with the results of numeri-
cal modeling, it was obtained that the observed
AMR process is a real feature of the seismic re-
gime in most of the considered cases, rather than
its random fluctuation.

We conclude, that the avalanche-like SDP and
the AMR effect are apparently a real characteristic
feature of the foreshock process and, accordingly,
can be used for predicting the earthquakes. In this
case, the problem is to single out the informative
systematic component against the background of
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strong and, apparently, random noise. In this con-
text, the idea proposed in [Malyshev, Malysheva,
2021] to be guided by on similarity with the cases
of the development of previously observed fore-
shock sequences when applying of the SDP meth-
od, seems to be rather controversial; however,
the real efficiency of one or another earthquake
forecasting algorithm can only be shown by the
practice of its use in real time.

The existence of a whole complex of clear
precursor anomalies in the GVLE is rather ob-
vious. The presence of these anomalies implies
the fundamental possibility of prediction, in par-
ticular, the possibility of a sufficiently accurate
«prediction» of the time of a generalized large
earthquake. It is unclear, however, what are the
prospects for transferring this result to the case
of a separate strong earthquake. What chances of
that the considerable (2 orders of value or slightly
more) growth of seismic data volume involved to
this kind of predictions will allow obtaining the
reasonable evaluation of the time of solitary ma-
jor earthquake? Can we expect a prediction ac-
curacy for such event similar to that for GVLE
construction? Or even such a sharp increase in the
amount of available information will not be effec-
tive, since this information will still be dominated
by random features of this particular foreshock se-
quence? There is no answer to these questions yet.
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Pe3rome. OnnceiBaeMoe Mozienbio camopasBuBatonuxcs nporecco (CPII) napactanue celicMuueckoil ak-
TUBHOCTH B ()OPIIOKOBEIH MEPHOA Tepe T CHIIBHBIM 3eMIIETPSICEHHEM MOXKET OBITH MPOSBICHUEM B3PBIBHOM
HEYCTOWYMBOCTH HHU3KOYACTOTHBIX Je(hOPMAIIMOHHBIX BOJH B MEeTacTaOMiIbHOHU cpene. OOpaTuTh BHUMaHUE
Ha CTOJIb HCOOBIYHYIO B3aMMOCBSI3b MEXIy HEIIPEPHIBHEIMU BO BPEMEHH BOJIHOBBIMH JBHKCHUSIMHU U JIHC-
KpPETHBIM MTOTOKOM CEHCMUYECKUX COOBITHI — 3a/1ada JaHHOTO cooOIeHns. TeM caMbIM MOAH(HIIUPOBAHO
obocHoBanue Mojenu ((pakrndyecku ypaBuenus) CPII, uto umeer 3HaueHHE B CBs3M co ctatheit AWM. Maibi-
meBa u JI.LK. ManbieBo#t «IIperieneHTHO-3KCTpanosIIuOHHAs OlEHKa CEMCMUYECKON OMTaCHOCTH B pailoHe
Caxanuna u HOxubpix Kypum» B HacTosiIieM BBITYCKE, MOCBSIIEHHON COBEPIICHCTBOBAHUIO OLICHOK Celc-
MUYECKOH OMAacHOCTH ¢ NMPUMEHEHHeM 3Tol Mojenu. llpeanoxkeH HOBBIH CIIOCOO OMUCaTh caMoe Havyasio
peXkuMa ¢ 000CTpeHHEM TIOCIIe KBA3UCTAI[MOHAPHOTO PEXKUAMA.

KuroueBbie c10Ba: ypaBHCHUE MOJICTH CaMOPa3BUBAOIIUXCS MPOIECCOB, MOCIEIOBATSILHOCTD (hOPIIO-
KOB, HAKOIJIEHHE CEHCMHYECKHX COOBITHIA, B3aMMOJEHCTBHAE BOJIH, METAaCTAOMIbHAS cpea, B3PHIBHAS
HEYCTONYUBOCTH

Fundamental for self-developing processes model
and problems of its application to earthquakes prediction
in the Far East region

Leonid M. Bogomolov*', Viadimir N. Sychev*

Unstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2Research Station RAS in Bishkek city, Kyrgyzstan

*E-mail: .bogomolov@imgg.ru

Abstract. Seismic activation in the period of foreshocks (prior to the mainshock) described by the model
of self-developing processes (SDP) is possibly a manifestation of explosive instability of low frequency
straining waves in metastable medium. To highlight so nontrivial relationship of continuous wave motions
and discrete seismic events flow is a goal of this narrative. Thus, the rationale of the SDP model (the equa-
tion, in reality) has been modified, which is of importance in relevance with the article by the Malyshevs
in the current issue (A.I. Malyshev, L.K. Malysheva. Precedent-extrapolation estimate of the seismic hazard
in the Sakhalin and South Kurils region) which is to improve the seismic hazard estimates by means of this
model. A new way to reveal the very beginning of blow-up regime after quasi-stationary one is proposed.

Keywords: equation of the self - developing processes model, foreshock sequence, seismic events accumu-
lation, waves interaction, metastable medium, explosive instability
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®DU3UYECKUE OCHOBbI MOJENIU CAMOPA3BUBAIOLMXCS MPOYECCOB U BOMNPOCHI EE MPUMEHEHWS 4151 NTPOrHO30B 3EMJIETPSICEHUIA

BBenenue

ITo mepe pazsutus noxaxona ManeieBa—Tu-
XOHOBa K CpeIHE- M KPaTKOCPOYHBIM OIIEHKaM
BPEMEHH 3€MJIETPSICEHHSI HA OCHOBE MOJIEIIA CaMO-
pasBuBaromuxcs nporeccoB (CPII) [Mansimes,
1991; Maneimes, Tuxonos, 1991] u HakorIeHUs
MIPUMEPOB yAaYHBIX (OMPaBAABIINXCA) IPOTHO30B
B JlanpHEBOCTOUHOM pernone [Mansimes, Manbl-
meBa, 2018, cT. B HacTosieM HOMeEpE; 3aKymuH
u 1p., 2019] Bce GoOmnbIIyI0 3HAYUUMOCThH MPHOO-
peTaet Bompoc 0 GU3HYECKUX OCHOBAX ITOU MO-
nenu. B aTom moaxone BpeMeHHas 3aBUCUMOCTh
CEMCMUYECKOM AaKTUBHOCTU T€pel CHIbHBIM
3eMJIETPSCECHUEM OIHUCHIBACTCS KUHETUYECKUM
YpPaBHEHUEM, PELICHHUE KOTOPOIO SIBISETCA CUH-
TYJISIPHBIM: OHO HapacTaeT HEOTPaHUYEHHO 3a KO-
HEYHBIA MHTEPBAJI BPEMEHU. JTO COOTBETCTBYET
peanu3alyy U3BECTHOTO B JMHAMHUKE HEJIUHEH-
HBIX CUCTEM peKrMa ¢ o0ocTpeHueM [ManuHen-
kuid, [Torarmos, 2002]. B 060ux ciry4asx 0CHOBHOE
CBOICTBO MapameTpa COCTOSIHHSI CUCTEMbI — OblI-
CTpO€ HapacTaHHUE CO BPEMEHEM, IPEBOCXOAIIEE
AKCIIOHEHITMATBHYI0 3aBHCUMOCTh. Ho cxoacTBo
C KOHLEMIIUEW CaMOOPraHU3aIMK HE MOXET 3ame-
HUTH (PU3HUECKOTO 0OOCHOBAHHUS UCTIONIB3YEMOI0
ypaBuenus moxaenu CPII.

OnauM U3 utoroB auckyccuu 1990-x ro-
JIOB O MPEACKa3yeMOCTH WM MPUHLIUNHATBLHON
HemnpeackazyeMocTu 3emuerpsiceHuit  [Deba-
te..., 1996; Geller et al., 1997] crano TpeboBa-
HUE, YTOOBl Bapuanuu reopu3MUecKux MoJei,
paccMarpuBaeMble B KaueCTBE TMPEIBECTHUKOB
3eMIIETPSACEHHS, OBLIM CBSI3aHBI C MPOIECCAMHU
MOATOTOBKM ouara 3emiierpscenus. [Ipumenu-
tenbHO K Mozaenu CPII stu TpeGoBanms mMoryt
OBITh YACTUYHO YIOBIETBOPEHBI IPH YTOUHCHUH
¢dbuznyeckol nmpupoasl 3Tol moaenu. B opuru-
HaJIbHBIX paboTax [Masnsimie, 1991; Mansimes,
Tuxonos, 1991; Tikhonov, Rodkin, 2012] wuc-
xonHoe ypaBHeHue mozenu CPII cBssbiBasioch
C YpPaBHEHHMEM HAKOIUICHUS MOBPEKICHHOCTEHN
B Marepuajiax B YCJIOBHUSX MajblX HM3MEHEHHI
TepMoauHaMHU4Yeckx napametpos [Voigt, 1989].
B nmocneayromux paboTtax ceiicMoJI0roB BOMpPO-
cam obOocHoBanust mozxenu CPII He ymensnoch
3aMETHOTO BHUMaHUs. MeXay TeM B COBPEMEH-
HOM (pU3UYECKOM MaTepuaIoBeACHIUN U MEXaHU-
K€ yCTaJIOCTHOTO Pa3pylIeHUs YK€ HE HCIOJb-
syercst nmoaxon doiirra [Bomeros u ap., 2015].
B cBs3u ¢ 3TUM B JaHHOW 3aMETKE paccMmaTpH-
BalOTCS (PU3UYECKHUE MOJICIH, CICICTBHEM KOTO-
pbix MoxeT ctath monenb CPII, onuceiBaronias
BO3HHKHOBEHHE PEKUMOB C 00OCTpEeHHUEM MJis
(G OPIIOKOBBIX TIOCIIEIOBATEIIHHOCTEH.
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Anauu3 ypaBHenuii mogeau CPII

CornacHo [Mansies, Tuxonos, 1991] u no-
CJIEAYIOIIUM paboTaM, OCHOBOIIOJIATAI0IIEee YPaB-
nHenue mozaenu CPII umeet popmy

d? xldt>= A, | (dxldi)* — |, um
dyldt=A,|y*—c*“* (1)

rae x(f) — mapaMmeTp COCTOSTHUS, JJajiee COMOCTaB-
JSIeMBIi ¢ 3aBUCHMOCTBIO OT BPEMEHH, KOJIUYe-
CTBa MPOU3OMIEANINX COOBITHH MM CyMMapHBIM
BBIJICJICHHEM CEHCMHYECKON dHEPTuu; }(f) — CKO-
pOCTh U3MEHEHHs napamerpa x; A, a, A, ¢ — He-
OIpeJeNIeHHbIE  TOJOKUTENbHbIE  KOHCTAaHTHI,
IpUYeM B HauaJIbHBIM MOMEHT BpeMeHH dx/ dt > c.
[Ipu cpaBHEHUM penieHui x(f) ¢ SMOIUPUUYECKUMHU
JaHHBIMH CYUTAJIOCh, YTO TIApaMeTp ¢ B ypaBHe-
Huu (1) mpeHeOpeKUMO MaJl M HE WTPAET POJIH.
Kak cnenctBue, BMecto (1) wucmonp3oBaioch
YIPOLIEHHOE YpaBHEHUE

dyldt =4, y*, )

KOTOpOe 10 (hopme COBMAaeT C ypaBHEHUEM HEy-
CTOHYMBOIO pOCTa KPYIIOH (IMCKOBOM) TPEILMHBI
[Das, Scholz, 1981; Varnes, 1989] u ¢ ypaBHeHHU-
€M HaKOIUICHHUS MOBPEXKACHHOCTEH B Marepuanax
B YCIOBHSIX MaJIbIX U3MEHEHHH TEpMOIUHAMHYE-
ckux napametpos [ Voigt, 1989]. Kazanocsk 651, 310
00CTOATENBCTBO MOXET OOBSACHUTH (PU3MUYECKHI
MexanusM mozenu CPIL. Ho npu Takoil momeiTke
BO3HHMKAE€T HECOOTBETCTBHE C NPUMEpPAMHU 3EM-
nerpsacenuil Ha CaxanuHe, NMpeACKa3aHHbIX C HUC-
MOJIb30BaHKWEM ypaBHEeHHMs (2) [Manbimes, Mabl-
meBa, 2018; 3akynun u ap., 2019; Tikhonov, Kim,
2010]. dns Bcex cOOBITHIA, HA KOTOPHIE B IIUTHUPO-
BaHHBIX Pab0Tax BBIJABAJICS MPOTHO3 110 MOJEIH
CPII, ouaroBble NOABMKKH IMPOUCXOANUIH IO YXKe
CyLIECTBYIOIIUM pa3nomMaM. CTOUT OTMETUTh, UTO
Ha Teppuropun CaxanuHa IJIOTHOCTH Pa3joOMOB
pa3IMYHOTO paHra BbICOKa [XapaXxuHOB U Ap.,
1984; BoeiikoBa u 1p., 2007], u HET HEOOXOAUMO-
CTH pacCMaTpHUBaTh HOBBIE Pa3pPbIBHI.

Bonee mepcrieKTUBHBIM TPENICTABIAETCS BO3-
MoxHOe 00bicHenne Mogemn CPII ¢ mosummii
o0mielt Mozenu mepexofa Ipolecca paspylie-
HUSI ¢ MUKpPO- Ha MakpOYPOBEHb IPU HAKOIUICHUH
ompezneneHHoro uyucna aedexros. llox nedekra-
MU B JAHHOM CIIydae MOJpPa3yMEBAIOTCS MHUKpPO-
TPEUIMHBI B 00pa3ax reoMarepraioB, TPEIIMHbI
B MOPOAHBIX MacCUBaX, CECMOTEHHBIE Pa3pPhIBbI
cpenbl (B 3aBUCMMOCTH OT MaciiTaba 3aja4m)
[Mstukun 1 z1p., 1975; Kykcenko, 1986; Cobones,
3aBbsiioB, 1980; 3aBwsanos, 2005]. [dns nosicHe-
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HHSI 3TOH BO3MOXKHOCTH PACCMOTPHUM KPUTEPUH,
[0 KOTOPOMY OIpeNeseTCs] BpeMsl 10 BOZHUKHO-
BEHUSI MaKpOPa3phIBa, U CPABHUM €TO C YCIOBUEM
HEOrpaHMUYEHHOTO HapacTaHus napamerpa )(7) u3
ypaBHeHus (2). 1o Bpems B mogenu CPII npunu-
MaeTcsl 3a MPOTHO3UPYEMOE BpeMs 3emileTpsice-
Hus. st onpeneneHHocTy, mapameTp x(¢) ynoo-
HO COTOCTaBUThH C HAKOIJICHHMEM YHCIIa COOBITHIA
x <> N(t), Torga 3aBUcCUMOCTH y = dx/dt Oyaet co-
OTBETCTBOBATh CEiicMUYeCKast aKTUBHOCTb (7).

VYpaBHeHue (2) JE€rk0 MHTETPUPYETCS, U €ro
peleHye ¢ HadanbHbeM ycnoBueM y(0) = y, 3amnu-
ceIBaeTCs B (hopme

y =y0/ [l_AO ((X.— 1)_)}00‘71 t] 1/(0=1) (3)

Bripaxenue (3) mokasblBaeT, 4TO HapacTaro-
1Iee BO BPEMEHH PEIICHHE CYIIECCTIBYET IO MO-
MEHTAa CUHTYJIAPHOCTH, .

1

te = —m — =
; Ag(a—Dyg~*

Yo [(@ = 1) (dy/dt)|._o] "
4)
Ha sTom BBIpakeHnu Jus £, paKTHIECKH OCHOBA-
Ha OIIEHKA BPEMEHHU JI0 3eMJIETPSCEHHUS B MOJIEIH
CPII u ee anmoszeranoM ananore — AMR model
(accelerated moment release model) [Varnes,
1989; Bowman et al., 1998; Jaumé¢, Sykes, 1999;
Cianchini et al., 2020]. Ho BBugy HETOYHO-
CTH ONPEJCIICHUS CKOPOCTH POCTa aKTUBHOCTH
(v, < n(0) = n)) B camoM Havase pexuma ¢ 060-
cTtpenueM, A.W. ManpliieB npeasioxkui creru-
abHBIC ANTOPUTMBI: OXKUAAEMOE BPEMS CHIILHO-
TO 3eMJICTPSICEHUS OIPENIEIISICTCS 110 MTOSBICHUIO
«BEPTUKATHHONW aCUMMOTOTBD» K TpaduKy aKTHB-
HOCTH, COOTBETCTBYIOIIEH NPUMEPHO [EeCATH-
KparHoMy Bo3pactanuio 7n(f) > 10 n, [Manbies,
1991; Maneimes, Tuxonos, 2007]. B HenaBHUX
paborax [Mansimes, 2019, 2020] npemnoxkeH
Croco0 yTOUHEHHS BPEMEHH f(, B KOTOPOM OCTaB-
uieecss BpeMsl /10 CUHTYJISPHOCTU (aCHUMITOTHI)
MEPEOIEHUBACTCS TMPU CMEIIEHUH HavYalbHOU
TOYKW HA OJHO M3 COOBITHH B IMOCIICIOBATEIIHHO-
cTH (HOpPIIOKOB. YTOYHEHHAs] METOAMKA Ha3BaHA
«IIPETEICHTHO-IKCTPAITOJIAIIMOHHOW  OTICHKOI»
(cM. yKa3aHHYIO CTaThlO B HACTOAIIEM HOMEPE).
N3 ypaBHeHus (3) Takke BBITEKAET BO3MOXK-
HOCTH MPOTHO3a MO0 HAKOTUICHUIO YUCJIa COOBITHIA
HauWHasi C OMNpPENEJICHHOIO MOMEHTa BpPEMEHH
(magana pexxuma ¢ oboctpeHuem). Takoe mpen-
CTaBJICHHE MOXET OKa3aThCsi Ooliee eCTeCTBEH-
HBIM JUIS aHalln3a CEWCMHUYECKHX KaTaJIOTOB.
JlelicTBUTENbHO, KaKk OTMe4YeHO B [ Varnes, 1989],
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B cllydae o > 2 Mpu UHTErpUpoBaHUU (3) MOKHO
MOJIYYUTh CJIEAYIOIIEE BBIPAKEHUE JJI1 Iapame-

Tpa x(?):

1 a=2

x(t) = T (1-[1-A(a—Dys™" t]}

Ag(a—2)yg~2 ’ ° (53

B KOTOPOM MHOXHTENb Nnepea (GUrypHbIMU CKOO-

KaMHU COBMAJaeT C NPEeIbHBIM 3HaYeHHEM

x = x(t), 1, TaKUM 00pa3oOM, «KPUTHYECCKOEC)
max N

YKCII0 HAKOIUIEHHBIX COObITHI N, = N(t,) ompene-
JSIETCS BBIPAXKCHUEM

N, = [A(0-2) no 2" 0>2 (6)

U3 (4), (6) BeITeKaeT, uT0 N, MPONOPLUOHAIBHO
HayaJbHOMY 3HAYEHUIO aKTUBHOCTHU 1 = 1 U BPE-
MEHH f , B TCYEHUE KOTOPOTO MPOUCXOIUT €€ Ha-
pacraHue:

N, =nyt (a-1)/ (0-2). (7)

B ciywae o = 2 BblpakeHue (3) ynpoumaercs u
JTA€T IIPU UHTETPUPOBAHUHU CIICAYIOLIEE BbIpaXKe-
HUe, 3aMeHstomee (5):

1
x® = ~(7) ma-4y0)  ®

B srom ciyyae mpu ¢ — ¢, mapamerp x, como-
CTaBJISIEMBIN C YUCIIOM COOBITH, HEOTPaHUYECH-
HO Bo3pactaeT. Ho, kak otmeueHo B [Manblies,
Tuxonos, 2007; Tikhonov, Kim, 2010; Tikhonov,
Rodkin, 2012], Bpems ¢, 32 KOTOPOE aKTUBHOCTh
Bo3pacrtaer B 10 pa3, Majio OTIM4AETCs OT £, ¥ MO-
KET HUCIOJBb30BAThCA AJIS MPOTHO3a MO METOLY
CPIL U3 (3), (8) cmenyet, 4T0 MOMEHTY £, COOT-
BETCTBYET HAKOIUIEHUE COOBITUH N, ONpeIeNeH-
Hoe BbIpakenueM N, = 2.303/4,.

B mognenu mepexona mpouecca paspylieHUs
C MUKPO- Ha MaKpOypOBEHb yCIIOBUE HEYCTOWYH-
BOCTH OTpeAeNsieT KOHIICHTPAIMOHHBIN KpuUTe-
puii ceiicmorennbix paspsiBoB (KCP) [Cob6ones,
3aBbsioB, 1980]. OToT KpUTEpHil ycTaHABIMBAET
npeAenbHOe 3HAYCHHE IUIOTHOCTH Pa3phIBOB 1),
T.€. UX KOJIMYEeCTBa B eAuHMIIEe 00bema. Ecniu cuu-
TaTh, 4YTO KaXJIOMY CEHCMHUECKOMY COOBITHIO CO-
OTBETCTBYET «CBOI» pa3phIB, TO YUCIIO Pa3phIBOB,
npu kotopoM nocruraerca kpurepuit KCP, gact
OIICHKY ISl HAKOTUICHUS YHMCJIa COOBITHIA 10 BO3-
HUKHOBEHUSI MarucTPajIbHOTO pa3phiBa (OKHIae-
Moro 3emnerpscenus) N =mn_V, rne V — BbI-
OpauHblii 00beM cpenbl. [IpenenbHoe 3HaYeHHE
N,.. MOKHO BBIPA3HUTh 4Y€PE3 MUHUMAJILHOE OT-
HOIIICHUE PACCTOSHUS MKy pa3pbiBaMu, L, U UX
CpeIHEeH TITMHON lcp, k=1L/ lcp, 3HAYEHUE k JIEKUAT
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B nipeaenax k = 5—15 [Cobones, 3aBbsoB, 1980].
Hcnone3yst 3TH GOpMyIbI U U3BECTHOE COOTHO-
meHre 1 = 1/L°, MOXXHO TOJyYHTh OLICHKY ISt
NPUPOCTa YHCIa COOBITHI K MOMEHTY BPEMEHH,
KOTZIa JIOCTUraeTcs KPUTEPHM CEHCMOTECHHBIX
pa3pbBIBOB:

N,.=V/kL) (9)

max

Bxonsmiee B (9) lcp ONMM3KO K JJIMHE pa3pbiBa
JUIsL 3€MJIETPSICEHUM C HAaMMEHbLIEW MarHuTy-
JOW B BBIOOpKE, 3TOT MapaMeTp Majlo MEHSETCS
[0 Mepe HakoIIeHUs! coObITHI. Takum oOpazom,
Kputepuil nporHosa B mojenu CPII moxer ObITh
chopMynpoBaH B Takol ke (opme, Kak U KOH-
nentpanondsii kputrepuit KCP. 310 cxoactso
CBUAETENLCTBYET, uT0 Mozaenb CPII moxHO pac-
cMaTpuBaTh Kak CHelHaIbHbIN ciiy4aii o01eit Mo-
JIeJId BO3HUKHOBEHMSI MarCTPajibHOIO pa3phiBa.

Cnenudukoit CPII sBisieTcs To, 9TO B HAYaIb-
HBIIl MOMEHT BpeMeHH KOA(P(UIIMEHT CeHCMOTeH-
HBIX pa3pbIBOB yXKe OJIM30K K CBOEMY KpHUTHYe-
ckoMy 3HadeHuto. [Ipu sTom npaxe HeOOIBILION
KacKaJl COOBITUI MOXET MPOSIBUTHCS B U3MEHEHUH
napaMeTpoB B 000ux Mozaessix. V3 U310KeHHOTo
BBITEKAET, YTO IpPH PETPOCIEKTUBHOM aHaJIN3e
3emyieTpsiceHnii Ha CaxajluHe, PacCMOTPEHHBIX
B pabortax [TuxoHoB u ap., 2017; 3akynun u ap.,
2019; Tikhonov, Kim, 2010; Tikhonov, Rodkin,
2012], MO>XHO OOHAPYKUTh MIPEIBECTHUKH 1O U3-
MEHEHHIO KOd(pHUIMEHTAa CEHCMOTCHHBIX pas3-
peiBOB. HO mpoBepka 3TOM THMIIOTE3BI BBIXOIUT
3a paMKH JTaHHOU pabOoTHI.

B3pbiBHasi HEYCTOHYHBOCTDH BOJIH —
NPeaNnoChIKA WM HOBOE NMPeACTABJICHUE
CPII-monean

W3BecTHOE B TEOpUU HEIUHEHHBIX BOJIH SIB-
JIEHUE B3PBIBHOM HEYCTOMUYMBOCTH IIPU TPEXBOJI-
HOBOM B3aumojeicTBun [Poickun, TpyOenkos,
2017] moxeT OBITH aTbTEPHATUBON IS 00OCHO-
Banust monienu CPII ¢ ucxonubim ypaBaenueM (1).
Paccmorpum 3Ty BO3MOXHOCTH. B3pbiBHas He-
YCTOMUYMBOCTh BO3HHMKAET IPU B3aWMOJACHCTBUU
TpEX BOJH B METAaCTaOMIIbHOM cpefie, TPHUEeM XOTs
ObI O/1HA M3 B3aUMOAEHUCTBYIOUINX BOJH SBISETCS
BOJIHOM ¢ oTpuuarenbHoil sHeprueir [OcTpos-
ckuii u ap., 1986; Tpybeukos, Poxués, 2001].
K HeycTOWUYMBOCTH NMPUBOAUT TO, YTO JUISI BOJI-
HbI C OTPULIATENILHON SHEPTUEN POCT aMIUIUTY/IbI
U COOCTBEHHO PHEPIUU BOJIHBI COIMPOBOXKIACTCS
YMEHBIICHUEM 2HEPTruu CUCTEMBI, a MPH 0TOOpe
SHEPruM y TaKOW BOJHBI (32 CUET JUCCUMALMU
WJIU CBSI3U C OOBIYHOW BOJIHOM C MOJIOKHUTEIIBHOM
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SHEprueil) mpoucxoauT ee Hapactanue [OcCTpoB-
CKui u 11p., 1986]. Ctout non4epKkHyTh, 4YTO BOJIHBI
OTpHULATENBHON YHEPTUN MOTYT BO3HUKATh TOJIBKO
B MeTacTaOWIbHOM (HEpaBHOBECHOM) cpefe, Ha-
MpUMep B TMOTOKOBBIX CHCTEMAaX, COAEpKaIIUX
MTyYKH 3apsHDKEHHBIX YaCTHI] WIK CIIBUTOBBIE TEUe-
HUS 3JIEKTPUUECKH HEUTPAIbHOM KUIKOCTH.

CeiicMOTeHepUpyIOIIKE 30HbI B FO)KHOW YacTH
0. CaxanuH, 711 KOTOPBIX BBIJABAINCH MPOTHO-
361 MeTogioM CPII [TuxonoB u ap., 2017] u rae
HMMEIOTCSI CUCTEMbI Pa3jioMOB [XapaxuHOB U Jp.,
1984; Boetlikosa u ap., 2007] u 1I0KaIu30BaHbI Jie-
(dbopmalnuu ciBUTA, MPEANOIOKUTENHHO SBISIOTCS
TaKUMHU METacTaOUILHBIMH cucTeMaMu. J{7ist onu-
caHus Ae(pOpMaIMOHHBIX BOJH B Pa3IOMHO-0104-
HOI cpene NpeyioKeHbl HEJIMHEHHbIE BOJIHOBBIE
ypaBHenus [HukonaeBckuii, 1996; beikos, 2005,
2018]. Haubonee merambHO MCCIIEIOBAIOCH BOJI-
HOBOE€ ypaBHEHHE THMA «cUHYC [opnon» [BbIkoB,
2018]. ITokazaHo, YTO CKOPOCTb PacPOCTPAHEHUS
TaKUX BOJIH 3HAYUTEIIbHO MEHbIIE, YeM CEeUCMU-
YECKHX, U XapaKTepHOE BpeMsl PaclpOCTPaHEHUs
BOJIHBI TI0O PETMOHY MOYKET COCTaBUTh HECKOJBKO
CYTOK WJIM HENENb (T.€. CPABHUMO T10 JITUTEIIHHO-
CTH ¢ HeKOTOpbIMU peanu3arusimu CPII).

OpaHako 3TH ypaBHEHHUS HE MOTYT aJIeKBAaTHO
YUUTBIBaTh HANIU4YME B Cpelle MeTacTaOWJIbHBIX
30H, U HEYIMBUTEIBHO, YTO JJI1 HUX HE paccMma-
TPUBAJIUCh PEIICHUS C OIMHUCAHWEM B3PBHIBHOU
HEYCTOMYMBOCTU TMPHU TPEXBOJHOBOM B3aWMO-
neiicteun. B nanHOl paboTe mcxomum U3 oOiie-
¢buznyecKoi MoAeNnu B3PHIBHON HEYyCTOMUHMBOCTH
[Peickun, TpyOGerkos, 2017]. B nmpocteitmem ciy-
4ae MPOCTPAHCTBEHHO-OTHOPOTHOM CpeIbl CHUCTE-
Ma YpaBHEHUH UI1 aMIUIMTYZ TPEX B3auMOJICH-
CTBYIOIIUX BOJIH 4, 4, 4, 3AIICHIBAETCA B popme

da /dt=A a,a, cosp, da/dt = A a, a, cosy,
da,/dt=A a, a, cosQ,

do/dt = —(a, az/a3 +a, a3/a1 +a, a3/a2) sing ,

P=9,-0,- 0, (10)
e A — k03(pPUIHUEHT, OTpaKaroIIUi MacITad
BPEMEHHU, ¢, ¢,, P, — (pa3bl BoH. 3HaKHU (a3 B BbI-
paxenuu (10) coOTBETCTBYIOT HyMepaluy BOJIH:
1, 2 — c oTpuLaTeNnbHO dHEprueH, 3 — ¢ IOI0KHU-
tenbHOM. Cucrema ypaBHeHuid (10) cymiecTBeH-
HO YIPOUIAeTCs, €Clu aMIUIUTYAbl BOJIH ObUIH
OJIMHAKOBBIMH B HadaJbHBIi MOMEHT BPEMEHH.
Torga, kak BuaHo u3 (10), oHn OyayT OIMHAKO-
BBIMU U B [IOCIENYIONIEE BPEMS: a, = a, = a, = d,
u BMecTo (10) MOXHO 3amMcaTh CUCTEMY U3 JBYX
YpaBHEHUM:
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daldt = A a* cos ¢, do/dt =34 a sinp. (11)

Cornacuo (11), ammuutyga BOJIH a pacTeT IpH
—m/2 < ¢ < m/2 u ymeHbIaeTcs npu |¢| > m/2.
st ypaBuenuit (11) cymiecTByeT HHTErpall ABU-
KEHUS (COXPaHSIONIASICS BEINIHHA):

(12)

Ecnn navanenas ¢asa ¢, = 0, T0 ypaBHeHHE
JUIS aMILTATYAbl CBOIUTCS K BUAy da/dt = A a?
Y €T0 pEelIeHUE COBIAIaeT C BeIpaxkeHueM (3), rae
HY>KHO TIOJIOKHTH o = 2. [IpoBons mepeobo3Haye-
Hust B (4) y — a, A, — A, JIETKO TOJIy4UTh BbIpa-
KEHHE i1 BPEMEHH, B TE€UCHHE KOTOPOTO CyIile-
CTBYET HapacTarolee pemenue ¢, = 1/4a,.

IIpn HeHyneBol HayanbHOU (ase ¢, MCKIIOYas

COS @ B ypaBHeHMH i amruutyas! (11) ¢ mo-

MOIIBI0 COOTHOIIEHU# cos @= £ (1 — sin’p)'?,
3 — 3 Q1 3

SinQ = a,’ sin@,/ a’, MOXKHO MOJIYYHTh CIIEMYIOLIEE

ypaBHEHHE NIEPBOTO MOPSAKA:

da®/dt = +2 A (a®— af sin*@,)'/%(13)

@’ sing = const = a’ sin@,.

ITo cBoeit popme ypaBuenue (13) cxomHo ¢
ypaBHeHueM (1) s nmapamerpa y. Kagpar am-
IUTUTYbl BOJHBI MPOMOPIMOHAJIEH €€ SHEepruu,
IIPUYEM SHEPrHsl BOJHBI ONpeAesseTcs Ui BOJI-
HOBOI'0 IOTOKA, MPOXOAALIET0 HEKOTOPYIO IJIO-
LIa/IKy 3@ €JUHUYHOE BpeMs. DTO MTO3BOJISAET MPHU-
nath (pU3MYECKU CMBICT apaMeTpy ), KOTOPBIH
BbIIIE B ypaBHeHUH (1) BBoAMICS (DEHOMEHOIOTU-
yecku: y(f) oTpaxaeT BbIJICIICHUE SHEPTUH B €U~
HUILy BPEMEHHU.

ComnocTaBieHne TOro napaMmerpa ¢ CeHcMHU-
YEeCKOIl aKTUBHOCTBIO MOXET ObITh OIpaBIaH-
HBIM, KOTJIa PACCMaTPUBAIOTCS BBIOOPKH COOBITHI
B Y3KOM Juana3oHe MarHuTya. Ho nMeHHo Tak u
aHAJIM3UPOBAINCH (POPIIOKOBBIE KacKabl B pado-
tax [TuxonoB u np., 2017; Tikhonov, Kim, 2010;
Tikhonov, Rodkin, 2012; u np.], mocBAIIEHHBIX
IIPOrHO3aM BPEMEHHU 3€MIIETPSCEHUSI Ha OCHOBE
mopenu CPII.

VYpaBuenue (13) momyckaeT pelieHHe B KBa-
nparypax. [lng 3amucu 3Toro pemeHus: ynoOHO
BBECTH HOBYIO IIEPEMEHHYIO

&= a*/(a,’ sin’?). (14)
[Tocne 3amensl nepemenHol B (13) nomyuyum cie-
IyIoIlee ypaBHEHHUE:

(&-1)"*dé/dt = 2Aasin g, (15)
pELICHHE KOTOPOr0 C HAaYaJIbHBIM YCIOBHEM
£(0) = &, = sin*g, 0 < @, < 1/2 MOXHO 3anKCaTh
B (hopme
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g
t=1/(2Aa,sin/3g,) f dz/ @3 -1, (16)
&

Wurerpan B (16) BelpaxkaeTcs yepe3 clenuab-
HYI0 (QYHKIUIO — HOPMAJbHBIN AJUTANITHYECKUI
unrerpan 1 poma F(W, k) [[IpymaukoB u np.,
1984]:

t = (2Aagsin'/3 o) L [F(¥o, k) — F(¥, k)] /V3,

(17)
e k=sin /12 =~ (0.2588,
1 - (V3 + Dsin?3g,
cos ¥, =
1 + (\/§ - 1)sin2/3(p0 (18)
a?/af — (V3 + 1)sin?/3q,
cos¥ =

a?/af + (V3 — D)sin?/3g,

HO u3-3a Tpomosakoctu 3amucu (17), (18) mus
YUCJICHHBIX OLICHOK y)106Hee BBIPAXXCHUC B KBa-
nparypax. Tak, B 4yaCTHOCTH, BpeMsi HapacTa-
HUSl aMIUTUTYZIbI O OECKOHEYHOCTH MOXKHO BBI-
pa3uTh uepe3 (YHKIUIO OT HauadbHOU (a3bl
9, tg = J(9,)/(Aa,). dnsa ocoboro cayyas ¢, = 0
(ynkums J = 1, a 111 HEHYJIEBBIX @, U3 HHTEP-
Bana 0 < @, < n/2 bynkumus J(¢,) onpenensercs
BBIpAXXKCHHEM

J(9,) = 1/(2 sin/? (po)f dz/ (23 —1)'"*
&

&, = 1/sin*@ >1.

. (19)

Jlnst unTepBana /2 < ¢, < 7, Ha KOTOPOM aMILIH-
Tyzna yObIBaeT, a (pa3za HapacTaeT CO BPEMEHEM,
3HaueHus J(T)) ONPENENAKTCA BBIPAKEHUEM
(IpoMeKyTOUHBIE BBIKJIAKHU OIYIIEHBI):

J(@)) =2 J(wW/2) — S —¢,). (20)

Hawubonpmmii nHTEpEC MpEeACTaBIsgET Cirydai
¢, = T/2, KOTIa B HAYaJbHLIA MOMEHT BPEMEHH
da/dt = 0 u ypaBaenue (13) MOXXeT MOIETTUPOBATH
nepexoa M3 KBa3HWCTAIIOHapa B PEXHUM ¢ 000-
ctpenueM. B atom ciryuae J(n/2) = 1.214, gto oT-
JIM9aeTcst 0T 0coboro ciaydas @,= 0 npuMepHO Ha
20 %. Ilockonpky Bpems CylIEeCTBOBAaHHS Hapac-
Tarolux pemenuid ypasaenus (13) umu (15) pas-
Ho ¢, = J(¢,)/(Aa,), TO U {, MEHSETCS JIUIIbL HA BE-
an4rHy 0Koio 20 % mpu M3MEHEHUU HadaJlbHOU
¢a3zb1 0 10 /2 . DTOT pe3yabTaT MOKHO UCTIONH30-
BaTh MPH aHaJM3e (POPIIOKOBBIX MOCIEIOBATEIh-
HOCTEH JI TIOUCKOB PEXHMOB C 00OCTpPEHHEM.
[Tpu cpaBHEHMH SMIUPUYECKHUX JAHHBIX C YpaB-

GEOSYSTEMS OF TRANSITION ZONES
2021, 5 (2)



®DU3UYECKUE OCHOBbI MOJENIU CAMOPA3BUBAIOLMXCS MPOYECCOB U BOMNPOCHI EE MPUMEHEHWS 4151 NTPOrHO30B 3EMJIETPSICEHUIA

[IpuBezem 3HaueHus GyHKIMK J(Q ) 111 HEKOTOPBIX 3HAYEHHH HAYaIbHOH (asbl.

/12 76 /4 /3 5m/12

0, 0
J(,) 1

HenueM (13) Bo3HUKaeT 3a7a4ya moadoopa Tpex He-
OnpeneNeHHbX Kodhuuuentos 4, a;, ¢, Ilpu
poOHOM BBIOOPE MHTEpPBaja C HAYaJIbHON TOUYKOM
710 OBICTPOTO HapacCTaHMs AKTUBHOCTH (HA KBa3U-
crauuMoHape) yno0Ho 3anarh ¢ = n/2. Jlanee Bme-
CTO 1monbopa JBYX MapamMeTpoB A, a Juis ypas-
Henus (1) Haxonuth 3Ha4deHus A, a,, JAIOUIUE
HauTyyliee cXoJACTBO ¢ pemeHuem (13). Oro no-
3BOJISET MOJTyYUTh IBHYIO OLEHKY BPEMEHH £, KO-
TOpasi UCIOJIb3YETCs JJIs IPOrHO3a.

O0cy:k1eHne U BbIBOAbI

B 3aBeprienne cTouT OTMETUTH 0c000€ CBOI-
CTBO B3pBIBHOM HEYCTOMYMBOCTH BOJH B CPEIE C
HEOJHOPOJHOCTHIO — HAJIMYME MOpOTa M0 aMIUIH-
Ty/I€ BOJTHBI C OTPHIIATeIbHOM SHepruel [ Pabuno-
BMY U JIp., 1974; 3axapoB, Manaxkos, 1975; Bers
et al., 1976]. CornacHo 3TuM u Ipyrum padoram,
TOJILKO TIPH JTOCTATOYHO OOJBIION HaYalIbHOH aM-
IUTUTY/I€ BOJHBI C OTPULIATEILHON 3HEpruen (mpu
CUJIbHOW SHEPreTUYecKol HaKayKe) MPOUCXOAUT
JIOKaJu3alus BOJIH Ha HEOJHOPOIHOCTH U Hapac-
TaHue ux ammutya. [lpu HauanepHOM amMmuTyIE
HWKE MOPOTa BBIAEIAIOIIASACA DHEPTUS YHOCHUT-
csi U3 00JacTH HEOTHOPOJHOCTH, UMEET MECTO
TaK Ha3blBaeMasi KOHBEKTHBHAsl HEyCTOMYMBOCTh
[TpyOeukoB, Poxués, 2001]. Ecau nepenectu
3TH pe3yibTaThl Ha ciay4dail (OPIIOKOBBIX IIO-
caenoBarenbHocTeil (CPII), MOXKHO MOTyCTHTH,
YTO UMEETCS JOMOITHUTEIBHOE YCIOBHUE, IPU KO-
topoM peuterus CPII, oOHapykeHHBIE alTrOpUT-
MoMm A.W. ManblieBa, 1al0T IPEIBECTHUK 3€M-
JeTpsiCeHUsl. DTO YCIOBHE CBOAUTCS K HAJIMUUIO
COOBITHI1 C MOBBIIIEHHOW MAarHUTYAOW B Hayaie
[IOCJIEI0BATEIbHOCTH, TOTUNHSIOLIENCS ypaBHeE-
Huto CPIT (1) wnm (2). Ilocne mpoBepku jory-
IICHHUS O JIOTIOJTHUTEIBHOM «(QUIBTPE) PEIIeHHH
CPII no nMeromuMes npumepam [3akynuH 1 Ip.,
2019] u, 4ro eme BaXkHEe, IO HOBBIM JTaHHBIM
0 CEHCMUYECKHUX AKTUBALUAX NIEPE]] [NIABHBIM CO-
ObITHEM, ITO JOMYIICHHE MOXKET OObSICHUTH pa3-
mnune oneHok metonoB CPII u AMR. B ognux
paboTtax (CCBUIKM TPUBEIEHBI BBIIIE) METOJbI
CPII unu AMR cunratorcst 3peKTUBHBIMU WIIH,
10 KpalHel Mepe, NPUEMIIEMBIMU I IIPOTHO-
3a BPEMEHM 3eMJICTPSICEHUsA, a B Apyrux [Vere-
Jones, 2001; Hardebeck et al., 2008] — crarucTu-
YECKHU HE ONPABJAAHHBIMHU.
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/2 TIn/12 2n/3  3n/4
1.005 1.020 1.046 1.085 1.140 1.214 1.289 1.344 1.383 1.409
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57/6  11w/12 T

1.424  2.429

Hapacranue celicMUYeCKOM AaKTUBHOCTH Iie-
pell IaBHBIM COOBITHEM, OIMCHIBAEMOE MOJIENbIO
CPII, moxer ObITh TpOsIBICHHEM (T.€. COMPOBO-
K1aTh) PA3TUYHBIX IO CBOEH MPUPOJE MPOLIECCOB.
Beiiie paccMOTpeHbI TpUMEPBI TAKUX (PU3UIECKUX
IIPOLIECCOB: HAKOIJIEHUE CECMOTEHHBIX PAa3PhIBOB
U pa3BUTHE B3PBIBHOM HEYCTOMYMBOCTH. Moneinb
CPII moxet cuutarbcsi (PU3NYECKOM, a HEe (eHo-
MEHOJIOTMYECKON MOJIENBIO (ITyCTh JIaXe CXOAHOM
C KOHILIETILIMEH CaMOOPraHU3alllK), BKIIIOYAIOIICH
B ce0s1 BOBHUKHOBEHHUE PEKUMOB C 000CTPEHUEM.
Hecmortpst Ha 10T BBIBOA, MOzienb CPII siBnsiercs
CJIMILIKOM YNPOILEHHOM 10 CPaBHEHHUIO C IPYTUMHU
M3BECTHBIMU MOJIEIISIMH MOJITOTOBKU OYara 3emiie-
Tpsicenus. [Ipu mpyuMeHeHnn TOM MOJENHN JUIs pas3-
HBIX CEHCMOOIACHBIX PETHOHOB 3(PPEKTUBHOCTD
IIPOTHO30B BPEMEHM 3EMIIETPSACEHUsS (TPOLIEHT
YCIIEIIHBIX MPOTHO30B K OOIIEMY YHUCITYy 3eMile-
TPSCEHUN C MarHUTYAOM HE HUXKE, YEM y «IIpeJ-
CKa3aHHbBIX») MOJKET CYIIECTBEHHO pPa3JINn4aThbCsl.
OcoOeHHOCTH (a BOBMOXKHO, MHTEPECHEHUIITUH Tpe-
LIEICHT) I0KHOM "acTu 0. CaxainHa — I0CTaTOuHO
BbICOKasl 3(PEeKTUBHOCTH 3TON Mozenu. JleicTBu-
TEJIBHO, 3a CPABHUTEIBHO KOPOTKOE BpEMsl, MEHEE
20 net, U.H. Tuxonos, A.1. Manemues u A.C. 3a-
KyIIMH BbIJAJIM 6 yCHEHNIHBIX MPOTHO30B, B TOM
yrcie 3a01aroBpeMeHHbIi mporHo3 HeBenbckoro
3emuterpsicenus 2.08.2007, M = 6.2. Konnuectso
JIOXHBIX TPEBOT U MPOITYCKOB LIETIH 3a TOT XK€ Ie-
puon — He 6onee 3. Ho MaruuTyna Bcex npescka-
3aHHBIX COOBITHII ObLIIa MeHee 6.5.

[Tpencrout nposepka 3PPEKTUBHOCTH MOJICIH
CPII ans 6onee cunbHBIX 3eMieTpsiceHuid B Jlanb-
HEBOCTOYHOM permone Poccun. [loaTtomy Becpma
aKTyaJleH NpeniokeHHbI B cratbe A.J. Manbl-
mesa u JI.LK. MasiblieBoit HOBbIN BapyUaHT UCIIOJb-
3oBanust Mosienu CPIT st otieHku ceficMuueckoit
omnacHocTu. B aToii paboTte 17151 yTOUHEHHs OLIEHOK
BPEMEHU INIABHOTO COOBITHS MPUBIIEKAETCSI UH(DOP-
Manusi 0 COOBITHSX M3 MHTEpBaJla ¢ HapaCTaHUEM
aKTUBHOCTH (TIpEleICHTaXx) M OLIEHKHA Ha3BaHBI
MIPELEIEHTHO-3KCTpanosIMOHHbIMU.  [lepcnek-
THBHO TaK)X€ COBEPILIEHCTBOBAHUE CaMOW MOZENN
(paciupenue Kiacca ypaBHEHUH, OMHMCHIBAIOIINX
(OpIIOKOBBIE  MMOCIEIOBATEILHOCTH, BBEICHUE
B monenb CPII momonmHMTENBHBIX TapaMeTpoB),
HarpasJeHHOe Ha 0ojiee paHHee 0OHapy)KeHHE Ha-
yaJla «B3pbIBHOTO» HapacTaHUs aKTUBHOCTH NIEPEL]
IJIaBHBIM COOBITHEM.
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Introduction

With the development of the Malyshev — Tik-
honov approach to mid-term and short-term esti-
mates of the earthquake time on the basis of the
self - developing processes model (SDP) [Maly-
shev, 1991; Malyshev, Tikhonov, 1991] and accu-
mulation of the successful (realized) predictions
in the Far East region [Malyshev, Malyshe-
va, 2018, the article in the current issue; Zakupin
et al., 2019], the problem of the SDP model fun-
damentals becomes more and more significant.
This approach describes the time dependence
of seismic activity before a large earthquake with
a kinetic equation, the solution of which is singu-
lar: it grows without limit during the finite time.
This corresponds to the realization of the blow-up
regime known in the dynamics of nonlinear sys-
tems [Malinetskiy, Potapov, 2002]. In both cases,
the main property of the parameter of system state
is its rapid temporal growth, exceeding the ex-
ponential rate. But the similarity to the concept
of self-organization cannot replace the physical
grounds of the used SDP model equation.

A resuming note of hiring debates of the 1990s
on the earthquakes predictions possibility or im-
possibility in principle [Debate... , 1996; Geller et
al., 1997] stated that geophysical fields variations,
considered as precursors of an earthquake, must be
related to the processes of the earthquake source
preparation. One can satisfy partially such request
for the SDP model by refining the “SDP” physical
nature. In original works [Malyshev, 1991; Maly-
shev, Tikhonov, 1991; Tikhonov, Rodkin, 2012], the
initial equation of the SDP model was associated
with the equation of damage accumulation in ma-
terials in the settings of small change in thermody-
namic parameters [Voigt, 1989]. Subsequent works
of seismologists did not pay considerable attention
to the problems of the SDP validation. Meanwhile,
Voigt’s approach is no longer used in modern physi-
cal material science and mechanics of fatigue frac-
ture [Volegov et al., 2015]. In this regard, the pre-
sent note considers physical models resuling in the
re-formulation of the SDP model to describe blow-
up regimes occuttnce for foreshock sequences.

Analysis of the SDP model equations

According to [Malyshev, Tikhonov, 1991] and
subsequent works, the main equation of the SDP
model has a form

d? x/dt*= A, | (dx/dt)* — c*|“*, or
dyldt=A,|y*—c*|"* (1
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where x(¢) — is the state parameter, related below
to the temporal dependence of the number of event
occurred, or to that of total release of seismic en-
ergy, y(t) — rate of change in x parameter; 4, a, A,
¢ — indefinite positive constants, and at the initial
time moment dx/dt > ¢. When comparing the so-
lutions y(¢) with the empirical data the parameter
¢ in equation (1) is assumed to be negligible and
does not play any role. Hence, we used the simpli-
fied equation instead of (1)

dyldt =4, y", (2)

which form is identical to the equation of un-
stable growth of a circular (disk-shaped) crack
[Das, Scholz, 1981; Varnes, 1989] and with the
equation of damage accumulation in materials in
the settings of small change in thermodynamic
parameters [Voigt, 1989]. Seemingly, this cir-
cumstance can explain the physical mechanism
of the SDP model. But, a discrepancy arises with
the examples of earthquakes on Sakhalin, pre-
dicted using equation (2) [Malyshev, Malyshe-
va, 2018; Zakupin et al., 2019; Tikhonov, Kim,
2010], and it prevents the exlanation attempt. For
all events for which the predictions were made
in the cited works using the SDP model, focal
movements occurred along the already exist-
ing faults. It should be noted, that the density of
faults of various ranks on the territory of Sakha-
lin is high [Kharakhinov et al., 1984; Voeikova
et al., 2007], so, there is no need to consider new
breaks.

A possible explanation of the SDP model
from the standpoint of the general model of the
fracture process transition from the micro- to
the macrolevel (due to accumulation of a certain
number of defects and the coalescence), seems to
be more promising. Defects, in this case, mean
microcracks in geomaterials specimens, cracks in
rock masses, seismogenic ruptures of the medium
(depending on the problem scale) [Myachkin et
al., 1975; Kuksenko, 1986; Sobolev, Zav’yalov,
1980; Zav’yalov, 2005]. To clarify this possibil-
ity, let us consider the criterion by which the time
before the occurrence of a macroscopic rupture is
determined and compare it with the condition of
an indefinite increase in the parameter y(¢) from
equation (2). This time in the SDP model is taken
as the earthquake predicted time. For certainty, it
is convenient to compare the parameter x(¢) with
the accumulation of the events number x < N(?),
then the seismic activity n(¢) will correspond to
the dependence y = dx / dt.
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Equation (2) is easily integrated and its so-
lution with the initial condition y(0) =y, can be
written in the form

y :yo/ [I_Ao(o‘_ l)yocﬁl t] & (3)

Expression (3) shows that a solution, which grows
in time, exists until the singularity moment, 7.

1 -1
ts = RCEE Yo [(a—1) (d)’/df)|t=og4)

Estimates of the time up to an earthquake mo-
ment in the SDP model is actually based on this ex-
pression for 7. The thing is so for the AMR model
(accelerated moment release model), the and
English-language analogue of the SDP [Varnes,
1989; Bowman et al., 1998; Jaumé, Sykes 1999;
Cianchini et al., 2020]). But due to the inaccuracy
of determining the rate of activity growth (y, <
n(0) = n,) at the very beginning of the blow-up re-
gime, A.I. Malyshev proposed special algorithms:
the expected time of a large earthquake is deter-
mined by the appearance of a “vertical asymptote”
to the activity graph corresponding to an approxi-
mately tenfold increase in n(¢) > 10 n, [Malyshev,
1991; Malyshev, Tikhonov, 2007]. Recent works
[Malyshev, 2019, 2020] proposed a method for re-
fining the time ., in which the remaining time to
the singularity (asymptote) is revaluated when the
initial point is shifted for one of the events in the
foreshock sequence. The refined methodology is
called “precedent-extrapolation estimate” (see the
above-mentioned article in this issue).

The possibility of predicting the accumula-
tion of the events number starting from a certain
time moment (the beginning of the blow-up re-
gime) also results from the expression (3). Such
representation may become more natural for the
analysis of seismic catalogs. Indeed, as it is noted
in [Varnes, 1989], one can obtained the following
expression for the parameter x(¢) by integration of
(3) in the case of a > 2:

—0‘_{1_[1—1‘1 (a—1)yg?t t]}%,
Ao(a=D5 7 o(a=b% 1L

where the factor in front of the curly braces co-
incides with the limit value x = x(Z), and, thus,

the “critical” number of accumulated events
N¢ = N(t,) is determined by the expression

N, = [A(a-2) n,] (6)

It results from (4), (6), that N, is proportional to
the initial value of activity n = n and time 7, dur-
ing which it increases:

x(t) =

o>2
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N, =nt, (a-1)/ (0-2). (7)

When o = 2, expression (2) is simplified, and
its integration results in the following expression,
replacing (5), when integrating:

1
x(t) = —(—) In(1—Ayy,t
®) 4, 0Yot) ()

In this case, parameter x, associated with the
events number, indefinitely increases when 1 — £..
But, as it is noted in [Malyshev, Tikhonov, 2007;
Tikhonov, Kim, 2010; Tikhonov, Rodkin, 2012],
time ¢, during which the activity increases by
10 times, differs insignificantly from ¢, and can
be used for the predictions by means of the SDP
method. It results from (3), (8), that the moment
t,, is correspondent with the events accumulation
N,,, determined by the expression N, = 2.303/4,.

The condition of instability determines the
concentration criterion of seismogenic ruptures
(CSR) in the model of the fracture process transi-
tion from the micro to the macrolevel [Sobolev,
Zavyalov, 1980]. This criterion sets the limit val-
ue for the density of ruptures n, i.e. their quantity
per unit volume. If we assume, that each seismic
event corresponds to its “own” rupture, then the
number of ruptures, at which the CSR criterion
is achieved, will provide an estimate for the ac-
cumulation of the events number before the oc-
currence of a main rupture (expected earthquake)
N_. =mn.. V, where Vis the selected volume of
the medium. Limiting value n __can be expressed
through the minimum ratio of a distance be-
tween the ruptures, L, and their average length [ ,
k= L/, the k value is in the range k = 5-15
[Sobolev, Zavyalov, 1980]. Using these formulae
and well-known relation = 1/L3, it is possible to
obtain the estimate for the increase in events num-
ber by the time moment, when the seismogenic
ruptures criterion is reached:

N =V/(kl) 9)

Included in (9) [ is close to the length of
a rupture for earthquakes of a lowest magnitude
in the sample, this parameter varies insignificantly
as events are accumulated. Thus, the prediction
criterion in the SDP model can be formulated in
the same form, as the concentration criterion (K ).
This conformity speaks in a favor that the SDP
model is a special case of a general model of ma-
jor break occurrence.

A peculiar feature of the SDP is that the coef-
ficient of seismogenic ruptures is already close to
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its critical value at the initial time moment. This
is a case when cascade of even a small events
number is able to manifest itself in the change in
parameters of both models. It follows from the
above, that a retrospective analysis of the earth-
quakes in Sakhalin, considered in the works [Tik-
honov et al., 2017; Zakupin et al., 2019; Tikhonov,
Kim, 2010; Tikhonov, Rodkin, 2012], allows to
find the precursors by change in the coefficient
of seismogenic ruptures. But the test of this hy-
pothesis is beyond the scope of this work.

Wave explosive instability — a prerequisite
or a new representation of the SDP model

The phenomenon of explosive instability dur-
ing three-wave interaction, known in the theory
of nonlinear waves [Ryskin, Trubetskov, 2017],
can be an alternative for rationale for the SDP mod-
el with the original equation (1). Let’s consider
this possibility. Explosive instability arises when
three waves interact in a metastable medium, and
at least one of the interacting waves is a negative
energy wave [Ostrovskiy et al., 1986; Trubetskov,
Rozhnev, 2001]. Instability is caused by that an
increase in both: amplitude and energy of “nega-
tive energy” waves is accompanied by a decrease
in the energy of the system. So, the wave ampli-
tude grows when the energy is taken from such
a wave (due to dissipation or connection with an
ordinary positive energy wave) [Ostrovskiy et al.,
1986]. It should be emphasized, that negative en-
ergy waves can arise only in a metastable (non-
equilibrium) medium, for example, in the stream
systems, which contain charged particle beams or
shear flows of an electrically neutral liquid.

Seismogenic zones in the southern part
of Sakhalin Island are presumably such metastable
systems. Let us remark that for this subregion the
predictions were made using the SDP method [Tik-
honov et al., 2017], and the faults systems are pre-
sented widely [Kharakhinov et al., 1984; Voeykova
et al., 2007], and shear deformations are localized
in the fault zones. Nonlinear wave equations are
proposed to describe deformation waves in the
fault block medium [Nikolaevsky, 1996; Bykov,
2005, 2018]. The wave equation of sine-Gordon
type was studied in more details [Bykov, 2018]. It
is shown, that such waves propagation rate is much
lower than that for seismic ones, and typical time
of a wave propagation over a region can be several
days or weeks (i.e. it is comparable to durations
given by some implementations of the SDP model.
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However, these equations are not able to take
into account properly the presence of metasta-
ble zones in a medium. So, and it is unsurpris-
ing that the solutions of above equations, which
can describe the wave explosive instability during
three-waves interaction, were not considered. In
this work we proceed from the general physical
model of wave explosive instability [Ryskin, Tru-
betskov, 2017]. In the simplest case of a spatially
homogeneous medium, the system of equations
for amplitudes of three interacting waves a , a,, a,
is written in the form:

da /dt=A4 a,a, cosg, da/dt = A a, a, cose,
da,/dt= A4 a, a, coso,

do/dt = —(a, aJa, + a,a/a +a, ala,)sing,
P =00, — 0, (10)

where 4 — time scale factor, ¢, ¢,, ¢, — wave
phases. Phases signs in expression (10) corre-
spond to the waves numbering: 1, 2 — negative
energy waves, 3 — positive energy wave. The sys-
tem of equations (10) is significantly simplified,
if wave amplitudes are the same at the initial
time moment. Then, as it can be seen from (10),
the amplitudes will be the same in the subsequent
time: a, = a, = a, = a, and a system of two equa-
tions can be written instead of (10):

daldt = A a* cos ¢, do/dt =34 a sinp. (11)

According to (11), amplitude a increases when
—n/2 < @ < m/2, and decreases when |p| > m/2.
There is an integral of motion (conserved quan-
tity) for equations (11):

@’ sing = const = g’ sin@,.

(12)

If the initial phase ¢, = 0, then equations for an
amplitude is reduced to the form da/dt = 4 a*, and
its solution coincides with expression (3), where
the substitution o = 2 is necessary. Changing the
notation y — a, 4, — A in (4), one can obtain eas-
ily an expression for the time, during which the
growing solution exists 7, = 1/4a,.

For a nonzero initial phase ¢, excluding cos ¢
in the amplitude equation (11) with the aids of for-
mulae cos ¢= * (1 - sin’p)'?, sing = a’ sing, /a’,
one can become the following first-order equation:

da?/dt =

Equation (13) is similar in form to equation
(1) for y parameter. Squared wave amplitude is
proportional to its energy, and wave energy is de-

12 A (a® — a§ sin®p,)*2 (13)

GEOSYSTEMS OF TRANSITION ZONES
2021, 5 (2)



FUNDAMENTAL FOR SELF-DEVELOPING PROCESSES MODEL AND PROBLEMS OF ITS APPLICATION TO EARTHQUAKES PREDICTION

termined for wave flow passing through a certain
area in a unit time. This implies that the y param-
eter from equation (1) has a physical essence of
the energy release per unit time.

Comparison of this parameter with the seis-
mic activity can be justified, when the samples of
events in a narrow magnitude range are consid-
ered. But this is the way of the foreshock cascades
analysis in the works [Tikhonov et al., 2017; Tik-
honov, Kim, 2010; Tikhonov, Rodkin, 2012; etc.],
devoted to the prediction of earthquake origin
time based on the SDP model.

Equation (13) permits a solution in quadra-
tures. It is convenient to introduce a new variable
to write this solution:

E=al(a; sin’g;’). (14)

After changing the variable in (13), we obtained
the following equation:

(&-1)"2de/dt = 2Aasin'g, (15)

Solution of which with the initial condition

£(0) = &, = sin®*¢,, 0 < ¢, < m/2 can be written in
a form

3
t=1/Q2Aaysin3g)) | dz/@3 -1y
£, (16)
Integral in (16) is expressed in terms of a special

function — normal elliptic integral of the first kind
F(\P, k) [Prudnikov et al., 1984]:

t = (2Aagsin¥? ) "L[F(¥, k) — FC¥, k)] /V3,

(17)
where k= sin n/12 = 0.2588,
1— 3+ sin?3g,
cos¥, =
1+ (\/§ - 1)5in2/3(p0 (18)
a?/a§ — (V3 + D)sin?3g,
cos¥ =

a?/a%+ (V3 - 1)sin2/3(p0’

but due to the awkwardness of a record (17) and
(18), the quadrature expression will be more con-
venient for numerical estimates. In particular, the
time of amplitude rise to infinity can be expressed
in terms of a function of the initial phase @
t, = J(¢,)/(Aa,). For a special case, when ¢, = 0,

the function J = 1, and for nonzero ¢, from the in-
terval 0 < @, < /2 the function J(¢,) is determined
by expression

J(0) = 1/(2 sin¥3 g,) f dz/(z* -1
o

&, = 1/sin*P@ >1.

, (19

For the interval n/2 < ¢, <, where an amplitude
decreases, and phase rises in time, the values of
J(¢,) are determined by expression (the interme-
diate steps are omitted):

J(@) =2 J(wW/2) — S —¢,). (20)

The case ¢,= n/2 is the most interesting, when
at initial time moment da/dt = 0, and equation (13)
can simulate transition from quasi-stationary to
blow-up regime. In such instance, J(n/2) = 1.214,
that differs from the special case ¢,= 0 approxi-
mately by 20 %. Since the lifetime of growing so-
lutions of equations (13) or (15) is £, = J(¢,)/(4a,),
then 7, also changes by nearly 20 % only when
initial phase changes from 0 to n/2. This result can
be used when analyzing the foreshock sequences
to search for blow-up regimes. The problem of se-
lection of three undefined factors 4, a, @, arises
when comparing the empirical data with equation
(13). The trial selection of initial phase ¢ = n/2
seems to be reasonable for the chosen interval
with initial point prior to rapid activity growth (at
quasi-stationary regime). Then, one can specify
the values of 4, a that will provide the best simi-
larity to solution (13) rather than solution of equa-
tion (1). This is a way to obtain a clear assessment
of time 7, which is used for prediction.

Discussion and conclusion

In conclusion, it is worth noting the special fea-
ture of wave explosive instability in the medium
with non-homogeneity — the presence of amplitude
threshold of negative energy wave [Rabinovich
et al., 1974; Zakharov, Manakov, 1975; Bers et
al., 1976]. According to these and other works
the waves localization on non-homogeneity, and
their amplitude growth take place only when the
initial amplitude of negative energy wave is high
enough (powerful energy income). When the ini-
tial amplitude is below the threshold, the released

Turn to the values of the function J(¢,) for some values of the initial phase.

j 0
J) 1

p/12  p/6 p/4 p/3
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Sp/12 p/2  Tp/12 2p/3
1.005 1.020 1.046 1.085 1.140 1.214 1.289 1.344 1.383 1.409
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3p/d Spl6 11p/12 =
1.424 2.429
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energy is transferred away from non-homogene-
ity zone, and the so-called convective instability
takes place [Trubetskov, Rozhnev, 2001]. Apply-
ing these results to the case of foreshock sequenc-
es (SDP), one can assume, that there is an addi-
tional condition under which the SDP solutions,
revealed by means of A.l. Malyshev’s algorithm,
provide a precursor of earthquake. This condition
is reduced to the presence of events with enlarged
magnitude in the beginning of subsequence obey-
ing the SDP equations (1) or (2). This assumption
allows validation by the existing examples of the
SDP solutions [Zakupin et al., 2019], and, more
importantly, by using the new data on seismic ac-
tivation prior to the stationary mainshock. After
its validation the assumption concerning an addi-
tional “filter” of the SDP solutions is able to ex-
plain the difference between estimates by the SDP
and AMR methods. In some works (the references
are given above), the SDP or AMR methods are
considered effective or at least acceptable for pre-
dicting the time of an earthquake, while in others
[Vere-Jones, 2001; Hardebeck et al., 2008] they
are supposed to be statistically not justified.

The increase in seismic activity before the
mainshock, described by the SDP model, can be a
manifestation (i.e. it follows someth.) of the pro-
cesses of different origin. The examples of such
physical processes are considered above: the ac-
cumulation of seismogenic faults and the develop-
ment of explosive instability. The SDP model can
be considered a physical rather than phenomeno-
logical model, although it is similar to the concept
of self-organization, which involves the blow-up
regime occurrence. Nevertheless, the SDP model
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The effectiveness of the SDP model for pre-
dictions of major earthquakes in the Far East
region of Russia has to be tested. Therefore, the
new approach to use the SDP model to estimate
the seismic hazard proposed by the Malyshevs
in their paper (work) is highly relevant. The in-
formation about events from the interval with in-
creasing activity (precedents) is used in this work
to refine the estimates of the mainshock origin
time, and these estimates are called precedent-
extrapolative. It is also promising to improve the
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Pe3tome. B pamkax mojeBbIX SKCIEIULIUNA HA ceBepO-BOCTOKE 0. CaXalliH ¢ UEIbI0 U3YUCHUS! KPEMHHUCTHIX
OTJIOKEHUH MUIBCKON CBUTHI JIsl Pa3pa0OTKH METOIMKH JIOKAJIM3AIIUH 3aJIekKeH HE()TH B HETPAIUIIMOHHBIX
TPEIIMHHBIX KOJUIEKTOPaX U3Y4YCHBI €CTECTBEHHbBIC OOHAKEHUS KaltHO30MCKUX OTI0KeH I Ha T-0Be [IImMuara
u B [lorpanmaroM mporude. OToOpaHbl 00pa3mpl AT aHATUTHYCCKIX HUCCIICIOBAHUN (TeOMEXaHHMUECKHX,
TEOXUMUYECKUX, JUTOJIOTUYECKUX W T.II.), MU3YYCHBI Mayble CTPYKTYpHBIE (GOpMbl (CKIaIKH, pPa3phIB-
HbIE HApYIICHUs 3€pKajid CKOJIBXKCHHS, OTPBIBBI, CKOJIOBBIC TPEIIMHBI), SIBISIONINECS HHAMKATOPAMU
TEKTOHMYECKUX JaedopManuii MacCuBa TOPHBIX MOPoJ. [loka3aHo, YTO MHTEHCHBHOCTh TPEIIMHOBATOCTH
CHJIBHO 3aBHCHT OT JIUTOJIOTHH, TIOJOXEHHS TOYKH HAOIIONECHUS OTHOCHUTENFHO IU3IBIOHKTUBHBIX W/WIH
IUTMKATUBHBIX CTPYKTyp. HampapneHue TpemuH MEHSETCS B 3aBUCHMOCTH OT IOJIOKEHUSI OTHOCUTEIBHO
3JICMEHTOB JIOKAIBHBIX CKJIAJIOK U OT MOJIOKEHHUs 0JioKa (Tpu MeJIKoOJI04HOM cTpoeHun). [1o pesynbratam
MOJICBBIX HAOJIIOACHUN, 30Ha MHTEHCUBHBIX TUCIIOKAIIMI UMEET KpailHe He3HAYMTEIbHYI0 MOIIHOCTh — KaK
MIPaBHIIO, TIEPBBIE NECATKHA MeTpoB. OTMeUeHa pe3kas HEOAHOPOAHOCTh TIOJST HANPSDKEHHUS B OKPECTHOCTH
[MorpannyHoro mporuba, OTpakeHHas B XapaKTepe AJIEMEHTOB 3aJIeTaHWN, CTPYKTYPHBIX HapyIICHHHA
U mapareHe3oB. B ceBepHoit yacTu mporuba BhIeIeHbl MHOTOUHCIICHHBIC JICOUTYOINE HETEIPOSBICHMS,
CBSI3aHHBIC C OTKPBITOM TPEIIMHOBATOCTHIO, KOTOpPAasi, OUYEBUIHO, CBHUJICTEILCTBYET O MPOIOIKAIOIIEMCS
JIO HACTOSIIIIETO BPEMEHU PEKUME PACTSHKECHUS.

KiroueBble c/j10Ba: HeTpaAUIIMOHHBIE KOJUIEKTOPHI, KDEMHHUCTHIE OTIIOKEHUS, TEKTOHNYECKHE HATIPSKEHIIS,
nedopmManyu, 60po3bl CKOIBKEHUS, TPEIIMHOBATOCTD, T€0JI0ropa3BeiouHble padoThl, ocTpoB CaxannH
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Abstract. During a geological fieldworks in the northeast of Sakhalin Island in order to study the siliceous
deposits of the Pilskaya formation and to develop a technique for locating oil deposits in unconventional
fractured reservoirs, natural outcrops of Cenozoic deposits on the Schmidt Peninsula and in the Pogranichny
depression were studied. Samples were taken for analytical studies (geomechanical, geochemical,
lithological, etc.), structural forms (folds, minor faults, slickensides, tension gashes, joints, shear fractures),
which are indicators of tectonic deformations of the rock massive, were studied. It is shown that the intensity
of fracturing strongly depends on the lithology, the position of the observation point relative to disjunctive
and/or plicative structures. The direction of the joints varies depending on the position relative to the
elements of the local folds and on the position of the block (with a small-block structure). According to the
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BaarogapHocTn

Beipakaem OnaronapHOCTh COTPYIHUKAM LEHTPAIBHO-
ro ammapara ynpasienus komnaanu [TAO «HK «Poc-
HegTH» A.B. MupomHnyenko, A.A. [Mamamum, K.B. To-
porioBy, U.A. Cepene, 0e3 y4acTusi KOTOPBIX JaHHas
pabora ObiTa OB HEBO3MOXKHA. A TaK)Ke COTPYITHUKAM
naboparopuy QyHIaMEHTAIBHBIX U MIPUKIAIHBIX IPO-
onem Ttexkronoduzuku O3 PAH — H.A. Topneesy,
W.B. Bonnapto, 10.J1. Pebenkomy, JI.A. Cum, BHECTITIM
BECOMBIH BKJIaJI B IPOBEICHHUE SKCIIEAUIINH, 00pabOTKy
1 UHTEPIIPETALUIO [TOTY4YCHHBIX JaHHbIX.

BBenenne

B Hacrosiiiee Bpemsi B CBA3M € McUepIIaHHEM
(doHIa KPYIMHBIX MECTOPOXKACHUN HePTH U Ta3a
C TPAAUIMOHHBIM (TMIOPOBBIM) THUIIOM KOJUIEKTO-
pa Bce Oosbliee 3HAYCHUE IPUOOPETAIOT 3AJICKHU
C TaK Ha3bIBAEMbIM HETPAJULIUOHHBIM KOJUIEK-
TopoM. K TakuM KoOJUIEKTOpaM OTHOCST, B 4acT-
HOCTH, TPEIIMHHBIE KOJUIEKTOPHI KPEMHHUCTHIX
MOPOJT C MPAKTUYECKHU HYJIEBOH MaTPUYHOMN MpO-
HUIAEMOCTbBIO, T/Ie OMNpeAeomuM (HaKToOpoM
KauecTBa KOJJIEKTOpa SIBISIETCS €ro TPEIIMHOBA-
ToCTh. [{71s1 5 PpexTuBHOrO MpOrHO3a pacnpocTpa-
HEHMsI 30H TPELIMHOBATOCTU MPH MPOBEICHUU
re0JIOrOpa3BelOYHbIX PaboT M MPOEKTUPOBAHUH
TUIpopasphiBa IIacTa HEOOXOAUMO M3Y4YEHHE
3aKOHOMEPHOCTEN PACHPENECIICHUS HaAIPSKECHUN
U CBSI3aHHOW C HUMH MCXOJHOW TPEIIMHOBATOCTH
paiiona uccnenoBanuii [Gale et al., 2014; Wang,
2019]. Ha cerogHsAmH"il J€Hb HE CYIIECTBYET
€IMHOI ONTUMAaJIbHOW METOJUKU TaKOTO MPOTHO-
3a. TeM He MeHee Kak 0Te4eCTBEHHBIMU, TaK U 3a-
PYOEKHBIMH CHEIUANTUCTAMU MPEANPUHUMAIOTCS
MOTIBITKM O0OOIEHUsT TEOpEeTUUYECKoi, nabopa-
TOpHOH M mojeBo uHpopmarmu [Kupos, 2019;
OmnapwuH u ap., 2015; Llanos et al., 2017].

B 2020 r. na n-ose llImMuara u B Ilorpanuu-
HOM mnporube o. CaxanuH (puc. 1) IpOEKTHBIM
uHcTUTYTOM KoMmanuu Pocuedtr OOO «PH-
CaxamuaHUITMmopuedTh» coBmectHO ¢ UH-
ctutytoM ¢usukn 3emumn uM. O.1O. IlImumara
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results of field observations it is shown, that the zone of intense dislocations has an extremely insignificant
thickness usually the first tens of meters. An extremely nonuniformity of the stress field in the vicinity of the
Pogranichniy depression is noted, which is reflected in the nature of the dipping planes, structural patterns
and parageneses. In the northern part of the syncline, numerous flowing oil shows associated with open
fracturing are identified, which obviously indicates the extension regime that continues up to this day.

Keywords: unconventional reservoirs, siliceous deposits, tectonic stress, deformations, slickensides,
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Poccwuiickoit akanemun Hayk (UDP3 PAH) u Un-
CTUTYTOM MOPCKOM reojioruu u reopusuku [lans-
HEBOCTOYHOTO OTAeicHus Poccuiickoil akajgeMuu
Hayk (MUMI'ul' IBO PAH) npoBeneHb! MONeBbIC
SKCIIEUIINU C eI U3YyUYEHUS KPEMHHUCTBIX OT-
JIO’)KEHUH NMWJIBCKON U MUJIEHICKOM CBUT IJIs pas3-
pabOTKN METOAMKH JIOKAJIM3AIK 3aiexked Hed-
TH B TPEIIMHHBIX KoJiekTopax [Kamenes u np.,
2021]. B 3amaum ucciaegoBaHus BXOIWIIO: U3yYe-
HHE E€CTECTBEHHBIX OOHa)KeHMH KalHO30MCKUX
OTJIOKEHUH W O0TOOp 00pa3loB A aHATHTHYE-
CKHX HCCJICIOBAaHUN (F€OMEXaHUYECKUX, TCOXH-
MUYECKHUX, JIMTOJIOTUYECKUX), U3YUYECHUE MaJIbIX
CTPYKTYpHBIX (popM (CKIIaJIKH, pa3pbIBHBIC HAPY-
IICHUS, 3€pKajia CKOJIbKEHHUS, OTPBIBBI, CKOJIOBBIE
TPEILUHBI), SBISIOMUXCS UHIUKATOPAMHU TEKTO-
HUYECKHUX AedOopMaInuii MacCHBa TOPHBIX MOPOT;
3aTeM T[OCTPOEHUE JuarpaMM TPEUIMHOBATO-
CTU Ha OCHOBE METOJIOB CTPYKTYPHOM T'€OJIOTHH
¥ TEKTOHO(U3HUKH, PEKOHCTPYKIIHS HAMIPSHKSHHO-
ne(hOpMUPOBAHHOTO COCTOSTHUSI.

OO6mmue mepBUYHBIC PE3YJAbTAThl IKCTICIUIINH
Ha m-oBe [lIMuaTa — XapakTepucTuKa 1 reoaoru-
YECKOE CTPOCHHE pailOHa MCCIEAOBaHUN, METO-
TUYECKHE TMPUHIUIIBI 0TOOpa Mmpod mjis reome-
XaHUYECKNX, TCOXMMHUYECKUX, JIMTOIOINYECKUX,
a TakkKe TEKTOHO(MU3UYECKUX HCCIEIOBAHUM
onyOnukoBansl B padore [Kamenes u ap., 2021].
B Hacrosimield cratbe OCHOBHOE€ BHHUMAaHUE YJie-
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Puc. 1. O630pHas cxema 0. CaxaiuH C BBI-
JICICHHBIME ~ palloHaAMU  HCCJICIOBAHUS
(mmo: [IT'eomorust CCCP, 1970])).

Figure 1. Overview scheme of Sakhalin

Island with highlighted study areas
according to [Geology of the USSR, 1970].
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JIEHO PETHOHAJIbHON TeoJMHAMHKE U CTPYKTYpPHOM IeoJoruu
n-oBa llImunra u IlorpannyHoro mporuba mo pe3ynbraTam
JBYX SKCIEIUIUH.

MeTOZ[l/IKl/I H pe3yJibTaThbl

CaxaJivH pacroJiokeH B 30HE CIBUTOBOTO B3aUMOJICHCTBUS
KpPYMHBIX JUTOC(EpHBIX MIUT — AMypckoil 1 OXOTOMOPCKOI.
Mexy 5TUMU IUIMTaMHU ¢ KOHLA ME30301 U 10 HACTOAIIETO
BPEMEHHU Pa3BUBACTCSI 30HA LIMPOKOIO CIIOKHOTO CIIBUTaHMS
TONII U (hopMUpyeTcst cucTeMa COMMKEHHBIX TITyOUHHBIX CJIBU-
roB [CuMm u np., 2017]. TeKTOHMYECKOE CTPOECHHUE KOHTHUHEH-
TaJbHBIX OKPauH, K KOTOPbIM OTHOCHUTCS 0. CaxaiauH, KpaliHe
cioxkHoe. OCTpOB B YNPOUICHHOM BHJIE NPEACTABISIET COOOM
TOPCT, HAxXONAILIUICS B 30HE KOJUIM3MM MEXIYy AMYypCKOil
n TuxookeaHckoi mutamu (puc. 2). M1 B 3TOM TUIaHE UMEIOT

Puc. 2. Kapra kaifHo30lickolf reoguHaMuKy 3anafgHoil yactu OXoToMOpbs
coracHo [XapaxuHos, 2010].

Figure 2. Map of the Cenozoic geodynamics of the western part of the Sea
of Okhotsk region according to [Kharakhinov, 2010].
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3HauYE€HUE HEKOTOpble 0cOOEeHHOCTH. Bo-nepBhIX,
NIEPUOABl CXKAaTHUs CMEHSIIOTCS NEPUOJAMU pac-
TsDKEHUs. BO-BTOpBIX, Tak Kak B3aUMOJEHCTBHUE
BBIIIEYKa3aHHBIX IUIMT MPOUCXOIUT HE MepIieH-
JUKYJISIPHO, @ IO OCTPBIM YIVIOM, XapakTep Je-
(opmanuii TOpHBIX TOPOJ] KpaiiHe HEPAaBHOMEPEH
u HeomuoponeH [Polets, 2019; Heidbach et al.,

Puc. 3. ®parmenT reosoruveckoit kaprsl n-osa Imuara m-6a 1 : 1000 000'. T'eo-

JIOTHYECKHH Paspes 1o JuHun A — A,

Figure 3. Fragment of the geological map of the Schmidt Peninsula on scale

2018]. B-tperbux — HanboJIee UHTEHCUBHOMU SIB-
nsietcs 6onee mosoaas CaxanuHckasi asza TeKTo-
HUYECKON aKTUBALUU.

[ToBepxHOCTH ME3030MCKOTO  (yHIaMEHTa
CaxanuHa mnpencTaBieHa MOPOJAMHU Pa3JIMYHO-
ro BO3pacTa, reHe3uca M COCTaBa: BEPXHEIOp-
CKHUMH SIIIMOMJIAMH, KPEMHHCTO-TIIMHUCTBIMU
CJIaHIIAMH, BYJKaHOTCHHO-
KPEMHHCTBIMH, OCHOBHBIMU
U YIBTPAOCHOBHBIMH W3-
BEPKEHHBIMH  TIOPOAAMHU;
HIDKHEMEJIOBBIMU ~ CHJIBHO
TUTHQUIUPOBAHHBIMU  BYII-
KaHOT€HHO-0CaJI0YHbIMU T10-
pollaMH; BEPXHEMEJIOBBIMH,
MIPEUMYILIECTBEHHO MOPCKH-
MU apTUJUTHTAaMU U aJeBPO-
auTaMd [DKOCUCTEMBI Kaii-
HO304... , 1999].

Kaitno3oiickuit YeXxoil
MMEET 3HAYUTEIbHYI MOIII-
HOCTb (0omee 10 kM Ha 11eITb-
¢dbe) TommM BYIKAaHOTCHHO-
OCaJOYHBIX H OCAJAOYHBIX
MOPOJI MOPCKOTO U PUOpEex-
HO-TEpPPUTCHHOIO TeHe3Huca
[[manenkoB u np., 2002].
B paitone mn-osa IlIMuara
BECh KallHO30MCKHUI pa3pes
MIPE/ICTABICH KPEMHHUCTHIMU
U KpPEMHHICOAEPKAIUMHU
MopofaMu C YMEHBIIICHHU-
€M COJEpXKAHHUS KpEeMHe-
3eMa OT  OJIMTOLICHOBBIX
MEPEKPUCTATINUZOBAHHBIX
OIOK TyMCKOM CBHTHI (P tm)
JI0 JMATOMHUTOB BEPXHEMH-
OLICH-TUIMOLIEHOBOM ~ MasiM-
padckoii  cutel (N, mm)
U TEPPUTEeHHBIX JIMTHUTO-
HOCHBIX OTJIOKEHUN BEpX-
HEIUTMOLIEHOBOM MTOMBIPCKOM
ceuthbl (N,pm) (puc. 3) [Ko-
HOBAJIEHKO U ap., 2009].

s BoctouHoro mobepe-
*bs 1m-oBa [lIMuara riaBHbI-
MU pa3pbIBHBIMHU CTPYKTypa-

1: 1000 000'. Geological cross-section along the line A — A

! TocymapcTBeHHast reotornyeckas kapra Poceniickoit ®enepannu Macurrada 1:1 000 000. 2016. Tperse noxonerne. Cepust JlaabHeBo-
crounas. Jluct M-54 (Anexcangposck-Caxamuackmii). CI16: Kaprorpagudeckas ¢pabpuxka BCET'EU. URL: https://www.vsegei.ru/ru/
info/pub_ggk1000-3/Dalnevostochnaya/m-54.php

[State geological map of Russian Federation on a scale 1:1 000 000. 2016. Third generation. Far East series. Sheet M-54 (Aleksandrovsk-
Sakhalinskiy)]. Saint Petersburg: Kartograficheskaya fabrika VSEGEI.
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MH pailoHa UCCIICIOBAHUS SIBISIOTCS XE€UTOHCKUI
U JIOHrpUICKUI Pa3IOMBbl, KOTOPBIE, 10 JaHHBIM
[Koxypun u np., 2009], umeroT npaBOCIBHUIO-
BYI0 KMHEMAaTHKYy Ha COBpeMEHHOM dTane. Panee
B.C. PoxpnectBenckum [1975] oOmas mpaBo-
CIBUIOBAasl aMIUIUTy[a CMEIIEHUA MO MEJIOBBIM
OTII0KeHusIM otieHuBajack B 10—15 km. Ho He uc-
KJIFOYAJIUCh W JIEBOCIBUIOBBIE CMEIECHHs. Xeu-
TOHCKUU ¥ JIOHTpUICKHI pa3JIOMbl pacoI0KEHbBI
HA CEBEPHOM OKOHYAHHMM (TPOMOSIKEHHH) XOK-
Kaiio-CaxaJMHCKOM CUCTEMBI Pa3JIOMOB B LIEJIOM
MEpHUIMOHAJIBHOTO IpocTupanusd. [{is coOcTBeH-
HO XeuToHCckoro u JIoHrpuiickoro HapyleHUH
xapaktepHo CC3 HampaBlleHHE IPOCTUPaHMSL.
AKTUBHOCTh HX TMOJITBEPKIAACTCS BBIPAXKEHHO-
CTBIO B penbede W ManeocercMOIOrHIeCKUMHU
nanHbiMu [Koxkypun u ap., 2009]. BeisiBneHnbie
aMIUIUTY/Ibl IPABOCABUTOBBIX CMEILIEHHI COCTaB-
JISIIOT, IO 3TUM JaHHBIM, OKOJI0 10—15 kM.

LlenTpanpHpiii 00k  XEUTOHCKOTO pa3zpesa
pacIoyiokeH Mexay XeWToHCKuM u JIoHrpwii-
CKUM pasjioMaMH U pa3OUT Ha Tpu ONOKa Hapy-
HICHUSIMU BTOPOTO nopsiika. Pa3pes npeacrasiusier
co0oli TIOYTH HENpPEpPHIBHOE €CTECTBEHHOE OOHa-
KEeHHE B OeperoBoM KiMde JIUHOU OKoIo 12 KM
ot p. boxn. Jlonrpa no 3an. XenroH. ToHkocnou-
CTO€ CTPOCHHE MUJIBCKON CBHUTHI, 00YCIOBICHHOE
TOHKHUMU TIIMHUCTHIMH TIPOCIIOSMU B KPEMHHUCTBIX
MopoAax, U Xopoiuasi 00Ha)KEHHOCTh MO3BOJIIH
OLICHUTb PACIPECIICHNE TPEIIMHOBATOCTH U 3aBU-
CUMOCTb €€ HHTEHCUBHOCTH OT JIUTOJIOT U ITOPOJIbI
M TIOJOKEHUS OTHOCHUTEIIBHO CTPYKTYpPHBIX OJie-
MEHTOB. BiusHHE pernoHaJbHBIX AU3BIOHKTHB-
HBIX HapyulleHuil obycio-
BUJIM TIPOSIBJICHHE OYCHD
WHTEHCUBHBIX  JHCJIOKA-
LM B IEHTPaJIbHOM 4acTH
paspesa.

B mponecce noneBbix
paboT MbI CTOJKHYJIHCH
C KpailHe HeoaHOpOo.-
HOCTBIO CTPOCHHMS NUJIb-
CKONl CBUTBI, CBSI3aHHOM
Ha XEUTOHCKOM pa3pese
MPEXJIE BCEro C TEKTO-
HUYECKUMU JAedopMaliu-
amu. Hampumep, B 30HE
paznoma (puc. 4) BuCH-
4yee KpbUIO OYeHb UHTEH-
CUBHO CMATO B MEJKHE
CKIIaJIKU U Tepenpooie-

XenToHCKuM pa3pes.
Kheyton cross-section.
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HO. XapakTep CKJIAA4aTOCTH B BUCSYEM KpbLie
CBUJCTEIBCTBYET O CUJIBHOM C)KaTHUH: CKJIAJIKH
pasHOHANpaBJICHHbIC, UMEIOT HeOoNbIINe pas-
Mepbl (10 1 M), KppUIbsl BOJHUCTHIE, CIIOU ITOPOJ
B S1/Ip€ 3a4aCTYI0 PAcXOIATCs, MECTaMU Haboz1a-
IOTCSl 30HBI JIpoOneHus. Jlexxauee Kpbulo UMeeT
KpYTbIE YIJIbI MAJEHUsI, OJJHAKO CJIOM IpaKTHYe-
CK{ HE HAapyILIEHBI U CJ1a00 TPEIIUHOBATHI.

IToneBble HaOMIOAECHUS TaKXKe MOKA3ajH, YTO
30Ha MHTCHCHUBHBIX JMCIOKALMM HMMeeT Kpai-
HE HE3HAYUTEJbHYI0 MOIIHOCTh — KaK IIPaBUIIO,
nepBble J1ecATKH MeTpoB (puc. 5). B 30He BbI-
IIEONMCAHHOTO Pa3pbIBHOTO HAPYLIEHUS MOXKHO
HaOMI0aTh, YTO BBICOKAs MHTEHCHBHOCTH CMS-
TUS ¥ IpoOJIeHus pacrpocTpaHseTcs Ha 16 M oT
pasioMa M 3aTeM Pe3KO CHUKAETCs, aMILUIUTyJa
CKJIaJOK CTAHOBMTCS MEHbILE, HCUYE3al0T 30HBI
IpOOICHHS.

Eme onHa 0COOEHHOCTb, IMOATBEPKICHHAs
M10JIEBBIMHM HAOJIOIEHUSMU: UHTEHCUBHOCTD Tpe-
IIMHOBATOCTU 3aBUCHUT OT IOJIOKEHHsI TOUKH Ha-
OJIOJICHNs OTHOCUTENIBHO CTPYKTYPHBIX 3JIEMEH-
TOB cKJaaku. Hampumep, HanbOosee MHTEHCUBHAS
TPEIIMHOBATOCTh HAOIIONAETCS B siApE CKIAIKHU,
B/IOJIb OCEBOW IOBEPXHOCTH. 31€Ch, B YCIOBUAX
CXKaTHs, 00pa3yloTCsl MEJKHe, pa3HOHANpaBlleH-
HBIE€, 3aKPBITHIEC TPEIIUHBI, MECTAMH — JIOKAJIbHbIC
30HBI ApoOneHus nopod. B mapuupe dopmupy-
IOTCSl BeepoOoOpa3sHO HalpaBiI€HHbIE OTKPBITHIE
CKJIaJIK{, YaCTOTa KOTOPBIX YMEHBILAETCS OT OCH
CKJIaJKU K KpbUIbAM. Takum o0pazom, OT moJio-
KEHHUSI OTHOCUTENBHO CTPYKTYPHBIX 3JIEMEHTOB
ckiaaku cuibHO (110 180°) 3aBUcHT mipeobnanaro-

Puc. 4. Jlepopmannu nopos B Kpbuibsix paznoma. [1-os [lIMuara, BoctouHoe nodepexsbe,

Figure 4. Rock deformation in the walls of a fault. Schmidt Peninsula, East coast,
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11ee HalpaBJICHNUE TPELINH, HHTEHCUBHOCTD U Xa-
paKTep TPEeIMHOBATOCTH (puUc. 6).
HaecrectBennbix oOHaXkeHHsx -oBa Ll Imuara
OBUTM TIPOBEACHBI MacCOBBIE U3MEPEHUS IIEMEH-
TOB 3aJIETaHUs TUIOCKOCTEH TPELIHH, ONpe/eieHa
4acToTa UX BCTPEYAEMOCTH, YCTAHOBIIEHBI CTe-
NEHb U XapaKTep 3aloJHEHUs, a TaKXKe THII Tpe-
UIMH. 3aTeM coOpaHHbIe MaTepuaibl ObLIN CTaTHU-

Puc. 5. luTeHCHBHOE cMsATHE OCIa0JIEHHON YacTh pa3pesa B 30HE pa3ioMa Ha Xeu-
TOHCKOM paszpese n-osa llIMuara. MomuocTs 30861 cMsTHS 10—15 M.

Figure 5. Intensive deformation of the weakened part of the section in the fault zone
at the Kheyton cross-section of the Schmidt Peninsula. The thickness of the shear

zone is 10—-15 m.

Puc. 6. I3MeHeHre HHTEHCUBHOCTU M HAIIPABJICHUS TPELIMHOBATOCTH B Ipeaenax

JIOKAJIbHOM cKIafku. XeiToHckuil pa3pes n-osa llImuara.

Figure 6. Change in intensity and direction of fracturing within a local fold.

The Kheyton cross-section of the Schmidt Peninsula.
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CTHYECKH 00paboTaHbl, COCTABICHbI TUArPAMMBI
ONpEeEICHHBIX CUCTEM TPELINH — PO3bI-IUarpam-
Mbl a3UMYTOB NaJCHUS, YIJIOB MAaJCHUS U a3U-
MYTOB TPOCTHPAHHUS, CTEPEOrPaMMbl a3UMYyTOB
Y YTJIOB NAJIeHUs TPeIuH (puc. 7).

Eme onmHoOM 3amadeil MOJIEBOM JKCHEIULIMHU
OBLIIO M3yYEHHE HAMPSHKEHHOTO COCTOSIHHS TOp-
HBIX TOPOA MO JAHHBIM TEOJIOTHYECKUX HHIH-
KaTopoB TEKTOHUYECKHUX
HanpsbkeHuit.  Jlng  atoro
MPOBOAMINCH 3aMeEpPHl 3ep-
KaJl CKOJIbKEHUSI M TPEIINH
C YCTaHOBJICHHBIM XapakTe-
poMm cmernieHui (31ech To-
MHMO 3JIEMEHTOB 3aJIeTaHus
IUIOCKOCTH pa3pbiBa H3Me-
psAeTcs elle HarpaBJiIeHHUE ee
OTHOCHUTEJIbHOW MOJBUKKH —
yroyi ckoibxeHus). s 00-
pabOTKU TOJyYCHHBIX JaH-
HBIX HCIOJB30BAIM METOJ
KaTaKJIACTUYECKOTO aHaJIH-
3a Ppa3phIBHBIX CMELIEHUN
(MKA) [Pebeukwuii, 2007]
¥ CO3JIaHHYIO Ha €r0 OCHOBE
KOMITBIOTEPHYIO ~ IpPOrpam-
my STRESSgeol [Peberkuii
u ap., 2017]. MKA mno3Boss-
€T OIPeIeTUTh KOJIMUECTBEH-
HBIE XapaKTePUCTUKU PEKOH-
CTPYUPYEMBIX  JIOKAJIbHBIX
CTPECC-COCTOSIHUM: MOJI0XKe-
HUE OCel INIaBHBIX Hamps-
JKEHUHW, TUI HAMPSXKEHHOTO
COCTOSIHUS,  KOA(UIMEHT
Jlone—Hamau, a Taxoke Belm-
YUHBI CaMUX HAIMPSHKEHUH.
DTOT METOJ MO3BOJISIET BbI-
JEeNATh TPEIMHbI, (OpMU-
pyrolmecs B yCIOBHUSIX aK-
TUBHOTO JMJIATAHCMOHHOTO
pacuupeHus U B YCIOBHUAX
KOMITAKIIUA — OOBEMHOTO
yIoTHenus. Meton  oc-
HOBAaH Ha TMpeACTaBICHU-
AX O KBa3HUIUIACTUYECKOM
nedhopMUpOBaHUN reo-
JIOTUYECKON Cpefpl, YycTa-
HOBIIEHUU pexumMa nedop-
MUPOBaHUSI M MaKCUMyMe
JTUCCUTIALIMM  BHYTPEHHEH
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YOpPYTrol SHEpPruu Ak UCKOMOIO TEH30pa Ha-
IIPSDKEHUM, IOJIOKEHUSX COBPEMEHHOW TEOPHUH
1acTUYHOCTU. [IpuMensiemas Ji1st pacueToB Ipo-
rpamma STRESSgeol pasnenser nanneie B Kax-
O TOuke HAOMIONEHWS HA YCIOBHBIE 3Tallbl
KBa3MOJHOPOAHOTO Ae(opMupoBaHus (€ciau HET
re0JIOTMYECKUX CBEIEHUH AJIs MpeaBapUTEIbHO-
rO pa3/esieHus UCXOMHBIX BBIOOPOK). [l pasme-
JICHUS UCTIOb3YETCS MPUHIIMIT TOCTHKEHUS Hau-
OoJplIel CyMMapHOW SHEPruM JUCCUMIALMU MIPU
MUHHMaJIbHOM KOJIMYECTBE BhIJCNsIeMbIX (a3. Pe-
3yJBTaThl TIPOBEEHHON TEKTOHO(MU3UIECKONU MH-
BEPCHUH HAIPSLKEHUH J17151 BOCTOUHOTO MOOEpeKbs
n-oBa [lIMuaTa npencrasieHsl Ha puc. 8.

CTpyKTypHO-TIapareHeTU4eCKHii MeTON ObLI
IPUMEHEH Ul aHajlu3a CHUCTEM TEKTOHHYECKOM
TPEIIMHOBATOCTH PA3HbIX KMHEMaTHYECKUX TH-
OB C MX OOBEIMHEHHEM B YCTOHYMBBIE CTPYK-
TypHBIE acconanuu (napareHessl) [Paciseraes,
1987]. Ha BocTounom noGepexsne n-osa [lImuara
CYILECTBEHHO OOJIbIIIE PA3JIMYHBIX 30H APOOICHUS
10 CPABHEHHUIO C 3aMaHbIM, YTO CBsI3aHO C Oosee
MHTCHCUBHOM TEKTOHUYECKOW HApYLIEHHOCTHIO
U BEpPOSITHBIM HAJIMYMEM IUJIATAHCHOHHBIX 30H
(pa3yIJIOTHEHHS ¥ TPEIIMHOBATOCTH). 31€Ch TaK-
K€ MOXKHO OTMETHTh M Haluuue OOJIBIIEro, yeM
Ha 3amaTHOM M00epexKbe, KOJTMUECTBA OTPHIBHBIX
TPEIIMH (B TOM YHCJI€ OTPHIBOB C MUHEPAJIbHBIM
BbIMOJIHEHHEM). Ha cymmapHbIX JIuarpammax
TPELIMHOBATOCTH XEUTOHCKOTO pa3pesa XOpOIlo
00o3HaymiICsT MakcuMyM cuctemsl ¢ CB npoctu-
paHueM M KpyTbIM (Bep-
TUKaJbHBIM)  TaJICHUEM.
Jpyrue MakcUMyMbl CBSf-
3aHbl ¢ C3 nmpocTupaHuEM
nByx cucteM ¢ CB u 103
MajeHUsIMH (BCTPEYHBIMU)
C yIlaMU TaJ€HUsl OKOJIO
70° (puc. 8).

B xone uccienoBaHuit
Obula MpoaHaAIU3UpPOBaHA
CBSI3b 9TUX CUCTEM TpPEILU-
HOBAaTOCTH C OpUEHTALMEN
OCel IVIaBHBIX HarpsKe-
HUH, TONYy4YeHHBIX IpHU
PEKOHCTPYKIIMU  Hamps-
KEHHO-/1eOPMUPOBAHHO-
IO COCTOSIHUS IO JAaHHBIM
0 3epKajax CKOJIbKEHUS.
WN3yyaemblii peruoH xa-
paKTepuU3yeTCsl HaNpsKEH-

FEOCUCTEMBI MNEPEXOAHbIX 30H
2021, 5 (2)

HBIM COCTOSIHUEM C OJIM3IIUPOTHON OpUEHTAIHEH
oceil HamOOJIBIIETO TOPU3OHTAIBHOIO COHKATHSL.
PexoHCTpyHpOBaHHBIE OCH MaKCUMAJIBHOIO CiKa-
THUS 17151 BOCTOUHOTO IOOEPEk bs, IOMUMO ONpeie-
JICHUH ¢ CyOLIMPOTHBIM HarpaBlIeHUEM HauOOIIb-
LIETO TOPU3OHTAJIBHOIO CHKATHsl, COIEPIKAT TaKKe
MHoro onpezeneHuit u ¢ CB oprueHTHPOBKOIA.
Ilenp CTPyKTYpHOrO aHajiu3a — H3yyeHUe
CTPOEHHUS U CTPYKTYpHOH HBOJIOLUU ONpee-
JIEHHOTO CETMEHTa 3E€MHOM KOpbI, HMEIOLIETO
€CTECTBEHHbIE IPOCTPAHCTBEHHbIE OrpaHUYe-
nusa [Kupmacos, 2011]. Takum cermMeHTOM MO-
KET ObITh TEKTOHMYECKas 30Ha, MHTPY3UBHBIH
MaccuB, CKJaJKa, 30Ha JUCIIOKalUi, CyTypa.
B Ilorpannynom mporude Mbl HaOIIOJAIN 3HA-
YUTEIHHOE pazHOOOpa3ue CTPOCHUs pa3pesa, 00-
YCIJIOBIIEHHOE KOMILJIEKCOM TEKTOHHYECKHX, JTUTO-
JIOTHYECKUX U CTpaTUrpauieckux pakTopos.
®ynnament I[lorpanuunoro Oacceitna cio-
KEH BEPXHEMEJOBbIMU OTJIOXKEHUSIMHU, OHHU
MpeACTaBIeHbl CTPAaTU(OUIMPOBAHHBIMU TOJ-
IIaMHU C MOIHBIMU FOPU30HTAMH OJINCTOCTPOM
U TEKTOHOTEHHBIMU KOMILIEKCAaMHU B BHJE JIH-
HEWHBIX 30H MOJMMHUKTOBOIO MeJaHXka, KOTO-
pble XapaKTEepHU3YIOTCS CIOXKHBIM 4Yelnyiiya-
TO-HAJBUTOBBIM TUIOM nuciokanuii [Tootpus,
Hyunuues, 1985]. KaiiHo3olickue OTIOXKEHUS
OTHOCATCS K 30II€HOBOW YITIEHOCHOM MoJiacce
(JTFOKaMHMHCKasi CBUTA), CMEHSIOIICIHCS BBEPX 10
pa3pesy OIOKOBOM M KPEMHUCTO-TIIMHUCTOM (hop-
MalMsIMHA OKPAaWHHOTO MEXIYyroBOoro OacceiiHa,

Puc. 7. Kpyrossle quarpaMmsl (crepeorpaduyeckas MpoeKIys BepXHen moiycdepbl)
NPOEKLMH TUIOCKOCTeH (CieBa) U MOJOCOB (CIpaBa) 30H APOOJIEHUS] BOCTOYHOIO I10-
Oepexns m-oBa IlImuara (Xeiironckuit paspes). [Ipumep rpadudeckux mocTpoeHun
B miporpamme StereoNET.

Figure 7. Circle diagrams (stereographic projection of the upper hemisphere)
of the projections of planes (left) and poles (right) of the crushed zones of the east coast
of the Schmidt Peninsula (Kheyton section). An example of graphical constructions
in the StereoNET program.
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nuieHrckor P.pg u 6opekoit N br csur (puc. 9)
[ApiMoBHY U 1p., 2016].

VkazanHele ocobeHHocTH crpoenusi Ilo-
rpaHn4yHoro OacceiiHa oOycinoBwiIn OoJblINE
pa3nuuus B CHJE, HANpaBlICHUHM M BPEMEHU

BO3JICMCTBUSI TEKTOHUYECKUX HaNpsHKEHUHA Ha
pa3nuuHbie OM0KM (DyHIaMEHTa M OCaJ0YHOTO
yexyia. Cuna, HanpaBlIeHUE U BpeMsl BO3ICUCTBUS
HaHpﬂ)KeHI/Iﬁ cxKartuia nu paCTSDKCHI/IH Ha pa3np1q-
Hble OJIOKM (yHIaMEHTa U OCAJA0YHOTO dexja

Puc. 8. Pe3ynbraThl TeKTOHO(PU3NIECKOI MHBEPCUH HAMIPSHKEHUH IJ11 BOCTOYHOTO MOOepeskbs m-osa [ Imu -
Ta. Ha Kapre: KpacHBIMHU CTpPEJIKaMHU MOKa3aHbl OCH MaKCUMAaJIbHOTO TOPU30HTAIBHOTO CKATHSI, CHHUMHU —
MHUHHMMAaJILHOTO TOPU30HTAJIBHOTO cxxatus (pacTsbkenus). Ha ctepeorpammax (crepeorpaduueckas mpoek-
LSl HYDKHEH nosrycdepsl): KpacHbIM KPY>KOK — 0Cb MaKCUMAalIbHOTO CHKaTHs, 3€JICHBIH — MPOMEXKYTOUHAs
0Cb, JKEJITBI — 0Cb MUHUMAJIBHOTO CXKaTHsl (A1€BUATOPHOTO PACTSHKEHHS), KpacHasl CTpeIika — HallpaBJIeHUE

MAaKCUMAJIbHOI'O TOPU30HTAJIBHOI'O CIKATUS.

Figure 8. Results of tectonophysical stress inversion for the east coast of the Schmidt Peninsula. On the map:
the red arrows show the axes of maximum horizontal compression, the blue ones show the axes of minimum
horizontal compression (tension). On stereograms (stereographic projection of the lower hemisphere): red
circle — the axis of maximum compression; green circle — the intermediate axis; yellow circle — the axis of
minimum compression (deviatory extension); red arrow — the direction of maximum horizontal compression.
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Obutn paznuuHbl. [losTOMy B cocenHux Onokax,
Jake HeOOJBIIMX MO pa3MepaM (IepBble COTHU
METPOB), JEMEHTHI 3aJIeTaHHs, XapaKTep U WH-
TEHCUBHOCTH TpeluHoBarocT (puc. 10), a mpu
3HAYUTEIbHBIX TMOJBIKKAX WM JHUTOJIOTUS HEpe.-
KO KapAMHAJIbHO DPA3JIMYaAIOTCA. DTO OTPAXKEHO,
B YaCTHOCTH, ¥ B XapaKTepe pacupeaeaeHus MO
HanpsHKEHUs: B OKpecTHOCTH [lorpannvnHoro mpo-
ruba. Ecau i Hanps)KeHHOTO COCTOSIHUSL BCETO
CaxanuHa Haubosiee XapaKTEepeH reoJuHaMHuye-
ckuil pexxum cyommportnoro cxkarus [Heidbach et
al., 2018], To B paiione 50°
C.ml., OmmKe K OXOTOMOp-
CKOMY TOOEpEekKbI0, Cyasl 1O
MEXaHH3MaM 0YaroB 3€M-
JETPACEHUM [KonoBasios
u ap., 2014], opueHtauuu
ocel CxKaTusi W pacTsKe-
HUS PAJUKAIBLHO MEHSIOTCA.
bmmke x ueHTpy ocTpoBa
HaOIIONaeTCss CyOIMpPOTHOE
cKarue, a BOCTOYHEE — yKe
cyomepuaronaipHoe. Kpo-
M€ TOTO, Ha ToOepexbe IS
JJAHHOTO paloHa HCCIENo-
BaHMs, II0 CcelcMoIorude-
CKUM JaHHBIM, OTMEYaeTCs
PEXUM U CyOMepUIMOHAIb-
HOI'O pacTsHKEHUs. DTOT Xa-
pakTep CMEHbI MOJS Harps-
KEHUS TPHUCYI] JOBOJIBHO
OTPaHWYEHHOM B MacITabax
OCTpOBa IUIOIAN, TPUOITH-
sutenbHo 0.5° x 0.5°. Cyns
10 T€OJIOTUYECKUM U Teodu-
3UYECKHUM IIPU3HAKaM, B JaH-
HOM pallOHE HMEET MECTO
SPKO BBIPAKEHHAs aHOMAJIHSI
II0JIs1 HaNpsKeHUs. B reoio-
THYECKOM OTHOUIEHHH 3TO,
B YaCTHOCTH, MPOSBIAETCS
B PE3KOM CMEHE HaIUIacToBa-
HUSL OT NPAKTHYECKU TOPHU-
30HTAJBHOTO JI0 CyOBEpTH-
kanpHOro (puc. 10). Takoi
PE3KHIl KOHTPAcT MOXKHO
HaOmoAaTe B Macmrabe He-
CKOJIKUX COTEH METPOB.

2 TocyaapCTBeHHas reosiornueckast kapra. .. [State geological map...]
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Hawnbornee MHTEHCHBHAS TEKTOHUYECKAsT AKTHB-
HocTh [lorpannyHoro mporuba B yCIOBUSIX MOIII-
HOTO CXKaTusl MPOSBISIACH HA TPAHUIE Me30305 U
KaiiHo30s1 [3s0peB, 2011]. Pesynsratom 310i ak-
TUBHOCTH OBUIO 0Opa30BaHUE PAKHUTUHCKOTO TEK-
TOHOTEHHOTO KOMILIEKca (MpsP ) M MOIIHBIX
TOPH30HTOB OJICTOCTPOM B OEPE30BCKOIl CBUTE
(K,br). bepe3oBckast cBUTa OOBEAMHSET MOIIHYIO
TOJIIIy TEPPUTCHHBIX OOpa30BaHMK (aJIEBPOIH-
TOB U NE€CYAHUKOB) C TOPU3OHTAMHU OJIMCTOCTPOM,
BKJIFOYAIOIIMX JIMH3BI U OJOKM TEKTOHH3HPOBAH-

Puc. 9. ITorpanmunsrit nporutd. @parmenT ['ocynapcTBeHHON Te0IOTHIECKON KapThI
M-6a 1 : 1 000 000° u paspes no muanu b — B,

Figure 9. Pogranichniy depression. Fragment of the State geological map on a scale
1 : 1000 000*and the cross-section along the line b —b..
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Puc. 10. Touka nHaOmronenus 1. [lorpannunsiii nporud, p. [Iunenra, 6epe3oBckas
ceuta (K,br). KpyTeie manenuns mopox, 30Ha cMATHsA, 30Ha pasnoma. KpacHoi
JIMHUEH 31ech 1 Ha puc. 11 0603HaYeHbI pa3pbIBHBIC HAPYILCHHUSI.

Figure 10. Observation point 1. Pogranichniy depression, Pilenga River, Ber-
ezovskaya formation (K,br). High angle dip of strata, folding shear zone and fault
zone. The red line indicates a fault core.

Puc. 11. Touka naOmonenus 2. [lorpanndnsiii nporud, p. Ilunenra, nuieHrckas
csuta. [lonoroe 3aneranne nmopox. [ITOTHOCTH TpeIMH BHIIIE B BEpXHEH, Ooree
KPEMHUCTON NauKe.

Figure 11. Observation point 2. Pogranichniy depression, Pilenga River, Pilenga
formation. Low angle dip of strata. The joints density is higher in the upper part
with more siliceous bed.
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HBIX BYJIKAHOT€HHO-KPEMHHUCTBIX
U UHTPY3uBHBIX mopon. [lpu
o0riell BBIACPIKAHHOCTH COCTa-
Ba IO Jarepaiy, HaOop crara-
IOUIUX OJMCTOCTPOMY OJIUCTO-
JIMTOB CYIIECTBEHHO BapbUpYeT.
30HBI TOJIMMUKTOBOTO MeEJIaH-
’a PAKUTHHCKOTO TEKTOHOTCH-
HOTO KOMILJIEKCA  OCJIOXKHSIOT
CTPYKTYpHbIE IIJIaHBI MO3HEME-
JOBBIX W Ooliee paHHHX OOpa-
30BaHMM M 3aredyaTaHbl OLECH-
OJIMTOLICHOBBIMU OTJIOXKEHHUSIMHU.
Ha ocHoBaHum 53TOro BO3pacT
TEKTOHOT€HHOTO KOMILIEKCa
YCIOBHO MPUHAT TO3/HEmnae-
OIICHOBBIM—PAaHHE30LIEHOBBIM.
CTpyKTypHBIN IJIaH KOMILIEKCa
XapaKTepU3yeTcsl CIOKHBIM ue-
[IyHYaTo-HAIBUTOBBIM  THIIOM
JIMCIIOKAIMA. BeInosiHeH yenryii-
YaToO-IUCTOBATHIM TEPPUTEHHO-
TY(OKPEMHUCTBIM MaTepUalioM
CO CJIOSIMA KPEMHHUCTBIX Kara-
KJIQ3UTOB, PEXE KPEMHHCTBHIMHU,
amM(puOOIOBBIMU M CEPIICHTUHU-
TOBBIMH CJIAHIIaMU, COZIEPIKallU-
MU JIMH3HI 1 T7I6I06I [["anmsBepcen
u ap., 2009].

[TpeoGnananue TpaHCTEHCH-
OHHOTO pexxuma [lorpanndnoro
nporu0a HaYMHas ¢ Y0IEHA MO/I-
TBEPXKJIAETCSl CTPOCHUEM Kail-
HO30MCKOI0 paspe3a B paloHE
p. Xy3u, T71e CyOBEpTUKAIBLHOE
3aJIeTaHue TOPOJ MHUJIEHICKOMN
CBUTBI COUETAETCS C MpaKTUye-
CKU HIOJHBIM OTCYTCTBHEM MeEJI-
KHX IUTUKATUBHBIX JAeOopMaIiuii
U TpelmuHOBaTOCTH. B cesep-
HOM dacTtu mnporuba, B HUXK-
HeM TedeHuu p. KepocunHas,
Ha npoTspkeHnn 600 M B GopTax
U JIHWIIEC KaHbOHA OTMEYaIOTCS
MHOTOYHCIIEHHBIE EOUTYIOIIHE
He(TENpOsBICHUS, CBS3aHHbIC
C OTKPBITOM TPEUIMHOBATOCTHIO,
KOTOpasi, 0O4EBUAHO, CBUAETEIb-
CTBYET O HPOJOJIKAIOIIEMCS
JI0 HACTOSIILIETO BPEMEHU PEIKU-
M€ PACTSKECHHUS.
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HexkoTopsie 0:110ku KaifHO30MCKOTO YexJa (Ha-
npumep, 010K B paiione p. [Iunenra) npakruyecku
HE UCHBITHIBAIIN TEKTOHUYECKOTO BO3JECHCTBUS,
O 4YE€M CBUIETEIBCTBYIOT IIOJOTHE 3JIEMEHTBI
3aJIeTaHusl U HE3HAYUTEIIbHOE KOJIMYECTBO Tpe-
IIMH U 3€pKall CKOJbKeHus. B aTux ycinoBusix
MHTEHCUBHOCTb TPEIIMHOBATOCTH 3aBUCUT B IIEp-
BYIO ouepenb OT jautosorud. OcobeHHO HarsI-
HO Takasi 3aBUCUMOCTb HaONIOJaeTcsi B BEpXHE
YaCTU MWJIBCKON CBUTHI, TA€ YUCTO KPEMHUCTHIN
pa3pe3 IMepexoAUT B KPEMHUCTO-ITIMHUCTHII
(puc. 11). B cTpykType 3aMepoB 3epKaj CKOJIb-
KEHUN TpeoliaaloT cOPOCOBBIE, pPEXE CIBH-
roBble KMHEMAaTHYECKHE THUIIbl Pa3pbIBOB, YTO
BIIOJTHE COOTBETCTBYET pe3yibTaraM paboT I1o
pernoHanbHON TekTOHUKE [Trorpun, [lyHuues,
1985; PoxnectBenckuid, 1975; BoeitkoBa u p.,
2007]. Pe3kas HEOJHOPOJHOCTDH IOJI HaIpsIKe-
HUS, OTPAaXXEHHAsI B XapaKTepe JIEMEHTOB 3alle-
TaHWH, CTPYKTYPHBIX HapyLIEHUI U IapareHe30B,
YKa3bIBaeT Ha HEOOXOAUMOCTh JAOMOIHUTEIBHOTO
U3y4eHHUs JaHHOro paioHa. [loaTomMy KosIeKTH-
BOoM aBTOpoM B 2021 1. 3arutaHupoBaH OOJIBIION
o0beM moneBbIX padoTr B paiione Ilorpanuunoro
nporuoa.

3akjadyeHmne

NHTEHCUBHOCTh  TPEIIMHOBATOCTH  KailHO-
30MCKMX OTJIO)KCHMM B PAallOHAaX HCCIIENOBAHMS
CUJIBHO 3aBUCHUT OT JIUTOJIOTMH, PACCTOSIHUS TOY-
KM OTHOCHUTEJIBHO pa3jiioMa M OT OCU IUIMKaTHUB-
HbIX CTpyKTyp. HampaBnenue Tpenius MeHsercs
B 3aBUCUMOCTH OT IIOJIOXEHHSI OTHOCHTEIBHO
AJIEMEHTOB JIOKAJIBHBIX CKJIAJOK U OT IOJIOXKE-
HUs OyoKa (ITpU MENKOOIIOYHOM CTpOeHMH). Jlist
MAaKCHUMAJIBHOTO y4€Ta I'€0JIOrMYeCKON CUTYyaIuu
3aMephbl TPEUIMHOBATOCTH MPOBOAMINCH CHCTEMA-
TUYHO, 3aMepaMu ObLIM OXBAYCHBI MPAKTHUYECKU
BCe cTparurpaduyeckue Moapas3ieieHUs] U Bce
JIUTOJIOTUYECKUE Pa3HOCTH. B moneBom xypHaie
00513aTebHO YKa3bIBAIKUCh: BO3PACT, JTUTOIOTHS,
paccrosHue 10 OmmKalImuxX pa3ioMoB, MOJO-

Cnucok Jureparyphbl

xanuna. M.: Hayxka, 187 c.

HPC Pocuenpa 01.12 2009.

M.: Henpa, 432 c.
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3. T'eonoeuss CCCP. T. 33. Ocmpos Caxanun. I'eonocuuecxoe onucanue (pen. B.H. Bepemarun).

KEHUE OTHOCHUTENIBHO 3JIEMEHTOB IJIMKATUBHBIX
ctpykryp. [lomyueHHble pe3ynbraThl MHTEpIIpE-
THUPOBAHBI OTAEIIBHO 110 PA3HBIM 3JIEMEHTAM, TaM,
IJI€ 3TO BO3MOYKHO, 3JIEMEHTHI 3aJIETaHUsl [IPUBO-
IWINCh K O0IIel HOpMalu, a Mokaszaresib IJI0T-
HOCTHU TPEIIMH MCIOJB30BAJICA TOJIBKO C YyYETOM
JIUTOJIOTHUH.

[ToneBbie HaOMIONEHUS MOKa3aldM, YTO 30HA
MHTEHCHUBHBIX JAUCIIOKALMA UMEET, KaK IPaBUIIO,
KpallHE HE3HAUUTEJIbHYI0 MOIIHOCTh — IEpPBbIE
NECATKU METPOB.

OtmeueHa pe3Kkasi HEOJHOPOAHOCTD IMOJIs Ha-
npsbkeHust B paiionax IlorpanuyHoro mporuba
u n-osa llImuara, orpakeHHas B Xapakrepe 3Je-
MEHTOB 3aJIETaHUM, CTPYKTYPHBIX HapylLICHUI
U napareHe3oB. JlaHHBIN (QakT yka3blBaeT HA He-
00XOAMMOCTb JOTIOJHUTEIBHOIO M3yYeHHUs paii-
OHOB HccienoBaHusa. B HuxHeM TeueHuu p. Ke-
pOCHHHAs OBUTM OTMEYEHBI HE(TENpOsBICHUS,
CBUJICTEIBCTBYIOIINE O BEPOSTHOM pPEXKUME pac-
TSYKEHUS.

Ha Caxanune HaxoguTcsi HECKOJBKO MOI00-
HBIX pPaliOHOB, TPEOYIOIIUX ETaTbHOTO H3yye-
HUSI, TJI€ TpaHWYaT pas3IM4HbIC MO BO3pACTY, re-
HE3UCY U CTPOEHUIO CTPYKTYPHO-TEKTOHUYECKHUE
anemeHTsl: Boctouno-Caxanunckue ropsl, Cycy-
Halickuil xpebeT, TOHHHO-AHHUBCKHI M-OB U M-OB
Tepniernsi. Ocoboro BHUMaHUSI TPEOYIOT TaKkKe
30HBI PETHOHAIBHBIX pa3jioMoB (Xokkaimo-Ca-
xanuHckui, LlenrpanbHo-CaxaluHCKHi U T.1.).

IIpoBeneHHble HCCIENOBAHUS ITOKA3bIBAIOT,
YTO CTPYKTYPHBIM aHaJU3 B palOHax C TaKoOH
CJIO’)KHOW M MHTEHCHUBHOW UCTOPHUEH TEKTOHUYE-
CKOI0 pa3BUTHS, KAK AKTUBHBIE OKPauHbl KOHTH-
HEHTOB, KpailHe HEOOXOJMM /ISl TONYYCHHS Ka-
YECTBEHHOM Teosiorudeckoit nudopmaruu. Takue
JaHHbIE BeChbMa aKTyaJjbHbI KakK Uil (yHIaMeH-
TaTbHBIX UCCIIEOBAHUN MO TEKTOHO(H3UKE, TaK
Y B MIPHUKJIATHBIX UCCIICIOBAHMSIX C IENIbI0 Ooee
JETATBbHOTO M3YUYEHUs HETPAAUIIMOHHBIX THIIOB
KOJIJIEKTOPOB, B YACTHOCTH TPEIIMHOBATHIX.

1. BoeiikoBa O.A., HecmestnoB C.A., CepeOpsaxoa JI.U. 2007. Heomexmonuxa u akmususie pasnomsr Ca-

2. l'aneBepcen B.I'., Ercee C.B., Konosanenko A.A., XaiiOymnuna I A. (coct.) 2016. [ocyoapcmeennas
eeonoeuyeckas kapma Poccutickou @edepayuu macumaba 1 : 200 000. Cepus Caxanunckas. Jlucm M-54-XVIII
(Iloepanuunoe): O0bsicHUTENBbHAS 3anHcKa. 3. 2-e. M.: Mock. ¢pun. ®T'BY «BCET'ENy, 187 c. Pek. k medatn

1970.
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Pe3rome. B HacToseit myOmuKaIiy, 0CHOBBIBAIOMIEHCS HA JAHHBIX JUCTAHIIMOHHOTO 30HIUPOBAHMUS, pac-
CMOTpeHBI 0coOeHHOCTH 3¢ dy3uBHOTO H3BepkeHMs BynkaHa [Ink Capsruesa (0. Marya, LlenTpanbheie Ky-
PHIIBCKHE OCTPOBa), MpoucxoauBILero ¢ aekadps 2020 no ¢pespans 2021 . Ha ocHOBe aHaIM3a CIly THUKOBBIX
nmaHHbIX Sentinel ycranoBieHo, uto ¢ aekadps 2020 r. kpatep Bynkana [Iuk CapblueBa Hadas 3alONMHATHCS
naBoi. Ilo coctossHmro Ha 18 guBapst 2021 oH OBUT MOTHOCTHIO 3aIMOJIHEH, ITOCIIE YETo Yepe3 pPacIIeInHy
B CEBEpPO-CEBEPO-3aMaJIHON YacTH HAYaOCh M3NHUSHHUE JaBbl. JIaBOBBIN MOTOK (IIMHOW 2 KM, ITUPUHON
80-90 m) cryctuics mo AHy OappaHKOCca, pacCeKarolIero CeBepo-3aagHblii CKIOH BYJIKAHUYECKOTO KOHY-
ca. Mznusaue napel 3aBepmmiock k 7 ¢espanst 2021 . D dy3uBHoe n3Bepkenne BynkaHa [Iuk Caperyena
B 2020-2021 T. SIBNISE€TCS HETUITUIHBIM JJISI COBPEMEHHOTO 3Tara SpyNTHBHON UCTOPUH, XapaKTEPHU3YIOIIIe-
rocsl U3BEPXKEHUSIMU IIPEUMYILECTBEHHO KCIUIO3UBHOTO U 3KCIUIO3UBHO-3()(hy3MBHOIO THIIA.

Knrouesnie cioBa: Kypunbsckue octposa, [Tk CaperueBa, BylikaH, JaBOBBIHA MOTOK, U3BEPKEHUE, CITyTHU-
KOBBIE CHUMKH, JaHHBIE JUCTAHIIMOHHOTO 30HANPOBAHUS

Activation of the Sarychev Peak volcano in 2020-2021
(Matua Isl., the Central Kuril Islands)

Artem V. Degterev®, Marina V. Chibisova

Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
*E-mail: d_a88@mail.ru

Abstract. This publication, based on remote sensing data, examines the features of the effusive eruption of the
Sarychev Peak volcano (Matua Isl., the Central Kuril Islands), which took place from December 2020 till
February 2021. On the basis of the analysis of the Sentinel satellite data, it was established that starting from
December 2020, the crater of the Sarychev Peak volcano began to fill with lava. As of January 18, 2021,
it was completely filled, then lava outpouring through a fissure in the north-northwest part began. A lava flow
(length 2 km, width 80—90 m) descended along the bottom of the valley, which cuts the northwestern slope
of the volcanic cone. The outpouring of lava was completed by February 7, 2021. The effusive eruption of
the Sarychev Peak volcano in 20202021 is atypical for the modern stage of eruptive history, characterized
mainly by explosive and explosive-effusive type of eruptions.

Keywords: The Kuril Islands, the Sarychev Peak volcano, volcano, lava flow, eruption, satellite images,
remote sensing data
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UMIul’ IBO PAH «Bynkanu3m CaxamuHa u Ky-
PHIIBCKHX OCTPOBOB: MOHHTOPHHI, XPOHOJOTHS aK-
THUBHOCTH, BEILECTBEHHBIH COCTaB MPOAYKTOB, T'MAPO-
TepMalbHble cucteMb (peructp. Homep HUOKP I'P
121030100168-3; npara perucrpauuu B OIAHY
«UenTp MHGOPMAIMOHHBIX TEXHOJIOTHHA U CUCTEM Op-
raHOB UCHOJHUTENbHOM Bractu» 24.02.2021; pyk. pa-
06otel A.B. Pei6un). ®uHaHCOBas MOAJIEpkKKa TpaHTa
[Ipesunenta Poccuiickoit @enepannu «CoBpeMeHHbIE
ra3oreoXMMHUYECKHEe OCOOCHHOCTH  Ia30THIpoTep-
MaJIbHBIX CHCTEM, T'PA3EBBIX BYJIKAHOB, TE€PMAaJIbHBIX
U MUHEPaJbHBIX HCTOYHUKOB OCTpoBa CaxalluH, HX
CBsI3b C CEHCMUYHOCTBIO M (DOPMHUPOBAHHEM TIa300-
MACHBIX 30H 3aCEIEHHBIX TeppuTopui», 2021-2022 rr.
(pyk. H.C. Cripby, TOU IBO PAH).

Beenenne

Bynkan ITuk CapsiueBa, pacrioyIOKEHHBIA Ha
0. Marya (IlenTpansabie Kypunbckue octposa),
SIBIISIETCS. OJHUM M3 CAMBIX AKTUBHBIX BYJIKaHOB
Caxanunckoit obnactu. Ilocrnegnee u3Bepxke-
HUE ByJKaHa, npoucxonusuee B 2017-2018 rr,

Puc. 1. T'eorpaduueckoe nonoxenue o. Marya c¢ ByakanoM [Tux Caperde-
Ba: (a) o030pHas kapra; (b) obmmii Bux Bik. [luk CapbrueBa (ceBepo-3a-
MagHBIA CEKTOp), OTMEUEeH 0appaHKoC, 0 KOTOPOMY CITyCTHIICS JaBOBBII
motok 2021 . @omo A.B. Peibuna; (c) GparMeHT CITyTHAKOBOTO CHHMKA
Sentinel-2 (uctunHBIA 11BeT) 3a 14.03.2021, OTMEUEH JTaBOBBIN MOTOK, U3-

nuBnics B 2021 1

Figure 1. Geographical location of Matua Isl. with the Sarychev Peak vol-
cano: (a) an overview map, (b) general view of the Sarychev Peak volcano
(north-western sector), the valley, along which the 2021 lava flow descended,
is marked. Photo by A.V. Rybin; (c) Sentinel-2 satellite image (true color) for

03.14.2021, an erupted in 2021 lava flow was noted.
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and volcanic hazard IMGG FEB RAS “Volcanism
of Sakhalin and the Kuril Islands: monitoring, chro-
nology of activity, material composition of products,
hydrothermal systems” (Registration number SIOKR
121030100168-3. Registration date in FGANU
“The Center for Information Technologies and Sys-
tems of Executive Authorities” 02.24.2021. Head
of the work — A.V. Rybin). Financial support of the
grant of the President of the Russian Federation “Mod-
ern gas-geochemical features of gas-hydrothermal
systems, mud volcanoes, thermal and mineral springs
of Sakhalin Island, their relationship with seismicity
and the formation of gas hazardous zones of popu-
lated areas”, 2021-2022 (headed by N.S. Syrbu,
POI FEB RAS).

HOCHWJIO DKCIUIO3UBHBIN XapakTep — MpPOU30LLIa
cepusl MEeTJIo-ra3oBbIX BHIOPOCOB c1aboil u yme-
PEHHOM CcIIbl (MaKkCHUMallbHasi BHICOTAa BEIOPOCOB
cocrapisiia 4.5 KM, a IPOTSHKEHHOCTh NETIOBOTO
ueida — 255 km). B 2020-2021 rr. otMeyeHa
odepenHas aKTUBU3ALUsS BYJKaHA, JIETalId KOTO-
pOI pacCMOTPEHBI B HACTOSALLEH ITy-
Oonukauuu. Ee ocHOBY cocTaBisiioT
JTaHHbIE TUCTAHLMOHHOIO 30HIMPO-
Banus (Sentinel-1 (SAR), Sentinel-2
(SWIR) u Sentinel-5P (TROPOMI)),
MOJyYeHHble M3 HH()OPMALMOHHBIX
cucteMm MOUNTS  (http://www.
mounts-project.com/home; [Valade et
al., 2019]) 1 MIROVA (http://www.
mirovaweb.it/), a Takke pecypca
EO Browser Sentinel Hub (https://
www.sentinel-hub.com/explore/
eobrowser/). Kpome Toro, B pabote
MCMOJIb30BIMCh PE3YyNbTaThl MOJe-
BBIX HAOIIOACHUHA, TPOBOJUBIINXCS
HamMM Ha ocTtpoBe Marya B 2008-
2010, 2017 rr.

Jetictytonuii BynkaH Iluk Ca-
prrueBa (adc. Bbic. 1446 m) popmupy-
€T CeBEpO-3allaHyI0 4acTh 0. Marya,
PACIOIOKEHHOTO B LIEHTPaJIbHOM Ya-
ctu Kypuibckoii oCTpoBHON ayru
(puc. 1). Bynkannueckass mocTpoiika
HpeiCTaBIsieT CcoOOH MOCTKANbIEP-
HBI CTPaTOBYJKaH C BEPIIMHHBIM
KparepoM, SBISIOIIMICS IEHTPOM
€ro COBPEMEHHBIX n3BepkeHuit (1765
+ 5, 1878-1879, 1923, 1928, 1930,
1946, 1954, 1960, 1976, 2009, 2017—
2018, 2020-2021 rr. [AHzpeeB U 1p.,
1978; Topmkos, 1948, 1954, 1967,
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Hertepes, 2011; Mapxunun, 1964; 1lu-
noB, 1962; Rybin et al., 2011; Yubucona,
[Herrepes, 2019]. Ero nuamerp ~ 375 M,
a TIyOMHA W3MEHSAETCS OT W3BEPIKEHHS
K W3BEP)KEHHIO B JIOBOJIBHO IIHPOKUX
npeAenax: Mo COCTOsiHMIO Ha 1946 1
(o m3BepxkeHMs) TIyOWHA Kparepa Co-
crapisia ~100-150 m [T'opikos, 1948],
nocine u3BepkeHusa 1946 ., mo usmepe-
HUAM, NpoBeAeHHBIM B 1954 n 1960 rr.
[TopmikoB, 1954, 1967; MapxunuH,
1964], ona ysenuunnace 10 200 M.

[Tocne uzBepxkenus 1976 r. mryOuna
Kparepa [AHapees u ap., 1978] cocrapsi-
na 50-70 M (ipu ATOM ycajka JIaBbl Ipo-
nomwkanace). B 2007 r. maBoBasi mpoOka
HaXOJWJIach MPHUMEPHO Ha OIHOM YpPOB-
He ¢ Hamboiee HHM3KOW CeBepo-3amaj-
HOW KpoMmKo# kparepa [[lerrepes, 2011]
(puc. 2 a). [lociie MOIIHOTO AKCTIO3UB-
HO-3¢ dy3uBHOTO M3BepKeHMs 2009 1. ero
DTyOvHA BHOBD YBEJIMYMIIACH: 110 CITyTHH-
KOBBIM M300paxkeHusiM Aster Terra, Heno-
CPEACTBEHHO IOCIIE U3BEPIKEHUS KpaTep
umen nryonny He menee 150 M. B uione
2017 r. myObuHa Kpatepa, 110 HallluM BU-
3yaJlbHbIM OIIEHKaM, coctaBisuia ~100 m
[Pe16uH u np., 2017] (puc. 2 b).

HN3Bepikenue 2020-2021 rr.

[Io panHbIM  HMHQOPMALIMOHHBIX  CUCTEM
MOUNTS (http://www.mounts-project.com/home;
[Valade et al., 2019]) u MIROVA (http://www.mi-
rovaweb.it/), HaunHast ¢ okTa0ps 2020 1. Ha BIK.
[Tux CapplueBa HayaId OTMEYATHCS TEPMaJIbHbIC
aHOMaJuM (clexyeT OTMETUTh, YTO T€pPMaJbHbIE
aHoManu#u (UKCUPOBAIKCH U B JIETHHE MECSIIBL,
HauboJiee UHTEHCHUBHBIE — B MEPHUO C HIOJS IO
CEHTAOPb, OJIHAKO MBI JOIYCKaeM, YTO OHH MOT-
71 OBITH JIOKHBIMH M BO3HHKATh M3-3a Pa3orpena
[IJJAKOBBIX TIOJIEH: €KErogHo MOAOOHbIE aHOMa-
WU PETHCTPUPYIOTCS HAMH Ha BYJIKaHax [T
u KynpsiBblif, 0COOEHHO 4acTo 3TO HaOIOIACTCA
B BECEHHee M JieTHee Bpems rona). Ha cmyTtHu-
KOBBIX CHHMKax Sentinel, cIelaHHBIX OCEHBIO
2020 . (30.09; 12.10; 20.10; 11.11), BynkaH xa-
PaKTepU3yeTCsl MPOSBICHUEM TUITUYHOW JUIS €ro
Kparepa UHTEHCUBHOM Napora3oBoil akTUBHOCTH.

ITpumepno ¢ 01.12.2020 1, mo nAaHHBIM
SAR-cuumkoB Sentinel-1 (puc. 3), B kparep
BiK. [Iuk CapplueBa Hawana mHOCTyHaTh JaBa.
K cepenune nexabpst ona chopmupoBana Kymnod,

FEOCUCTEMBI MNEPEXOAHbIX 30H
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Puc. 2. Kparep Bynkana [Tuk Capsruesa B 2007 1. (a, pomo A.K. Knu-
muna) u B 2017 . (b, pomo A.B. Jleemepesa). Ctpenkoit oTMeueHa
pacieniHa, yepe3 KOTOPYHO MPOU30ILIO U3ITHSIHUE JIABOBOTO MOTOKA.

Figure 2. Crater of the Sarychev Peak volcano in 2007 (a, photo by
A.K. Klitin) and in 2017 (b, photo by A.V. Degterev). The arrow marks
the fissure, through which the outpouring of the lava flow took place.

PacIoIOKEHHBIH HECKOJIBKO SKCLIEHTPHYHO K Ce-
Bepy OT ero nenrpa (puc. 3). Ilo cocrosnuto Ha
06.01.2021 . xparep ObLT 3aMOJIHEH MPUMEPHO
HAIlOJIOBUHY, TPH 3TOM MaTepHal MpPOJOIIKaI
nocrynark. K 18 auBaps 2021 r. kparep okaszai-
Csl IOJTHOCTBIO 3aIlOfIHEH JIaBoM (puc. 3), mocie
Yero, uepe3 pacilesiHy B CEBEpO-CeBepo-3ama/l-
HOM yacTu KpoMKH (puc. 2 b), Hauanock ee u3Ju-
SIHUE 10 BHEUIHEMY CKJIOHY BYJIKaHWYECKOH mo-
ctpoiiku (puc. 4). 27.01.2021 1. npOTSHKEHHOCTH
JJaBOBOT'O TOTOKa cocTapisia 1.51 kM, ero mpo-
JBIDKEHHE KOHTPOJIHMPOBAJIOCH penbedoM — JlaBa
pacmpocTpaHsiach Mo JAHY IiIyOokoro OappaH-
KOCa, PpacCEKAaoILIEro CeBepo-3amajJHblii CKIIOH
BynkaHa (puc. 1). K 30.01.2021 r. naBoBbIif mOTOK
uMen JurHy 1.76 kM 1 mmpuny 80—90 M (10 200 M
B BepxHel yacTu —y ero uctoka) (puc. 4). I1o cryT-
HUKOBBIM JaHubIM Ha 07.02.2021 ., qnuHa j1aBo-
BOI'0 IOTOKA JOCTUTANA 2 KM (B MPEAbLAYLINE JHU
BYJIKaH OBLT 3aKPBIT 00IaYHOCTBHIO, HE TTO3BOJISIO-
el yCTaHOBUTH TOUHYIO JJaTy OKOHYaHUS M3JIUs-
HUS JTaBOBOTO MTOTOKA, 3TO MPOU30ILI0 NPUOIU3HU-
TenbHO Mexay 31 sHBaps u 2 dheBpais).
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B nocnenyronme nHu, B (eBpane u mapre,
Ha BYyJKaHe MEPUOJUYECKH OTMEYaJHuCh cialble
TepManbHble anoManuu. Ha cuumkax Sentinel (14,
16, 19, 21 mapra, 3 anpens 2021 r.) ueHTpaibHas
9acTh KpaTepa MpaKkTHIECKHd CBOOOIHA OT CHEra,

Puc. 3. Ilpouecc 3anonHenus kparepa Byakana [Tk CapsiaeBa 1aBoii B mepuon

¢ 19.11.2020 mo 18.01.2021 na caumkax Sentinel-1 SAR.

Figure 3. Filling process of the crater of the Sarychev Peak volcano with lava
in the period from 19.11.2020 till 18.01.2021 on the Sentinel-1 SAR images.

Puc. 4. [lunamuka u3nusiHusl JaBoBoro noroka BynkaHa [Iuk CapblueBa Ha
CIyTHHKOBBIX cHUMKax Sentinel-1 SAR (radiometric terrain corrected).

Figure 4. Dynamics of the outpouring of the lava flow of the Sarychev Peak
volcano on the Sentinel-1 SAR satellite images (radiometric terrain corrected).
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HaOmronaeTcss 3amMeTHoe mapeHue. M3BepxeHue
3aBepIIMIIOCh B KOoHIlE deBpanst 2021 r.

Db dy3uBHOe u3Bepxkenue Bik. [Iuk Capbrue-
Ba B 2020-2021 rr. HETUNHUYHO JJIs1 COBPEMEHHO-
TO dTama aKTUBHOCTH PAacCMaTpUBacMOM BYJIKaHO-
MarmMaTH4ecKoil CHCTEMBI: 3a BECh
MepUO/ aKTHBU3AIlMH BYIKaHA B
2020-2021 rr. He ObUIO 3aduK-
CHUpPOBAaHO HHKAKHUX TPOSBICHUN
9KCILJIO3UBHOIO Xapakrtepa. Mex-
Iy TeM B HCTOPHYECKOE BpeMs
(~250 net gyt KypuiibCkux octpo-
BOB) Ha ByJIKaHE Ipeo0ia aig 13-
BEPKEHUS IKCIJIOZUBHOTO U JKC-
TUTO3UBHO-3()()y3UBHOTO THTIA: OT
OTHOCHUTEJIHHO CJIa0bIX SKCIUIO3UH
JI0 MOIIIHBIX TTAPOKCU3MOB ILJTHHH-
aHckoro tuna: 1765 £ 5 (skcmo-
3MBHOE, 9KCIUIO3UBHO-3((y3UB-
Hoe?), 1878-1879 (addy3uBHoe,
3¢ dy3uBHO-IKCIIIIO3UBHOE?),
1923 (okcruto3uBHOE), 1928 (3KC-
wiosuBHoe), 1930 (3kcruIo3uB-
Hoe), 1946 (sxcmno3uBHO-YPyY-
3uBHOE), 1954 (3KCILIO3UBHOE),
1960 (sxcrumo3uBHOE), 1976 (9KC-
w103uBHO-3¢dy3uBHoe), 2009
(pxcmio3uBHO-3( Hy3uBHOE),
20172018 rT. (3KCIIO3MBHOE).
Bce onm ObuM TepMUHATIBHBIMU
U, KaK TMpaBWIO, HEMPOIOIKHU-
TeNbHBIMU (Yackl, THH). [Tpu 3TOM
MIOCTaBIISIETCS] TIIAaBHBIM 00pa3oM
00JIOMOYHBII BYJIKAHUYECKUI
Marepuas — tedpa ¥ MUPOKIIA-
ctuyeckue notoku. [k Capsi-
yeBa — ©IUHCTBCHHBINM BYIKaH
Kypuieckoit tyru, Impu ucropude-
CKUX U3BEPKEHUSIX KOTOPOTO CEK-
TOp MEIUIONaja BBIXOAWI JaJIEKO
3a Tpenenbl OCTPOBHOW TPSbI,
BhIMagas Ha Kamuarke u Ha Tep-
putopun XabapoBCKOIO Kpas u
Caxanuna [Peibun u mp., 2010].
TunuyHbll TpUMEP — CHIIBHOE
AKCIUIO3UBHO-OQPYy3UBHOE  H3-
Bepkenue B utone 2009 r. B aroit
CBSI3H HEOOXOIMMBI CTICIIHATbHBIC
BYJIKAHOJIOTUYECKHE PaboThI, Ha-
NpaBJICHHBIC HA KOMIUIEKCHOE M3-
yueHHe O0COOEHHOCTEW 3TOro He-
OPIIMHAPHOTO COOBITHSL.
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O HEOOBIYHOM XapaKTepe pacupoCTpaHeHHst MOAU(DUIIMPOBAHHOM
aMmypckoii Bojibl B 3asiuBe AHuBa (Caxanun) B Hosiope 2001 1.
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Pe3iome. B nomonHenue K pe3yiasraTaM UCCIeJOBaHHs PaclpoCTpaHeHUsT MOIU(HUIIPOBAHHOM BOJbI CTOKA
peku AMyp B yIaJICHHOM OT €ro yCThs 3anuBe AnmBa 1o gaHHsM 20122013 rr. (IlleBuenko I.B., YacTtu-
koB B.H. Pacnpoctpanenue Bog AMypa B BOCTOUYHOM 4acTH 3a1Ba AHUBA IO3IHEN 0CEHbIO. Memeoponozus
u eudponoeus, 2021, Ne 1) paccMOTpeHbl MaTepHaibl OKEaHOJOTMYECKOM ChEMKH, BBIIIONIHEHHOH B 3TOM
Oacceitne B cepeanne HosiOps 2001 1. [TokazaHo, 4TO pacHpecHEHHas BOjAA 3aXO[ujia B 3aJIMB HEOOBIYHO
HIMPOKUM TOTOKOM B BepxHeM 30-MEeTpOBOM Cllo€ U 3aHWMasa OOIIMPHYIO 007acTh, TIOYTH 10 CEPEAUHBI
3anmuBa. [Ip 3TOM pasznuumns B TIOKa3aTeNsIX COJIEHOCTH C MECTHBIMH BOAAMH OBUIM MEHBINE, 9YeM OOBIY-
HO. Hanbonee BepoATHOW MPUYMHOW TaKMX CHEIUPUISCKIX OCOOCHHOCTEH OKEeaHOJNOTHYECKHX YCIOBHIM
B 2001 . ObuTO ycmnenue (mpumepHo Ha 30 % 1Mo cpaBHEHUIO C OOBIYHBIMU 3HAYCHHUSIMH) BETpa 3arMaHoO-
CEeBEPO-3aaJHOT0 pyMOa OTKUMHOT0 XapakTepa. [lomyueHHbIe pe3ynbTaThl HOKa3bIBAIOT, YTO BIMSHHE 3TOU
BOJIBI MOYKET TIPOSBIIATHCS HE TOJNBKO BOJIM3M BOCTOYHOTO Oepera 3aimBa, Kak ObIIO IMPOJEMOHCTPUPOBAHO
B YKa3aHHOMU CcTaThe, HO M Ha ynajeHuu oT Hero Oonee 30 kM. COOTBETCTBEHHO, PE3KHE TIOHMKEHHUS CoJie-
HOCTH MOTYT BO3I€iICTBOBAaTh HA MOPCKYIO OMOTY HE TOJNBKO MPHOPEKHOTO KOMIUIEKCA, HO U OOUTAIOLIYIO
B LICHTPAJIbHOW YaCcTH 3aJ11Ba.

KioueBble ciioBa: TeMiieparypa, COJICHOCTb, CTOK, AMyp, MOAU(UIIMPOBAHHAS BO/IA, 3aJTUB AHUBA

On the unusual distribution of modified Amur River water
in the Aniva Bay (Sakhalin) in November 2001

Georgy V. Shevchenko*'?, Valery N. Chastikov'

1Sakhalin Branch of Russian Federal Research Institute of Fisheries and Oceanography,
Yuzhno-Sakhalinsk, Russia
Ynstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

*E-mail: shevchenko zhora@mail.ru

Abstract. In addition to the distribution of modified water of the Amur River runoff in the Aniva Bay, remote
from its mouth, according to the data from 2012-2013 (Shevchenko G.V., Chastikov V.N. Distribution
of the Amur waters in the eastern part of the Aniva Bay in late autumn. Meteorology and Hydrology, 2021,
no. 1), the materials of the oceanological survey carried out in this basin in mid-November 2001 are presented.
It is shown that desalinated water entered the bay in an unusually wide stream in the upper 30-meter layer and
occupied a vast area, almost to the middle of the bay. At the same time, the differences in salinity with local
waters were less than usual. The most probable reason for such specific features of oceanological conditions
in 2001 was an increase (by about 30% in comparison with the usual values) of the wind of west-northwest
rhumb of an offshore character. The obtained results show that the influence of this water can manifest itself
not only near the eastern coast of the bay, as was demonstrated in the mentioned article, but also at a distance
of more than 30 km from it. Accordingly, abrupt decreases in salinity can affect the marine biota not only
of the coastal complex, but also inhabiting the central part of the bay.

Keywords: temperature, salinity, runoff, Amur, modified water, Aniva Bay
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O HEOBbIYHOM XAPAKTEPE PACNIPOCTPAHEHUS MOBU®ULUPOBAHHON AMYPCKOW BOAbI B 3AJIUBE AHUBA (CAXANNH) B HOSIBPE 2001 r.

Mna yumuposanusa: 1llesuenko [.B., Yactuxo B.H.
O HEOOBIYHOM XapakTepe paclpoCTpaHCHHUS MOIHPUIU-
pOBaHHOW aMypckoil Boabl B 3aiuBe AnuBa (CaxaiuH)
B HosiOpe 2001 1. [eocucmemovt nepexoouwvix sou, 2021,
T.5,Ne 2, c. 172—-178.
https://doi.org/10.30730/gtrz.2021.5.2.172-178

BBenenue

N3y4yenue BnusHUA CTOKA p. AMyp Ha aKBaro-
pHH, IPUIIETAIONIEH K I0)KHBIM U I0TO-BOCTOYHBIM
O6eperam 0. CaxanuH, TPEICTABIAET 3HAUYUTEIb-
HBII UHTEPEC, TaK KaK C HUM CBSI3aHbI pe3Kue, Ha
2-3 e.1.C., HOHWXEHUSI COJIEHOCTH MOPCKOM BOJIBI
Ha menbge, HabIIoAaomuUecss 00bIYHO MO3THEH
oceHblo (HOAOpb—acKkabpr). Cutyarnus, Koraa
peuHasi BOAa, CMEIIMBAsACh C MOPCKUMH BOJAMH
1 00pasyst MOIU(PHUIIMPOBAHHYIO BOAY MOHUKEH-
HOM COJICHOCTH, JOCTUraeT oOnacTed, Haxojs-
muxcs Ha ynaneHuu okoso 1000 kwm, sBisercs
BeCbMa HEOOBIYHOM, M MOJOOHBIC BapHallUU CO-
JICHOCTH PEAKH B 00JIACTSIX, yAAJCHHBIX OT YCTHEB
KPYNHBIX peK. DTOMY BOIIPOCY, B YaCTHOCTH BIIU-
STHUIO MOJIU(UIIMPOBAHHOM BOJABI HAa THAPOJIOTH-
YeCKHe YCJIOBUS B BOCTOYHOM 4acTH 3aj. AHUBA,
MOCBSIIIEHO HE TaKk MHOTO paboT. Tak, nmpu ucce-
JMOBaHMU TuAponoruu 3anusa [[Iumansuuk, Ap-
xunkuH, 2000, 2003] 370 sIBIEHKE HE paccMaTpu-
BaJIOCh, a B [LLleBuenko, Yactukos, 2004; bynaesa
u 1p., 2005] o6cyxaanoch auimib GparMeHTapHO.
JleTanbHO OHO PacCMOTPEHO TOJBKO B HEIABHEU
nyonukanuu  aBTopoB [IlleBuenko, YacTHKOB,
2021]. Ha ocHoBe MarepuainoB JIByX OKEaHOJIO-
THYECKHX ChEMOK, BBITIOTHEHHBIX 2931 oKTA0ps
u 29 nos6psa — 4 nexabps 2013 1., a Taxke uH-
CTPYMEHTAJIbHBIX U3MEPEHUI OKEaHOJIOTUUYECKUX
napameTpoB B 2012 1. ObUTH BBISBICHBI PE3KHE
MMOHWKEHUS coJieHoCTH (110 27.5 e..c. B a1ekadpe
2012 r.) Bmosmb BocTOYHOTO Oepera 3aj. AHHBA,
00yCIJIOBJIEHHBIE 3aTOKOM MOAU(DUIIMPOBAHHOM
BOJIBI CTOKA p. AMyD.

B nmannoii pabGore B kpartkoil (opme mpen-
CTaBJIEHbl HEKOTOPBIE JIOMOJHUTENIbHBIE CBEICHUS
0 BeCbMa HEOOBIYHOM XapaKTepe paclpocTpaHe-
HUS pacCIPECHEHHOI BO/IbI B M3y4aeMoM OacceiiHe
Ha OCHOBE OKEaHOJOTHUYECKOW ChEeMKU B HOsIOpe
2001 r.

Pe3yibrarbl 0KeaHOJIOrHYECKON ChbeMKHU
15-17 nos10ps 2001 r.

Kak npasuiio, MmoauduimpoBanHas Bojia CTo-
Ka p. AMyp pacrpoCTpaHs€eTcs B10JIb BOCTOYHOTO
Oepera 3a1. AHMBa CPAaBHUTEIILHO y3KOM MTOJIOCOM.
OO0 3TOM CBUJETENLCTBYIOT CPEIHHUE MHOTOJIET-
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For citation: Shevchenko G.V., Chastikov V.N. On the unu-
sual distribution of modified Amur River water in the Ani-
va Bay (Sakhalin) in November 2001. Geosistemy pere-
hodnykh zon = Geosystems of Transition Zones, 2021,
vol. 5, no. 2, pp. 172-178. (In Russ., abstr. in Engl.).
https://doi.org/10.30730/gtrz.2021.5.2.172-178

HUE pacipeesieHus: COJIEHOCTH MOPCKOM BOJIbI Ha
MOBEPXHOCTH MOps B HOAOpe u aekadpe (puc. 1),
MIOCTPOEHHBIE HAa OCHOBE 0a3bl JaHHBIX «ATIACH
[[Tumansuuk, bookos, 2000]. B aToit 6a3e co-
JiepKarcsl 3Ha4YeHHsI TeMIIepaTypbl U COJIEHOCTH
Ha CTAaHLUAX CTaHJIAPTHBIX pa3pe3oB (IIOKa3aHBbI
TOYKaMU Ha PUCYHKAaX), IOJIyYEHHBIE B pE3yJib-
Tare 000OLIEHHUS JOBOJBHO MHOIOYHCIEHHBIX
SKCIEIULIMOHHBIX HCCIIEI0BAaHUM, PETryJIIpHO BbI-
nonHsaBmMXcs CaxalnuHCKUM yrpaBieHueM Poc-
ruapomera B 1950-1980-e¢ romel. Ocpennenue
PE3yJIbTaTOB OKEAHOJOIMYECKUX 30HIUPOBAHUI
MO3BOJIIET BBIJCIUTh TUIIOBBIE, IOBTOPSIOLIU-
ecsl U3 roJa B T0J] 0OCOOEHHOCTH PacCHpeAeTICHHS
OKEaHOJIOTMUECKUX IapaMeTpoB (peIKue cuTya-
UM IpU JJAHHOM onepalnyuy HUBEIUPYIOTCS), HO-
3TOMY (OPMHUPOBAHUE Y3KOrO MPUOPEKHOTrO IO-
TOKAa paclpeCHEHHOW BOJbI SBISECTCS TUIIMYHOU
KapTUHOH. DTO M (U3MYEeCKH OOBSCHUMO, TaK
KaK IpaJMeHT IUIOTHOCTH MEX/ly MEHee IUIOTHOM
MOIU(PHUITUPOBAHHONW BOJOM M OOJI€e COJCHBIMHU
MECTHBIMH BOJIAMH 32JIMBA CIIOCOOCTBYET UMEHHO
B/I0JIbOEPETOBOMY €€ 3aTOKY.

B nmocnenHume roapl  OKE€aHOJOTMYECKHE
Ch€MKH B JaHHOM OacceiiHe mpoBoauT Caxa-
muHckuit ¢punman BHUPO (CaxHUPO), nosna-
Hell OCeHbI0 (HOSOpb—IeKaOpb) OHM OBLIM BbI-
nonHeHs! B 1993, 2001, 2002, 2008, 2009, 2013
u 2015 rr. B onHo# u3 Hux (axcneaunus na HUC
«Amutpuii IleckoB» npoxoauna 15—-17 Hos0ps
2001 r.) HabmoOAANIOCh CYIIECTBEHHOE OTKIIO-
HEHUE OT TUIIMYHOW KapTUHBI BOJIOEPETOBO-
IO paclnpoCTpaHEHUsl BOJbI, U OHO 3aClyKUBAeT
CIELUAJIBHOIO PACCMOTPEHHUS.

IIpocTpaHcTBEHHOE pacnpeneeHre COJIEHO-
CTU B 3aJl. AHMBA Ha TOPU30HTE HAa MOBEPXHOCTH
Mops TpeacTaBieHo Ha puc. 2. O0macTb ¢ Hau-
Ooyiee HU3KMMHU 3HAUEHHSMHU COJICHOCTH (MeHee
31.1 e.nn.c.) BBITSIHYTa LIMPOKOH OJIOCOM Ha 3Ha-
yurtensHoM (15-20 kM) ynanenuu ot 6epera. Biu-
sIHUEe MOANU(UIMPOBAHHOM BOABI PacCHpOCTpaHs-
JOCh 10 JIaryHbl Bycce Ha ceBep M NPaKTHUECKU
710 CepeMHbI 3aJIMBa Ha 3ama/jl, YTo SIBISETCS HC-
KIJIFOYUTEIIHOM CUTyallMed — IIPU JIPYIMX ChEM-
Kax mopoOHasi KapTUHa He HaOmonanack. Ecim
ObI Takoe pacnpesielieHue ObLIO BBISBIEHO TOIBKO

GEOSYSTEMS OF TRANSITION ZONES
2021,5(2)



OKEAHonorusi

OCEANOLOGY

Ha TMOBEPXHOCTH MOpPS, TO MOXHO
Ob10 OBl JymMaTh, 4YTO pacrpec-
HEHHas BOJa paclpoCTpaHWIACh
M0 TIOBEPXHOCTH TOHKHM CIJIOEM,
KaK 3TO OBIBAaeT MPHU BETpax CEBEPO-
BOCTOYHOTO M BOCTOYHOTO PyMOOB.
D710 1 OBLTO OOHAPYIKEHO MPH ChEM-
ke 29 Hos0ps — 4 nexabps 2013 .
[[LIeBuenko, Yactukon, 2021]. Ho B
Hosiope 2001 1. ona Habmromanach
B BepXHEM ciioe TonmuHon 10—12 m
(TIpOCTpaHCTBEHHOE  pacmpeserie-
HUE COJIEHOCTH Ha ropu3oHTe 10 M
UACHTUYHO UMEBILIEMY MECTO Ha I10-
BEPXHOCTH), T.€. B BOCTOYHYIO 4acTb
3aJMBa MONall 3HAYUTENLHBIA 00beM
BOJIBI HU3KOM ColeHOCTH. OTMETHM
TaKXe IATHO PACIPECHEHHOH BOJBI
BONMM3M 3amajHoro Oepera 3aimBa,
B pailoHe XBOCTOBO, KOTOPOE ITPOSIB-
JSieTCS U Ha CPeTHEM MHOTOJIETHEM
pacmpezeneHiy B Hosi0pe. BeposiTHo,
OHO c(hopMHPOBAIOCH B pe3yNbTaTe
OCEHHETO MaBOJIKa Ha peKax FOKHOU
yactu Caxamuna (Jlrotora, Cycys,
Tapanaii, Yprom), Bmagaronimx B ce-
BEpO-3aMajHyI0 YacTh H3y4aeMoro
OacceiiHa, ¥ CMECTUJIOCH B FOXKHOM
HafpaBJIEHUH TOJ JEHCTBHEM Teo-
cTpodrueckoit cuibl u Betpa. OT™me-
THM TaK)X€ CPaBHHUTEIIBHO BBICOKHE
3HAUEHUs] COJIEHOCTH B CEBEpO-3a-
Ta/IHOM YacTH 3aJI1Ba, Ky/ia BIaJaioT
yKa3aHHbIE PeKU U TJe OOBIYHO Ha-
XOZIUTCSl paclpecHeHHas Boja. Be-
POSITHOM TNpUYMHOW HaOMIomIaeMOoi
KapTUHBI MOXET OBITh AIBEIUIHHI,
(bopMupyOIMics B 3TOM paiioHe
O] ICHCTBUEM THITHIHBIX JIJIS OCe-
HU BETPOB CEBEPO-3aIaHOro pymoa.

Ha puc. 3 nmpuBeneHsl BepTUKaIbHbIE pacipe-
JeneHus coiaeHoctu Ha paspese Il mo pesynbra-
TaM OKEaHOJIOTHYECKUX CheMOK B HosiOpe 2001
u KoHIe okTs0ps 2013 1. DtoT paszpe3 (BTopoit
CHU3Y Ha puC. 1) pacronoxeH HeIaleKo OT OT-
KpPBITOM I'paHMIIbI 3aJ1. AHUBA, OH SBJISETCS KO-
YeBBIM JJI1 TOHUMaHUs XapakTepa 3aToKa MOJH-
(GUIMPOBaHHON BOABI AMYPCKOTO CTOKa B 3TOT
Oacceitn. O0paiaeT BHUMaHKE, YTO B YCIOBHSIX
HKCTPEMAIBHOTO CTOKa p. AMyp Moauduuupo-
BaHHas Boja (COJIGHOCTh MeHee 31 e.m.c., MUHU-
MasibHBIe 3HaueHus MeHee 30 e.m.c.) 3aHUMana
Y3KYyI0 TPUOPEKHYIO TTOJIOCY Y BOCTOUHOTO Oepe-
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Puc. 1. CpenHue MHOTOJIETHHE paclpe/ieIeHHsI COJICHOCTH (€.11.C.) MOPCKOH
BOJIBI B TIOBEPXHOCTHOM CJIOE 3aJl. AHUBA B HOsI0pe (A) u nexadpe (B). Uep-
HBIMH TOYKaMH MOKa3aHO ITOJI0KEHHE YETBIPEX CTaHAAPTHBIX pa3pe30B (Hy-
Meparus ¢ ceBepa Ha Ior).

Figure 1. Long-term annual average salinity distributions (psu) in the surface
layer of the Aniva Bay in November (A) and December (B). The black dots
show the position four standard sections (numbered from north to south).

ra 3anuBa, B m1yOuHy 10 30 M, B TO BpeMsi Kak
B 2001 r. aTa Bona (coneHocts okojo 31.1 e.m.c.)
3axo/ijia B 3aJIMB IIUPOKUM TIOTOKOM (Oosee
30 kM), pa3BUTHIM B TiTyOuHy 110 30 M, a BOIU3H
6epera — 10 40 M, 4TO MOATBEPKIAET BHICKA3aH-
HOE BBIIIIE MHEHHE O 3HAYUTEIBHOM O00beMe Mo-
CTYNUBIIEH B 3a7MB MOIU(MUIIMPOBAHHON BOJIBI.
[IpaBna, conmeHoCTh ee OblIa HECKOJIBKO BBIIIE
TUMHWYHBIX 3HaYeHUN. OTHOPOIHBIN XapaKkTep co-
JICHOCTH B BOCTOYHOMW YacCTH pa3pe3a MOXKET ObITh
00yCIIOBJIEGH HHTEHCUBHBIM  BETPO-BOJHOBBIM
nepeMeninBanieM. Paznuuue Mo mokazaTensm
COJICHOCTH C 3allOJIHSIOIIMMU 3aJUB MECTHBIMH
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BOJIaMU OBLIO CPAaBHUTEIHHO HEBEIHUKO, B TO
Bpems Kak B 2013 . oHO OBUIO CyIIECTBEHHBIM.
CoOTBETCTBEHHO, TPAJUEHT B MOJIE TUIOTHOCTH
B MEPBOM cllydyae OBbLI OTHOCUTEILHO HEBEIUK,
U CKOPOCTH TIOTOKa, (POpPMHPYFOIIErocs B COOT-
BETCTBUHU C IeOCTPOPUICCKUM OaraHCcOM, H3Me-
HSUTHCh B Tpe/enax OT HECKOJIbKHX CM/C B IEH-
TpaJbHOM YacTu 3ayuBa 110 15 cm/c BOM3m Gepera.

Puc. 2. Pactipenenenre coaeHOCTH (€.11.C.) MOPCKOW BOJIBI B 3aJl. AHHBA Ha T10-
BEPXHOCTHU MOPS TT0 pe3ylIbTaraM OKeaHoJormdeckoi cbeMku 15-17.11.2001 .

Figure 2. Salinity distribution (psu) in the Aniva Bay on the sea surface
according to the results of an oceanographic survey on November 15-17,2001.

Puc. 3. BeprukanbHble paclpeneneHus COIeHOCTH (e.1.c.) Ha paspese III

o u3MepeHusM B Hostope 2001 (A) u okts0pe 2013 r. (B).

Figure 3. Vertical salinity distributions (psu) in the section III according
to measurements in November 2001 (A) and October 2013 (B).
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Ha BepTukanbHOM pacnpeiesieHuu COIEHOCTH
B 000MX CIIy4asiX BBIAEISIETCS TaKXKe MSITHO pac-
NIPECHEHHHON BOJbI B 3allaJHON 4acTHU paspesa,
KOTOpoe oTMevasioch Beiie. B 2013 1. coneHocTh
B HEM ObLjIa CyIIECTBEHHO, TPUMEpHO Ha | e.1n.c.,
ke, ueM B 2001 . CoOTBETCTBEHHO M CKOPOCTh
€ro JBW)KEHHA Ha IOr Oblla B HECKOJBKO pa3s
BeImIe, ueM B 2001 1.

Takum o6paszom, crneuuduye-
CKOM O0COOEHHOCTBIO OKEaHOJO-
THYECKUX YCIOBHH B 3aJl. AHHBA
B Hosi0pe 2001 r. ObuTH OonbIIas
IIMPUHA TIOTOKA W, COOTBETCTBEH-
HO, CYIIECTBEHHO MPEBBILIAIONINIHA
TUNIMYHBIE 3HAUYEHUS 00BEM MOJU-
(GUIMPOBAaHHOW BOABI, TOCTYIHUB-
nIeii B 3anuB (MpU 3HAYEHUSIX COJIe-
HOCTH BBIIIE TUIMYHBIX), & TAKXKe
HEOOBIUHBIN XapaKTep ee MPoCTpaH-
CTBEHHOTr0 pacnpeaenenus. [logo6-
HOHW KapTHHBI HE HAOIIONANIOCH TIPH
OPYTUX CBEMKaX, BBIMOJIHEHHBIX
CaxHHUPO B mnocneguune mecaTu-
aetus (CpeaHrue MHOTOJIETHHE pac-
IpeesieHus] COJICHOCTH B HOsOpe
U Jiekabpe CBUIETENLCTBYIOT O pac-
MPOCTPAHEHUH PACIIPECHEHHOI BO-
Il B Y3KOM TOJIOCE BAOJIbL Oepera).
O06a otH ¢akTa yKa3bIBalOT HA YHHU-
KaJbHOCTh PACCMOTPEHHOH BBIIIE
TUAPOJIOTMYECKON CUTYaLUH.

YToOBl BBIACHUTH (DU3UUYECKHUE

IPUYUHBL, OOYCIIOBUBLIME CTOJIb
HEOOBIYHBIM  XapakTep pacrpo-
CTpaHEHHMs  MOAUDUIUPOBAHHOM

BOJIbI CTOKa p. AMyp B 3ai. AHMBa
B Hos0pe 2001 r., DOMOTHUTENb-
HO TMPOAHAJIU3UPOBAINA  JOCTYII-
HYI0  THIPOMETEOPOJOrHUYECKYIO
uH(bOpMAIMIO, B PE3YJbTaTe YEro
BBISIBIUIM PsiZi OCOOEHHOCTEH, MpH-
CYIIIUX paccMaTpHUBaeMOMY CE30HY.

Bo-nepsbix, B 2001 1. mo Habmo-
JIEHUSM Ha CTBOpe B I. XabapoBCK
00BeM cToka p. AMyp ObLT Ha CpaB-
HUTEJIBHO HU3KOM YPOBHE — OKOJIO
70 % OT cpeaHero MHOTOJIETHETO
3HAUEHMsI, PACCYMTAHHOTO 3a IIe-
puon ¢ 1936 no 2006 r. Takum 00-
pazom, 00beM MOAUGUIIMPOBAHHOMN
BOJII MaTEpPUKOBOTO CTOKa Y BOC-
ToyHOro TmoOepexbs o. CaxanmuH
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MOT OBITh MEHBIIIE OOBIYHOTO, OIHA-
KO K 3aJ. AHUBA 3TO YTBEP)KICHUE
SIBHO HE OTHOCHUTCA.

B pab6ore [Bnacosa u ap., 2008]
M0 pe3yabTaTaM OKeaHOJOTHUYECKON
CHEMKH, BBITIOTHEHHOW COTPYIHU-
kamu CaxHMPO na HUC «IlaBen
Iopnuenko» Ha ceBepO-BOCTOYHOM
menbde o. CaxanuH B nepBod Mo-
noBuHe ceHTsa0ps 2001 1., oTmede-
HO, 4TO IIepecTpoiKa II0Jis BeTpa
K OCEHHEMY MYCCOHY MpOH30IIa
paHbIlie OOBIYHOTO W Ha CEBEPHOM
Y4acTKe pailoHa UCCIEOBAHUN YKe
HAOMIONANOCh HAuyajgo JIBIKEHUS
pacnpecHEHHOW BOJIbI B I0KHOM Ha-
MIpaBJICHUU.

Boree Ba)XKHBIMU ¢ TOYKH 3pCHUS
paccMaTpuBaeMoro sIBIE€HUs ObUIH
pe3yNbTaThI OKEaHOJIOTHYECKON
ceemkn HUC «IIpodeccop Xpo-
MOB» B cepenuHe okTsi0ps 2001 1. Ha

Puc. 4. BeprukanbHble pacnpeencHUs] COJICHOCTH (€.11.C.) Ha CTaHIapTHBIX
paspe3ax Meic Teprenus — Mope (A) u Mbic AHHUBa — MBIC JlokydaeBa, Tpu-

neraromast k Caxamuay 4acth paspesa (B) mo mmepennsm B oktsiope 2001 1.

HECKOJIbKMX CTaHAApTHBIX pa3pesax
y BOCTOYHOro mnobGepexps o. Ca-
XanuH U B 3ai. AHuBa. Ha puc. 4
MPUBEICHbl BEPTUKAIBHBIE pac-
TpeZieNieHrsI COJICHOCTH Ha pas3pe3ax Mbic Tep-
MeHUsl — MOpe (30HIUPOBAHUS OCYIIECTBISIINCH
13 okrta0psi) u mpic AHMBa — MbIC JlokydacBa
(15 oxta0ps1, paccMaTpuBaIiCh CTAHIIMU CEBEPO-
3armaHON 4acTH pa3pesa).

Ha nmepBoM u3 HuX cOjJe€HOCTh Oblia Cylile-
CTBEHHO, TIOYTH Ha | €.1.C., HIKE HOPMBI U MO-
muduIMpoBaHHas BOAa CTOKa p. AMyp B TO-
BEPXHOCTHOM CJIO€ TMPOCTUPATACh JIOCTATOYHO
JIaJIeKo Ha BOCTOK, 0 145 MepuanaHa, 9To TakKe
OTJIMYAETCS] OT CPETHUX MHOTOJIETHUX 3HAYCHHIA
[[IeBuenko, Yactuxor, 2019]. IlepBoe obcTo-
SATEJIBCTBO B YCIOBHUSX OTHOCHUTEIHHO HH3KOTO
0o0beMa PEYHOr0 CTOKAa MOXKET OBITh OOBSICHEHO
Kak 0oJiee paHHMM HayajoM JIBUKEHHsSI pacrpec-
HEHHOMW BOJBI B FO)KHOM HAIPaBJIICHUH, TaK H TEM
(hakTOM, UTO Ha CEBEPO-BOCTOUHBIN menbd Caxa-
JUHA TOCTYMUJ BCE-TAKM JTOCTAaTOYHO OOMBIION
ee 00beM, BEpOSITHO, 32 CUET MEHEe 3HAYMMBIX
MOTEPBb IO Tpacce pacnpocTpaHeHus. Bropoe or-
JaCTH MOXKET OBITh PE3yJIbTaTOM BBISBICHHOTO
M0 JaHHBIM peaHaan3a BETPOBOTO MOTOKa (IOMI-
pobHee obcyxnaercs Huxke): B okTaOpe 2001 .
HAOJIOaJI0Ch OTKJIOHEHHUE €ro HalpaBlIeHUs, IO
CPaBHEHHIO C OOBIYHBIM, HA BOCTOK.

FEOCUCTEMBI MEPEXOAQHbIX 30H
2021, 5 (2)

Figure 4. Vertical salinity distributions (psu) on the standard sections of Cape
Terpeniya - sea (A) and Cape Aniva — Cape Dokuchaev, part of the section
adjacent to Sakhalin (B) according to measurements in October 2001.

Ha pa3pe3e mpic AHuBa — MbIc JloKyuaeBa
XapakTep NPOCTPAHCTBEHHOTO PACTIPEICICHUS
COJICHOCTH OB Oosiee OIU30K K OOBIYHOMY, XOTSI
3HaueHus1 B BepxHeM |0-MeTpoBOM ciioe B IpH-
OpexHoii ero yactu 66U puMepHo Ha 0.25 e.1n.c.
HIDKE CpeIHMX MHorojeTHux 3HadeHuil [llles-
yenko, Yactukos, 2007], 4To Takke MOXKET ObITh
CBsI3aHO ¢ OoJiee paHHEH OCEHHEW WHTeHCU(UKa-
et Boctouno-CaxanrHCKOTO TEUCHUSI U 3HAYH-
TETbHBIM O0BEMOM MOAM(PUIIMPOBAHHONW BOJIHI,
JIOCTUTTIICH FOTO-BOCTOYHOW OKOHEYHOCTH OCTPO-
Ba. Pacnipocrpanenre MoaupuIIMpOBaHHON BOJIBI
B BOCTOYHOM HAINPABJIECHUU MaJbIIe OOBIYHOTO
Takke WACHTU(UIUPYETCS B JaHHOM paiioHe,
YTO MOXXHO TPOCJIEIUTH IO TIOJOKEHUIO HM30Ta-
nuHbl 32 e.n.c. B 1aHHOM paiioHe pacripecHeHHast
BOJIa MaTEPUKOBOTO MTPOUCXOKACHUS SIBHO OTIIH-
4aeTcsl OT OKPYXAroMMX 0ojiee COJCHBIX OXOTO-
MOPCKHUX BOJI, 32 TPaHUILy pa3zelia MOXHO MpH-
HATH u3orainuHy 31.5 e.n.c. B 3am. AnuBa, rae
COJIEHOCTh MECTHBIX BOJI HUXKE, TAKOW TPAHULEH,
KaK CJIeTyeT U3 pucC. 1, B HOSOpE SIBISICTCS M30Ta-
nuHa 31.3 e.m.c. (82001 . —31.2 e.i.c), a B Aeka-
Ope, B Mepro1 MAaKCUMAJIbHOTO BIUSHUSI MOIU(H-
LMPOBAHHOW BOABI, OHA CHIKaeTcs 1o 31.1 e.m.c.
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O HEOBbIYHOM XAPAKTEPE PACNIPOCTPAHEHUS MOBU®ULUPOBAHHON AMYPCKOW BOAbI B 3AJIUBE AHUBA (CAXANNH) B HOSIBPE 2001 r.

Breimonuaennsie 16—17 oktsa6ps 2001 . HUC
«[Ipodeccop XpomMOB» OKEaHOIOTHYECKHE HC-
cienoBaHMsI B 3aJl. AHMBA BBISIBUJIM JIUIIb Ha-
YaJlbHbIe MPU3HAKU BIUSHUS BOABI MATEPHUKOBOTO
IIPOUCXOXKICHUS B FOT0-BOCTOYHOM yacTu IV pas-
pe3a, ee MPOHMKHOBEHHE B M3y4YaeMbIi OacceiH
TOJIBKO HAYWHAJIOCH.

[TockonmpKy XapakTep BepTUKaJIbHOIO pac-
MpeAeNeHus. COJIEHOCTH C OXOTOMOPCKOH CTOpO-
HBl MbIca AHMBA HE OTIIMYAJICS NMPUHIUIHAIHHO
OT CpEIHEro MHOTOJETHEro, TO HEOOBIYHBIH
XapakTep  pacupoCTpaHEHUS  MOAUPHUIUPO-
BaHHOM BOJbl MAaTEPHUKOBOTIO MPOUCXOXKJICHUS
B 3aJ1. AHMBA MOT OBITh CBSI3aH TOJBKO C MECT-
HbIMH YCIIOBUSIMM, CpEAM KOTOpbIX HauOoisee
BEpOSITHBIM TPEJCTABIsACTCS BO3JCHCTBUE Be-
Tpa. AHaNIM3 NaHHBIX peaHaln3a B TOYKE Ha aK-
BaTopuu u3zydaemoro 6acceiina (http:// www.esrl.
noaa.gov/ (nara obpamenus: 21.12.2015), xoop-
nuHaThl 46.6°c.m., 142.5°8.1.) 3a 1997-2011 rr.
MOKa3aJl, YTo JIEUCTBUTENIBHO XapaKTep BO3AYLI-
HBIX MOTOKOB oceHbto 2001 I. CylIeCTBEHHO OT-
JauYascst OT TUIMMYHBIX AJI 3TOTO Mepuojia roja.
Tax, cpeqHul BEKTOp CKOPOCTHU BETPa 33 EPBYIO
MOJIOBUHY HOSIOps (3TOT MEpHOA B HAMOOBIIICH
CTENEHU OIpeAesy XapakTep paclpeaeieHus
BOJI B IIOBEPXHOCTHOM CJIO€ B IEPUOJ OKEaHO-
JIOTUYECKON ChEMKH) COCTaBISUT 6.4 M/C I 30-
HaJbHOU (HampaBieHne Ha BOCTOK) U 1.8 M/c ang
MEpPUANOHAIBHON (Ha I0T) IPU CPEAHUX MHOTIO-
neTHuX 3HaueHusax 4.8 u 2.0 M/c cOOTBETCTBEH-
Ho. CienyeT yuecTs, 4T0, HECMOTPSI Ha yCUIIEHHE
HaJl OTKPBITBIM MOpPEM 30HAJIbHOW COCTaBIISAIO-
meil, y Oepera ropuctoro TOHUHO-AHHBCKOTO
MOJTyOCTpOBa TOJ BIUsSHUEM oporpaduu ¢op-
MHUpYETCsl, CKOpee BCEro, BAOJIbOEpPEeroBoil BO3-
IyIIHBIA TOTOK, OCTAaBISIOIINN Oeper ciesa.
D710 co3faer croHHb 3(QQeKT U crnocoOCTByET
OTTECHEHUI0 MOIU(DHUIIMPOBAHHONW BOJBI OT Oe-
pera. [IpeoGiaganie BETPOB ceBepO-3aMa HOTO
pymOa THUIIMYHO Ui OCEHU (3UMHHH MYCCOH),
HO TIpU OOBIYHBIX YCIIOBUSIX CHJIa BETpa, BEpPO-
ATHO, HEJJOCTATOYHA JJIs PEOI0JIEHUS T€0CTPO-
¢uyeckoro 0ajaHca, CTPEMSIIETOCs COXPAaHUTh
3Ty BOAY B NpuOpexkHoi 30He. OnHaKo B HOSIOpe

Cnucox Jureparypsbl

2001 r. ycuneHue BeTpa IPUBENIO K OTTECHE-
HUIO PaclpeCHEHHON BOJIbI MAaTEPUKOBOTO IPO-
UCXOXIEHHUsS K LIEHTPY 3ajiuBa, a TakXke, Bepo-
ATHO, K 00Jiee UHTEHCUBHOMY BEPTHUKAJIbHOMY
NepeMelInBaHNuI0, YTO BBIPA3MIIOCh B XapakTe-
pe BEPTUKAJIBHOIO pacIpe/iesIeHHsl COJIEHOCTH.
CunpHble BeTpa 3amaJHO-CEBEpO-3alagHOro
pymOa ObLIM TakXe BEpOSTHOM MPUUYMHON am-
BEJJINHIA B CEBEpO-3alagHON YyacTu 3ai. AHU-
Ba, 00yCJIOBUBIIIETO HEOOBIYHO BBICOKHE 3HAYE-
HUSI COJICHOCTHU B MIOBEPXHOCTHOM CJIO€.

3aKkJIouYeHmne

B nononHeHue K pesynbraraM HCCIEA0BAHMS
pacnpocTpaHeHus MOAU(PHUIMPOBAHHONW  BOJBI
CTOKa p. AMyp B BOCTOYHOM 4acTH 3ajl. AHUBA,
npuBeAeHHBIM B pabote [llleBuenko, YacTHKOB,
2021], paccMOTpeHBI MaTepuaibl OKEaHOJIOIHYe-
CKOW ChEMKH, BBITIOJTHEHHON B cepeiuHe HOsA0ps
2001 r, xorma NMaHHBIM TPOLECC CYHIECTBEHHO
OTJIMYAJICS TIO CBOEMY XapakTepy OT OOBIUHOTO.
DTO MPOSABISAIOCH B 3HAYUTEIBLHOM O0ObeMe Io-
CTYNUBIICH B JaHHBIA OacceiH pacmpecHEHHOM
BOJIbI (TIpY CPaBHUTEIILHO HEOOJBINUX Pa3THYIH-
SIX B COJICHOCTH C MECTHBIMHM BOJIaMH), a TaK¥Ke
B 0oJiee MIMPOKOH, MOYTH A0 CEPEIUHBI 3aJIHBa,
30He ee BIusHMsI. Hanbomee BeposTHON mMpuyu-
HOM TaKUX HEOOBIYHBIX OCOOCHHOCTEN H3ydaeMo-
ro sBIEHUS OBLJIO CYIIECTBEHHOE (IPUMEPHO Ha
30 %) ycuneHue BeTpa 3amaJHO-CEBEpO-3ara-
HOTO pyM0Oa MO CPaBHEHHIO CO CPEIHHUMH MHO-
TOJICTHUMHU 3HAUCHUSIMU. DTOT BETEp HUMEN OT-
KUMHOHM XapakTep y BOCTOYHOTO Oepera 3ajnBa
U CHOCOOCTBOBaJl OTTECHEHUIO PaCIpPEeCHEHHOM
BOJIbI OT Oepera, a Tak:ke OH MOT OBITh TPUUUHOM
MHTEHCUBHOTO BEPTUKAJIBHOTO MEPEMEIINBAHMS
Ha JIAaHHOM Y4acTKe U3y4aeMoro OacceiHa.

XoTst ToJ00HBIE COOBITHS, CKOPEE BCETO, CITY-
YaloTCs JIOCTAaTOYHO PENKO, UX BEPOATHOCTH He-
00XOMMO YUYHUTHIBATh IPU U3YUEHUH IKOCUCTEMBI
3aJI. AHMBA U OLICHKaX BO3MOXXHBIX BO3/I€HCTBUI
PE3KMX BapualMidl COJEHOCTU MOPCKOM BOABI
HAa MOPCKYIO OMOTYy, U HE TOJIBKO €€ MpUuOpexk-
HOrO KOMILIEKCA B BOCTOYHOM YacTH OacceliHa,
HO ¥ OOMTAIOIIYIO B €T0 IEHTPAIBbHON YaCTH.
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Pe3tome. YuuThIBas HEyCTOWYHMBEIN PEXXUM YBIAKHEHHUS U MHOT0OOpa3ue maHamadToB B mpeaenax oacceii-
Ha p. AMyp, npoOsieMa OLCHKU BIMSHUS KINMAaTHYECKUX W3MEHEHHH Ha IMPOLECCH IPU3EMHOTIO BIaroodo-
POTa B pErMOHE CTAHOBUTCS MHOTOACIIEKTHOH, CBSI3aHHOW C pellIeHneM YacTHBIX 3a1a4d. B paboTe Ha ocHOBe
KO3 PHULHEHTA TACTHYHOCTH UCCIIEI0BATACH PEAKIHSI PEYHOTO CTOKA Ha M3MEHEHUSI KOJIMUeCcTBa aTMocdep-
HBIX ocagkoB. OOBEKTOM HACTOSILETO UCCIIEOBAHMS SBIISIOTCS Mallble U CpeJHHE pedHble OaccelHbI (BCero
52), otHocsmuecs k cucteme CpenHero u Huknero Amypa. Mcnosp3oBanich JaHHbIE CTaHAAPTHBIX HAOTIO-
JCHUH Ha TUAPOIOTHYECKUX MOCTaX M METEOPOJOTHYECKUX MyHKTaX 3a JIETHE-OCCHHUI MaBOAKOOMACHBIH
nepuon (MIOHb—CEHTSOPDh). Paapl naHHBIX OTOMpaNUCh TaKUM 0Opa3oM, YTOOBI OHHM BKIIIOUAJIM Pa3INYHbIC
YCIIOBUS yBIaKHEHUsI. BBIsSICHEHO, UTO MpH yBEJIMUEHUH KOJMYECTBA 0CaKOB Ha 1 % CTOK peK B MaBOIKO-
OTIACHBI ce30H B 48 ciyyasix yBennunBaics Ha 1.02-3.86 %, B 4 ciyuasx ymeHbinaincs. Pe3ynsraTel paboTs
MPUHIMITHAIEHO OM3KH K perHOHaJIbHBIM OlleHKaM B OacceliHe p. AMyp Ha OCHOBE aHaim3a (haKTHYECKOTO
Matepuaia (B TOM 9UCIe B OmKaiieM 3apy0exne) 1 pe3ysibTaTaM MOJSIHPOBAHUS, a TAKXKE K 3HAYCHUSIM
KOA(pPUIMEHTA MACTHYHOCTH CTOKA, MTOTYYCHHBIM B Pa3InYHbBIX reorpaduveckux 30HaX W MPHUBEICHHBIM
B nnpo¢mibHON nuteparype. MccnenoBana cBsi3b 3HaYeHNH K03 GHUINEHTa 3MaCTUYHOCTH CTOKA C Pa3iny-
HBIMH 0aCCEHOBBIMH MTOKa3aTesiMu. [t pek, pacmonoxkeHHbIX B [ [ppMopckom kpae (BomocOop p. Yecypn),
BBISIBJICHA CBS3b 3HAYEHUM KO3 (UIIMEHTa 3TaCTUYHOCTH C CE30HHBIMHM CyMMAaMH CJIOEB CTOKA M OCAJKOB,
K03 GHULNEHTOM CTOKa, CpeHEN BBICOTOH, YKIOHAMU BOAOCOOPOB M CPEJHMMH YKJIOHAMH PEYHOM CETH.
O06cyxnaeTcs BIUSHMAE JTOKAIBHBIX YCIOBHH (POPMUPOBAaHUS CTOKA HA OTKJIIMK PEUYHBIX OACCEHHOB MPH U3-
MEHEHHUH KOJIMYECTBa aTMOC(EPHBIX 0CAIKOB.

KiroueBrbie ciioBa: KOB(I)(I)I/II_IHCHT QJIaCTUYHOCTU, OCAAKH, CTOK, U3BMCHCHUS KJIMMATa, pCKa AMyp

Estimation of the runoff elasticity of the rivers
in the eastern part of the Amur River basin

Sergey Yu. Lupakov

Pacific Geographical Institute FEB RAS, Viadivostok, Russia
*E-mail: rbir@mail.ru

Abstract. Taking into account the unstable moisture regime and the diversity of landscapes within the
Amur River basin, the problem of assessing the impact of climatic changes on the processes of surface
water cycle in the region becomes multifaceted, associated with the solution of particular problems.
This work studied the reaction of a river runoff to changes in the amount of atmospheric precipitation on
the basis of the elasticity coefficient. Small and medium-sized river basins (52 in total) belonging to the
system of the Middle and Lower Amur are the objects of this study. The data of standard observations at
hydrological posts and meteorological points for the summer-autumn flood hazard period (June-September)
were used. The data series were selected to include different moisture conditions. It was found that with
an increase in precipitation by 1 %, the river runoff in the flood hazard season has increased by 1.02-3.86
% in 48 cases, and decreased in 4 cases. The results of the work are fundamentally close to the regional
estimates within the basin of the Amur River on the base of the analysis of factual material (including the
near abroad) and simulation results, as well as to the values of the runoff elasticity coefficient obtained in
different geographic zones and given in the specialized literature. The relationship between the elasticity
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BBenenne

N3ydeHne BIMSIHMS JOJITOCPOYHBIX H3MEHE-
HUW KJIMMATa Ha PEYHOMU CTOK SIBIIICTCS OAHOU M3
aKTyaJbHBIX 3a/1a4 COBPEMEHHBIX HAayK O 3emie
[TPCC, 2013]. D10 cBsA3aHO C BO3pACTAIOIIEH TO-
TpeOHOCTBIO B BOAHBIX pecypcax AJsl HYKI KO-
HOMHUKH UM KOMMYHQJIBHOTO CHaO)XEHUS, a TaKxkKe
C HEOOXOIUMOCTBIO obecrieueHus: 6e30MacHOCTH
HaceleHus: U OOBEKTOB TexHOochepsl, Haxoms-
IIUXCS B HETIOCPEJCTBEHHOW OJIM30CTH K BOAHBIM
00bEKTaM U B YACTHOCTHU PEKAM.

Haubonee obcyxaaeMbIM MPOSBICHUEM KIIU-
MaTUYEeCKUX HM3MEHEHHH SBIISETCS IHOBBIILICHUE
npuszemHbix temneparyp [IPCC, 2013]. U3sect-
HO, YTO TEMIIbI MOTEIUIEHUS Ha CEBEPO-BOCTOKE
Azun mpeBbimaT obmemuponsie. [lo HekoTo-
peiM onieHkam [Hooponkuii, 2007; MemeHnHa
u ap., 2007], B 6acceitne p. AMyp 3a npoueaiiee
CTOJIETHE TEMIIEpaTypa BO3[yXa YBEJINYMIIAChH
Ha 1.3 °C. Cpenssisi CKOpOCTh MOTEIJICHUS Olle-
HeHa Ha ypoBHe 0.25 °C/10 ner [HoBoporkui,
2011], B oTHenbHBIX YacTsIX OacceiiHa JIOCTUTAET
0.37 °C/10 ner [HoBoporukuii, 2013]. CoBmecT-
HO C TEMIEpPaTypHbIM PEKUMOM IPETEPIEBAIOT
W3MEHEHHUsI M MPOLECChl MPU3EMHOr0 BJIaroo6o-
poTa, c ueM, HallpuMep, CBA3BIBAIOT MOCJIEJ0Ba-
TEJIBHOCTh TUAPOJOTMUYECKUX COOBITHH peaKoit
MOBTOPsIEeMOCTH B OacceliHe p. AMyp 3a mocien-
Hue 20-30 net [["apiman, Jlynakos, 2017].

Pexa Amyp siBAsieTCSl OAHOM U3 KPYIHEHIINX
B A3UH ¢ TUIONIAIbI0 BOJ0COOpa OKOJIO 2 MITH KM?
[l"apiman, ['ananun, 2011]. bacceitn Amypa Ha-
XOJIUTCS Ha TPAHMIIE CHUCTEMBI «CYyIlIa—OKEaH»,
B npezenax yerelpex rocyaapers — Pocenn, KHP,
Mownromuu u KH/IP. Oporpadus pernona nocra-
TOYHO CJIO’KHAs, YTO CBSI3aHO C pa3HOOOpasuem
U Pa3sHOBO3PACTHOCTBIO TI'€OJIOTMYECKUX CTPYK-
Typ. Penbed croxkodopmupyromux obnacreit
OacceiiHa B menoMm ropHblii. Knmmar teppuro-
pUM MOXHO paccMaTpHuBaTh KaK KOHTHHEHTAJIb-
HBI C MYCCOHHBIMU IpOSIBICHUAMU. bonpuryro
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coefficient values of runoff with various basin indicators has been studied. For the rivers in the Primorsky
Kray (catchment area of the Ussuri River), the relationship between the elasticity coefficient values and
the seasonal runoff and precipitation, the runoff coefficient, average height, catchments slopes and average
river network slopes has been revealed. The influence of local conditions of runoff formation on the river
basins response to changes in the amount of atmospheric precipitation is discussed.

Keywords: elasticity coefficient, precipitation, streamflow, climate changes, Amur river
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YacTh MUTaHUS PEKU OacceiiHa AMypa MoIy4aroT
OT JIETHE-OCEHHUX NOoXKIeH. BeceHHee mo1oBoabLE
00BIYHO c11a00 BRIPAXKEHO U PACTSIHYTO BO BpeMe-
HU. OcHOBHas (aza TUAPOIOTHUYECKOTO PEKUMA —
JICTHHUE MABOJIKH.

OrneHka W3MEHEHUH BOJIHOTO pEeXHMa TIOA
BIIMSIHUEM KIMMAaTHYECKUX U3MEHEHHH 3a4acTylo
BBITIOJTHSIETCSI C TIOMOIIBIO TIPUMEHEHUS TUAPOIIO-
THYECKUX MOJIENeH, Ha BXOJ KOTOPBIX MOAAIOTCS
MOCJIEIOBATEIHHOCTH METEOPOJIOTUIECKUX ~ Xa-
PaKTEepHUCTHUK, TPaHCHOPMUPOBAHHBIC OTHOCH-
TETHHO UCTOPUYECKUX 3HAYCHUH B COOTBETCTBHUH
C ONPE/CIICHHBIM CIICHApUEeM M3MEHCHHSI KIIMMa-
ta [Krysanova, Hattermann, 2017]. J{ns Gacceii-
Ha p. AMyp W3BECTHO OTHOCHTEIHLHO HEMHOTO
pabot momxoOHo# TemaTuku [XoH, Moxos, 2012;
l'enpdan u np., 2018], B KOTOPBIX pe3yIbTaThI
MOJTyYEeHBI JJISl 3aMBIKAIOIIUX CTBOPOB KPYITHBIX
pek. B koHTekcTe 00Cyk1aeMOro BOIpoca Maibie
pedHbIe BOJOCOOpHI B OacceitHe p. AMyp Takxke
HEIOCTAaTOYHO HcclenoBanbl. Jlpyroit moaxon
3aKJTFOYACTCS B aHAIM3E JaHHBIX MCTOPUICCKUX
HAOIIOIEHNI Ha OCHOBE TaK HAa3bIBAEMOTO KOA(]-
¢unmenta smacTuyHOCTH [Sankarasubramanian
et al., 2001; Chiew, 2006]. DTOT MeTO AOBOIBHO
HIMPOKO PACIPOCTPaHEH Onarojapsi 10CTaTOYHO-
CTH HEOOJIBIIOrO KOJMYECTBa BXOAHON HHpOpMa-
IIUH, OOBITHO MAacCOBO JOCTYITHOU (Ps/IbI JAHHBIX
[0 PEYHOMY CTOKY, aTMOC(EPHBIM OCa/IKaM, TEM-
neparype Bosayxa). B mpumeHeHun k 6acceiiny
AMypa OmMHCBIBAEMBINA MOAXOJ] OBLT pean30BaH
JUIsT HeOONBIIOTO KonmnuecTBa 00bekToB B [lpu-
MopckoM kpae [['apiman, Jlymakos, 2019].

BaxHbIM BBIBOJIOM, TIOTYyYE€HHBIM B paboTax
C mpuMeHeHHeM Ko3(QuIHMeHTa 3IacTHIHOCTH,
SBIISIETCSl HEMPOIOPLHUOHANBHBIN OTKIUK PEYHO-
T'O CTOKa Ha U3MEHEHHUE KOJIMYeCTBa ocaakoB. Ha-
npuMep, yBeJIndeHue ocaakoB Ha 1 % BbI3bIBaeT
YBEJIMUYEHUS CTOKA B cpeHeM Ha 2—-3 % B ABcTpa-
auu [Chiew, 2006], 1o 2.5 % B pa3HbIX peruoHax
CIIIA [Sankarasubramanian et al., 2001], no 3 %

GEOSYSTEMS OF TRANSITION ZONES

180 2021,5(2)



OUEHKA 3JIACTUMHOCTU CTOKA PEK BOCTOYHOMN YACTU BACCENHA AMYPA

B nesnom 1o Bcemy mupy [Chiew et al., 2006].
CrnenoBarenbHO, MPU YBEIUYEHUH KOJIMYECTBA
ocagkoB Ha 10-20 % B paMKax KIMMaTHYECKUX
U3MEHEHUN MOXHO OXKHJATh POCTa XapaKTepH-
cTuk croka Ha 20—60 % u Gonee, yTO MpenCTaB-
JISIeT 3HAYUMYIO BEJTUYHHY, 0COOEHHO B YCIIOBHUAX
AKCTPEMAJIBHBIX JI0XKI€BbIX MTABOJKOB.

Hacrosiiyto paboTy MOXXKHO paccMaTrpuBaTh
KaK TOMNBITKY paclIMpeHusi reorpaduu pedyHbIX
0acceiiHOB, B KOTOPBIX MPOBECHA OlEHKA BIIHSI-
HUS U3MEHEHHUs KOJIMYECTBA OCAJKOB Ha PEYHOM
CTOK Ha OCHOBE HemapameTphuueckoro kodhu-
[IMEHTA DSJIAaCTUYHOCTHU. AKIIEHT CHCJIaH Ha OT-
HOCHUTEJIbHO HEOOJIBUINX U CPEIHUX MO IO
BojocOopax B OacceitHe p. AMyp: € ero poccuii-
CKOIi CTOPOHBI MMPOAHAIU3UPOBAHO 52 00OBEKTA.

OcHOBHOHM 3amayeil SBISIOCH MOATBEPAMTD
(bakThl HEMPOIMOPIHUOHAILHOTO OTKJIMKA PEYHO-
ro CTOKa Ha M3MEHEHHE KoJudecTBa armocdep-
HBIX OCAJKOB, TIOJYYCHHBIC paHEe, B TOM YHUCIE
C HCIOJb30BaHUEM TUIPOJIOTMYECKHX MOJIeNei
Y JAHHBIX [I00ATBHBIX KITUMATUYECKUX MOJIETICH.
AJBTEpHATUBHBIA MOAXOJ B LIEJTIOM MOATBEPAUI
MOJTyYEHHBIC BEIBOJIBI: B TIOAABIISIOIIEM OOJIBIITNH-
CTBE IMPOAHATU3UPOBAHHBIX OOBEKTOB yBEJIHYE-
HUE 0CAJIKOB JIETHE-OCEHHETO ce30Ha Ha 1 % mpu-
BEJIO K POCTY CYMMapHOI'O CJIOsl CTOKa 3a TOT ke
nepuon Ha 1.02-3.86 %. JlomonHUTENBHO ObLIa
MpOBeJIeHa KOppemsaus 3HaYeHu KodhduimeH-
Ta AIIACTUYHOCTH C HEKOTOPBIMU OacCeHOBHIMU
xapakrepuctukamu. CBs3u ObUTH HAMJICHBI TOJb-
KO JUJIs 3aMBIKAIOLIEro cTeopa 'y mnoc. Kuposckuit
Ha p. YcCypH, U TOJBKO JIsi 6aCCEHOBBIX Xapak-
TEPUCTUK CTOKAa, CPETHUX BBICOT, a TAaKXKe Cpel-
HUX YKJIOHOB BOJJOCOOPOB U PEYHOMU CETH.

MarepuaJibl 1 METOAbI

B mpenemax Oacceiina Amypa Obuth BBIOpa-
HBI BOAOCOOpHI (CM. TaONMUIy B KOHIIE CTaThH),
JUTSL KOTOPBIX HMMENUCh JaHHBIE CTaHAAPTHBIX
THJIPOMETEOPOJIOTUIECCKUX HAONIONEHUH 3a CTO-
KOM JIJTUTEIHHOCTHI0O MUHUMYM 30 JIET 3a epHo
C WIOHS 1O CEHTAOpb. Takke KIIOUYEeBOE YCIOBHE
K psaaMm pacxonoB Obuio Hammume 2013 rona,
KaK OTPaKAIOIIET0 AKCTPEMabHbIC YCIOBHS
CTOKO(OPMUPOBAHUS MPAKTHUECKH HA BCEX HC-
cinenyeMbix oOwekTax. K psimam atmocdepHbIX
OCAJIKOB TIPEIBSIBISLIUCEH T€ K€ TPEOOBaHUS, UTO
U K ruaposiorndeckoir mHpopmarmu. Kaxmgomy
BO10COOPY COOTBETCTBOBAN OJMH MJIM HECKOJBKO
METEOIyHKTOB, PACIIOJIOKEHHBIX B €T0 Tpeaesiax
WM HEMoCpeACTBEHHON Onmm3ocTH. Ce30HHOM
CyMMOM 0OCaJIKOB Ha KaKIbI{ TOJ U OTAEIbHO-
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ro BoJ0COOpa CYMTAJIOCh CpelHee apudmernye-
CKO€ U3 JIAaHHBIX METEOIYHKTOB, IPUYPOUYEHHBIX
K KaKJI0OMy BoA0cOOpYy.

VYuuThiBasg HAIMYUE JAHHBIX, CIIO)KHOCTHU C UX
penpe3eHTaTUBHBIM MPOCTPAHCTBEHHBIM OCpPEI-
HEHHEM, a TaK)k€ HEBBICOKYIO IJIOTHOCTH HAOIIO-
JaTeNbHOM CETH, OBUIO PELICHO OTPAHUYUTHCS
wiomiaapi0 Bogocoopos 30 000 km?. CymmapHO
B paboTe UCMOIBb30BaHbI JAHHbIE ¢ 52 TUAPOIIOTH-
YECKUX IOCTOB U 86 METEONYyHKTOB (CM. TaOJInILy
B KOHIle cTarbu). Hanbombliiee KoIM4ecTBO HcC-
clielyeMbIX 00beKTOB HaxonuTcsl B IIpumopckom
Kpae, OKOJIO JIByX JIECSITKOB — B Xa0apOBCKOM Kpae,
Amypckoii obmactu u EBpetickoit aBTOHOMHOM 00-
nmactu B cymMe. BogocGopsl 3abaiikanes U ¢ Ku-
TalCKON CTOPOHBI AMypa HE pacCMaTpUBAJINCH.

JImuTenbHOCTh pSAOB JAHHBIX 3aMETHO Ba-
peupyet. B cpenHem, mo CTOKy Hadallo JaHHBIX
npuxogutcs Ha 1940-1960-e roapl, KoHel — Ha
2018 r. [InuHa psiga 0CaaKoB, KaK MPaBUIIO, HE-
CKOJIBKO OOJbIIIE.

Jns OUeHKM BIMSHUS WM3MEHEHHUU CTOKa
IIPY COOTBETCTBYIOIIEM M3MEHEHHHM OCAJKOB

IIPUMEHSJICS  HENapamMeTPUYEeCKUNW  KpUTEPUi
[Sankarasubramanian et al., 2001] B Buze
e = median Q’—_Q X £
FE-P 0), (1)

rae ) U P — CPEIHEMHOIOJNIETHUH CJION CTOKa
U OCaJIKOB COOTBETCTBEHHO 3a HIOHb—CEHTSIOPB,
Q. u P, — ClOii CTOKa M OCAJIKOB 3a i-H CE30H.
Jlnst uceneyemMeix 00bEKTOB O cOCTaBIsET oT 60
1o 340 mm, p ot 330 mo 780 MM (cM. Tabauiy),
ko3¢ punmeHt croka Bapsupyet ot 0.15 1o 0.70.

B nenom, ypaBuenue (1) oTpaxaer 4yBCTBU-
TEIBHOCTh TUAPOJIIOTUYECKUX CHCTEM K JOJIo-
CpOYHBIM KOJieOaHUsM Kiumara. B qanHom cimydae
OHO TOKa3bIBAET, HACKOJBKO B IMPOLIEHTAaX H3Me-
HUTCSI C€30HHBIM CTOK MpPHU YBEJIWYECHUU KOIHYe-
cTBa ocaJikoB Ha 1 %.

K mpeumymiectBaM METOAMKH CTOWT OTHE-
CTH JIOCTaTOYHOCTh OTHOCHUTEILHO HEOOIBIIO-
ro Habopa [aHHBIX; OTCYTCTBHE HEOOXOIUMO-
CTU TPUMEHSTHh THIPOJIOTUYECKHE MOAETH IS
OLICHKA BO3MOXHBIX HM3MEHEHUH CTOKa; YCTOM-
YUBOCTh PE3YNBTaTOB Uil OOBEKTOB IO BCEMY
mupy [Sankarasubramanian, Vogel, 2003; Chiew,
2006]; oTpaxkeHME HHTErPaJIbHOIO IOBEICHUS
OCHOBHBIX 3JIEeMEHTOB BojHoro Oamanca. K He-
JOCTaTKaM OTHOCHUTCSI HEBBICOKOE BPEMEHHOE
paspenieHrue, OObIYHOE MJIi OLEHOK Ha OCHO-
BE€ WU3MEPEHHBIX JaHHBIX (CPEIHErOJOBBIX WIIH,
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KaK B HacTosled paboTe, CpeIHECE30HHBIX);
y4eT TONbKO HAOMIONEHHBIX CHUTyalllii, YTO
OTPAaHUYUBAET  BBIIOJHUMOCTH  JKCTparosi-
UM pe3ylbTara pacdyeToB; HEBO3MOXXHOCTb
paccMOTpeHHsT M3MEHEHHUS 4acTOThl M pacmpe-
JeNeHusT aTMOC(EPHBIX OCaJKOB; OTCYTCTBHE
ydera TpaHc(hopMaluy MOJACTUIIAIONIEH MMOBEPX-
HOCTH BOJOCOOPOB U IPYTHUX BIMSIOMIMX HA CTOK
XapaKTEepPUCTUK, HAMpUMep TeMIepaTypbl BO3-
JyXa M CBsI3aHHOTO ¢ HUM ucnapenus. Ilocnen-
HUM MOXXHO HpeHeOpeub, MOCKOJIbKY BO BpeMs
MABOAKOB POJIb UCIIAPEHUS 3aMETHO CHIDKACTCS
[Capuman, 2008], a Takxke Mo mpudyuHEe OOIIEH
00paTHOI CBSI3U MEXIy KOJIMYECTBOM OCAaJIKOB
n temmneparypoit [Chiew et al., 2013], u3 yero
CJIEIyeT, YTO B PErHOHAX C JIOCTATOYHBIM yBIaXK-
HEHHEM TMpsIMOE BIHMSHHUE OCAJKOB TOpa3no Be-
coMee, YeM OCTaTOYHOE BIHUSHHE TEeMIepaTyphl
Y CBSI3aHHBIX C HEH MPOIIECCOB HAa PEYHOM CTOK.

Omnpenenenne MOpHOMETPHUECKUX XapaKTe-
PUCTHK BOIOCOOPOB M MOCTPOEHHE KapT MPOBO-
JUIOCh C NMPUMEHEHHUEM CTaHJAPTHBIX CPEACTB
I'MC-o06pabotku B ArcMap Bepcuu 10.4. IIMP-
MOKPBITHE TEPPUTOPUN OBLIO CO3JaHO C MCIIOJb-
3oBanneM JnaHHbIX Shuttle Radar Topography
Mission (SRTM — http://srtm.csi.cgiar.org/). Onu-
CaHUE METOJUKHU U XapaKTepUCTUKA JaHHBIX MPH-
BeneHa B [["apuman, 2014].

Pesyabrarsl U 00CyKIACHUE

Ha puc. | npeacrasieHo pacnpeneneHue 3Ha-
yeHU Ko PUIMeHTa STACTUIHOCTH CToKa e (1)
o TeppuTOopuu OacceiiHa p. AMyp 3a MaBOJKO-
omacHbIii nepuo (MoHb—CeHTIOph). X paszmax
noctatoyHo Benuk: ot 0.35 mo 3.86 (cM. Tabnu-
ny). Paznenum mosydeHHbIe 3HAYEHHS Ha TPH
YCIIOBHBIE TPYTIITBI ATACTUYHOCTH CTOKA: «OTPHIIA-
tesbHas (e < 1.00), «yMepeHHO MOJI0KUTETbHAS
(1.01 < e < 2.00) U «CYIIECTBEHHO TMOJIOXKH-
tenpHas» (e > 2.01). Torna B Hux monaner 4, 31
u 17 BogocOOpoB COOTBETCTBEHHO.

Bonee BBICOKHE OIICHKH e COCPEIOTOYEHBI
Ha pekax [Ipumopckoro m XabapoBCKOTo Kpaes,
NeBOOepeKbe AMypa XapaKTepH3YyeTCsl OTHOCH-
TEIbHO MEHBUIMMH 3HaueHusMu. «OTpunaresns-
Has» 3JACTUYHOCTH HAOMIOMAeTCsl Ha TPEX peKax,
otHocsuwmxcs kK Cpennemy Amypy — bepes (0.66),
Mamnas Ilepa (0.35), Trokan (0.82), u Ha omHOIA
B HIbKHeM TeueHuu — Kuumapu (0.91).

[TomyyeHHBIE OIEHKH B I1€JIOM COOTBETCTBY-
I0T TpUBEICHHBIM B nuTeparype. K mpumepy,
B [Chiew, 2006] x03(h(UIMEHT >IaCTUYHOCTH
CTOKa COCTaBSIET B cpeaHeM 2.5-3.0 mo oTHoI1IIE-
HUtO K 219 BomocOopam B ABctpanuu, 1.5-2.5 mis
1553 Bomoc6opor B CIIIA [Sankarasubramanian,
Vogel, 2003], 0.4-3.1 nys 521 BomocOopa 1o Bce-
my mupy [Chiew et al., 2006], 1.6-3.9 ana 89
BonocOopoB Kuras [Yang H., Yang D., 2011],
okouio 2.0 niisa G6acceitna CyHrapu (mpaBoOepex-
HBII iputok Amypa) [Zhou et al., 2015], 1.1-1.8
B peuHbIX Oacceitnax FOxHoit Kopew, pacmono-
JKEHHBIX B HETOCPEACTBEHHOM OIM30CTH OT Oac-
ceitna Amypa [Kim et al., 2013]. Pacuets! ¢ no-
MOIIBI0 MaTEeMaTHUYECKUX MOJENeH Kiaumara
1 GOpMHUPOBAHUSI CTOKA ITOKA3aJIH, 4TO Ha COCE/I-
HeM BosiocOope p. CenleHra yBeTU4eHHE 0CaIKOB
Ha 10 % B cpeqHeM NPUBOIUT K POCTY CTOKA Ha
20 % (e = 2.0).

Jlns OGacceitHa AMypa HU3BECTHO OTHOCH-
TETHHO HEOONBIIOE KOIMYECTBO PadOT CXOXKEH
tematuku. B [[enbdan u np., 2018] Ha ocHoBe
THUAPOJIOTUYECKOTO MOJICTUPOBAHUS U JaHHBIX
KJIMMaTUYECKUX MOJIEJeH clielaH BBIBOJ, YTO
B XXI B. pOCT CTOKA MOXET MPEBBICUTH POCT OCAI-
KOB B JIBa pa3a, T.c. e = 2.0. B Gacceiine p. Yccy-
pu — cTBOp Yy nioc. KupoBckuii, Ha OCHOBE JaHHBIX
1o 2013 1., e npuaumaet 3HaueHus 1.2-3.3 [["ap-
MaH, Jlynakos, 2019]. B Hacroseit padore psin
JAHHBIX Ha 5 JeT OoJibllle, BKJIIOYEHBI 3HAYUMBbIE
naBoaku B 2016 1 2018 rr. OgHako 3HaYeHUs KO-
a¢dunmenHTa 31acTUYHOCTH MPAKTUYECKH HE H3-
MEHUJIUCh, YTO YKa3blBa€T HA OTHOCHUTEIIbHYIO
CTaOMJILHOCTH OLICHOK. Ha ocHOBe JaHHBIX TIIO-
OaIbHBIX KIMMarnuyeckux monened Ha XXI Bek
OIICHKU POCTa CyMMapHOTO CJIOSI CTOKA 32 MIOHb—
CEHTSIOph MO OTHOIIEHHIO K POCTY OCaJIKOB CO-
craBunu 132—-153 %, T.e. koappunment snactuy-
HOCTH IIPUHMMAET 3HaueHus B npexaenax 1.3-1.5
no Oacceliny p. Yccypu — noc. Kuposckuii [Iap-
uMaH, Jlynakos, 2019].

[TonyueHnnple B HacTosIIEeW paboTe JaHHBIE
CBUJIETENBCTBYIOT TaKXK€ O HEMPOINOPLHOHATb-
HOM OTKIIMKE CTOKa pek OacceitHa Amypa Ha
yBEIIMYEHUE OCaIKOB. OTOT 3PGEeKT omnucaH
B juteparype [[‘apuman, 2008], u oObuHO €ro
CBSI3BIBAIOT C YMEHBIIICHHEM Pa3HOOOPa3HbIX I10-
Tephb (Ha 3amoJIHEHHE OEeCCTOYHBIX MOHMKCHUH,
CHIDKeHHUE d(deKTa nepexnara 0CaJKoB KPOHAMU

"Muumnonmukosa T.J[. 2019. MozenupoBanue ¥ NpeaBbIYMCIEHHE MHOTOJIETHUX W3MEHEHUi cToka p. CeJeHru: AuC. ... KaHi. reorp.

Hayk. Mocksa, MHcTuTyT BomHEIX ipoOiiem PAH, 133 c.

Millionshikova T.D. 2019. Simulation and precomputation of long-term changes in the Selenga River runoff: Cand. diss. in geographic

sciences. Moscow, Water Problems Institute of the RAS, 133 p.
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OUEHKA 3JIACTUMHOCTU CTOKA PEK BOCTOYHOMN YACTU BACCENHA AMYPA

JIEpPEeBbEB, CYMMAapHOE HCIApeHHe U T.I.) IpHU
BaJIOBOM pOCTE KojiuuecTBa ocajakoB. Ilomoxu-
TEJIbHBIE 3HAYCHUS KOAPPHUIIUEHTA HTaCTUYHOCTH
NPAaKTUYECKH 10 BCEM HCCIIEAyEeMbIM OOBEKTaM
3aMETHO OTJIMYAIOTCS OT 1 (32 UCKIIIOUEHHEM JIBYX
pek Xabaposckoro kpast — Manoma u bepenmxka),
YTO MOAYEPKUBAET HEJIMHEUHBIM XapaKTep MECT-
HBIX IIPOLIECCOB CTOKO()OPMUPOBAHUS.
OtpunarenbHas SIaCTUYHOCTh OObBSICHACTCS
B [IEPBYIO OYEPE/Ib YUETOM B ypaBHEHUH (1) TOIBKO
0CaJIKOB, B TO BpeMs Kak MapaljielbHble U3MEHE-
HUS OCTaJbHBIX (DAKTOPOB B OTIENBHBIX CITydasix
MOTyT ObITh Ooniee 3HaYMMbIMH. [lo-BHIHIMOMY,
C ATHUM CBSI3aHbl JIB€ HAUMEHbILINE OLIEHKU KO3(-
durmenTa AMacTHIHOCTH cToKa — pek bepest (0.66)
u Mamnas Ilepa (0.35). YuutsiBasi caMble HU3KHUE
OLICHKH CJIOS CTOKA, a TaK)Ke 3HAYMMYIO Pa3rpy3Ky
noa3eMHbIX Bosl [MopaoBuH, 1996], moxxHo nipen-
MIOJIOXKHTB, YTO B ATUX OacceiHax OOJBIIYIO YacTh
ruaporpada B TEIUIbI MEPUOJ] COCTABIISIOT TPYH-
TOBBIE BOJIbI, HA KOTOPBIC BBINAJAIOUINE IOXKIU
OKa3bIBAIOT BIUSHUE C OOJBIION 3aJePHKKOH, UTO,
B CBOIO OYEpE/b, CKAKETCSA Ha CTOKE B 3aMbIKalO-
LIEM CTBOpPE IOpa3lo MO3Xke. AJBTEpPHAaTHBHBIM
00BbsSICHEHHEM MOXKET CITYKHTb CyIIeCTBEHHAsI OIS
CHEroBOro MUTaHMs, YTO, KaK IoKa3zaHo B [Barrera
et al., 2020], Tak:ke CHMKACT 3JJaCTHYHOCTh CTOKA.
B o6oux cnyyasx mapasuienbHbI pOCT TeMmepa-
Typ (McTiapeHue) okas3bIBaeT 0oJiee 3HAUMMOE BIIU-
STHUE Ha BOJHBIN OajaHC BOIOCOOPOB.
HccnenoBanue cBsi3u 3Ha-
YeHU Kod(pQuIMeHTa smia-
CTUYHOCTH U Takux Oacceii-
HOBBIX XapaKTEPUCTHK, Kak
CPEJHEMHOIOJIETHUE 3HAYe-
HUS CTOKA M OCAJKOB, KOd(-
dunment croka, mMopdome-
TPUUYECKHE U JIaHAmadTHbIE
napaMeTpbl, BBIIBUIO HEKO-
TOpbIE€ MHTEPECHbIE MOMEH-
Tbl. Ecin ananu3upoBars Bce
00BEKTHI COBMECTHO, TECHO-
Ta CBsI3M Ha OCHOBe R* = 0
BO BceX ciyyasx. B mepByro

B Takom ciiyyae ymecTHO pa3fenuTb BhIOOP-
Ky HCCIeqyeMblX BOA0cOOpoB. OTHOCHUTEIBHO
TECHbIC CBS3M 3HAYCHHH e C XapaKTepUCTHUKa-
MU PEUHBbIX 0acceHOB ObUIM HAWIEHBI TOJIHKO
B Ipenenax p. YCCypH C 3aMbIKaIOIIUM CTBOPOM
y noc. KupoBckuii (toro-BocTok 6acceiina AMmy-
pa, [Ipumopckuit kpait). ITa TeppuUTOpUS XapaK-
TEPU3YETCs TOCTENIEHHOW CMEHOW naHamadT-
HBIX YCIIOBU OT BEpPXOBbEB K 00JI€€ paBHUHHBIM
TEPPUTOPHUSAM, TIPUMBIKAFOIITIM K 3aMbIKAIOIIEMY
CTBOpY, T.€. OXBAThIBACT pPa3JIUYHbIC YCIOBHS
CTOKO(OPMHUPOBAHUS TPU OTHOCHTEIBHO He-
00JbIION pa3HUIE B KIMMATHUYECKUX XapakTe-
puctukax. Kpome Toro, HaOmiomarenbHasi CETh
B paccMaTpHUBaeMoM paiioHe Hauboliee TIOTHAS
(puc. 1).

MakcumanbHasi TECHOTa CBSI3M HaOIIOAaeT-
Ci NpU CpaBHEHUU 3HAYCHUU KoOd3PuULHEHTa
AJIIACTUYHOCTH CO CPEIHEMHOTrOJETHUM 3Haye-
HUEM clios U Kodp(dUIIMEeHTa CTOKa, CpeaHe
BBICOTOI BOAOCOOPOB, CPEJHUMH YKIOHAMH
BomocOopoB u peunoi ceru (puc. 2). R? cps-
3eii Haxonutcst B guama3oHe or 0.52 go 0.72,
KOA((PUIIUEHTHl KOPPENAlUU CTAaTUCTUUECKH
3HauuMbl (p = 0.01). CxonHbIi pe3ynbraT Mo-
JTy4eH IPUMEHHUTEIHHO K JaHHBIM 110 bonrapuun
[Seymenov, 2020] u wactuuno no KOxuoi Ko-
pee [Kim et al., 2013].

AHanuzupyeMble  XapaKTePUCTUKH, OYEBHUJI-

HO, B3aUMOCB3aHbl, YTO BBIPAXKACTCA B CXOXKCCTU

. “Poccus
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ouepenb 3TO OOBSICHAETCS
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YBIQKHEHHS Ha JIOCTATOYHO
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COBIIAJaCT C pe3yJbTaraMu
aHanu3a T00aJbHOrO Mac-
mraba [Chiew et al., 2006],
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Puc. 1. IIpocTpaHCTBEHHOE pacTpesiesIeHIE OLIEHOK MTACTUYHOCTH CTOKA Ha HCCIICLye-

Figure 1. Spatial distribution of the estimates of runoff elasticity in the studied territory.
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nojisi Touek Ha rpadukax (puc. 2). B nanHom
Clly4yae, 4YeM HHUKE BBICOTHBIE OTMETKH U YKIIO-
HbI BOJOCOOPOB, TEM BBIILIE MIOTEPU CTOKA (HUXKE
K03 GUIIMEHT CTOKAa) W MEHBIIE €ro CyMMap-
HBI Ce30HHBIA cioil. JlokanpHas crenuduka
MOACTUIIAIONICH TMOBEPXHOCTH HIPAET BAKHYIO
pOJIb B TUIaHE CBSI3U OTKJIMKA PEYHBIX OacceilHOB
Ha M3MEHEHHE KOJIMYeCTBA 0CaAKOB. BomocOopsr
¢ OONBIIMMH BBICOTHBIMH OTMETKaMu (Tpymma
TOYEK C JHMara3oHoOM Ko3((UIMEHTa 3J1acTHY-
HocTtHu OT 1.0 10 1.8 Ha puc. 2) CI0KEHBI CUITBHO
MPOHUIIAEMBIMU MTOPOJIAMH, HA KOTOPBIX Pa3BUTHI
OTHOCHTEJIBHO MaJIOMOIIIHBIE ITOYBBI, XapaKTepH-
3yIoIIrecsl OBICTPBIM BOJJOOOMEHOM U 00ecTeyu-
BalOIINE OBICTPYIO MH(MUIBTPALIUIO BIark B HUXK-
Hue ciou [byraen u ap., 2015]. D10 3arpynnser
00pa3oBaHKe MOBEPXHOCTHOTO CTOKa, (GOpMHUPY-
IOIIEer0 HanOoJiee MOIIHBIE TABOAKH U 3HAUUMYIO
JIOJII0 CE30HHOTO cToka. Hao0opoT, /uid BhImoo-
JKEHHBIX BOJOCOOPOB C TSKEIBIM MEXaHHUYECKHM
COCTaBOM II0YB XapaKkTepHO Ooiee OBICTPOE mepe-
YBIaKHEHUE BEPXHETO TOPU30HTA MPU TOM K€ KO-
aryecTBe arMochepHbIX ocankoB. Ha ocHOBaHMM
3TOr0 MOXHO 3aKIIIOYUTh, YTO (UKCUPOBAHHOE
yBeIMUYEHUE 00beMa BBITIAJAOIINX TOKICH (B %)
BBI3BIBACT PA3HYIO PEAKIUIO PEYHBIX 0aCCEHOB,
B TOM YHCJI€ B IJIaHE CKOPOCTH (POpMHUpOBaHUS
MOBEPXHOCTHOTO CTOKA.

BriBoabI

Ha ocnHoBe kosdduimenra saacTUYHO-
CTH B Ipenenax OacceiiHa p. AMyp IpOBeeHA
OLICHKAa W3MEHEHMSI CTOKAa NPU COOTBETCTBYIO-
IIeM M3MEHEHHU B KOJIMYECTBE aTMOC(EpHBIX
OCaJKOB 3a JIETHE-OCEHHMM I1aBOAKOONACHBIN
nepuoj. 3HaueHHs Ko3(PPUIUMEHTa 3JIaCTUYHO-
CTH, TOJy4YEHHbIE Ha OCHOBE aHajM3a JaHHbIX
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Puc. 2. Cs3u s 6acceiina p. Yecypu — moc. Kupos-
CKUIA 3HAYCHUH KOA(PQPUITIEHTA HTACTHYHOCTH CTOKA
€ ¥ CPEITHEMHOTOJIETHHX 3HA4YEHMH CIIost cToka Q 3a
HIOHb—CEHTSIOPG (a), cpemHeit BEIcOThI BogocbopoB H
(b), cpeanemuoronerHero koddduipenra croka RC
3a MIOHB—CEHTIOPH (C), CpenHux YKIOHOB Sl BomO-
cOOpOB (TOYKN) U peuHOM ceTH (TpeyronbHUKH) — (d).
Figure 2. Correlation for the Ussuri River basin —
Kirovsky settlement between the values of the runoff
elasticity coefficient e and long-term average annual
values of the runoff layer Q for June-September
(a), catchments elevation H (b), long-term average
annual runoff coefficient RC for June—September (c),
average catchments slopes Sl (dots) and river network
(triangles) — (d).

HaOTIONEHNH, JOCTaTOYHO INHUPOKO BapbUpY-
o1 (0.35-3.86), oqHako B MOJABIISIOIIEM KOJIH-
yecTBe ciydaeB (48 u3 52) Beime 1, 9To coOT-
BETCTBYET JMAMA30HY 3HAUYCHUU, MPUBOIUMBIX
B npouiabHON nuTepaType A 00BEKTOB, pac-
MOJIO)KEHHBIX B pa3HbIX (husuko-reorpaduye-
ckux ycnoBusix. [IpocTpaHCTBeHHass reHepaiu-
3aIMsl MONYYCHHBIX OIICHOK 3aTpPyAHEHA B CHUITY
HU3KOH IJIOTHOCTH HAOIIONATEIbHOM CETU B OT-
NeNbHBIX pailoHax OacceitHa p. AMyp. OnHakKo
oOmrast TeHASHIMS MPOCIEKUBACTCS B BUJC He-
IPOIMOPLHOHAIBHOTO OTKJIHMKA CE30HHOTO CJIOS
CTOKa Ha pOCT KojudecTBa ocaakoB. [Ipu yse-
AuueHuu o0beMoB Aoxed Ha 1 % oObembl ce-
30HHOIO CTOKa yBennunBaroTcs Ha 1.02-3.86 %.
DTOT BBIBOJ TOATBEPIKIACTCS HE3aBHUCUMBIMH
pacueTaMM C MPUMEHEHHEM MaTeMaTHYeCKUX
Mojenel opMHUPOBAHHS CTOKA M JAHHBIX COBpe-
MEHHBIX TJ100aTbHBIX KIMMAaTHYECKUX MOJIENEH
U aKTyalbHBIX MPOEKIUH kiuMmarta. Takum 00-
paszoM, MOJIydeHHbIE OLIEHKU CBHUAETENbCTBYIOT
0 BO3MO)KHOM YBEJIMYEHUU MABOJKOBOM OMACHO-
CTH B peruoHe B Oyayuiem. Jlaxke OTHOCUTEIHHO
HEOOJIBIION POCT KOJIMYECTBA OCAJIKOB B paMKax
KIIMMaTUYECKUX H3MEHEHUI MOXET MPUBECTH
K OoJiee CyIIECTBEHHOMY OTKJIMKY PEYHBIX CH-
CTEM Ha BXOJHOE BO3ACHCTBHE.

Ces3u  3HaueHwWil kod(dduimenta smaacTuy-
HOCTH CTOKa M HEKOTOPbIX OacCeMHOBBIX Xa-
paKkTepUCTUK ObUIM HaWICHBI TOJIBKO B Oacceid-
He p. Yecypu — noc. Kuposckuii (IIpumopckuii
kpait). Cpennt HUX: KO3(POUIIMEHT CTOKA, CPETHSS
BBICOTA, YKJIOHBI BOJOCOOpPOB M CpPEIHHE YKIIO-
Hbl PEYHON CETH, YTO CBA3AHO C OCOOECHHOCTSIMHU
HOJICTUJIAIOLIEH MOBEPXHOCTH BOAOCOOPOB U Xa-
pakTepoM (OPMHPOBAHUS CTOKA.
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IIpunoxenune Appendix
Tabnuya. AHaIH3ApPyeMble 00BEKTHI H HX HEKOTOPbIE XapaKTEPHCTHKH
Table. Analyzed objects and some of their characteristics
Ne Pexa — IToct MeTeonyHKTbI S | (0] | P | e
1 [Amazap — . Moroya Epodeii [TaBnoBud, Moroua 1020 155 331 1.85
2 |Bonbmoit Hesep — 1. CkoBOpOANHO CkoBopojuHO, J[xanHma 563 108 342 1.73
3 |Bepes — c. Cackanb Cackanb, [llumanoBckas 1940 61 372 0.66
4 |Mamnas Ilepa — c. Cykpomu IlInmanosck, CBoboaukI, Cackais, Ma3aHoBO 913 60 390 0.35
5 |3aBuTas — ¢. MuxaiaoBKa 3aBuTas, bpaTomo6oBka 2290 78 423 2.23
6 |Bypes —c. Ycre-Human Codwmiickuit npuuck, Ycrb-Human, Yere-Ymansra | 26500 336 502 1.02
7 |HumaH — B 12kM 0T ycThs Coduiickuii mpunck, YeraomMpH 14500 334 493 1.07
8 |Yermombia — moc. YerqoMeia YeraomblH, Y cTh-YManbTa 910 333 497 1.34
9 |TelpMa — y Xx.-1. MOCTa CyTtyp, BepxoBbe Ypmu 6550 238 508 1.15
10 | Slypun — noc. Tananmka bupakan, Tananxa 3130 203 485 1.02
11 |Tyron — B 9.0 kM Hmke ycTbst Tamubmkan |UYekynna 2990 312 477 1.07
12 | Troxan — kix «['epoit Tpyna» ManuHoBka, 3aBUTast 495 116 434 0.82
13 |Manas bupa — c. AnekceeBka bupa, Jlennnckoe 1120 136 497 2.59
14 |Kynpayp — ct. M3BecTkoBas O06mnyuse, bupakan 1080 339 512 1.58
15 |xypa — r. bupobumxan Bupa, bupobumxan 155 216 560 1.27
16 |bepermka — mereoct. Ypmu Ypmu, Bepxobe Ypmu 1050 332 814 2.12
17| Tynrycka — c. ApXaHrenoBKa Cmunosud, Bepxosbe Ypmu 29400 277 725 1.68
18 |Mnucras — c. IBanoBka WBanoska, Bunorpanoska 901 73 385 2.36
19 |AGpamoBka — c. AGpamMoBKa AbpamoBka, XankuiaoH, [TonraBka, [TorpaHuvHbIit 839 79 395 2.74
20 |OcuHoBKa — ¢. OcMHOBKA OcunoBka, ViBaHoBka, [Ipumopckast 289 58 389 2.03
21 |Komuccaposka — moc. J[BopsiHKa JBopsinka, Mibunka, [lorpaHuyHbIi 1170 105 394 2.65
22 |Momnokanka — c. JKapukoBo YKapuxoso, Xopons, UnbrHka, AcTpaxaHka 390 127 368 2.51
23 |Yceypu — c. Bepxusis BpeeBka ScHoe, Bepxusst bpeeka 1840 176 385 1.41
24 |WzBunuzka — noc. M3sunnnka ScHoe, Bepxusas bpeeska, 3Bununka 1160 202 382 1.33
25 |ApcenbeBka — noc. Bunorpaznoska Bunorpanoska, Bopo6eii, [lIkoToBo 940 144 428 1.43
26 (Mypaseiika — roc. I'posiekoBo I'ponexoBo, AnyunHo, Bunorpanoska, BepxHss 761 140 392 132
Bpeeska
27 IIpaBas Ilonepeuka — moc. ApXunoBka Apxunoska, SIcnoe, Bepxuss bpeeBka 223 186 385 1.22
28 |CnacoBka — r. Criacck-JlanbHuit Crnacck-/lanpauii, CBUATHHO, ApCEHbEB 325 80 456 1.17
29 |Opmapka — c¢. HoBoBinaaumMupoBka Cracck-/lanpauid, SIkoBneBka 91 103 490 1.48
30|Kamenka — c. Kamenka Kamenka, UyryeBka 138 160 410 1.80
31|ITaBnoBKa — c. YOopKa AHTOHOBKA, KaBanepoBo 3360 151 397 1.07
32|Tuxas — c. UepHbleBka Amnyunno, Yepusimeska, Bapdonomeeska 580 94 398 2.30
33 |Bapgomnomeeska — c. BapdoromeeBka Bapdonomeeska, 'pogexoBo 256 70 401 3.07
34 |KpsuioBka — c. KppuioBka Camapka (KypasieBka), ApuaaHoe 1070 104 426 247
35 |OtkocHas — ¢. Camapka Camapka (XKypasneBka), KokiapoBka, ApuanHoe 1030 106 409 1.14
36|Yccypu — c. Kokmaposka Kawmenka, ITaBnoska, M3Bununka, Bepxuss 9340 140 399 1.49
bpeeska, Uyryeska
37|Yecypu — noc. Kupockwuit ScHoe, I'ponexoBo, AHy4nHO, BrHOTpanoB-
o o Coupa Opons) |0 131 02 s
W3Bununka, YUyryeska, SkoneBka, KupoBckuii
38 |[ManmHOBKa — c. ApuaiHoe Apuagnoe, Camapka (KypasieBka) 1180 148 426 1.70
39|OpexoBka — noc. [TonsHbt [onaunsl, Apunagnoe, ManuHoBo, MeabHIYHOE 508 213 430 2.49
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Ne Peka — Iloct MeTeomyHKTbI S | (0] | P | e
40 (Mapeska — noc. ITokpoBka Pommno, I'my6unnoe, KpacHsiii Sp 1910 170 523 3.86
41 |bonbas Yccypka — ¢. Pomuno Menbun4HOE, [ MyOunHOE, P?LLII/IHO, MonoaexHoe, 18700 20 483 1.47
Bocrok, Apuagnoe, Kpachslit Sp
42 | JanpHss — c. ['myOnHHOE I'mybunnoe, Ponaukosas, Kpacueiii fp, 2740 308 514 113
Mononexnoe
43 |CpetnoBogHas — moc. OXOTHUYHI Oxotanuui, 3omnotoii, Cocynoso, TepHeii 2010 173 435 1.06
44 |bukuH — cT. 3BeHbEBON Kpacusrii Sp, OxorHuunii, Pognukosas 21400 200 483 1.45
45 |T'opOyH — c. [TymkuHO JlepmonTOBKa, Bszemckast 143 126 673 2.43
46 |bupa — c. JlepMOHTOBKa JlepmonTOBKa, Bsizemckas 728 169 673 2.66
47 |Kust — c. MapycuHO I'Bacrorn, bruesas 505 187 877 2.64
48 |TTogxopeHok — noc. JJopMHIOHTOBKA Bsizemckuii, [lepesicnaBka, buuesas 2330 147 724 2.34
49 |Xop — ort Xop Buuesas, Cyknaii, I'Bactoru, Xop 24500 320 812 1.34
50|Manoma — c. Manoma 1-5 Amtoii, Tpounkoe 2220 238 627 1.24
51 |Kuumapu — ¢. ManMbnx Komcomoneck-na-Amype, Tpourikoe 62 156 573 0.91
52|VYmnarga — c. Ynarga Bypyxan, Becenas ['opka, um. [Tomumst Ocumrerko | 1120 155 521 1.61

Tpumeuanue. S — rromans Bogocoopa, kKM% Q — CpeJHEMHOTOJIETHUI CE30HHBIA CTOK, MM; P — CpPeTHEMHOTOJICTHHE CE30HHBIE OCaJl-
KH, MM; e — KO3 QHUIUEHT 37TaCTHYHOCTH CTOKA.

Note. S — catchment area, km?; Q — long-term average seasonal runoff, mm; P — long-term average seasonal precipitation, mm;
e — elasticity coefficient.
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