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[MpencraBiieHbl pe3yJbTaThl BHISIBJICHUS CTAAUHOCTH IPOSIBJICHUSI aHOMAaJIMii TapaMeTpOB CEMCMUYECKO-
TO peXXruMa rnepes 3eMJICTPSICEHUSMU Pa3IMIHbIX MarHuTy. [Tom cTanuitHOCTBIO TIOHUMAETCSl COOTHOIIIE -
HUe BpeMeH (hOPMUPOBAHMS U Pa3BUTUSI aHOMAJIUM pa3JIMYHBIX ITApaMeTPOB ceiicMUYeCcKoro pexuma. J1ist
aHaJIM3a OTOOPaHBI 3eMJICTPSICEHMS B OOJIACTSX C NBYMS TeHEPATbHBIMU TEKTOHMYECKUMU TUTIAMU: B 30HE
cyonykunu (Kamuarka u Jnonust) u B pucdroBoii 3oHe (Mcmanaust). Beibop permoHoOB omnpenessicsi, B
TepBYIO OYepeb, JOCTYITHOCTHIO M KaUeCTBOM PETrMOHAJIBHBIX CECMUYECKUX KaTaJloroB. B KavecTBe ma-
paMeTpoB CEMCMUYECKOTO peXXrMMa pacCMaTpUBaINCh HAKJIOH rpadurKa MOBTOPSIEMOCTU U KOMITJIEKCHBIM
mapameTp, u3BecTHHI Kak RTL. [TpocTpaHCTBEHHO-BpeMEHHBIE aHOMAJIMM BBISIBJISUIUCH TIepen OTOOpaH-
HBIMM 3EMJICTPSICCHUSIMU HA OCHOBE U3BECTHBIX “00pa30B IPEIBECTHUKOB” MapaMeTpOB CEMCMUYECKOTO
pexuma. CorocTaBlieHUE IIMTETBHOCTE ! BBISIBJICHHBIX aHOMAJIMIA ITOKa3aJ10, YTO aHOMAaJIMM HaKJIOHA rpa-
drKa MOBTOPSEMOCTH BO3ZHUKAIOT, B 1I€JIOM, paHbllle, yeM aHoMaiuu RTL. BeicKazaHbI TIPEATIOIOXEHUS
0 BO3MOXXHO# TPUIMHE TAKOW CTAAUWHOCTH MTPOSBICHUS aHOMaINiA. B OKpeCTHOCTSX M3ydeHHBIX 3eMJIe-
TPSICEHUI OLIEHUBAJIOCH TAKXKE U3MEHEHME TTapaMeTpa KOHIIEHTPAIUU CEICMOTeHHBIX Pa3pbIBOB B Ipee-
JIaX COOTBETCTBYIOIIMX ceficMrUYecKUX IUKIIOB. CorocTaBiieHre BpeMeH BO3HUKHOBEHMST BBISBICHHBIX
aHOMAaJIMI CEICMUYECKOTO PeXrMa C COOTBETCTBYIOIIIMMU 3TUM BpeMeHaM 3HAUYCHUSIMU MapaMeTpa KOH-
LIEHTpaLIMY CEMCMOTEHHBIX Pa3pbhIBOB ITOKA3aj0, YTO (hOpMUPOBAHNE aHOMAINI CEMCMUUECKOTO peXXnMa
MMPOMCXOIUT HA CTaNM, KOTJa COCTOSTHME CUCTEMbI HAKOITUBIIIMXCSI 32 BpeMsl CEMICMMYECKOTO 1IMKJIa Ceii-
CMOTEHHBIX pa3pbIBOB MPAKTUIECKU TOCTUTIIO KPUTUUECKOTO 3HAYCHUSI.
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DOI: 10.31857/S0002333723050125, EDN: WAGJPE

BBEAJEHUWE

AHOMaIU CeICMUYECKOIO peXuMa — 3TO Hau-
OoJiee yBEpeHHO OOHapyXXHUBaecMble Teo(pn3nIeCcKue
3(ddeKThl, CBSI3aHHBIE C IpOoLEeCcCCaMU MOATOTOBKU
3emuieTpsiceHuit. [lomasisiolnnee OONBITMHCTBO W3-
BECTHBIX B HACTOsIIee BpeMsi IPOTHOCTUYECKUX aJl-
TOPUTMOB ITOABEPraloT aHAJIN3Yy UMEHHO TaHHBIE Ka-
TaJIOTOB 3eMJIETPSICEHUI. DTO 0OYCIOBIIEHO, C OMHOIM
CTOPOHBI, T€M, UTO MPOLECCHl MOATOTOBKH 0OYaroB
CUJIBHBIX 3eMJICTPSICEHUIT CBSI3aHbI C MMOCTEIICHHBIM
pa3BUTHEM Pa3pyIlIeHUs Ha MEHBIINX MacIITaOHBIX
ypoBHsx. C Opyroii CTOpOHBI, CEMCMUYECKIE KaTa-
JIoTh 00eCceYnBalOT OBCEMECTHO B O0JIACTSIX Ceii-
CMOTeHepaly HEOOXOAUMYIO IIPOCTPAHCTBEHHYIO
JIeTaIbHOCTh MH(MopManuu. J1jist oGHapyKeHUSI TIPO-
CTPAHCTBEHHO-BPEMEHHOM CTPYKTYpPbl IIPOTHOCTH-
YeCKOM aHOMAaJIMM B O4aroBOii 00JIaCTU CHJIbHEMIITMX
3eMJIETPSICEHUI ¢ XapaKTepHBIM pa3MepoM odara B
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100 kM (3eMJIETpsICEHMSI MATHUTYIBI 8) HEOOXOAUMO
WMETh JIETAJIbHOCTh UCXOIHBIX TeO(PU3NISCKUX JaH-
HBIX HaOmogeHnit 10—20 kM. A 111 601e€e ci1abbIX, HO
OITACHBIX B IIPAKTUYECKOM OTHOIIEHUM 3eMJICTpsICe-
HUIi ¢ pasMepoM ouara B 30 KM (Maraurtyaa 6.5), Hy>kHa
JIeTaJlbHOCTh HaOmomaeHuii B 3—5 kM. Takoe 1po-
CTPAHCTBEHHOE pa3pelleHre 00eCeYynBalOT COBPe-
MEHHBbIe CeiiCMUYEeCKUe KaTajJoru, @OopMUPYEMBIE 10
JaHHBIM MUPOBBIX WM PErMOHAJIbHBIX CeicMMYe-
CKHX CEeTei, KOTOPhIE IIOBCEMECTHO UMEIOT TOUHOCTh
JIOKALIY SMULIEHTPOB COOBITUI HE XyXKe 5 KM, a IJTy-
O0uH — kak mpaBwio, He xyxe 10 kM. IIpocTpan-
CTBEHHas J€TAJIbHOCTb Ha3eMHBIX HAOJIOASHUI APY-
rux reodusnueckux Iojieit (aedopMallMOHHOTIO,
MarHUTHOIO, TPABUTALMIOHHOTO U IIp.) OIpEneJIsieTCs
CPEIHUM PACCTOSIHMEM MEXIY COOTBETCTBYIOIIMMU
reopu3nYecCKMMM 00CEepBaTOPUSIMU, KOTOPbIE CO-
CTaBJISIIOT OOBIYHO COTHU KMJIOMETPOB. DTO HA IIOPSI-
JIIOK—IIONTOpPA XyXe, YeM pas3pelleHus ceiicMuye-
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CKMX KaTaJIoToB. Psm mMCTaHIIMOHHBIX CITYTHUKOBBIX
METOIOB U3MEPEHUsI reoPpU3nIeCcKUX IMoJieii obecne-
YUBaeT HEOOXOIUMOE MTPOCTPAHCTBEHHOE pa3peliie-
HHUE B eMMHHIIBI—IIEPBBIC TECATKH KUJIOMETPOB, HO
addeKTUBHAS YYBCTBUTEIBHOCTD ITOYTH BCEX ATUX
METOMIOB [MOKa HeAOCTaTOYHA 151 OOHApyKeHU s aHO-
MaJIMif, OOYCIOBJICHHBIX IpPOIIeCCaMM ITOATOTOBKH
Jaxke HanboJIee CYIIbHBIX 3eMJIETPSICEHUIA.

MupoBasi IpakTuKa MPOTHOCTUYECKUX UCCIIEN0-
BaHMI BBISIBWJIA DS CTAaTUCTUYECKUX IapaMETpPOB
CEeICMMUYECKOIo pexXmMa, aHOMaJIbHbIC M3MEHEHUS
KOTOPBIX pacCMaTPMBAIOTCSI KaK MHAUKATOPbI MPO-
IIECCOB MOATOTOBKM 3emieTpsiceHuii. K HuM, B
IIEPBYIO OYepellb, OTHOCSITCS XapaKTepUCTUKU SHEP-
reTUYEeCKoro “crekrpa” CeMCMMYHOCTU: HAaKJIOH
rpayka IOBTOPSIEMOCTU, pPa3IUYHbIC XapaKTepu-
CTUKU CeICMMYECKOM aKTUBHOCTH;, XapaKTEPUCTUKHI
MPOCTPAHCTBEHHOM, BPEMEHHOW WJIM MPOCTPaH-
CTBEHHO-BPEMEHHOI IUIOTHOCTU BBICBOOOXIAIO-
HIeHics CEMCMUYECKOM SHEePIUY; mapaMeTphl KjlacTe-
pHU3aluy U B3aUMOASHCTBUS 3eMiieTpsiceHuit [Cobo-
nes, 1993; 3asbsiioB, 2006; Cobones, IloHomapes,
2003; Panza et al., 2022]. i HEKOTOPBIX U3 3TUX I1a-
paMeTpPOB U3BECTHHI “00pa3bl IMIPEIBECTHUKOB” — Xa-
pakTepHbIe BpeMeHHEBIEC (hOPMbI aHOMAJIMIT U MX pac-
MpeaeieHUs B IIPOCTPAHCTBE B 00J1aCTU MOATOTOBKU
3eMJICTPSICEHUSI.

B HacTtosieit paboTe npencraBieHbl Pe3yabTaThl
BBISIBJICHUSI CTaIMIAHOCTU TIPOSIBJICHUSI aHOMAJINIA T1a-
PaMETPOB CEMCMUYECKOTO pexkrMa I1epea OTHOCUTEb-
HO CMJIbHBIMU 3€MJICTPACCHUSAMMU. HOIL CTaﬂMﬁHOCTbD
IMMOHMMAETCSI COOTHOIIIEHNE BpeMeH (hOpMUPOBAHUS 1
pa3BUTUS aHOMAJIM pa3/IMYHBIX ITAPaMETPOB CEMCMU-
yeckoro pexxuma. OToOpaHbl 3eMJIeTpsICeHUsT B 00J1a-
CTSIX C ABYMS TeHePaIbHBIMUA TEKTOHMYESCKUMU TUTIA-
MU: B 30He cyonykiuu (Katanoru Kamuarku u Sno-
HUM) U B pudTOBOM 30HEe (KaTtayjor McimaHauwu).
Buibop MMEHHO 3THUX pPErMOHOB OIIpENeIIsICS, B
MIEPBYIO OYepelb, TOCTYIIHOCTHhIO M KAYeCTBOM CeEii-
CMMNYECKHUX KaTaJIOIroB.

OTMeTHM, UTO MBI HE CTaBUM Ilepe coO0i 3agauy
pa3paboTKM WM MOIM(PUKALIMY HPOTHOCTUYECKUX
aJITOPUTMOB M MX MpakTU4YecKoro npuMeHeHus. Ha
HacTOSIIEM 3Talle UCCIeIoBaHNE HAITPaBJIEHO Ha CO-
IIOCTaBJICHUE IIPOCTPAHCTBEHHO-BPEMEHHEIX 00J1a-
CTel NPOSIBJIEHUS CEMCMUYECKUX aHOMAJIMI U BBISIC-
HEeHWEe 3aKOHOMEPHOCTEN ClIeIOBaHUSI aHOMaJIU BO
BpeMeHHU. Mbl OTOMpPaM TOJIBKO T 3eMJICTPSICEHUS,
Mepea KOTOPBIMU BBISIBJISIIOTCS HaIeXKHBIE aHOMAIUN
CEeMICMMYECKOTO peXuMa U He paccMaTpuBajiu BO-
IIpOC, KOIJa 1 moYyeMy aHOMaIMM HaOIIomaloTcs, a
Korma HeT. B nanpHeliem, 1o Mepe HaKOIUICHUST MH-
dopmaly MBI IIJTAHUPYEM KJIaCCU(PULIMPOBATH €€ C
LICJIbI0 BBISICHEHUSI HAIWYMsI WA OTCYTCTBUSI OCO-
OEHHOCTEN CTaIWITHOCTH IIPOSIBICHUS aHOMAaJIWI.
I1pu BeIOOpE 3eMIETPSICEHUII UCCAEAYEeMbIX PEeruo-
HOB MBI BMECT€ C COOCTBEHHBLIMHU MCCISIOBAHUSIMU
YYUTBIBAJIM TUTEPATypPHbIE JaHHBIE O HATMYNUY TIepes
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paccMaTpUBAEMbIMU 3EMIJIETPSICEHUSIMU TTIPOTHOCTHU -
YECKMX aHOMAJIUM CEMCMUYECKOTO PeXUMa.

XAPAKTEPUCTHUKA MCITOJIb3YEMbBIX
ITAPAMETPOB CEMCMHNYECKOI'O PEXXKMUMA

AHOMaJIMM CEeICMUYECKOTO peXXuMa mnepe CUilb-
HBIMM 3eMJICTPSICEHUSIMU, SIBJISIIOLLIUECS MTPEAMETOM
HacToseil paboThl, OTHOCSTCS K TaK Ha3blBa€MbIM
duznYecKUM NpeaBecTHUKaM 3emierpsiceHuit [Cu-
nopuH, 1992; Cobones, 1993]. x npoucxoxaeHue
CBSI3BIBAIOT C PA3BUTUEM pa3pylLICHUS] B JIOKATbHOM
obnactu auTocdepbl, KOTOpoe B KOHEYHOM cCUETe
MPUBOAUT K pa3pylLIEHUIO 3TOI 00JIaCTH 0OYaroM 3eM-
JietpsiceHus. U3BeCTHBI HECKOJILKO ClieHapueB pas-
BUTHUSI TAKOTO pa3pylleHUs], TPUBOASIIETO K CUIb-
HOMY 3eMJIETPSICEHUI0 — KayeCTBEHHBbIX MojeJeit
MOJATOTOBKM 3eMJieTpsiceHni. [IBe OCHOBHbIE MO
OBbLIM TIPEeMIOXEeHbI B Havaje 70-X ToI0B IPOILIOTO
Beka mouytu onHoBpemeHHo B CIIIA — nunataHTHO-
mddy3Has monenb, 1 B CCCP — Monenp 1aBUHHO-
HEYCTOMYMBOTO TpeIIMHOOOpa3oBaHus (MoOAEIb
JIHT) [Miachkin et al., 1972; Schotz et al., 1973;
Mjachkin et al., 1975]. O6e Monean OOBSICHSIIIN 13-
BECTHBIE TOIa CBOMCTBA aHOMAaJIMI reo(U3NIECKUX
rnoJieit repen 3eMmiyieTpsiceHusiMu. B nanbHeliem atu
MoOJieJIu ObLIM MOAUMUIIMPOBAHBI U Pa3BUTHI KakK B
TEOPETUUYECKOM, TaK U B CTATUCTUUYECKOM OTHOIIIE-
Husx. O6e MoJeu UMEeIOT CBOM CUJIbHBIE U ciia0ble
CTOPOHBI U 10 CUX MOP KOHKYPUPYIOT B OObSICHEHUU
a(dekToB, 00HApYKMBAEMbIX B IMHAMUKE CECMUY-
HOCTH.

HMcxons u3 Mojelneil MOATOTOBKU 3eMJeTpsice-
HUit, cdhopMupoBascs Habop rmapaMeTpoB ceiicMuy-
HOCTU, KOTOPbIE MOTYT OBbITh OLIEHEHbI CTaTUCTUYE-
CKM T10 TaHHBIM KaTaJIOroB 3eMJieTpsiceHuii. Moaenb
JIHT u cxomHble ¢ Heil MOJIeU Moapa3yMeBaloT Mo-
CTeTleHHOe yBeJIMYeHre pa3MepoB CelCMOTeHHbBIX
pa3pbIBOB  BCJIEACTBME HAKOIUIEHUS W CIWSHUSA
MEHBIIMX Pa3pbIBOB MPU TOCTUKEHUU UMU KPUTHU-
YeCKOil KOHIEHTpaluu, obecrneyuBarolieil mnepe-
KPBITUE aHOMAJIbHBIX TMOJIEH HaIpsKeHUM, BbI3BaH-
HbIX oOpaszoBaHUeM pas3pbiBa. COOTBETCTBEHHO, B
KauyecTBe MapaMeTpoB, OTpaXKalolX pa3BUTHE MPO-
liecca TOArOTOBKM 3EMJIETPSICEHUS, paccMaTpuBa-
I0TCSI XapaKTePUCTUKY KOHLIEHTpPAllMU OYaroB 3€M-
JIETPSICEHU 1, COOTHOIIIEHUSI YaCTOT 3eMJICTPSICEHUIA
pa3JIMYHBIX 9HEPTUid (MarHUTyd), XapaKTEPUCTUKU
BJIMSTHUST TIPOM3OLIEIINX 3€MJIETPSICEHUM Ha TTocye-
NyIOIlIMe, XapaKTEPUCTUKU MPOCTPAHCTBEHHO-BpE-
MEHHOM CBSI3HOCTH LIETIOYEK 3EMJIETPSICEHUI U 1p.
Huxe nnpuBeneHa KpaTkasi XapaKTepuCTHUKa Tpex Ma-
paMeTpoB, BIOPAHHBIX B HacTosd11Ieii padboTe.

Haknon rpaguka noBTopsieMOCTH
(mapametp I'yren6epra—Puxrepa b)

Kiaccrueckuii mapamMeTp ceiiCMUYECKOTO PEXU-
Ma, II0Ka3aTelb CTENEeHM DHEPTeTUISCKOro “crek-
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Tpa” CeICMUYHOCTH. XapaKTepU3yeT COOTHOIICHUE
BEPOSTHOCTE BOSBHUKHOBEHMS 3eMJICTPSICEHUIA pa3-
JIMYHBIX DHEPIUil (MAarHUTYI). AHOMAaIMM apaMeTpa
b, HabmogaeMble niepel CUIbHBIMU 3€MIJIETPSICCHUS -
MU, SIBJISIIOTCSI OMHUM U3 HanboJjiee HaIEeXKHBIX TTPU-
3HAKOB (DOPMUPOBAHUS HEYCTOMUYMBOCTU B 00JIaCTU
MMOATOTOBKU CUJIBHOTO 3eMJICTPSICEHUSI U Hanboee
4acTO MCHOJB3YIOTCS B MPOTHOCTUYECKUX aJITOPUT-
Max. “O0pa3 MnpeaBecTHUKA” — yMEHbILICHUE BeJINUU-
HbI b (KOTOPOMY MHOTA TIPEAIIeCTBYeT HEOOJBIIIOE €T0
YBEJIMUYEHUE) TIepell CHUTBHBIM 3eMJIeTpsSICEHUEM 000C-
HOBaH ClieHapyeM HaKOIUICHUS M CIUSHUS CeiicMO-
TE€HHBIX Pa3pbIBOB, MPUBOISIIMM K OOpa3zoBaHUIO
OoJiee KpYITHBIX ceiCMUYECKUX cOObITHI. B ceiicmu-
YeCKOIl CTATUCTUKE IIPOSIBIISIETCS YBEIMYEHUEM OTHO -
CHUTEJIBHOM 101 60JIee CUIIBHBIX 3eMJIETPSICEHUIA, UTO
OTpakaeTcsl B YMEHBIICHUY BETUYUHEI b. 17151 OLleHKU
napamMeTrpa b Mbl IIPpUMEHSIEM METOIMKY Ha OCHOBE
OLIEHKM MaKCHUMAaJIbHOTO IMPaBIOIIOA0o0us, Moaudu-
LIMPOBAHHYIO Ha CJly4yaii YCEUEeHHbIX pacnpencieHUin
3emJieTpsiceHnii mo Marautynam [CmupHoB, [ToHoMa-

pes, 2020'].

ITapamerp RTL

KomrminekcHeblit mapamerp RTL, mipennoxXeHHBIH
I'A. Co6oneBbiM [CoboireB u 11p., 1996] o cBoeii cy-
TH TIPEICTaBJIsIeT CO00Il CyMMapHOe “CeliCMOBBIIIE-
JIeHWe”, pacCUuUThIBaeMOe MIJIST KaxKIoil BBEIOpaHHOM
TOYKM IIPOCTPAHCTBA U KaXXIOTO BEIOPAaHHOIO MO-
MEHTa BpEMEHU, CTaTUCTUYECKHU B3BEIIECHHOE C y4ue-
TOM pPACCTOSIHUSI U BPEMEHM OT IIPOU3OIIEAIIETO
3eMJIETPSICEHUSI 10 BLIOpAHHOU TOYKU U BBIOPAHHOTO
MOMEHTa BpeMeHU. BKiam BeJIMYMHBI IIPOM3OIIE/I-
IIETO 3eMJICTPSICEHUSI YUYUTHIBAETCSl IoKasaTesieM
CTeTIeHU, B KOTOPYIO ITPU CYMMUPOBAHUU BO3BOJIUT-
csl pa3Mep ero odara. PasHble 3HaUeHMSI TOKa3aTelIei
MOXHO COOTHECTHM C CYMMMpPOBAHUEM pPa3IUYHBIX
XapaKTepUCTUK “CeCMOBBIAEICHUS ’: 3HAYEHUE T10-
KazaTtels | — cyMMupoBaHue (HaKOIUIEHIME) IOIBY-
KEK B oyarax 3eMJIETPSICEHUM, 2 — CyMMUpOBaHUE
(HakoIIeHHMe) TUIolIaaeil pa3pblBOB, 3 — CYMMUPO-
BaHMeE DHEPIuil (3HEProBhIACICHNE). YUET yaalIeHUS
TOUYKM NPOCTPAHCTBA U MOMEHTA BPEMEHHU, IJISI KOTO-
pPBIX TIPOU3BOIMTCS pacyeT, OT TOYKM U BpEeMEHU
oyara IIPOM3ONIEHIIETO 3EeMJICTPSICEHUSI IIPOU3BO-
JIUTCSI C TIOMOIIBIO 3KCIIOHEHIIMATbHBIX MHOXHUTE-
Jaeit. “O6pa3” nmpeaBeCTHUKOBOM aHOMAaJIMU: YMEHb-
meHue RTL (ceiicMu4ecKoe 3aTUIBE), CMEHSIIOIIEe -
cs ero yeBeanmuyeHmeM (goplliokoBass aKTHBU3ALIVA)
[CoboneB, ITonomapes, 2003]. O6a acdpdpexra — 3a-
TUIIIbE M aKTUBU3ALIUS — UMEIOT (PU3NIECKOE OOBSIC-
HeHue B pamkax KoHuenuuu JIHT mpouecca moaro-
TOBKMU oyara cujibHoro 3emierpsiceHust [Co0olieB,
2019]. AnroputMm RTL iMeeT 1OoCTaTOYHOE IIIUPOKOE
npuMeHeHne Kak B Poccum, Tak m 3a pyoexom
[Nagao etal., 2011; Proskura et al., 2019; Zhang,

! https://cloud.mail.ru/public/rfq3/CNDPQRZ7r

Huang, 2022]. ITapamerp RTL MOXHO TakXe pac-
cMaTpuBaTh KaK XapaKTepUCTUKY ((PYHKIIMIO) BIUSI-
Hus 3emuieTpsiceHuit [CmupHoB, I[ToHomapes, 2020].

st ouenku mapamerpa RTL mipumeHsieTcs aB-
TOPCKOE TIpOTpaMMHOE obecIieueHue, mepBasi Bep-
CHsI KOTOPOTO ObLJIa UCIIOJIb30BaHA B YKa3aHHOM BbI-
1Ie mMoHepckoii pabote [CoboneB u ap., 1996]. Io-
clieHsIsl, HauboJiee MPOABUHYTAsI BEpCUS, HalCaHa
B 2022 1. [I[TeTpyioB, CmupHoB, 2022] 1 mogaepxu-

BacTCAd Ha TCKYLL[I/Iﬁ MOMEHT?.

ITapameTp KOHIIEHTPAMM CEICMOTEHHBIX Pa3pPbIBOB

I[TapameTp KOHIEHTpaLMM CEeiiCMOTEHHBIX pas3-
pBIBOB BBEIEH B JaOOPaTOPHBLIX MCCASIOBAHUSIX
C.H. XypxoBeim 1 B.C. Kykcenko [KypkoB u np.,
1977] u mepeHeceH Ha MaclITad CEHCMUYHOCTHU
I''A. Co6omeBbiM 1 A.Jl. 3aBbsuioBeIM [Co00JEB, 3a-
BbsiioB, 1980]. Mcmonb3yeTcss B MPOTrHOCTUYECKMX
KCCJIETIOBAaHUSIX B KOMIUIEKCE C IPYTMMU XapaKTepu-
CTUKAMU I IOCTPOCHUS IIPOTHOCTUYECKUX KapT
o0JracTeil MOBBIIIEHHON BEPOSTHOCTU OXUIAEMBIX
3emuteTpsiceHuit [3aBesuioB, 2006]. Ilo cyru, mpen-
CTaBJISIET cODOOIl OTHOIIIEHUE CPEIHETO PaCCTOSHUS
MEXIy odyaraMiy 3eMJIETPSICEHMI K pa3Mepy O4aros.
XapakTepusyeT CTeleHb OJIM30CTH peXuMa paspy-
IIEHUS K YCJIIOBUSIM JIABUHOOOPA3HOrO HapacTaHUS.
Korna paccrosiHue mexmy 00pa3oBaBIIMMUCS K JaH-
HOMY BpE€MEHU pa3pblBaMU MHOTO OOJIbIIIE UX pa3Me-
pa, pa3pbIBBI HE “B3aIMOIEIICTBYIOT” — MCKaXKEH-
HbIE€ pa3pbIBaMU I10JIs1 HAIIPSDKEHW He TIepeKphiBa-
1orcst. Kornma, BciencTBrue HaKOIUJIEHUS Pa3pbiBOB U
YBeJIMYEHUSI UX KOHIEHTPALIUM, PACCTOSTHUE MEXITY
pa3pbIBaMM CTAHOBUTCSI CPABHMMBIM C MX pa3Mepa-
MM, BO3MYILLIEHUS JIOKAJbHBIX MOJIEM HAIIPSKEHUI B
OKPECTHOCTH BEPIINH JOJKHEIM 00pa30M OpPUEHTH-
POBaHHBIX pa3pbIBOB HAUMHAIOT IIEPEKPHIBATHCS, UYTO
YBEJIMYMBAECT BEPOSITHOCTh Pa3pylleHUs] ITePEeMbIYKU
MEXIy pa3pbIBaMU 1 00pa30BaHUs MEHEE YCTOMUMBO-
ro paspbeiBa 0ojbmiero pasmepa. CommacHO KOHIIEH-
mun JIHT 5TO cocTrosiHMe XxapakTepu3yeT Iepexon
Ipoliecca pa3pylieHUs] K JIABUHOOOPAa3HOM CTamuu.
O1ueHKa ImapaMeTpa KOHIEHTpalM CeCMOTeHHBIX
Pa3pbIBOB IPOM3BOAMIACH 10 CTAaHAAPTHO METOIU -
ke [3aBbsioB, 2006].

OCOBEHHOCTH PEAJINZALIUN
AJITOPUTMOB OHEHMBAHWA
[TAPAMETPOB CEUCMHWYECKOI'O PEXXKUMA

ITapaMeTpnl pacCUUTHIBAIOTCS B MPOCTPAHCTBEH-
HO-BpEeMEHHBIX OKHAaX, Pe3yJIbTaThl IPEACTABISIOTCS
B BUJIE KapT paclpeae/ieHUs] 3HaYeHU mapaMeTpOB
Ha KaXIBIi BRIOpAHHBIII MOMEHT BpeMeHU. J1J1s1 BBI-
OpaHHBIX JIOKAJILHBIX MPOCTPAHCTBEHHBIX OOJIacTei
MIPUBOIATCS U3BMEHEHMUS ITapaMEeTPOB BO BPEMEHMU.

2 https://gitlab.com/Mr.Brain/PyRTL
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ComtacHo pabotam [Co6oseB u ap., 1996; Cobo-
seB, IToHomapes, 2003] mapamerp RTL paccuuTthiBa-
eTCd KaK MPOU3BeAecHNE TPpeX DYHKIIMIA:

RTL = RTL, (D
v
R(x,y,2,t) = ) exp|——+|—R,, 2
(x,9,2,1) Z bl )
t.

T(x,y,z,t)= ) exp|——+|-T,, 3
(X, 9, 2,1) Z Pl 3)
l 4
L(x,y,2,t) = L1 - L, 4

(x,2,2.1) Zlo )

1

RTL paccunThiBacTCs B OITpPEIEICHHONM MPOCTpaH-
CTBEHHOI1 TOUKe ¢ KoopauHaTamu (x,y,z) ¥ Ha orpe-
JeJIEHHBII MOMEHT BPEMEHM ¢. 31eCh: #; — PAcCTOsI-

HHUE OT i-TO 3€MJIETPSICEHUS 0O TOYKU (X,),7); 1, —
MHTEPBAJI BDEMEHU C MOMEHTA i-TO 3eMJICTPSICEHUSI

ITO 3aIaHHOTO BPEMEHH £; [; — pa3Mep ouara i-ro 3eM-

netpsicenusi. KoadbduimeHTsl 7, £, U [, SIBISIOTCS
rmapamMeTpaMy airOpuTMa, OHU HOIOMPAIOTCS dMITH-
PUYECKU MPU HACTPOIKe aJropuT™Ma Ha PEerioHasb-
HbIe OCOOEHHOCTH CEMCMUYHOCTA M MATrHUTYIHBIN
IUATIa30H MCCIIEAyeMBIX 3eMJICTPSICEHUI TT0 MaKCH-

MyMYy BbIsIBIIsieMoii aHoManuu. [lonpasku R, T, v L,
BBEJICHBI ISl YAAJECHUS JIUHEHHBIX TPEHIOB BO Bpe-
MEHU KaXXI0ou 13 TpeX GYHKIUIA.

Anroput™ RTL peanin3oBaH B BUIE TPOrPaMMHO-
ro makera PyRTL Ha s3p1ke Python 3 ¢ ncronb3oBaHm-
€M COBPEMEHHBIX OMOJIMOTEK 00paOOTKI U BU3yaJIn3a-
LM TaHHBIX (B TOM 4YHUCe numpy, scipy, matplotlib).
Mertonoaorus 06padoTKu BpeMEHHBIX 3aBUCUMOCTEM
napameTpa RTL cubHO BIMSIET HAa CTAOMJIBHOCTD pa-
0OTHI aJITOpUTMa, U Ha BBIOOP cIocoba 00paboTKHU
JIaHHBIX ObLIO OOpallieHo ocoboe BHUMaHue. [1poiie-
nypa pacueta rmapamerpa R7TL Ha 3agaHHBI MOMEHT
BPEMEHU f TPOBOIUTCSI B HECKOJIBKO 3TAIlOB.

a). Pacuer ncxomHbix 3HaueHUit pyHkuuii R, T, L.
Ha sToM aTane mpou3BoauTcs pacyeT Tpex GyHKIIMA
0 OTAENbHOCTU cornacHo dopmyiaam (2), (3), (4).
3HaueHus1 R 1 L pacCUYMTHIBAIOTCS IO JaHHBIM BCEX
3eMJIETPSICEHUI, IIPOU3OLICAIINX K MOMEHTY BpeMe-
HU ¢. DTN PyHKINN MOHOTOHHO HE YOBIBAIOT CO Bpe-
MEHEM, TaK KaK K HUM J00aBJISIIOTCSI BCE HOBBIE U
HOBEIE MOJOXUTENbHbIC WieHbl. DyHkuus 7T BeneT
ce0s1 HEMOHOTOHHO, TaK KaK BIMSIHHUE YK€ IIPOU30-
IIEAIINX 3eMJIETPSICEHUl CO BpeMEHEeM SKCITOHEH-
aabHO yObIBacT. Bce Tpu yHKLMM pacCUMTHIBA-
IOTCSI B 3aJJaHHOM TOYKE IMIPOCTPAHCTBA, U YYUTHIBAIOT
COOBITHSI, SMUILIEHTPHI KOTOPHLIX HAXOISITCS B HEKO-
TOPOM OKPECTHOCTU 3adaHHOM Touku. s yckope-
HHS pabOTHI AJITOPUTMA OBIIIO BBEASHO OTpaHUUYEHUE
obyacTu pacyeTa paauycoM, B HECKOJIBKO pa3 Ipe-
BOCXOIIIMUM 3HaueHue ry. st pyHkuum 7 nipume-
HSIJIOCh aHAJIOTMYHOE OTpaHUYeHIME MHTEpBaJia Bpe-
MeHU (B HECKOJIbKO pa3 MPEeBBIIIAIONIET0 3HAUYCHNE

OU3NUKA 3EMJIM  Ne 5 2023

t,). OTU nomylIeHus ONpaBdaHbl SKCIOHEHUIUATbHbI-
MU BECOBBIMM MHOXXMTEIISIMU B BhIpaxkeHUsIX (2) u (3).

0). YnaneHue auHeliHoro TpeHaa. Ilocie pacuera
¢yHKkuMit R, T u L B KaxXmoii ToOUKe MpOCTpaHCTBA
MPOU3BOAUTCS yAaJeHWe UX JMHEMHOTO TpeHaa BO
BpeMeHU. B pesynbTare mojyyarorcs BpeMEeHHbBIE psi-
JIbl C HYJIEBBIM CPEIHUM 3HAUYCHUEM.

B). Pacuer RTL 1 HOopMmupoBKa. [loydyeHHBIC Ha
NpenbIayIIeM 3Tare 3HadeHus pyHkuuii R, Tu L 6e3
JIMHEITHOrO TpeHIa ITepeMHOXKAIOTCI U (OPMUPYIOT
napameTp RTL. 3ateM mpom3BOOUTCSI HOPMHPOBKA
RTL Ha ero ctaHmapTHOE OTKJIOHEHME, pacCUMTaH-
HOE 10 BCEMY BPEMEHHOMY PSIIy C MOMEHTa Hadajia
noctpoeHusi. MToroeble 3HAYEHUS] MPEACTABISIOT
coboit BpeMeHHOI psg RTL B eIMHMIIAX CBOETro
CTaHAAPTHOTO OTKJIOHEHMUSI.

Briiie oTMeyasioch, UTO MOHUWXKEHWE 3HAYEHUM
napameTpa RTL OTHOCUTENIBHO ITOJATOBPEMEHHOIO
(OHOBOTO YPOBHSI B HEKOTOPOU MPOCTPAHCTBEHHO-
BPEMEHHOM 00J1aCTU XapaKTEpPHO [IJIsi CTaaiuu ceii-
CMHUYECKOTO 3aTHulllbsl, a TMOC/eayI0lllee BOCCTAHOB-
JieHue 10 (OHOBOTO YPOBHSI WM MPEBBILIEHUS €ro
MPOXCXOAUT Ha cTaauu (HhOPIIOKOBOIN aKTUBU3ALIMH.
Takoe noBeneHue napaMeTpa NPpUHATO CYUTATh AHO-
Masiveit (B HEKOTOPBIX CiIydyasiX 3a aHOMaJIUIO TMpU-
HYMaeTCs JIMIIb NafeHre 3HaUeHU I H1Ke (POHOBOTO
ypoBHs1). OTMETUM, YTO B IOCJIEIHUE T'OJIbl BO3POC
WHTepeC K aHaJu3y aJilOpUTMa U €ro napameTposB C
IMOMOIIIBIO TEXHOJIOTUI MallIMHHOTO 00yuyeHusi [ Pro-
skura et al., 2019; Kali et al., 2021]. ABTOpHI nocCIEI-
Hell paboThl pacCMOTPEM BO3MOXHOCTb MPpUMEHe-
HUS MOAgeJIeil HeipOHHBIX CeTeli-KiIacCU(pPUKATOPOB,
Ha BXOJ KOTOpbIX MOAAIOTCSd 3HaYeHUs (PyHKIIUU
RTL. 9ddeKTUBHOCTL OOYyYEeHHOU TaKMM oOpa3oM
MOJIeJIU COIOCTaBMMa ¢ Hawitydiiei 3(hdeKTUBHO-
CThIO cpeau 7 Mopdesieii, paccMaTpUBaeMBIX B paboTe
[Kali et al., 2021].

OcobeHHOCTH TTOCTPOEHHS OLIEHOK HaKJIOHa rpa-
(rxa noBTOPSIEMOCTH MOAPOOHO U3JIOXKEHBI B pado-
Te [CMupHOB, [ToHomapes, 2020]. [list onpeneneHust
BEJIMUMHBI HakJiOHa rpaduka MOBTOPSIEMOCTU b U
€ro MOTPELIHOCTU O, 3a4aCTYIO UCITOIb3YETCs OLICH-
Ka MaKCUMaJIbHOTO MPaBAOIOA00US JJisl HETPYIIU-

poBaHHOI BEIOOpKU [Aki, 1965; Kenmami, Ctbioapr,
1973]:

1
M - M, 1n10’

o, = b/JN, 5"

rne: M — cpenHee 3HaueHME MAarHUTYAb; M, — MU-
HYMaJlbHasl MarHUTYyAa B BIOOpPKE; N — KOJUYECTBO
CEMCMMYECKNX COOBITHI, MICTTIOJIh30BAHHBIX IJIs OlIe-
HUBaHUS b.

OueHka (5) COOTBETCTBYET UCTUHHOMY 3HAYEHUIO
b B TIpenmoyioXeHWH, YTO 3HAYCHMS MarHuTyd He

orpaHMYeHHl cBepxy. OLeHKa M Kak CpemHero 3Ha-

(&)
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YEeHUsI TI0 KOHEUHOW BbIOOPKE OKa3bIBAETCsl CMe-
IIIEHHOI, MOCKOJIbKY BBIOOpKa OKa3bIBaeTCs (PaKTu-
YeCKU LIeH3ypUPOBAHHO CBEpXy HEKOTOPOIi MarHu-

Tynoil. B Takom ciyuae cpenHee 3HaueHue M 1o
9TOI BBLIOOPKE OyIeT MEeHbIIIE ICTUHHOIO MaTOXMIA-
HMUSI, a, 3HAYUT, olieHKa (5) JacT 3aBbIIIIEHHOE 3HAYe-
Hue b. B cBsI31 ¢ 3TUM IIpU pacyeTe HaKJIOHa rpadu-
Ka MOBTOPSEMOCTHA MPUMEHSIETCS OlLIEHKAa MaKCH-
MaJjIbHOTO TpaBIOIOA00Us I 1IEH3YpUPOBAHHOM
BBIOODKU:

bL: 1 " AM 1n10 . AM =M, - M, (6)

bninAM
min bmax 107 -1

rae M, — BepxHUWIl MOPOT MarHUTYIbl B BBIOOpKE,
3HaueHue b,,, paccuutTbiBaeTcs 1o ¢opmyne (5),
3Ha4YeHUe b, NaeTcs pelIeHHeM ajredpanyeckoro
ypaBHeHUd (6). BeiBon ypaBHeHUs (6), ICTOPUIO BO-
Mpoca U ONUCaHUE MPAKTUKUA TTPUMEHEHUS MOXHO
HaiiTu B pabote [CmupHoB, [ToHomapes, 2020].

PaccmatpuBas (5) u (6) Kak OlIEeHKH HaKJTOHA Tpa-
¢duKa TMOBTOPSIEMOCTU CBEPXYy U CHU3Y, COOTBET-
CTBEHHO, pPacCUMTHIBA€M UTOTOBOE 3HAUYeHUE b Kak
UX TIOJTYyCYMMY:
bmax + bmin . (7)

2

s BbISIBJIEHUSI aHOMalMii HakJioHa Tpacduka
MOBTOPSIEMOCTU YacTO HMCIIOJb3yeTCs TMapameTrp /
(Z-xputepmii) [CantbikoB, KonoBasoa, 2010;
CantbikoB M 1p., 2013]. BenuuuHa Z gBasieTcs me-
poii CTaTUCTUYECKOM 3HAYMMOCTU OTKJIOHEHUI Ma-
pamMeTpa b OT ero JOJrOBpeMEeHHBbIX 3HayeHuit. Ha-
KJIOH rpacduka MOBTOPSIEMOCTU PACCUUTHIBAETCS B
00J1b11IOM OKHE (OoTpaxatollieM ero (GOHOBbIE 3HaUYE-
HUSI) U B pabouyeM OKHE, OTpaxKalolleM TeKyllee 3Ha-
YeHue, U, 3aTEM, BBIUMCIISIETCS BeJIMYUHA Z :

b~ b
Jool )
o, + 0,

rae b u b, — 3HaUYECHUS HAKJIOHOB rpaguka noBTOpsi-
€MOCTH B ()OHOBOM U pabodyeM OKHaX, COOTBETCTBEH-

b=

7 =

22 "
HO; O] ¥ 05 — IACIIEPCUN (KBaAPATHI MOTPEITHOCTE)
OLIEHOK H U b,.

Pacyer 3HaueHuMii mnapameTpa KOHLEHTpAalUU

CEMCMOTEHHBIX Pa3pbIBOB IMIPOMU3BOAMNJICA COITTACHO
BBIPAKECHUIO:

W =

K, =" 9
s )

rae: U — 00beMHas MIOTHOCTh (KOHILEHTpAalLUs) pa3-
n o o
DPBIBOB; [, = lZ» 11" — CpenHMii Mo 3agaHHoi 00J1a-
ne==

CTHM pa3Mep pa3pblBa; n — YUCJIO COOBITUI B 3aaH-
Hoit o6nactu [3aBbsiioB, 2006]. M3HavyanbHO 3ama-
BaJICSI TIOPOT MArHUTYIObI COOBITMH, TOMIEXKAIINX

aHanuizy. PacueT cOpacwiBajicsl Kaxablii pa3, Koraa
MIPOMCXOIUJIO COOBITHE BbIIIIE 3aJaHHOTO SHEPIreTH -
deckoro nopora. Takoit Mmeton pacyera K, 00ycioB-
JIEH TMPENCTaBJICHUSIMU O CEMCMUYECKOM LMKIE U
omnucaH B pabote [3aBbsuios, 2006]. PaccmarpuBae-
Mbl€ CEMCMOAKTUBHbIE PETMOHbI pa3dMBAIUCh Ha
aJIeMEHTapHbIe CEMCMOAKTHUBHBIE STYEMKU pasMepa-
MUAX, AY 1o turomanu, u AH B tiryouny. st kax-
JIOTO 3JIEMEHTapHOro o0beMa pacCUYUThIBAIMCH 3HA-
YeHUs BeJIMYMHBI TTapameTpa K, Kak GyHKIMs Bpe-
MeHu. s coiaXuBaHUST BO3MOXHBIX OLIMOOK B
OIpeAeeHUU TMIOLIEHTPOB STYEMKHU TTepeKPhIBAINCh
HaIoJIoBUHY [3aBbsuioB, 2006].

C (usnueckoil TOUKU 3peHUST KOHILICHTPALIMOH-
HBIIA KPUTEPUM paspylleHUs OTpaxkaeT II0Tepo
YCTOMUYMBOCTA CUCTEMBI TPEIIMH B IOJIE HAMpPsSDKe-
Huii [3aBbsiioB, 2006; CMupHoB, [Tonomapes, 2020].
TpelHBI TepSIOT YCTOMYMBOCTh, TUHAMUYECKU
pacTyT ¥ CIMBAIOTCS B 60JIee KpyIHbIE TPEIIUHBI, KO-
IJa OHU PACIIOJOXEHBbI TOCTaTOYHO OJM3KO IPYyT K
Ipyry, T. €. KOIIa B HEKOTOPOI 00JIaCTH IIPOCTPaH-
CTBa MMEETCS IOCTATOYHO BBICOKASI KOHLICHTPALIMS
TpemuH. [Ipolecc conpoBoxXaaeTcsi yMEHbIICHUEM

3Ha4YCHUs nmapamMeTpa ch BO BpEMCHMU.

k
Kputnueckoe 3Hauenue K ,, Ipu KOTOPOM IPO-
UCXOOUT OCHOBHOE 3eMJIETPSICEHUE, BapbUpYeTCs
JUTsl pa3HBIX CeICMOAKTUBHBIX pETMOHOB. B ciyuae

HepaBHOMEPHOTO M (ppaKTaJbHOTO pacIpemeieHUs

3eMJIETPSICEHUI B TPOCTPAHCTBE BETUUNHA K c*p 3aBU-
CUT TaKKe OT pasMepa sTYeiiKU, TI0 KOTOPOii MPOU3-
BOOUTCS OlleHKa cornacHo dopmyie (9) [CMupHOB,
3aBpsoB, 1996].

Pacuer mimHBI CeiiCMOTEHHOTO pa3pbiBa, BXOIS-
mieii B (9), OCHOBBIBAETCS HA KOPPEISILIMOHHOI CBSI-
3M pa3Mepa odara ¢ MarHUTyIou (MU 3HepreTude-
CKUM KJIACCOM) 3eMJICTPSICEHUSI:

g/, = oM, +c, (10)

rae M,; — sHepreTuyeckasl XapaKTepHUCTHKa 3emile-
TpsiceHUs1 (MarHUTya WU 9HEPreTUYeCcKuil Kiacc).
Bri60op K03 duiineHToB o 1 ¢ B cooTHoteHuu (10)
OCYIIECTBIISICS COIJIACHO PEKOMEHIAIUSIM, WU3JI0-
XeHHBIM B padote [CmupHOB, IloHOMapes, 2020], Ha
ocHoBe ¢dopmynbl CamoBckoro [CamoBckuit M Ap.,
1983] u oOLIENPUHSITBHIX COOTHOILIEHUI MEXIy Mar-
HUTYAaMU C SHEprueit 3eMyIeTpsiICeHUsI.

NCXOOHBIE JAHHDBIE

Bce karamoru 3eMieTpsICEHUI, UCITOJIb3yeMbIe B
3TOI paboTe, IONYYEeHbI U3 OTKPHITBIX MCTOYHUKOB.
Ha ctagyu moaroToBKW KaTajorW IMOMENIaIuCh B
crneLvalIu3MpoBaHHble 6a3bl JAHHBIX W TOIBEpra-
JIUCh CTAHAAPTHOM NPOLIEAYPE MEPBUYHOTO aHAIN3A,
BKJTIOUABIIIE#l KOHTPOJIb (hopMaTa BXOTHBIX TaHHBIX,
KOHTPOJIb HAJIMUMS OyOJeil, NIeHTU(PUKAIIMU U VC-
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Puc. 1. UameHeHne IpEACTaBUTECIILHOTO KjIaCCa BO BpEMECHU AJId KaTajiora KamuaTtku: 1 — ucxomHsie OLCHKMU, 2 — crnaxkeHHast

KpuBas.

KII0UeHUS adTeplIOKOB, OLEHKU MPEICTABUTEb-
HOI MarHUTYIbl M aHaINW3a ee u3MeHeHn [Cmup-
HoB, IToHomapes, 2020].

Karajgor KamuaTku

PervonanbHbIi KaTajior 3emierpsiceHuii Kamyar-
KM TIOJIydeH Ha caiite “EmmHoi mHdOpMalmoHHOM
CUCTEMBI ceiicMoiornyeckux AaHHbIXx K® OUI]

EIC PAH". Onucanue cuCTeMBI CEHCMOJIOTHYE-
cKux HaOmoaeHuit Ha KamyaTke W yKazaHHOI WH-
¢opMalLIMOHHOI CUCTEMEBI IIPEICTaBIeHO B paboTax
[HUeopos u ap., 2013; Yebpona u ap., 2020]. Onmca-
HUe WH(opMaluu, coaepxalleicss B KaTajore, J10-

ctymnHo Ha caiite ECCJ] K® ®U1I EI'C PAH*. Hamu
OBLI 3arpy>KeH KaTajlor HeBYJIKAHNIECKIX 3eMJICTPSI-
cenuii (mo knaccudpukaunu ECCI K® ®UILL ET'C
PAH) 3a Bech nmepron HabIIOACHUIA.

SHCPFCTI/I‘-IGCKI/IC XapakKTEpUCTUKM B KaTajlore
Kamyatku IIPUBCIACHBI B SHEPIrCTUYCCKUX KilacCax,
COOTBETCTBYIOIIME 3HAYCHWA MarHuTya ri€peCcCUYnTaHbl
110 KOppeJ'IHLIHOHHOﬁ 3aBUCUMOCTHU. MBI UCTIOIb30Ba-
JIN NCXOOHBIC BHAYCHMA SHEPICTUICCKMX KJIaCCOB.

HpOCTpaHCTBCHHO—BpCMCHHLIC N3MCHCHUA IIPpEI-
CTaBUTCJIbHOIO KJjacCa peruoHaJIbHOIO Karajlora

3 https://sdis.emsd.ru/info/earthquakes/catalogue.php
4 https://sdis.emsd.ru/info/earthquakes/catalogue.php?out=info
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3emMiieTpsiceHnit Kamyatku ObUIM ITOOIpOOHO MCCIIe-
JIoBaHbI HaMu B pabote [CmupHOB u ap., 2019]. B ka-
yecTBe OO0IIel XapaKTepUCTUKM Ha pUc. | mpeacTas-
JIEHO U3MEHEHME MPEACTaBUTEILHOTO KJIacca BO Bpe-
MeHu wu3 pabdorel [CmupHOB u gp., 2019],
JIOTIoJIHEHHOe naHHbIMMU 3a 2019—2023 ronpl. B pabote
[CMmupHOB U ap., 2019] oTMeyanoch, 4YTo MpeacTaBU-
TEJIBHBIN KiTacc KoyebyeTrcs ot 6.5 mo 9.5 B 3aBUCH-
MOCTHM OT BPEMEHM M MeCTa M MpPeBbIIIaeT YPOBEHbD
K, =9.5 TOBKO B OTIE/NbHBIE MOMEHTHI BPEMEHU B
CaMOM I0’KHOM 4aCcTy peruoHa.

Karajor SInonuu

PernonanbHbIi KaTajor SAmoHuU, Tak ke Kak U
Katanor Kamyatku, ObLT ITOApOOHO MCCenoBaH Ha
OpeaMeT OLIEHKU IIPENCTaBUTEIbHON MarHUTYIbLI B
padote [CMupHOB U Ap., 2019]. Tam oTMevanocs ciie-
nytoiee: “B KayecTBe MCXOMHBIX JAHHBIX MCIIOJIb30-
BaJIMCh 3alMCU M3 KaTajiora MexXIyHapoIHOIo Ceii-
cMoJsormyeckoro ueHrpa, ISC’, npencrasieHHbIE B
HeM SNOHCKMM METeOpOJIOTMYECKUM areHTCTBOM
(Japan Meteorological Agency, JMA). B karanore
MpUBEAEHBI JIOKaJbHble MarHuTyiabl. OpTOroHajb-
Hasl perpeccust 3HaueHuil My, n3 I'apBapnckoro ka-
Tajora LEHTPOUI-MOMEHTOB W MarHutyabl M wu3

5 ftp://isc-mirror.iris.washington.edu/pub/
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Puc. 2. UsmeHeHue Hpe,E[CTaBI/ITCJTbHOI‘;I MarHuTyabl BO BpEMCHU [JIsd KaTajiora HWcnanmuu: 1— ucxomHwie OLICHKMH, 2 — cra-

XKEHHas KpuBas.

OoTOOpaHHOro HaMu KaTtajora JMA nmaet cooTHolle-
Hue My =(0.98+£0.02)M +(0.24£1), xoropoe
OJIM3KO K COOTHOLIEHUIO M = My,. AHanu3 mpen-
CTaBUTEJILHOM MarHUTYObl MOKAa3ajl, 4YTO HauyMHasl C
1981 r. Ha Bceii TeppUTOPUU TPENCTABUTEIbHBI CO-
obiTUsic M > 3.3.”

Katanor Ucaangun

PernonanpHblii KaTasor Mciananuy cBoOOIHO O0-
CTyneH Ha caiite MciaaHacKoro MeTreopudyeckKoro

arenrctsa (Icelandic Meteoritical Office)®. B karano-
re TpeacTaBlIieHBl JaHHbBIE 3a Iepuon 1995—2023 rr.
Oo6iee kKonuuecTBo 3anuceit — 6onee 500 Toic. B ka-
Tajiore NMpUBEICHBI JOKaJIbHBIE 1 MOMEHTHBIE Mar-
HUTYOBI, MBI UCITOJB30BaIM MocaenHue. OmnucaHue
CEeMICMMYECKOI ceTH U ceicMuyecKoii ciy:konl Mc-
JIAaHIMM MOXHO HaiiTu B paborte [Stefansson, 2011].

Ha puc. 2 npencraBieHO U3MEeHEHUE TIPENCTaBU-
TeJIbHOI MarHUTYyIbI KaTasiora MicnaHnuu Bo BpeMe-
HU. BugHo, 4yTo Ha BceM HMHTepBajie HaOIIOASHUM
MOXHO CYWTATh IPEACTAaBUTCIBHBIMU COOBITUS C
My, = 2.4. AHanu3 pacnpenesieHUs! IpenIcTaBUTENb-
HOIl MarHUTYIbl B MIPOCTPAHCTBE CBUIETEILCTBYET,
YTO 3TOT MOPOT MpUeMyIeM 151 BCero KaTajora.

6 http://hraun.vedur.is/ja/viku/

PE3VYJIBTATBI

B Tabmune 1 mpencraBieHbl cBeleHUS 00 OTO-
OpaHHBIX 3eMJICTPSICEHUSIX, WX PACIHOJIOXKECHHE Ha
KapTe nokKa3aHo Ha puc. 3. /11 obecriedeHus1 CoIo-
CTaBUMOCTU 3HEpPreTUYeCcKMii Kjacc K, IpeacTaB-
JICHHBII B KaTajore 3emieTpsicennit KamyaTku, me-
pecuuTaH B MOMEHTHYIO MarHutyny M, no ¢opmy-
JlaM, UCTIOJIb3yeMbIM B “EnuHoi mMH(popMallmoHHONI
cucreMe ceiicMonormdeckux gaHHbeIx KO OUI EI'C

PAH”7: M, =0.5K -0.75u M, = M, — 0.4.

st KaXaoro UcCCienyeMoro 3eMJIETPSICEHUS
CTPOWJIMCH KapThl pacnpenesieHus napameTpoB RTL
U b B MPOCTPAHCTBE B MOCJEA0BATEIbHbIE MOMEHThI
BPEMEHU, MPEAIICCTBYIOIINE 36MJIETPSICEHUIO, U BU-
3yaJIbHO BBISIBJISLIUCH MX aHOMAJIMU Tepe 3eMIIeTPsI-
CEeHUEM. 3aTeM, IS LIEHTPAJIbHOU YacTh aHOMaIuu
CTPOWJIMChH KPUBbIE U3BMEHEHUS TTapaMeTPOB BO Bpe-
MeHU. DTU KPpUBbIE CTPOWIMCH 10 MOMEHTA BpeMEeH!
3a JIEHb 10 AaThl 3eMJIETPSICEHUS.

IMoporm ceneKIMy KaTaJoroB M pacyeTHBIC OKHA
IJIST aJITOPUTMOB BapbhbUPOBAIUCH TSI pa3HBIX 3eMJIe-
TPSICCHU C LeJIbI0 MOJYYeHUsI HanboJjiee BhIpaXkKeH-
HBIX M YCTOMYMBBLIX aHOMaJMii (Tabi. 2 u taba. 3).
IIpm BEIOOPE TTOpOTA CECKIIMU TT0 MATHUTYIIE YIUTHI-

7 https://sdis.emsd.ru/info/earthquakes/catalogue.php?out=in-
fo&informationShow=show#Mw=f(MI)
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Tab6muna 1. XapakTepucTUKU 3eMJIETPSICEHUI, OTOOpAHHBIX 151 aHATU3a

KamuyaTtka Hara Honrora IIupora I'my6una SHiiI::;;:;;ﬁAﬁ/[I;;acc
1 02.03.1992 160.20 52.76 20 14.6 (6.2)
2 08.06.1993 157.80 51.20 40 15.0 (6.4)
3 12.11.1993 158.83 51.79 40 14.6 (6.2)
4 05.12.1997 162.55 54.64 10 15.5 (6.6)
5 20.02.2011 162.47 55.73 49 14.1 (5.9)
6 28.02.2013 157.77 50.67 61 15.2 (6.5)
Anonus Hara Honrora upora Imy6buna Marnuryna My,
7 04.10.1994 147.68 43.37 28 8.1
8 25.09.2003 144.10 41.78 45 8.0
9 11.03.2011 142.86 38.10 24 9.1
WUcnanaus Hara Hoirora IIupora InyGuna Maruuryna My,
10 17.06.2000 —20.37 63.975 6.35 5.5
11 29.05.2008 —21.068 63.973 5.14 5.3
12 20.06.2020 —18.551 66.254 10.01 5.6

BaJIaCch He TOJILKO OOIIIast OLIEHKA MPEACTaBUTEIBHOCTU
Karajora, HO U OlIeHKa IPeICTaBUTEIbHON MarHUTY bl
B MPOCTPAHCTBEHHO-BPEMEHHON OKPECTHOCTU COOT-
BETCTBYyIOIIero 3emierpsiceHusi. I1pu pacuere RTL B
¢dopmye (4) 3HaueHUe MapaMeTpa p MOJOXKEHO paB-
HbIM | B COOTBETCTBUY C OOIIENPUHSITON MPAKTUKOM
[Cobones, ITonomapes, 2003]. OTMeTuM, 4TO B CTa-
TUCTUYECKOM CMBIC]Ie 3TO 3HaUYeHUEe oOecrieunBaeT
YCTOMYMBOCTh OLIEHKM CPEIHEro “IHeproBblaelie-
Husa” [Muxaitnos u ap., 2010; CmupHOB, 3aBbSJIOB,
2012]. C dusuyeckoii TOUKU 3peHUsI 3HAaYEeHUE p = 1
OTpakaeT CyMMUPOBaHMUE MOJIBUXKEK B ouarax semJjie-
TpsiceHUi (MPUHUMAEMbBIX TPOMOPLIMOHATIBHBIMU
JUIMHaMm pas3pbiBoB) [CMmupHoB, [ToHomapes, 2020].

3HayeHue Koa(dduieHTa /, Npu JaHHOU peanusa-
U1 aJTOPUTMa POJIM HE UTPAET, TAK KaK BHOCUT B (4)
JIMHEWHBIN TpeHI, CHUMAEMBbI Jajiee mepea pacue-
ToM nmapametpa RTL.

Ha puc. 4 m puc. 5 nmpencraBieHbI KapTH pacIipe-
JeJIeHUsI UCCIIeAyeMbIX ITapaMeTpOB CeiiCMUYECKOTO
pexXurMa B MOMEHT HauOOJIbIICH BeJIMYMHBI aHOMA-
JIMM U TpadMK1 U3MEHEHMsI 3HAUeHUI ITapaMeTpOB
BO BpeMEHU B 00J1aCTSIX HAMOOIBIINX aHOMAaJIUi1 cO-
OTBETCTBYIOIIETro mapamerpa. OTMETHM, YTO 001aCTU
HanOoIbIMX 3HaYeHUM b 1 RTL B mpocTpaHCTBE HE
Bcerna coBranaior. llIkana BpeMeHU gaHa B rojgax 10
MOMEHTa COOTBETCTBYIOIIIeT0 3emieTpsiceHus. [Tapa-
MmeTp RTL HOpMUpPOBaH Ha BEIUYNHY CBOETO JIOJTO-
BPEMEHHOTO CTaHAAPTHOTO OTKJIOHEHUS (CM. BBbIIIIE
onucaHue Ipouenypbl oueHK RTL). JIns HakiioHA
rpaduka MoOBTOPSIEMOCTH BMECTO KapT b Ha puc. 4,

OU3NUKA 3EMJIM  Ne 5 2023

puc. 5 mpeacTaBieHbl KapThl IapameTpa Z ((popmyia
(8)). DTOT MapaMeTp YYMTHIBAaET KaK caM{ 3HAYCHUS
napameTrpa b, Tak U UX CTaTUCTUYECKUE TTOTPEIIHO-
CTU B CPAaBHEHUU C UX IOJTOBPEMEHHBIMU 3HAYCHU -
saMu. B aToM cMmbIcie mapameTtp Z cormoctaBuM ¢ RTL
(KOTOpBIiA Takxke HOPMUPOBAH Ha CBOE JOJITOBpE-
MEHHOE CTaHIAapTHOE OTKJIOHEHME), a €ro KapThl 00-
Jiee KOHTPACTHbBI, YeM KapThl 3HAYEHU b.

Ha puc. 4 v puc. 5 npuBeneHbI TaKXKe KPUBBIE U3-
MEHCHHSA BO BPEMCHU IIapaMETpa KOHLCHTpaluu
CEHCMOreHHbIX pa3pbiBOB K . DTOT mapameTp olie-
HUBaJICS B BLIOPAHHBIX IIPOCTPAHCTBEHHBIX OKHAX HA
WHTEepBaJie BpeMEHHU BIUIOThb IO M3y4aeMOro 3eMJie-
Tpsicenusi. CorjlacHO peKOoMeHIalusIM [3aBbsJIOB,

2006] pacuer K., HAYMHAJICS OT MPE/IIECTBYIOIIETO
CUJIBHOTO 3eMJIETPSICEHUSI B MCCIIenyeMoil obaacTu
MPOCTPAHCTBA.

KpacHpIM 11BEeTOM Ha BpeMEHHBIX rpadukKax Ha
puc. 4, puc. 5 noka3aHbl aHoMaymu RTL v mapamerpa b,
BBISIBJIECHHBIE B COOTBETCTBUHM C UX “00pa3aMu IIpe-

BecTHUKA”. 3HayeHue K, B otnuue ot RTL v b, He
nMeeT “obpasa mpeaBecTHUKA” . DTO — HAKOITUTEITb-
HbIli, KyMYJSITUBHBIA IapaMeTp, OISl KOTOpPOro B
IIPOTHOCTUYECKMX MCCICIOBAHUSIX OMINPUYCCKU
omnpeAeasieTcss KpUTUIECKoe 3HaUeHHe, KOTOpOe 3a-
TeM UCHOJIb3YyeTCs IJisl mporHo3a. Kputnyeckoe 3Ha-

YCHMUCEC OIIPCACIACTCA Ha CTaaun O6y‘{€HI/I${ aJITOpUT-
Ma U 3a0a€TCS BEJINMYMHOMN ch B MOMCHT 3€MJICTPA-

CeHUsI, mepea KOTOPBIM OH paccunThiBaeTcs. Mcxons
W3 3TOTO0 KPUTHUYECKOTO 3HAUYCHMSI BBIOMPAETCS YPO-
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Puc. 3. KapTel anuiIeHTPOB 0TOOpaHHBIX 3emiieTpsiceHuit: (a) — Kamuarka u Snonus; (6) — Mcmanaus. PasMepbl 3HaYKOB
MPOMNOPLIMOHATILHBI MAarHUTYZE, HOMEpa COOTBETCTBYIOT Ta01. 1.

BeHb K, IPY KOTOPOM 00bsIBIIsIETCA TpeBora [3aBb-  [lapameTp K, BaXeH HaM KaK MHAMKATOP CTENIEHU

stoB, 2006]. MBI He UCIOTB30BAIN B HACTOSIIEH pa-  OJM30CTU PEXXUMA pa3pylIeHUS K YCIOBUSIM JIABUHO-
00Te MIEOJOTMIO IPOrHOCTUYECKOTIO UCCIEeIOBaHMS. 00pa3HOro HapacTaHusl. Mbl OLIEHUBaJIM BEJIUYMHbI
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Tabauna 2. HapaMeprI CCJICKIIMUN KaTaJIOTOB U paCYC€THLIC OKHA aJIrOPUTMOB IJI aHa/In3a 3€MJ'[eTpHCCHI/II71 Smonuu u

Hcnanouun
3emierpsiceHue (nata) 17.06.2000{29.05.2008 |20.06.2020{04.10.1994 (25.09.2003| 11.03.2011
ITapametpsl pacueta RTL
M in 2 2 3 4.3 5 5
H,, xm 0 0 8 0 0 0
H,, xm 150 100 100 150 150 150
Ty, KM 20 20 20 50 50 50
ty, CYT 365 365 365 365 365 365
OrpaHudeHue 110 BpeMEeHH, CYT 700 700 700 700 700 700
OrpaHuyeHue 1O NPOCTPAHCTBY, KM 100 100 200 200 200 300
ITapameTpnl pacueTa BEJIUUYUHEL b

M in 1.8 1.5 1.5 4.5 4 5.4
H,, xm 0 0 0 0 0 0
H,, xm 150 150 8 150 200 200
PacueTHOE OKHO, KOJTUYECTBO COOBITUIA 200 200 200 110 110 110
DdoHOBOE OKHO, KOJIMYECTBO COOBITUI 600 600 400 330 330 330
Pasmep pacueTHoI1 ob6yiacTu, en. pa3Mepa ouyara 7 15 8 7 3 5

IIpumeuanust: M,;, — MOPOT CeJeKLNN IO MarHUTYAe CHU3Y; H| u H, — MOpoTry CeJeKIuy 1o IIyOuHe; #y, ) — IapaMeTpsl ajro-
putma RTL (bopmyasl (2) u (3)). [Tapamerp b paccunTbiBajcs 1o popmyiiam (6) u (7) B CKOJB3SIIIMX OKHAX, COAEPKALIUX 3aJaHHOE
KOJIMYECTBO COOBITHIA; B TAOIMLIE TTPUBENCHBI pa3Mepbl pAOOUYMX PACUETHBIX OKOH U (POHOBBIX OKOH, UCITOIb3YEMBbIX JIJIsI MIOJYyYSHUST
orieHKM nmapameTtpa Z (popmyna (8)). Pasmep nmpocTpaHCTBEHHOM 0061acTH 3aaBajicsl B pa3Mepax ouara OCHOBHOTO 3€MJIETPSICEHUSI.

Taﬁ.rmua 3. l'lapaMeprI CCJICKIIMU KaTaJIOrOB 1 paCY€THLIC OKHa aJITOPUTMOB JIsd aHaJIn3a 3CMHCTpHCCHI/Iﬁ Kamuatku

[Hara 02.03.1992 | 08.06.1993 | 12.11.1993 | 05.12.1997 | 20.02.2011 | 28.02.2013
ITapameTpsl pacueta RTL
K in 8.5 9 9 10 10 10
H,, xm 0 0 0 0 0 0
H,, xm 100 200 150 150 150 100
Ty, KM 50 50 50 50 50 50
ty, CyT 365 365 365 365 365 365
OrpaHuyeHue 110 BpeMEHU, CYT 700 700 700 700 700 700
OrpaHuYeHue MO IIPOCTPAHCTBY, KM 130 100 150 200 200 100
[TapameTpsl pacueta BeJIMUMHBI b
K in 8 8.5 8.5 9.4 8 8
H,, xm 0 0 0 0 0 0
H,, xm 200 200 200 200 200 200
PacueTHOE OKHO, KOJIMYECTBO COOBITHIA 100 100 100 180 100 100
DoHOBOE OKHO, KOJIMYECTBO COOBITUI 500 400 400 540 300 500
PacuerHas o06JacTh, €. pa3Mepa odyara 5 6 6 8 3 3

ITpumeyanue: O603HaYEHUST — T€ Ke, YTO U B TaOII. 2.
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Puc. 4. KamuaTka: KapThl pacripefie/ieHIs UCCIeAYEMbIX TapaMEeTPOB CEMCMMYECKOTO peXXMMa B MOMEHT HauOOJIbIIIEH BETr-
YUHBI aHOMAJIMU U rpad KU U3MEHEHUsI 3HAUEHU i MapaMeTpoB Bo BpeMeHU. KapThl: BepxHsisi — mapaMmeTp Z , HUxXHsIsI — RTL;
3BE3I04YKOI 0003HAYCH SMTULICHTP 3eMJICTPSICEHMSI, MAcIITa0 1IBETOBOM IIKAJIbI [IOKA3aH CIIpaBa OT KapT; (a)—(e) — pa3InyHbIe
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rpacduke rnapamerpa b TOHKas JUHUSI — 3HAUYE€HUsI B (POHOBBIX OKHAX.

OU3UKA BEMIIM  Ne 5 2023



(@)

CTAOIUMHOCTbD MNPOABIEHNA AHOMAJIUN

(0)

48° 48°
46° 46°
. 04.10.1994 440 I 25.09.2003 440 | >0
.1 4 t" 6.5 e Bt
| —1 -1
s 40° . 40°
K 6r 38° 7 o 38°
sk ‘ B | |2 5.5 -2
36° = B 36° =
4 P R b s 5 3 5.0 . |l w 3
T4 —12 10 8 -6 —4 —2 0 ¥4 = —14 —12 10 -8 —6 —4 -2 340 1
1.3¢ 300 [N 1.5 390
12+ 5o 1.4
L1 30° 13 300
ST o 133° 136° 139° 142° 145° 148° 1.2 ° 133° 136° 139° 142° 145° 148°
<10k 130° 133° 136° 139° 142° 145° 148 < IT 130° 133° 136° 139° 142° 145° 148
09 1.0
08k 48° 8’% 45
07g T e 0.7 NN 46°
—14 —-12 -10 -8 -6 —4 -2 0 o —14 —12 -10 -8 -6 —4 =2 o
4r 44 -! >0 4 44 = >0
ot . : -t
7 40° 40°
L 2 g0 2
<[ 38° < _H 38°
6l 36° 4 36° |
I I I I I I Il N 4 4 I I I I I I . 2 Sl 4
14 —12 —10 -8 —6 -4 -2 0o 34 r —14 —12 =10 -8 —6 —4 -2 Sl 24
Bpewmst 110 3emiieTpsiceHus, roj 32°4 Bpewmst 110 3emiieTpsiceHus, rof 32040
30°4 3004
130° 133° 136° 139° 142° 145° 148° 130° 133° 136° 139° 142° 145° 148°
(8) (r)
48°
46°
68
11.03.2011 440 >0 17.06.2000
. 45 67° >0
7F 42 401 o R
N 40° -1 235F o —1
gl 380 * 2 30+ 657
) 25t -2
36 % 64° *
5 1 1 1 1 1 1 ] . 3 C 1 1 1 1 1 1 )
YT R0 8 6 4 2 0 ¥ g -8 -6 -4 20 o -3
13} 3201 : 0
1.2+ 3000 L1k 260 —23° —20° —17° —14° —11°
1.1+ 130° 133° 136° 139° 142° 145° 148° <
<10 1.0k
0.9 48°
08 a5 N oo N T
- o \ —14 12 =10 -8 —6 —4 -2 0
44
s B >0 4L 67° >0
4 42°
) 400 - 3- 66°
= fra— -2 K B N —
—4 36° 1 e —4 64°
| L S ! N | *
—14 —12 10 -8 —6 —4 —2 0 ¥ —14 —12 -10 -8 —6 —4 -2 0 63 —4
Bpewmst 1o 3emieTpsiceHus1, rof 3200 Bpewmst 10 3eMieTpsiceHusI, TOI 620
300k —26° —23° —20° —17° —14° —11°
130° 133° 136° 139° 142° 145° 148°
(m) (e) )
29.05.2008 B 20.06.2020 67 >0
45 >0 30+ 66° *
40+ 525} -1
_35h -1 X 65°
g3t 20 . -
251 -2 154 o4
2l T T T i R
T74 I S S w— , —12 10 -8 —6 —4 -2 0 63 o -
~14 —12 =10 -8 —6 —4 -2 0 S 20F 62°
13r 0 18r D267 23 —20° —17° —14° —11°
13F 2260 —23° —20° —17° —14° —11° 12l
1.2 =1L
< LIt 10k
1.0+ 08k
oot ool 68
esp % . "L . e g 1210 -8 —6 4 -2 0
-0 -8 =6 4 2 0 67° >0
2+ >0 4r 66°
ol 66° S2r o ] 5
g 65° o Sof
& -2F = ol 64°
640 oy 8
i r" “12 210 -8 6 —4 —2 0 63° —4
—14 —12 -10 -8 -6 —4 -2 0 63° 4 Bpewmst 1o 3emieTpsiceHUsI, To 620
Bpewms no 3emierpsiceHus, ron o 226° —23° —20° —17° —14° —11°
—26° —23° —20° —17° —14° —11°

Puc. 5. fInonus (a), (6), (8) u Ucnaunus (r), (o), (€): KapTsl pacripenejeHus nccieayeMbiX TapaMeTpoOB CeiiCMUYECKOTo pe-
XMMa B MOMEHT HauOOJIbIIIei BEeIMYMHBI aHOMJINY U TpahMK1 U3MEHEHUST 3HAYeHN I ITapaMeTpoB Bo BpemMeHU. O6o3Have-
HUSI — KaK Ha puc. 4.
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Tabomuna 4. [InurenbHOCTU aHOMauit mapaMmeTpoB b, RTL v ux pa3HOCTb

Perion Tara Marmurya JauTenbHOCTh JIauTeIbHOCTh aHOMAJIMKU T ror

anomanuu b T}, ron RTL Ty, oI b TRTL>

Kamuarka 02.03.1992 6.2 1.42 1.71 —0.29
08.06.1993 6.4 4.55 2.56 1.99

12.11.1993 6.2 4.77 3.52 1.25

05.12.1997 6.6 2.04 1.31 0.73

20.02.2011 5.9 2.74 2.57 0.17

28.02.2013 6.5 2.42 2.17 0.25

Menuana 6.3 2.58 2.36 0.49

SAnonus 04.10.1994 8.1 2.24 0.98 1.26
25.09.2003 8.0 3.41 1.79 1.62

11.03.2011 9.1 2.86 0.95 1.91

Menuana 8.1 2.86 0.98 1.62

Hcnanous 17.06.2000 5.5 1.3 0.44 0.86
29.05.2008 5.3 0.63 2.19 —1.56

20.06.2020 5.6 1.61 1.32 0.29

Menuana 5.5 1.3 1.32 0.29

ch, OoTB€Yaromme MOMEHTaAM (I)OpMI/IpOBaHI/Iﬂ aHO-

Maymii RTL n b. DTU OLIEHKU IIPUBOISITCSI U 00CYXK-
IAroTCs HITKE.

OBCYXIEHMUE PE3YJILTATOB

B coorBeTcTBUM C¢ “00pa3zsoM mpemBecTHMKA” 3a
BpeMsI Hadajla aHoManuii mapameTpoB RTL n b, BBI-
IeJIeHHBIX Ha puc. 4, pyc. 5 KpaCHBIM LIBETOM, TIpH-
HUMAJIOCh BpeMsI Hauajla yMEHBIIIEeHUSI COOTBETCTBY-
[olIero napaMmerpa. JnmrenbHoCTH aHOMAIWM (MH-
TepBaJibl BpeMEHU OT Hadajia aHOMaJIuii 1O MOMEHTAa
3eMJIETPSICEHYS ) TPUBEIESHBI B TA0JI. 4 U TIpeacTaBe-
HBI TpacduuecKu Ha puc. 6.

W3 1a6a. 4 u puc. 6 cienyer, YTO IJIMTEIbHOCTU
aHOMaJIMi1 JiexXaT B Auaria3oHe OT IoJIyroja 10 He-
CKOJIBKMX JIET, UYTO TUIIWYHO IS CPEAHECPOUYHBIX
MpeaBeCTHUKOBBIX aHoMauii [Cobones, 1993; 2011].
OTMETHUM, YTO B IIPOTrHOCTUYCCKUX MCCIIEIOBAHUSIX
4acTo 3a “BpeMs aHOMaIuu~ IIPUHUMAIOT BPEMS OT
MakcuMyMa aHOMaJIuM no 3emJiieTpsiceHus [Cumo-
puH, 1992; Cobones, 1993; 2011; Cobones, [ToHoma-
peB, 2003]. B rIporHocTuyecKux UCCIeTOBaHUSIX 3TO
BITOJIHE OITPaBIaHO, TIOCKOJIBKY ITO3BOJISCT O0JIee Ha-
JIEXKHO aJITOPUTMU3UPOBATh aBTOMAaTHU4YECKOe OOHa-
pyXeHue aHOMalIuK. MBbI 3Ke COXpaHUM BBEIOpaHHOE
HaMU onpeaeiieHue MINTETbHOCTH aHOMAJIMK OT ee
Havasia (a He OT MaKCUMyMa), IIOCKOJIbKY Hac MHTe-
pecyeT puznyeckass CTopoHa (GOPMHUPOBAHUSI aHO-
MaJIiM, a He yI0OCTBO €€ UCIOIb30BaHUS B TPAKTHU-
YeCKMX aJITOpUTMaX IIPOTHO3a 3eMyieTpsiceHnii. Eciau
COIIOCTABJIATh HAIllM OLIEHKM 13 TadJI. 4 ¢ “IIpOTHO-
CTUYECKMMU~ ONpEeNeICHUSIMU IMTEJILHOCTU aHO-

MaJIny, TO Halll OLICHKMW HY>XHO ITOAC/IUTb ITPUMEP-
HO Ha IBa.

B mocnemneM cronbne taba. 4 mpuBedcHaA pas-
HOCTh UIUTEIBHOCTEM aHOMaIuii mapaMeTpoB b u
RTL. BunHo, 4TO mjs BCEX 3e€MJIETPSICEHUI KpoMe
JIBYX 3Ta pa3HOCTb MOJIOXKUTENIbHA, T. €. aHOMAaJIUS I10
3HAYCHUSIM b BO3HMKAET paHbIle, YeM aHOMAaJIUsI
RTL.

OT006paHHbBIE 3eMJISTPSICEHUS B TPEX PETUOHAX 3a-
HUMAIOT pa3jUdHbIe AUAIa30Hbl MAarHUTYO: 5.3—5.6
st MUcimanoun, 5.9—6.6 ma Kamyatku u 8.0—9.1 mia
Anonuu. Ha puc. 7 npeacTaBieHa cCBoAKa CPeaHUX
IJIUTEIbHOCTE aHOMAJIMI 1 X Pa3HOCTEN B 3aBUCU-
MOCTM OT CpedHEH MarHuTyIdbl COIJIACHO OaHHBIM
Taba. 4. /i OLIeHKU CpedHUX IJIUTEIbHOCTEH HC-
moJib30BaHA MeAMaHa — Kak 0ojee ycToiuuBas
OLIEHKA MPU MaJIbIX 00beMaX BEIOOPKU.

Ha puc. 7 BugHO, 4TO IJIMTEIBHOCTH aHOMAJIUIA
napameTpa b mist HanboJjee cIabbIX 3eMJIETPSICEHUIA
(Ucnanousi) MeHblIlIe, YeM UIMTEIbHOCTU IJIsI OoJiee
CUJIbHBIX 3emiieTpsiceHut Kamuatku u Anonuu. Ka-
K1e-IM00 CUCTEeMaTU4YeCKNE Pas3INdusl IJIUTeIbHO-
creii aHomanuii RTL He BuaHbl. PazHulla nauTeab-
HocTel aHoManuii b u RTL yBenuunBaeTcs ¢ yBeJIu-
YeHNEeM MarHUTYObL.

OTMeTM, 4TO HeOOJbIlIas CTaTUCTHUKA M3YyYeH-
HBIX 3eMJICTPSICEHMII He ITO3BOJISIET ITOKa ciaeiaTh
CTaTUCTUYECKN 0O0CHOBAHHOE 3aK/IIOUCHHE O HAIU-
YUY WIN OTCYTCTBUU PA3IUUUS JJIUTEIILHOCTEM aHO-
MaJIvii Tiepel 3eMJIETPSICEHUSIMU PAa3HBIX MAarHUTY.
Kpowme Toro, Mbl He MOXeM MOKa pa3ae/INTh BO3MOXK-
HbIe 3aBUCMOCTU ITapaMeTPOB aHOMAaJINit OT MarHu-
TYIbI U X BO3MOXHEBIE PETMOHAIbHbIE OCOOEHHOCTHU
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Howmep 3emneTrpsiceHust
Puc. 6. [IutensHocty anoManwuii: mapametp R7L (1) u b (2), cornacHo Ta6:1. 4. [1o ocu abcrricc — HoMep 3eMJIETPSICEHMS CO-

mIacHo Tao. 1.

B 30Hax cyomykuuu (Kamyarka u fJmoxHust) u B pud-
todoii 30He (Mcnanous).

Briite MBI oTMEYanu, 4YToO rapamMeTp KOHIEHTpa-
U CEUCMOTEHHBIX Pa3pbIBOB MOXHO paccMaTpHU-
BaTh KaK IIOKAa3aTejlb HEYCTOWYMBOCTU CHUCTEMBI Ha-
KarIMBaloIINXCsl pa3pbiBOB. Bennmunna K, sBnsiercs,
MO CYTU Jiejia, OTHOIIIEHNEM CPEIHEr0 pacCTOSHUS
MEXIY CYLIECTBYIOIIMMU pa3pbiBaMu R K WX Cpen-
Hel mmHe [,,. TeopeTuyecku ABe TPELIUHBI, PACIIO-
JIO)KeHHbIE Ha OJHOM JIMHUU, TEPSIOT YCTOHUUBOCTD,
KOTJa OTHOLLIEHUE R/ [, 6113KO K 2. DTO onpenesieT

%k
TEOPETUYECKOE KPUTHIECKOE 3HAUEHUS KaK K, = 2.

3ajanuMcst BONPOCOM: TIPU KakKMX 3HadeHUsX K,
BO3HMKAIOT aHOMAaJIMU apameTpoB b u RTL?

B pa6ore [CmupHOB, 3aBbsiioB, 1996] mokasaHo,

4TO OLIEHKH 3HaYeHMIi K ,, 1 COOTBETCTBEHHO, KpH-

THYEeCKUEe 3HAYCHUS Kc*p B MOMEHT 3eMJICTPSICEHUS,
MoJiydeHHbIe 1Mo (opmyie (9), 3aBUCSAT OT COOTHO-
IIEHUS pa3Mepa STYeKU OCPETHEHMS M pa3Mepa oda-
ra 3emiieTpsicenus. [lokasarenb 3Toif MacIITaGHOM
3aBUCHMOCTH OIpenesieTcsl (PpaKTaIbHOM pa3MepHO-
CTBI0O MHOXECTBA TUIIOLIEHTPOB 3eMIICTPSICEHUIA.
B yacTHOCTH, BapbUpYsT OTHOILICHKE PAa3MEPOB STYCHKI
M O4aroB 3eMJICTpsICeHUI, aBTopbl [CMUPHOB, 3aBbsI-
JIoB, 1996] 06GHapyXuIu, 4To B paitoHe KamyaTku Kpu-

%k
TUYECKUE 3HAYEHUsA K, TIEPEl ONHUMMU U TEMH KE 3€M-
JIETPSICCHUSIMU U3MEHSTIOTCS OoJiee, YeM B TpU pasa.

Ucxonss u3 HEOOXOOMMOCTU CTAaTUCTUYECKOI
00€ecrneyeHHOCTH OLIEHOK, B HACTOSIIIEM MCCIEA0Ba-

OU3NUKA 3EMJIM  Ne 5 2023

HUM 3HaYeHUst K., PacCYMTHIBAIMCH JJIsl Pa3HbBIX
3eMJIETPSICEHUIT TpPU Pa3IMYHBIX COOTHOIIEHUSIX
pa3Mepa T9eiku 1 ouyara 3emiieTpsicenus. I1pu aTom
MBI HE OLICHUBAJI U HE YYUTBIBAJIU MaCIITaOHYIO 3a-
BUCUMOCTh, IOITOMY CpaBHUBATh 3HayeHus: K,
npuxoasinyecs Ha Hadajga aHoMaimii b u RTL misa
Pa3HBIX 3eMJICTPSICEHWIT W IJIs pa3HBIX PETMOHOB,
Heab3st. CoImocTaBasSITh MOXXKHO OTHOILIEHHMSI 3Haye-

HUA ch, IIpUXoOAIIMNXCAd Ha Bp€MdA Hadyajla aHOMa-

JIUU, K KPpUTUYECKOMY 3HAYEHUIO KC*p B MOMEHT OC-
HOBHOTO 3eMJICTPSICEHUSI. DTO OTHOIIIEHUE MCKITIO-
YaeT 3aBUCUMOCTD OLIEHKH (9) OT pa3mepa sTYeiku u
ougara 3emyieTpsiceHus. COOTBETCTBYIOIIIE OTHOIIIE-
HUS TIpUBEICHEI B Ta0JI. 5.

B tabnuie 5 BUTHO, UTO 3HAUYEHUST ch B MOMEHTBI
BO3HMKHOBeHUST aHOManuii b u RTL B cpemHeM oOT-

JINYAIOTCS OT KPUTUYECKUX 3HAYECHUN K:p (mpeBoc-
XOIAT UX) He 6oJiee, yeM Ha 5%. B mocnenHeM cTon6-
1€ TabIu1IbI 6 TPUBENEH IUaNa3oH u3MeHeHus K, B
npeaenax COOTBETCTBYIOIIETO CEICMIUYECKOToO IIUKIIa —

%
oTHoureHue K , BHavajue Hukia K K.,. 910 OTHOIIIe-
HUE B cpeaHeM okoJo 4, T.e. cocrapisgeT 400%. Tem

CaMbIM, OTJIMYKME 3HA4YeHUI K, OT KpUTHUIECKUX K, :;
Ha BeJIWYUHY MeHee 5%, MOXHO CYMUTATh MAaJIbIM.
DTO O3HAaYaeT, YTO aHOMAJIMH 110 3HAUYEHUSIM I1apa-
meTpoB b 1 RTL Bo3HUMKAIOT, KOrga KOHIIEHTPAIIMS
CEMICMOTEHHBIX Pa3phIBOB OJIM3Ka K KPUTUYECKOMY
3HAYCHUIO.
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Puc. 7. CpenHue (MenuaHHble) AIUTEIbHOCTU aHOMasuii napameTpoB b (7,) u RTL (Tryy) ¥ ux cpenHsis (MeAMaHHas) pas-
HOCTb (IT0 JaHHBIM Ta0J1. 5).

Tabauua 5. CooTHoUIeHNEe 3HAaYeHU I KOHIIEHTPaLWii CeiCMOTeHHBIX Pa3IoMOB. K -p B MOMEHTBI Hayajla aHOMaJIUii b U
RTL v B MOMEHT BpEMEHU 3eMJICTPSICEHUST

Pernon Hara Marnuryna chp / K:p K:;TL / K:p Kfp / K:p
Kamuarka 02.03.1992 6.2 1.026 1.031 4.01
08.06.1993 6.4 1.025 1.014 6.55
12.11.1993 6.2 1.037 1.029 4.87
05.12.1997 6.6 1.015 1.009 4.89
20.02.2011 5.9 1.019 1.016 4.42
28.02.2013 6.5 1.010 1.009 7.63
Anonus 04.10.1994 8.1 1.041 1.010 1.93
25.09.2003 8.0 1.094 1.044 2.91
11.03.2011 9.1 1.056 1.002 3.83
Hcnangus 17.06.2000 5.5 1.026 1.002 2.14
29.05.2008 5.3 1.010 1.023 2.44
20.06.2020 5.6 1.098 1.083 4.00
Cpennee 1.038 1.023 4.14

* b
HpI/IMC‘IaHI/IHI ch — KPUTUYECKOEC 3HAYCHUEC ch B MOMCHT 3€MJICTPSICCHUA, ch — 3HAYCHUC ch B MOMCHT HaydaJla aHOMaJIMU I1a-

RTL 0 .
pametpa b; K¢, = — 3HayeHue K., B MOMEHT Havyana aHomamu RTL; K¢, — 3HaueHue K, B Hayaje ceiCMUIECKOTO LIUKIIA.

SAKJTIOYEHUE HBIX MarHUTYJ B OOJIAaCTSIX C IBYMsI reHepalbHbIMU

AHaJIN3 NAHHBIX pPErMOHAILHBIX KaTaJIOTOB 3€M- TEKTOHNYCCKMMU TUIIaMU:. B 30HC CY6ILYK]_[I/II/I (KaTa-

JIETPSICEHU A TIO3BOJIMII BBISIBUTh aHOMAINK ceiicmu-  J1orn Kamyarku u SInonun) u B pudrosoit 3oue (Mc-
YeCKOTO pexXrMa Tepell 3eMJICTPSICEHUSIMU Pa3ind-  JIAHOWS).
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CoriocTaBjieHue JIJIUTENIbHOCTE aHOManuii Ha-
KJIOHA rpaduka noBTopsieMocTy b 1 mapamerpa RTL
MO3BOJIWJIO BBISIBUTh CTAIMIHOCTb MX MPOSIBICHUSI.
AHoOMaJIMM mapaMeTpa b B 1IeJIOM OOHApYyKMBAIOTCS
pasbiie, yem aHomanuu RTL. Borpoc o mpupoae n
MexaHu3Max (OPMHUPOBAHUS TAKOW CTaAUIHOCTHU
SIBJISIETCST OTKPBITBIM, HO MBI BBICKake€M Halllu Mpe-
TTOJIOXKEHUST Ha 3Ty TEMY.

AHoMaMu HakJIoHa rpaduKa IMOBTOPSIEMOCTH b
OTpaXaloT H3MEHEeHHE 3HEePreTUYEeCKOro CIeKTpa
CEMCMUYHOCTUA. YMeEHbIIIeHUe 3Had4eHUil b cBUIe-
TEJILCTBYET 00 YBEIUYEHUM JOJIU O0Jiee CHIIBHBIX CO-
OBITHI1 1 YMEHBIIIeHUe O0au 60jee cnadbix. C TOUKHU
3peHus (PU3MKM IIpoliecca ITOATOTOBKY o4ara 3emJjie-
TpsiceHus1, B pamKax KoHuenuuu JIHT 1 cxogHBIX ¢
HEe KOHLETILWI CIMSIHUS U pOCTa TPELLIMH 3TO Mepe-
pacripenejieHre CBSI3BIBAIOT ¢ 0Opa3oBaHUEM OoJiee
KPYIHBIX Pa3phIBOB 3a CYET YCUJICHMWSI B3aMMOJCH-
CTBUSI Pa3pBIBOB IIPU YBEJINYCHNT X KOHIICHTPAIINHA
3a CUET OOJIBIIETO MEePEKPHITUS BHI3BAHHBIX pPa3phl-
BaMU aHOMAaJIU MOJIs1 HAaNPSI>KEHUIA.

Anomanmuu RTL oTpaxamT (popMUpOBaHUE CEMl-
CMUYECKUX 3aTUIIMA U MOCISAYIONIYI0 (OPIIOKO-
BYIO aKTUBM3alIMIO celicMMYHOCTHU. B pakax koH1ern-
uuu JIHT obGpa3zoBaHue ceiicMUYECKUX 3aTUILNI B
IMarna3oHe OTHOCUTENbHO CIa0bIX 3eMJIETPSICEHUI 1
MocaeAyIonyo (OPIIOKOBYIO aKTUBU3AIIUIO CBSI3bI-
BalOT KakK C TepepacripeieiIeHUeM Ipoilecca paspy-
IIeHUS C MJIAAIINX MacIllITabOB Ha cTaplliue, TaKk U ¢
JioKain3alueil pa3pylieHus1 — pasjiejeHueM MeTa-
CTaOUJIbHOM 00JlacTU ouara Oyayliero 3emjeTrpsice-
HUS Ha “TIaCCUBHYIO” M “aKTMBHYIO” 4acTu. Jloka-
JIu3aiusl paspylieHus 3amyckKaeT JJaBUHOOOpa3HbIi
Mpolecc pa3pylIeHus B oclabJeHHON 30He, pa3Bu-
THe pa3pylleHUs] BeldeT K JajbHeulleMy yMeHbIIe-
HUIO TIPOYHOCTU 3TOM 30HBI M, KaK CIIEICTBUE, K
JIajgbHEHIIe JaBUHOOOpa3HOM aKTUBU3AIIMK pa3py-
meHus1 [Cobones, 1993].

IMonyyeHHble HaMU pe3yJabTaThl yKa3bIBAalOT Ha
TO, YTO MPOIIECC JoKanu3aluuu hopMUpyeTcs o3xe,
yeM HauyuMHaeT MEHSITbCSd YHEPreTUYECKUi CIIEKTp
celicMuuyHOCTA. BO3MOXHO, 4TO 3Ta 3aiepkKa yBe-
JINYMBAETCS C YBEJIMUEHUEM MaTrHUTYIbI 3eMJIETPsI-
CEHUSI, OCKOJIbKY Ha PUC. 5 Mbl BUIUM YBEJIUUECHUE
pas3nuuus OJUTEIbHOCTEM aHOMAaJIMiA HAKJIOHA Tpa-
¢uka nmoBropssieMocTu U RTL c yBeTuueHUEM MarHu-
TYIbI 3eMJIETPSICEHUSI.

CorocTaBieHre BpeMeH BOSHUKHOBEHMSI aHOMa-
JIii ceficMuueckoro pexxuma (HakjioHa rpaduka rno-
BTOpsieMocTu b 1 RTL) ¢ COOTBETCTBYIOIIIUMU TUM
BpeMeHaM 3HAY€HUSIMU TapaMeTpa KOHIEHTpaIuu
CEAICMOTEHHBIX PpPa3pbIlBOB CBUIETEIbCTBYET, UTO
dopMUpOBaHUE aHOMAJINI CEMCMUUYECKOTO pexXnma
ITPOUCXONUT, KOTJIA COCTOSIHAE CUCTEMBI CEICMOTEH-
HBIX Pa3pbIBOB MPAKTUYECKU JOCTUTIIO KPUTUUECKO-
TO 3HAYEHUS B CEICMUYECKOM IIUKIIE.
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OUNHAHCHUPOBAHUWE PALOTbI

PaGora BbInonHeHa npu (DUHAHCOBOI IOAAEPXKKE
PH®, rpant Ne 23-27-00067 “CTanguitHOCTh IMPOSIBICHUS
AaHOMaJIMM CEMCMMYECKOTO pexXuma Iepen CUJIbHbIMU
3eMJICTPSICEHUSIMU .

BJIIATOOJAPHOCTHA

Pa6ota BeImoIHEHA C KCIIOIB30BAHUEM JAHHBIX (PEeTru-
OHAJIBHBIMA KaTtajor 3emueTpsceHuit Kamuatrkm), moiy-
YeHHBIX Ha YHMKaJIbHOM Hay4YHOI ycTaHOBKe “CeliCMOWH-
(bpa3BYKOBOIT KOMITJIEKC MOHUTOPUHTA apKTUYECKOI KPHO-
JIATO30HBI ¥ KOMIUIEKC HEMNpPEepPhIBHOTO CEWCMMUYECKOTO
MoHuTopuHra Poccuiickoit ®Denmeparuu, cornpenebHbIX
tepputopuii u mupa” (https://ckp-rf.ru/usu/507436/).

CIITUCOK JIUTEPATYPBI

Kyproe C.H., Kykcenko B.C., Ilemposé B.A., Caseaves B.H.,
Cyamanog Y.C. K Borpocy o mpOrHo3upoBaHUM pa3pyliie-
Hus ropHbix opon // 3. AH CCCP. Cep. ®usuka 3em-
m. 1977. Ne 6. C. 11—18.

XKypkoe C.H., Kykcenxo B.C., Ilempos B.A., Caseaves B.H.,
Cynmanoe Y.C. KoHIIeHTpallMOHHBIN KPUTEPUIl 0O0BEMHO-
ro paspyiieHust TBepabix Tej. dusndeckre Mpoiecchl B
ovarax 3emuerpsiceHuii. M.: U®P3 um. O.10. IMmuara.
1980. C. 78—86.

3aswsnoe A.J]. CpenHeCpOUHBI MPOTrHO3 3eMJIETPSICEHUIA:
OCHOBBI, MeToAUKa, peanu3auus. M.: Hayka. 2006. 254 c.
Kernoann M., Cmeroapm A. CTaTUCTUYECKUE BBIBOIBI 1 CBSI-
3u. M.: Hayka. 1973. 900 c.

Muxaiinoeé B.O., Hazapsn A.H., Cmupnoé B.b. u dp. CoB-
MeCTHasi WHTepIpeTalus NaHHBIX IuddepeHInaIbHON
cnyTHUKOBOM nHTepdepomerpuu 1 GPS Ha nmpumepe Ai-
taiickoro (Yyiickoro) semuserpsicenust 27.09.2003 r. //
®usuka 3emiu. 2010. Ne 3. C. 3—16.

Msukun B.U., Kocmpoe B.B., Cobones I'A., lllamuna O.I.
OcHOBBI (DU3MKHU OYara 1 MpenBeCTHUKY 3eMIIETPSICEHUIA.
dusuka ouara semierpsicenus. M.: Hayka. 1975. C. 6—29.
Ilempywoe A.A., Cmupnos B.b. CBUOeTeIbCTBO O rocymap-
CTBEHHOIl  perucrpaumy mnporpamMmbl  1iss  DBM.
Ne 2022611056. 2022.

Cadosckuiit M.A., Iucapenxo B.D., llImeinéepe B.B. O 3a-
BUCHMOCTH DHEPIUU 3eMJIETPSICEHUS OT 0ObeMa celicMu-
yeckoro ovara // Hoxin. AH CCCP. 1983. T. 271. Ne 3.
C. 598—602.

Caamoikos B.A., Konosanrosa A.A. MOHUTOPUHT Bapralnii
HakJIOHa rpaduKa MoBTOPSIEMOCTH 3emieTpsiceHnii Kam-
YaTKM: METOIBI U TTpuMepbl. [IpobiaeMsl KoMrmiekcHoro
reodusndeckoro mouutopunra IB Poccun. Tpynsr Bro-
poOii peruoHaJibHOM Hay4YHO- TEXHUYECKOM KOH(pepeH-
uuu / B.H. Ye6pos (pen.). [NerponaBnoBck-Kamuarckuii:
K® I'C PAH. 2010. C. 235-238.

Caamoikos B.A., Kyeaenxo F0.A., Kpasuenxo H.M., Kono-
sanosa A.A. [lapameTpuuecKoe NpeacTaBieHUue TMHAMUKT
ceiicmmuHoctu Kamuarku // BylkaHoJI0OrUs U CECMOJIO-
rust. 2013. Ne 1. C. 65—84.

Cudopun A. 4. IlpenBecTHuKY 3emueTpsiceHuit. M.: Hayka.
1992. 191 c.

Cmupnos B.b., 3asbsnoe A./l. KoHIIeHTpallMOHHBIM KpU-
TepUil pa3pylIeHUs ¢ y9eTOM (hpaKTaJIBHOTO pacrpeaeie-
HUsI pa3pbiBOB // BynkaHojorust u cevicmonorus. 1996.
Ne 4. C. 75—80.



78 CMHWPHOB, INETPYIIIOB

Cmupnos B.B., 3asvsnoe A./]. K Bormpocy o ceiicMUYeCKOM
OTKJIMKE Ha 3JIEKTPOMAarHUTHOE 30HAMPOBaHUE JIUTOC(he-
pot 3emnu // @usnka 3emim. 2012. Ne 7—8. C. 63—88.
Cmupnoe B.b., Ilonomapés A.B. ®usnka nepexogHbIX pe-
KUMOB ceiicMuyHocTu. M.: PAH. 2020. 412 c.

Cmupnos B.b., Ommi S., Ilomanuna M.I., Muxatinoe B.O.,
Ilempos A.TI, Illanupo H.M., ITonomapes A.B. OnieHKH Ta-
pPaMeTPOB LIMKJIA pa3pylIeHUs IUTOoCchepbl O JaHHBIM pe-
TMOHAJIBHBIX KaTaJIoTOB 3eMiieTpsiceHuit // dusnka 3em-
am. 2019. Ne 5. C. 3-21.

Cobones I'A. KoHlienus npeacka3yeMOCTH 3eMIIeTpsiCe-
HUII HA OCHOBE MWHAMUWKU CEMCMWYHOCTH TIPU TPUTTEP-
HoM BoszeiictBun. M.: UD3 PAH. 2011. 56 c.

Cobones I'A. Mopenb TaBUHHO-HEYCTOMYMBOTO TpPEIIU-
HooOpazoBaHusi — JIHT // ®usuka 3emnu. 2019. Ne 1.
C. 166—179.

Cobones I'A. Duznueckne OCHOBBI IIPOTHO3a 3eMJIETPSICE -
Huii. M.: Hayka. 1993. 314 c.

Cobones I'A., 3asvsnoe A.Jl. O KOHLIEHTPAIIMOHHOM KpH-
Tepuu ceiicMoreHHbIX paspbiBoB // Jlokn. AH CCCP.
1980. T. 252. Ne 1. C. 69—71.

Cobones I'A., Ilonomapés A.B. ®usurka 3eMJICTPSICEHUI U
npenBectHukU. M.: Hayka. 2003. 270 c.

Cobones I'A., Tionkun 10.C., Cmuprnos B.b., 3asvsi06 A./1.
Crioco6 cpeaHecpOYHOro MpOrHo3a 3emJjeTpsiceHuit //
Hoxi. PAH. 1996. T. 347. Ne 3. C. 405—407.

Yeopoe B.H., /Ipo3nun /. B., Kyeaenxo I0.A., Jlesuna B.U.,
Cenroxoe C.JI., Cepeees B.A., lllesuenko I0.B., dwyk B.B.
CucrteMa JeTalIbHbIX CEICMOJIOTMYECKUX HAOMIOAEHU Ha
Kamuatke B 2011 r. // BynkaHosorust u ceiicMonorusi.
2013. Ne 1. C. 18—40.
https://doi.org/10.7868,/S0203030613010021

Yeoposa A.10., Yemapée A.C., Mameeenxo E.A., Yebpos /I.B.
Enunast nAopMaliMoHHasT CUCTeMa CeCMOIOTHYECKIX
naHHbIX B Kamuarckom punuane UL EI'C PAH: npuH-
IIUTTBl OpTaHM3allii, OCHOBHBIC 3JIEMEHTHI, KITIOUYeBbIC
dynkuum // Teobusnueckue uccienopanus. 2020. T. 21.

Ne 3. C. 66—91.

https://doi.org/10.21455/gr2020.3-5

Aki K. Maximum likelihood estimate of b in the formula
IgN = a — bM and its confidence limits // Bull. Earth-
quake Res. Inst. Tokyo Univ. 1965. V. 43. P. 237—239.

Kali R., Zaytsev A., Burnaev E. Recurrent Convolutional
Neural Networks help to predict location of Earthquakes //
IEEE Geoscience and Remote Sensing Letters PP. 2021.
V.99.P. 1-5.

Miachkin V1., Sobolev G.A., Dolbilkina N.H. et al. The study
of variations in geophysical fields near focal zones of Kam-
chatka // Tectonophysics. 1972. V. 14. Ne 3. P. 287—293.
Mjachkin V.I., Brace W.E., Sobolev G.A., Dietrich J.H. Two
models for earthquake forerunners // PAGEOPH. 1975.
V. 113. P. 169—181.

Nagao T., Takeuchi A., Nakamura K. A new algorithm for
the detection of seismic quiescence: Introduction of the
RTM algorithm, a modified RTL algorithm // Earth Plan-
ets and Space. 2011. V. 63. P. 315—-324. .
https://doi.org/10.5047 /eps.2010.12.007

Panza G.E, Kossobokov V.G., Laor E., De Vivo B. Earth-
quakes and sustainable infrastructure. Elsevier, 2022. 648 p.
Proskura P, Zaytsev A., Braslavsky 1., Egorov E., Burnaev F.
Usage of Multiple RTL Features for Earthquakes Predic-
tion. Computational Science and Its Applications. ICCSA
2019. ICCSA 2019. Lecture Notes in Computer Science.
V. 11619. Springer. Cham.
https://doi.org/10.1007/978-3-030-24289-3_41

Scholz C.H., Sykes L.R., Aggarwal Y.P. Earthquake predic-
tion: a physical basis // Science. 1973. V. 181. P. 803—809.
Stefansson R. Advances in earthquake prediction. Springer.
2011. 245 p.

Zhang Y., Huang Q. Seismicity Changes before Major
Earthquakes in Sichuan, China, Revealed by a Combina-
tion of the RTL Algorithm and ETAS Model // Seismolog-
ical Research Letters. 2022 V. 94 (2A). P. 844—851.
https://doi.org/10.1785/0220220282

Staging of Occurrence of Seismicity Anomalies before Earthquakes in Kamchatka,
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Abstract—The paper presents the results of a study showing that anomalies in the seismic regime parameters
before earthquakes of various magnitudes occur in stages. The occurrence in stages means the correlation between
the times of formation and development of anomalies in various seismic regime parameters. Earthquakes in regions
with two general types of tectonics are selected for analysis: in the subduction zone (Kamchatka and Japan) and in
the rift zone (Iceland). The selection of regions is primarily based on the availability and quality of regional seismic
catalogs. GR b-value and the composite parameter known as the RTL are used as the seismic regime parameters.
The detection of spatiotemporal anomalies before the selected earthquakes is based on the known “precursory pat-
terns” of the seismic regime parameters. Comparing the durations of the detected anomalies shows that the anom-
alies of b-value generally occur earlier than the RTL anomalies. Possible reasons why the anomalies occur in stages
are suggested. In the vicinity of the studied earthquakes, a change in the seismogenic rupture concentration pa-
rameter within the corresponding seismic cycles is also estimated. Comparing the times at which the detected seis-
mic regime anomalies occur with the values of the seismogenic rupture concentration parameter corresponding to
these times shows that the formation of seismic regime anomalies occurs at a stage when the system of seismogenic
ruptures accumulated during the seismic cycle has almost reached its critical value.

Keywords: seismic regime, seismic anomalies, occurrence in stages
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