


YBOXXOeMble ABTOPbI, PeLeH3eHThI
U BCe APY3bS HALIEro XYPHAAQ!

Pepxomnerus u pemakums xypHana «[eocrcTeMpl IepexofHbIX 30H» OIarogapsaT Beex,
KTO COJEVICTBYET >KYpHa/ly B BBIIIOJIHEHUN €TO MVUCCUU — NPEfOCTaBIeHNE€ POCCUIICKIM U 3a-
PYOEXHBIM MCCIIeoBaTeNAM B 00/IaCTU T'€OJIOTUY, BYJIKQHOIOTUM, TeO(PU3UKH, CEVICMOTIOTHM,
OKeaHOJIOTHM, Treorpadui, reoMeXaHMKY, T€03KOJIOTHM 1 p. BO3MOXKHOCTH ITyO/IMKOBATh CBOY
Ppe3ynbTaThl U3y4EeHM MPOLIECCOB M 3aKOHOMEPHOCTEN IEePEXOJHBIX 30H 3eMJI.

IIpy BamieM 3aMHTEPECOBAHHOM YYaCTUM >KYPHa/l 3a LIECTb JIeT CYLeCTBOBAHUA
Io6mcs 3aMeTHBIX ycriexoB. HabmropaoTcs AsBHbIe TPEH bl POCTa OCHOBHBIX IIAPaMeTPOB, 110
KOTOPBIM 00BIYHO OLIeHVBAIOTCS XKypHanbl. Hanipumep, mosbimienne nmnakt-gaxropa PYHI]
KaK C y4eTOM IUTUPOBAHMA U3 BCEX MICTOYHMKOB, TaK U 110 IUTUPOBAHUIO B )KypHajax Ajgpa
PVIHII; pocT 4mcia CChUIOK B CIMCKAX IUTEPATypbl B CTATbAX; YBEIMYEHME LIUTUPOBAHNA
JKYPHAJIOB M 3apyOEXHBIX MCTOYHUKOB ¥ T.JI. ITO MOXKET CHOCOOCTBOBATb IIOBBIIICHNIO
IIPUBJIEKATEIbHOCTY U aBTOPUTETA KypHasIa.

Cpeny Hamux aBTOpoB yueHble U3 Mocksbl, [lerepbypra, Ekatepun6ypra, VipkyTcka,
HoBocubupcka, BmagmBocroka, Xabaposcka, IlerpomaBnoBcka-Kamuarckoro, IOxHO-
Caxanuncka u gpyrux ropopos Poccum.

B nacroamee Bpemsa xypHan BkawouyeH B Ilepedyenr BAK mo 9 cmenmanbHOCTAM
B COOTBETCTBMM C HOBOVI HOoMeHK/IaTypoi1 crienyaabHOCTEIN.

B xonne 2022 r., kak u3BecTHO, BAK 1poBesn o1jeHKy 110 KaueCTBEHHBIM M KOIMYECTBEH-
HBIM KPUTEPHAM KypHasoB, BXxogaumx B [lepeyenn. Bee sxypHanbl pacrpefeneHsl o Koag-
¢dbunyenTy Hay4dHoit 3HauMMocTH 1o Kateropuam K1, K2, K3. JKypnansl, Bxopsmye B 6a3bl
WoS, Scopus mmm RSCI, no ymonmuannio ornecennl k K1. Ham >xypHan Bouien Bo BTOpOIt
kBaptunb (K2).

Peqikorierviert IpUHST TUH pelieH3MPOBAHNSI IBOITHON C/IENOi — Hanbostee O TMMaTbHBbII
U PEKOMEH/IYEMBbIVI I KYPHAJIOB, Halle/IECHHBIX HAa BXOX/EHME B MEXIyHapOJHble Hay4yHbIe
6a3bl JTaHHBIX. PelleH3nN y HaC B ITOJAB/IAIONIEM OOIBIINHCTBE BBICOKOKBAMM(UIIPOBAaHHBIE.
Mpb1 671aroffapHbI HAIlIVIM pelleH3eHTaM M BHY TPEHH)M, U He3aBYICUMBIM, 32 JOOPO>KelaTeIbHYI0
U KOHCTPYKTUBHYIO KPUTHKY, ICKPEHHIOIO 3aIHTEPECOBAHHOCTD B Y/Ty4IIE€HNI KadeCTBa CTaTell.

JKypHan npupep>xuBaeTcsa MOMUTUKN OTKpbITOro gocrymna. C 2021 r. >KypHan BKIOYEH
B MEXJYHapOIHYI0 6a3y HayuyHbIX )KypHanoB Directory of Open Access Journals (DOAJ). PDE-
(a’liyIbl ¢ MOTHOTEKCTOBBIMM BEepCUAMI MaTepHaIoB, OIyOIMKOBAHHBIX B )KYpHasle, HAXOIATCA
B OTKPBITOM JIOCTYIIe Ha caiiTe )KypHaia U Ha caiite eLibrary, ¢ 2022 1. cBefleHUs O CTAaThSIX U
CCPUIKM Ha HMX pasMeNIAloTCA Ha moprane Poccuiickux Hay4HbBIX >KypHanoB. MeTamaHHbIE
HayYHBIX CTaTel epefaroTcs B MexxayHapopHble 6aspl DOAJ u CrossRef.

OdopmeHne XypHala U CaliT COOTBETCTBYIOT BCeM (POpPMaTbHBIM KpUTEPUAM 0TOOpa
JKYPHAJIOB B ME&XIYHApOJHbIE 6a3bl JAHHBIX.

Crparernsa pasBuTusA >KypHasa, 10 3aMbICTY PeJKOJIIETVM, IIPEATIOIaraaa ero BXoK/eHue
B MHB]I Scopus n/unmu Web of Sciences. Ho nsBectHbie peanuu >XU3HM Cfie/Iain TaKOe IPOJIBA-
JKeHue npo6bneMariaHbIM. Kak 1 ipyrye >KypHasIbl, MbI CTOTIKHY/IVICh C HEMaJIBIMU TPYFHOCTS-
M. OCHOBHasI M3 HUX COCTOUT B COKPAIIleHN IIPUTOKA CTATell ¥ Cy>KeHNM reorpaduyt aBTOPOB.

Pepaxuys HajieeTcs1, YTO XKYPHATY YAACTCS COXPAHUTD KOHTVHIEHT HaJle)KHBIX aBTOPOB,
KOTOpBbI€e IIPUB/IEKYT K COTPYFHUYECTBY KOJUIET U aCHMPAHTOB I IOMOTYT KypHAITy IIPEOI0/IETh
IpenATCTBYA Ha Iy T poaBIbKeHus ero B Russian Science Citation Index (RSCI) (coctaBHyIo
vacTp sappa PYHII).

Pepaxnusa xypnana «leocucreMbl mepexogHbIX 30H»
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Hayu4HbIn XypHan

Yupedumernb u uzdamerb:

OIrBYH VIHCTUTYT MOpPCKOW reornornm u reopmanku
[anbHeBOCTOYHOIO OTAENeHUs
Poccuinckoi akageMum Hayk

Nsgaetca ¢ aHBaps 2017 r.
MepmnognyHocTb U3fnaHuA 4 pasa B rog

OcHoBHas 3agaya XypHana — UHhOPMMPOBAHWE Hay4HON
06LL1eCTBEHHOCTW, POCCUIACKON 1 3apyBexHo, 0 pesynsrartax
U3y4YEHNs reocMcTeM NEPEXOAHbIX 30H 3eMnu U CBA3AHHBIX

C HUMUK Npobnem reoramnkn, recnorm, reoauHammKu,
CEeNCMOIOrnm, re03KoNorMm N APYrux Hayk.

AKypran:
* MHAeKkcupyeTcs B POCCMCKOM MHAEKCe Hay4yHoro
untupoBaHus (PUHLI);
* peructpupyetcs B cucteme CrossRef. HayyHbim
ny6nukauusam npuceavneaeTcs naeHtudgmkatop — DO,
« BkntoveH B katanor Ulrich’s Periodicals Directory;
* BKJIOYEH B MeXAyHapoaHyto 6a3dy Hay4HbIX XXypHanoB
oTKpbITOro goctyna — Directory of Open Access Journals
(DOAJ);
» BxoguT B MNepeyeHb BAK — NepeyeHb peLeH3npyembIx
HayYHbIX U34aHWUIN, B KOTOPbIX AOMKHbI ObITb ONy6NUKoBaHbI
OCHOBHblE Hay4Hble pesynbTaThbl AMCCepTaLUMin Ha CoucKaHme
y4YeHOW CTeneHu kanamaarta Hayk, AoKTopa Hayk no
cneayloLwmm Hay4YHbIM CNeLUansHOCTSM U COOTBETCTBYOLLIMM
WM OTpacnaM Hayku: :

1.6.1. O6was n permoHanbHas reonorusl. FeoTekToHMKa u
reogvHamMmuKka (2e0s/1020-MuUHepanoaudyeckue)

1.6.3. lleTtponorus, BynkaHonorus
(2eonoz2o-muHepanoauyeckue)

1.6.9. Teodmauka
(2eoro2o-MuHepanoauyeckue; husuKo-mMamemamuyeckue)

1.6.14 'eomopcbonorusa n naneoreorpacus
(eeoepachuqeckue)

1.6.17. OkeaHonoruns
(2eoepachuyeckue; 2e0/1020-MUHEPANoauYecKuUe;
u3uKo-mamemamudeckue)

1.6.20. l'eonHdopmaTuka, kapTorpadusi
(¢pusuko-mamemamuyeckue)

1.6.21. leoakonorus
(eeoepaghuyeckue; eeonoeo-MuHepanoau4ecKue)

1.5.15. Bkonorus (buonozuyeckue)
1.1.8. MexaHuka gedopmmpyemoro TBepaoro tena
(mexHuyeckue, huauko-Mamemamuyeckue)

* oTHeceH B NepeyHe BAK k xypHanawm Il ksaptunsa (K2).
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Founder and Publisher:

Institute of Marine Geology and Geophysics
of the Far Eastern Branch
of the Russian Academy of Sciences
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The main objective of the journal is informing of scientific
community, Russian and foreign, about the results
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The Journal is:
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scientific journals, in which main scientific results
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Doctor of Sciences degrees in the following scientific
specialties and corresponding branches of science should
be published:

1.6.1. General and regional geology. Geotectonics and
geodynamics (Geology and Mineralogy)

1.6.3. Petrology and volcanology
(Geology and Mineralogy)

1.6.9. Geophysics
(Geology and Mineralogy; Physics and Mathematics)

1.6.14 Geomorphology and Paleogeography
(Geography)

1.6.17. Oceanology
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Physics and Mathematics)
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BrinaHune kocMmnyecknx oaktopos
Ha rpsi3eBYyIIKaHMYECKYI OeATENbHOCTb 3eMiun

I B. Yemrweos™, B. B. Epuios
*E-mail: gen.ustyugov@mail.ru

Hnemumym mopckoii eeonocuu u eeouzuxu JJBO PAH, FOocno-Caxanunck, Poccust

Pe3tome. B pabore BHepBble NpOaHAIM3HPOBAHO BIHMSHHE PAa3HBIX KOCMHUYECKHUX (DAKTOpOB (IpaBHTALMOHHOE
BozzeiicTeue Jlynsr u CounHIla, COTHEUHAass aKTUBHOCTH, BpallleHHe 3eMJIH) Ha IPA3EBYJIKaHUYECKYI0 aKTHBHOCTH.
AHanu3 BBINONHEH, INIABHBIM 00pa3oM, Ha MPUMEpE IPA3EBbIX BYIKaHOB A3epOaiipkaHa, Ui KOTOPBIX CYIIECTBYET
HaunOoJiee MOJTHBIA Karaor n3epxkeHui (431 codbitue 3a mourn 210 neT). YCTaHOBIIGHO, YTO aKTHBHOCTD TPSI3EBBIX
BYJIKAHOB MOJKET ITOBBIIIATHCS MTOCIE CU3UTHHHBIX NPWIIMBOB, KOTAa 3eMIIs pacriojlaraeTcst Ha ofHoi npsmoit ¢ Jly-
Hoi 1 ConHIEeM (MX NPUIMBHBIE CHIIBI B 3TOM CIIy4ae CyMMHUpYOTCs). OTKIIMK IPA3€BBIX BYJIKAaHOB Ha MPUIMBHOE
Bo3zeiicTeue JIyHbI 3ana3gpiBaeT Ha 5—10 cyT. YCTaHOBIEHO TakXe, YTO YUCIIO TPSI3EBYIKAHMYECKUX H3BEPIKEHUI
pacmpezesnieH0 HepaBHOMEPHO B TEUEHHUE T0J]a C MaKCHMyMaMH B MapTe—HIOHE U CeHTAOpe—okT10pe. Hammune aTux
MaKCHMYMOB MOXeT OBbITh 00YCJIOBJIEHO M3MEHEHHEM paccTossHusl Mexay CoiHueM u 3emiieil U BapualusiMH COJI-
HEYHBIX IPHJINBHBIX CHJI B IEPHOJIBI TepHUTelust U adenusi. [Ipu 5TOM OTKIMK TPSA3EBBIX BYJIKAHOB Ha IMPHJIMBHOE BO3-
neiicrBue CoJHIIA 3ama3apIBacT HA HECKOJIBKO MECSIEB U JOCTaTOYHO CHIIBHO PAacTSHYT BO BpeMeHH. CyniecTByIOT
KOJIeOAaHUSA TPSA3EBYIKAHUIECKOH aKTUBHOCTH ¢ IeprnooM 14—20 sret, KoTopble He COBIANAIOT C IUKIAMHU COTHETHOM
akTUBHOCTH (c mepuonamu 11 u 22 rona), XOTS HEKOTOPBIE HCCIIEIOBATEIN TOBOPST O CBA3H MEXy COTHEUHON U TPsi-
3€BYJIKAHUYECKOW aKTUBHOCTSIMH. BO3MOXHO, yKa3aHHBIE KOJICOAHHS TPA3EBYJIIKAHWYECKOW aKTUBHOCTH CBS3aHBI
¢ TMaBHOM rapmonukoi Hytauu 3emiu (18.6 roxa). [TokazaHo, 4To MakCUMallbHOE KOJTUYECTBO IPSA3EBBIX BYIKAHOB
Ha 3emJyie MpUXOAUTCs Ha mupoTHbIE nosica 30—45° n 10—15° c.mr. (okono 22 u 46 % oT 0o0miero yucia ByIKaHOB
co0TBeTCTBeHHO). B KOHOM monymapuy Hanbosblee KOJIMYeCTBO BYJIKaHOB (0koJ0 3 % OT o0miero yncia) Haxo-
muTcs B TpaHumax 5—10° ro.m.

KntoueBble cnoBa: rps3eBbie BYJIKaHBI, TCOMMHAMIUECKHIE MPOIECCH, Kocmudeckue ¢axropsi, Comnnre, JlyHa,
MIPYJIMBHBIE CHJIBI, COTHEYHAS aKTUBHOCTH

Influence of cosmic factors
on mud volcanic activity of the Earth

Gennady V. Ustyugov®, Valery V. Ershov
*E-mail: gen.ustyugov@mail.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. In this work, the influence of various cosmic factors (gravitational influence of the Moon and the Sun, solar
activity, the Earth’s rotation) on mud volcanic activity was analyzed for the first time. The analysis was carried out main-
ly on the example of mud volcanoes in Azerbaijan, for which there is the largest and most complete catalog of eruptions
(431 events over almost 210 years). It has been found that the activity of mud volcanoes can increase after syzygial tides,
when the Earth is in line with the Moon and the Sun (their tidal forces are summed up in this case). The response of mud
volcanoes to the tidal influence of the Moon is delayed by 5-10 days. It is also found that the number of mud volcanic
eruptions is distributed unevenly throughout the year with maximums in March-June and September-October. The pres-
ence of these maximums may be due to a change in the distance between the Sun and the Earth and variations in solar
tidal forces during the periods of perihelion and aphelion. At the same time, the response of mud volcanoes to the tidal
influence of the Sun is delayed by several months and is quite strongly extended in time. It was revealed that there are
fluctuations in mud volcanic activity with a period of 14-20 years, which do not coincide with the cycles of solar activity
(with periods of 11 and 22 years), although some researchers talk about a connection between solar and mud volcanic ac-
tivity. It is possible that the indicated fluctuations in mud volcanic activity are related to the main harmonic of the Earth’s
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nutation (18.6 years). It is shown that the maximum number of mud volcanoes on the Earth falls on the latitudinal belts of
30-45° N and 10-15° N (about 22 and 46 % of the total number of volcanoes, respectively). In the southern hemisphere,
the largest number of volcanoes (about 3 % of their total number) is located within the boundaries of 5-10° S.

Keywords: mud volcanoes, geodynamic processes, cosmic factors, Sun, Moon, tidal forces, solar activity

Mna yumuposanus: Ycroro I'B., Epmo B.B. Biusinue koc-
MHYECKHX (DAKTOPOB Ha TPS3EBYIKAHHUYECKYIO JIESTEIBHOCTD
3emmn. [ eocucmemuvl nepexoousix 30w, 2023, 1. 7, Ne 1, c. 5-24.
https://doi.org/10.30730/gtrz.2023.7.1.005-024;
https://www.elibrary.ru/zgance

BBepneHue

[IpoGnembl BIWSHUS BHEMIHHX (KOCMHUYE-
CKUX) (paKTOPOB Ha T€OJUHAMUYECKUE TTPOIECCHI
3eMJIn — MOUCK CTAaTUCTUYECKUX CBSI3EH, aHAIIN3
MEXaHHU3MOB TaKOrO BIIMSHHUSA, IPOTHO3 U3MEHe-
HUSl aKTUBHOCTU PAa3HBIX MPHUPOTHBIX SIBICHHM
U3-32 KOCMUYECKOTO BO3IEHCTBUS — TOCTAaTOUHO
JaBHO M LIMPOKO OOCYXKIAlOTCS B HAy4yHOM CO-
obmectBe. Hanbomnpiee BO3MyIIIaroIiee BIUSHIE
Ha 3eMJII0 U €€ BHYTPEHHHUE (PHIOTEHHBIC) MPO-
neccol okaspiBatoT ConHue u JlyHa — euHCTBEH-
HBII CITyTHUK HaIllleH TuTaHeThl. B ponu (hakTopos,
BJIMSIOIINX Ha [TPOLIECCHI B IUTOC(Epe, MOTYT BbI-
cTynaTh npuinBHbIe cviibl Jlyabsl u Conana [ 1-3],
W3MEHEHUS COJIHEYHON aKTUBHOCTHU U YCKOPEHHE
COJIHEYHOro BeTpa [4—6], Bapualuu CKOpPOCTH
BpaleHus 3emiid BOKpyr cBoelt ocu [7-9]. Bos-
NeiicTBIEe KOCMUYECKUX (DaKTOPOB MOKET MPOSIB-
JSATHCS, HAIPUMEP, B U3MEHEHUSAX CEHCMHUUYECKON
U ByJIKaHM4YecKoW akTuBHOCTEH [10—15], unTeH-
CUBHOCTHU DPAJIOHOBBIX 3MaHaiui [16], ypoBHA
MOA3EMHBIX BOJ; cMenleHusX rpyHTa [1, 17]; aHo-
MajusiX CHEKTpa CEHCMUYECKOro IIyma HaJ He-
¢drera3zoBeiMu 3anexamu [3].

W3 ananusa nutepaTypHbIX AaHHBIX IO 00-
CyX/J1aeMoil mpobiemMaTuke MOXKHO CJIeNaTh BbI-
BOJI, YTO TPUPOAHBIC (IOUTOIMHAMHYECKIE
CHCTEMBI, O0JIQJa0IINe BO3MOXHOCTBIO JOCTa-
TOYHO OBICTPOrO IMepeHoca U3 NIyOuH 3emMiid Ha
€€ MOBEPXHOCTh OTHOCUTEIHHO MAJIOBSA3KOTO Be-
IIECTBA, BECbMa YYBCTBUTENIbHBI K KOCMUYECKUM
BO3eHCTBUSIM. OIHOM M3 TakuX (DIIOMIHBIX CHU-
CTEM SIBJISICTCS IPSI3E€BOM ByJIKaH, B Ipoliecce Aesl-
TEIHHOCTH KOTOPOTO HAKOMHUBILIEECS B O4are BYJI-
KaHa BEIeCTBO (ra3, BoAa, 0CaJ0YHbIE MOPO/IbI)
peryisipHO BBIOPACBIBAETCS U3 3€MHBIX HEIp Ha
MOBEPXHOCTh. [ psA3EBON BYJKAHU3M OTHOCHUTCS K
OTAaCHBIM TEOJIOTUYECKUM SIBJICHUSM, MPEACTaB-
JSIOLUMM CEPbE3HYI0 YIpo3y Ul HHKEHEPHOU
UHOPACTPYKTYPHI U PUPOTHBIX IKOCUCTEM, TTPH-
BOJSIIIIMM K HETAaTUBHBIM COILMAJIbHO-DKOHOMHU-
YECKMM M JKOJOTHYECKHM TocheAacTBusMm [18].

GEOPHYSICS

For citation: Ustyugov G.V., Ershov V.V. Influence of cosmic fac-
tors on mud volcanic activity of the Earth. Geosistemy perehod-
nykh zon = Geosystems of Transition Zones, 2023, vol. 7, no. 1,
pp. 5-24. (In Russ., abstr. in Engl.). https://doi.org/10.30730/
gtrz.2023.7.1.005-024; https://www.elibrary.ru/zgance

MOXHO MNpennoysoKuTh, 4TO AKTUBHOCTb Ips-
3€BBIX BYJKAaHOB OOYCJIOBJIE€HA BIUSHHEM KOC-
MHYECKHUX (DAaKTOPOB B TOH K€ CTENEHH, KaK 3TO
YCTaHOBJIEHO K HACTOSIEMY BPEMEHHU IS 3€M-
JETPACEHUN, MarMaTMYeCKUX BYJIKaHOB U IIPO-
YuxX IPUPOAHBIX SBICHUU. BriosHe BEpOATHO,
YTO M MEXaHU3Mbl TAKMX KOCMHYECKHX BO3JEH-
CTBHI MOTYT OBITh CXO)KUMU. B HacTosmee Bpemst
JI0 CHX TIOp KpaiiHe Mayio padoT, UCCIEAYIOMNX
CBSI3b KOCMHUYECKHX (DAKTOPOB C AEATEIBHOCTHIO
rps3eBbIX ByakaHoB [13, 19]. Mel Hageemcs, 4TO
HAllleé MCCJIEJOBAHUE B OINPEAEICHHOW CTEIECHU
BOCITOJIHHAT 3TOT IpoOer.

Hens nanHOW pabOTHI — BHISBICHHUE 3aKOHO-
MEPHOCTEN B IPOCTPAHCTBEHHO-BPEMEHHOM pac-
IIPEIEIICHUN TPA3EBYJIKAHUYECCKON AEATEIbHOCTH
3eMJIH ¥ IOUCK BO3MOXKHBIX OOBSICHEHHI 3TUX 3a-
KOHOMEPHOCTEH C TOYKU 3pEHUS BIUSHUSA KOCMU-
YeCKUX (PaKTOPOB.

MaTtepuan (06bekT)
M MeToabl UccnegoBaHuUA

Jns aHanmu3a 3aKOHOMEPHOCTEW LIMPOTHO-
rO pacrpeziesieHus rpsi3eBbIX ByJKaHOB Ha 3emiie
UCIIOJIb30BAJICS aTJIac TPSA3EBBIX BYJIKAHOB MHUDA,
KOTOPBIM COAEPKUT [aHHBIE O PACIOJIOKEHUU
2508 rpsi3eBbIX BYJKAaHOB U I'PA3EBYJIKAHUYECKUX
nposiBJIeHU Ha Hamiel anere [20]. YkazaHHbIil
arjac BKJIIOYaeT B ce0s TakkKe J0CTAaTOYHO MOA-
POOHBIN KaTajor M3BEPKEHUN TPSA3EBBIX BYIIKa-
HOB AsepOaiimkana ¢ 1810 mo 2014 r., koTopslii
B Mporiecce paboTel ObUT gomoiHeH mo 2018 T
TaHHBIMU M3 paboT JApPYrux uccienoBarenei
[21-22]. onONMHEHHBIM KaTaJlor UCIOIb30BaJICs
JUISL TIOMCKa BO3MOXKHBIX BO3JECUCTBUIA KOCMHUYE-
ckux tei — JIlynsl u ConHIa — Ha aKTUBHOCTb I'psi-
3eBBIX BYJIKaHOB. A3zepOaiikaH He HMeeT cede
PaBHBIX B MUPE 10 KOJTUYECTBY Ha3€MHBIX U MOP-
CKHUX TPSI3€BBIX BYIKaHOB — CBbIIIE 350 00bEKTOB.
B karamore coOpansl cBeaeHust o 431 u3Bepike-
HUH, KOTOpBIE 3a TouTH 210 jeT npousonuiu Ha 93
IpsA3€eBBIX ByJakaHax AszepOaiijxana. Ha ceron-
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BrisiHne KOCMUYeCKnx CpaKTOpOB Ha rps3eByriKkaHN4YeCcKyro JeATelIbHOCTb 3emnun

HSIIHAR OeHb 3TO Hanboliee 00bLEMHBIA KaTajaor
U3BEPKEHMM; I JPYIUX TPA3EBYIKAHUYECKUX
MIPOBUHIMI MO00HBIE CBEEHUS Topa3io Ooisee
ckynuble. M3 Bcex 3aUKCHPOBAHHBIX COOBITHIA
TOJIBKO 7151 239 ciiydaeB KpoMe rojia yKa3aH elne
u Mecsl u3BepxeHus. [loaHble gaThl, BKIOYa0-
[IMEe HE TOJHKO MECSIl, HO U JACHb COOBITHS, U3-
BeCTHBI 15 183 mM3BepKeHU. ITO UMEET 3HAYE-
HUE B HAIIEM MCCIIEIOBAHUH, TaK KaK JJI OTHUX
CTaTUCTHYECKUX PACYETOB JOCTATOYHO MeECs-
1a COOBITUS, a JJIA APYTUX TPEOYIOTCS TMOJTHBIC
JaThl n3BepkeHu. Hke 310 pazbsicHeHo 6omee
noJIpoOHoO.

Bospact JlyHs! (Bpemsi B IHAX, OTCUUTHIBA-
eMoe ¢ MOMeHTa (a3bl HOBOIYHUS) ONPEAEISIIN
C TIOMOILBIO OHJIAWH-KaJIBbKYJISITOPa, B KOTOPOM
npumensiercst anroput™m Credana [lImurra [23].
Pacuetnoe nonoxxenue JIyHbl OCHOBaHO Ha YHC-
J€ HOJIMAHCKUX JIHEW, KOTOpPO€ COOTBETCTBYET
UHTEpECYIOLEN KaJleHaapHou nare. s kaxaoun
JIaThl pacyeThl OHJIAWH-KAJIBKYJIATOPA TPUBOISAT-
cs Ha 00:00 4 o TPUHBUUYCKOMY BPEMEHH.

[Ipu anamusze BO3MOXXHOTO BIMSIHHUS COJI-
HEYHOM AaKTHUBHOCTHM Ha JEATEIbHOCTh IpsA3e-
BbIX BYyJKaHOB A3sepOaiijykaHa HE YUYMTHIBAJIHUChH
14 cnydaeB, koraa OAWH U TOT XK€ TPA3EBOM BYJI-
KaH M3BEprajcs JBa pa3a B TEUCHUE OJHOIO roja.
CraTucTuka MHTEPBAJIOB BPEMEHH MEXIY ABYMS
MOCJIEI0OBAaTeIbHBIMU  U3BEP)KEHUSIMU  [OKa3a-
Ja, YTO MOAABISIONIee OOJBIIMHCTBO IPA3EBBIX
BYJIKAHOB M3BEpraercs He 4yalle OJHOro pas3a B
HECKOJIbKO JieT [24]. CI0XHO MpeACTaBUTh, UTO
BYJIKaH 32 HECKOJILKO MECAIIEB CMOT ObI HAKOTIUTH
0o0IbII0i 00BEM BelIeCcTBa U YHEPTUH, HEOOXOIH-
MBI 17151 oOYepeqHOro u3BepkeHus. [loaromy Mbl
[I0JIaraeM, 4YTO Ka)Abl TaKOW Cilydail NpaBUJIb-
HEE CUYUTaTh JUIMTEJIbHBIM JIByXaKTHBIM H3BEp-
JKEHUEM, a HE JByMs OTJICJIbHBIMH W3BEP>KEHUS-
Mu. Takum 00pa3oM Karajor, UCIIOJIb3yEeMBbIi JTst
pacuera exXeroJHOro Yucia rps3eByIKaHUuYeCKUX
u3BepkeHui, comepxan 417 cobwiTuit. [lanHbIe
O COJIHEYHOM aKTUBHOCTH 3a mepuof ¢ 1946 mno
2018 1. B3STHI W3 OHJIAMH-KATaOTa BCEMUPHOTO
uenTpa nanueix SILSO (Koponesckast o6cepBato-
pus benbrum) [25].

rpaBMTaLIMOHHoe BO34encTBUue nyHbI
Ha aKTUBHOCTb rpA3eBbIX BYJIKAHOB

EQvHCTBEHHBIM €CTECTBEHHBIM CITyTHHKOM
3eviuin U OKadIIMM K Hell HEOECHBIM TEJIOM
apisercs: JlyHa, koTopasi BBICTyHaeT st 3eM-

TEO®U3UKA

a1 Haubosee CUJIbHBIM HCTOUYHHUKOM IPUIIUB-
HbIX BO3MYLICHUH B IIMPOKOM CIIEKTPE YacTOT
[26-29]. Pacnonoxenue JlyHbl OTHOCHUTEIBHO
3emin u ComnHIIa onpeaensieT JyHHbIe (a3bl (HO-
BOJIyHHE, MOJIHOJYHHE, KBaIpaTypbl/4eTBEPTH) —
MEPUOJNYECKOE U3MEHEHHE BHUIA OCBELICHHOMN
yacTu noBepxHocTH JIyHsl Ha 3eMHOM Hebe. [Ipo-
MEXYTOK BpEMEHU MEX 1y JBYMs I10CIIE10BATEb-
HBIMHM OJMHAKOBBIMU (pazamu JlyHbl Ha3bIBaeTCA
CUHOJIMYECKUM MECSILEM, MPOAOIKUTEIBHOCTD
KOTOPOTO HEMOCTOSIHHA U COCTABIIIET B CPEAHEM
npuMepHo 29.5 cyT.

[IpuivBHBIE CUITBI BO3ACHCTBYIOT Ha 3eMIIIO,
pacTsAruBasl Hally IUIAaHETY BAOJb JIMHUH, COBIIA-
JaloIIel ¢ HalpaBJIeHUEM Ha BO3MYILAIOLIEE TEIO
(B manHoM cnyuyae Ha Jlyny). B HanmpaBienun,
MEePIEeHIUKYIIPHOM YKa3aHHOM JINHUU, IPOUCXO-
IUT C)KaTHe 3eMHOTO 1mapa. TakuM oOpa3oM, BO3-
MyIeHHOe Teno (3emMis) U ero 00oJI04KH (eciu
OHU TOAJAIOTCS JedopMalnu) IO JACHCTBHEM
MPWINBHBIX CUJI MOTYT NPUHUMATh popmy, O1u3-
KYIO K BBITAHYTOMY SJTUIICOUTY, T.€. 00pa3yloTcs
TaK Ha3bIBa€Mble MPUIMBHBIC BBICTYIBI (TOPOBI).
Bpamenue 3emnu oTHOCHTENBHO JIyHBI TpOHCXO-
TUT ¢ IeproaoM okouto 24 1 50 muH. 3a 310 Bpemst
10 3€MHOM NOBEPXHOCTU MPOXOMAT J1BAa MPUJIMB-
HBIX rop0a, T.e. UHTepBaJI MEXYy HUMHU COCTaBIIS-
eT okoisio 12 y 25 MuH (Tak Ha3bIBaeMas MPUIINB-
Has BonHa M,). Bce nabmromaeMple NpUITMBHbIE
SIBIICHUSI MOKHO Pa3[elIUTh Ha TPU TPYyNIbL: MO-
JyCyTOYHBIE, CYyTOUHBIE U JOJITONEPUOJUIECKUE
[27, 29]. Ha 3emie HaOmOmarTCs pazTUIHBIC
MPWINBHBIE SIBICHUSA: MOPCKHE MPUIUBBI/OTIHU-
BbI, ieopMaIi 3eMHOM KOPbI, KOJIeOaHUsI yPOB-
HS NOJ3EMHBIX BOJ, U3MEHEHUS yIJIOBOW CKOpO-
CTH BpallleHHs 3€MJIM, BapHallud CUJIbI TAKECTH,
ra3oBbIX SMaHallUl, MUKPOCEHUCMHYHOCTH U JIp.
PaccMotpum noppoOHee HEKOTOPbIE U3 ATHX MPH-
JTUBHBIX sABIeHUM. [Ipenmnourenue ormaguMm Tem
SBJICHUSIM, B KOTOPBIX, IO HAIlIEMy MHEHUIO, MO-
T'YT JIeCTBOBaTh MEXaHU3MBbI, CXOXKHE C BIUSHU-
€M JIYHHBIX IIPUJIMBOB Ha IPA3€BOM BYJIKAHU3M.

Hedopmaniuu 3eMHOM KOpBI, BBI3BaHHBIE
IPWINBHBIMU cuiaMu JIyHbI, NpUBOIAT K W3-
MEHEHUSIM HaNpsKEHHOTO COCTOSIHUS U 00BeM-
HBIM pacupeHusM—cxaTusiM 3emiu [16, 30].
HauOonee 3aMeTHO 3TO MPOSABISETCS B 30HAX
ocylabyieHusl MPOYHOCTH CpPEedpl — pas3jioMax H
KpPYNHBIX TpeluHax. Bo Bpems JIyHHBIX MpHIIHU-
BOB TPOMCXOJUT paclIupeHre o0beMa 3eMHOM
KOpPBI, BO BpeMsI OTJIMBOB HAOII01aeTCsl OOpaTHBIM
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abdexr — cxarme. [lpm pacmmpenun obbema
YBEJIMYUBAIOTCSI TIOPUCTOCTh M MPOHULIAEMOCTD
3eMHOU cpelbl, U, Ha00OpOT, MPU CHKATUU OHH
yMeHblIatoTcs. PerynspHas cMeHa NpUIMBHBIX
nedopmanmii (pacIIMpeHust U CKaThs) B 3€MHOM
KOp€ MOXXET NPUBOAUTH K BapHalUsM YPOBHS
moa3eMHbIX Boi. llpu cxkxartuu (Bo Bpemsi OTIIH-
BOB) YPOBEHb MOBBIIIAETCS O] IEHCTBUEM U30BI-
TOYHOT'O JIaBJICHHUS, a IIPH PacIIupPeHUH (BO BpeMs
MIPUJIMBOB) CHUXKAETCS, T.6. YPOBEHb IO/I3€MHBIX
BOJl U3MEHSIETCA B MPOTHBO(A3E C MPUINBHBIMH
cunamu [30].

MaxkcuMyMbl HHTEHCUBHOCTH CIIEKTPa Bapua-
Ui ypOBHS MOJI3€MHBIX BOA (€IUHHIIBI U JECSITKH
MUJUTUMETPOB) TPUXOISTCS HA TIEPUOABI OKOIO 12
u 24 y, a Taxke npumepHo 12-15 cyT, uTto Xopo-
IO COBMAJaeT C NEepUOAAMHU COOTBETCTBYIOILIUX
JIYHHBIX OpuiuBHbIX BosH [1, 16, 17, 31]. Ilpu
9TOM YPOBHHM IOJ3EMHBIX BOJ B 00NacTAX 3eMilH,
OKa3aBILUXCS B 30HE NPWJIMBHOIO BIMSHUSA, HE
BCErJa M3MEHSIoTcs CUHXpoHHO. Hampumep, Ha
JIBYX MCCJIEA0BATEIbCKUX MOJIUIOHAX MPU BO3/IEH-
CTBUU OJIHUX U T€X € MPUIUBHBIX BOJIH U3MEHE-
HUS YPOBHS BOJIbI IPOMCXO/INIIM C 3ala3IbIBaHUEM
b0 ornepekeHrueM (0T HECKOIBKUX THEH 0 Me-
csilla) OTHOCUTENBHO JIPYT Apyra B 3aBUCHMOCTH
OT TEPUOAOB NPWIMBHBIX BOJIH [l]. AMIUIMTY/IBI
KojeOaHU YpOBHEH Ha 3THX IOJIMIOHAX TaKXkKe
pa3nuyaroTcs AJsl pa3HbIX NPUWIMBHBIX FAPMOHUK.
OTH pacXOXIeHHs MPENNOI0KUTEIBHO CBSA3bIBA-
10T C pa3HbIMHU (PUIBTPALIMOHHBIMU TTApaMETPaMHU
U CTPOEHUEM BOJIOHACBILIEHHBIX KOJIJIEKTOPOB.

MaxkcumanbHble Bapualid B CMEUICHUH
rpyHTa (IE€CSITKH U COTHH MUJUIMMETPOB) MpH-
XOZISITCS Ha MOJIyCYTOUYHbIE U CYyTOYHBIE MPUITUBBI
[1, 17]. Kak u B cinyyae ¢ U3MEHEHUSIMU YPOBHS
MOJ3EMHBIX BOJ, CMEIICHHE I'pyHTa B OTBET Ha
MIPUJIMBHBIE CUJTBI HE TPOUCXOAUT OJJHOBPEMEHHO
Ha T€X y4acTKax 3eMJId, KOTOpbI€ MOMAJId B 30HY
npuwinBHOTO BeicTyna [1]. CMelieHue rpyHTa Ha
TaKHMX y4acTKax MOXET pa3jIn4aThCsi BO BpEMEHU
OTHOCHUTEINIbHO JpyT Apyra (Ha 1-2 cyT g AByX
Pa3HBIX MOJIUTOHOB). MOTYT TaKkke pa3iandaThCs
MeXay coO0OH M aMIUIMTYIbl CMEIEHUs Ha pas-
HBIX ydacTkax (MpUMEpHO B IMOJITOpa pa3a Jyis
paccMaTpuBaeMOTro 4acTHOTO ciydas) [1].

Takke W3BECTHO, YTO NPWIUBHBIE CHIIbI
MOTYT OKa3bIBaTh BIUSHUE Ha 00BeM He(TH,
MOCTyMaroel U3 Heap BO BpeMsi HedTenoObl-
yn [32, 33, 34]. C noMolIbI0 CHCTEMBI aBTO-
MaTU4YecKoil perucrpauuu (AUCKPETHOCTh W3-

GEOPHYSICS

MepeHuii — 1 d), pa3BepHYTOM B CKBa)KMHAX
Pomamkunckoro wmectopoxaenus (Tarapcran),
YCTaHOBJIEHO, YTO €XKEeCYTOYHbIE BapHAIHH T100bI-
91 HE()TH COCTABISIOT OKOJIO 25 % OT CpemHero
ypoBHs. [Ipu 3TOM Ha TOTYyYEHHBIX BPEMEHHBIX
psax MpOCIeXUBAIOTCS Ba MaKCMMyMa U JBa
MUHUMYMa TOOBIYH B TEUEHUE CYTOK C IEPUOINY-
HOCTBIO 12 1 24 u.

[Ipoananmm3upoBaHa cBsA3b 0O0beMa JOOBI-
BaeMoii HedTH c ocHOBHBIMH (azamu JlyHBI
(HOBOJIyHHME, TIOTHOJYHUE, TepBasi U 4YeTBepTas
yerBepTn). st 3Tux (a3 ObuIM paccuuTaHbl KO-
3¢ ULIHEHTHl KOPPENSIIMY MEXKIY CPEAHHM CY-
TOYHBIM XOZIOM OOBEMHOI MPHUINBHON nedopma-
[IUU ¥ CPETHUM CYTOYHBIM XOJIOM J0OBIBAEMOTO
¢dronma. Hambomnmbimme ko3pQUIMEHTH KOppe-
nsmmn (ot 0.30 mo 0.82) mabmromarorcst mist a3
HOBOJIYHUSI U TIOJIHONYHHS, T.€. JUIsl HMHTEPBAJIOB
BPEMEHHU, KOIZla aMIUIUTYy/AA JYHHBIX HPHUIIMBOB
MakcumasibHa. [lpeamonaraercsi, 4to moj BO3-
JIEMCTBUEM TIPUIMBHBIX BOJH TPELIMHBI 3€MHOMN
KOpBbl TEPUOAUYECKH PACIIUPSIIOTCS M CXKUMa-
IOTCsI, BBICTYIAsi TEM CaMbIM B POJIK OFPOMHOTO
«TpaBUTALIMOHHOTO Hacoca». [lpu packpsiTun
TpeniuH (BO BpeMs MPHIMBOB) JIaBJIEHWE B HUX
CHIDKAETCA U CO3/1aeTCsl OTHOCUTENbHBIN BaKyyM,
KOTOPBIH BBITATHBAET HE(PTh U3 TIOP U MUKPOTpeE-
IIUH IJ1acTa B 0oJjiee KpyIHbIe TpeuuHbl. biaaro-
Japsi ITOMY TPOUCXOAUT OTTOK YaCTU KUJIKOCTH
U3 CKBaXUHBI B IIACT, U, KaK CJIEJCTBHE, YPOBEHb
KUJKOCTH B CKBakuHe najaert. [Ipu cxxatuu tpe-
1I1H (BO BpeMsl OTJIMBOB) JIaBJICHUE B HUX IOBHI-
MIAETCS, ¥ TTIOTOKH (UIFOMIa BMECTE C U3BJICUEHHOM
U3 TIOp ¥ MUKPOTPELIUH HEPTHIO YCTPEMIISIOTCS
M0 OTHOCUTEIBHO KPYIHBIM TPELIMHAM B CTOPO-
HY MOHWXEHHUS J1aBJIeHUs (K JOOBIBAIOIINM CKBa-
)kuHaMm). Ha ocHOBe W3IOKEHHOW KOHIICTIIIII
ObLT TMpEANIoKEH CrMoco0 yBENIUYEHHUS I0ObIYH
He(TH, B OCHOBE KOTOPOTO JIEKAT peryaupyemas
no oObeMaM IUKINYEeCKasi 3aKadka BOJLI B Ha-
THETATEeJIbHBIC CKBAXWUHBI M BUOPOBO3IICHCTBHS
Ha He(TIHOM IJIACT, COIIACOBAaHHBIE 110 BPEMEHH
C 36MHBIMHU MPUIIUBAMHU.

W3MeHeHusT TPEIMHOBATOCTH B JIATOC(EpE
3emut, BBI3BaHHBIC JIYHHBIMH TPaBUTAIIMOHHBI-
MU CHJIAMH, MOTYT CITIOCOOCTBOBATh U3MEHEHUSIM
MHTEHCUBHOCTH paJIOHOBBIX 3MaHaiuil [16]. Ba-
puanuu 00bEeMHOM aKTUBHOCTHU MOIIIOYBEHHOTO
pazoHa HaOMIONAIOTCS C MEPUOAMYHOCTHIO MpH-
MepHO 12 u 24 4, a Takxe 14 cyT. YkazaHHble
NEePUOJUYHOCTH B MHTEHCUBHOCTU PaJOHOBBIX
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SMaHalMi HaOIIONAIOTCS MOBCEMECTHO, NMPUYEM
HauboJee ApKO — B 30HAX BIMSHUS KPYIMHBIX TEK-
TOHUYECKHX CTPYKTYp. MakcumyMmsl ko3dduiu-
€HTa KOppeJSIIMY MEXAY BapHalusIMHU 0ObEeMHOM
aKTUBHOCTH TIOJAMOYBEHHOTO PajioHa M TPHIINB-
HBIX CHJI IOCTUTAIOTCS MPH 3ara3/bIBAaHUH Peak-
LMY 3MaHALMOHHOTI'O MOJIsl paZloHAa OTHOCUTEIIBEHO
NPWIMBHBIX AedopManuii mpuMepHo Ha 3—4 u
JUTSL pa3HBIX YYaCTKOB 36MHOM KOPBI.

Yepenyromecss (as3bl pacTsHKEHUS—CHKATHS
1opoj, OOYCIIOBJICHHbIE MPUIMBHBIMH CHIIAMHU,
BJIMSIFOT Ha TIPOIIECCHI petakcanuu (copoca) mexa-
HUYECKUX HaIpsDKEHUHM, HAKOIUIEHHBIX B HElpax
3emnu. B wacTHOCTH, pa3yImioTHEHHE Cpefbl 00-
Jler4aeT JBM)KEHUE paHee CHKaThIX OJI0KOB 36MHOM
KOpBI, U 3TO CIIOCOOCTBYET cOpocaM HaKOIUICH-
HBIX HaMNpsOKEHUH, YTO COMPOBOXKAAETCS MHUKPO-
CEeHCMUYECKUMHU UMIyIbcaMH. TakuM o0pazom,
JYHHBIE TPUIMBBI CIIOCOOHBI BBI3BIBATh M3MEHE-
HUs (poHOBOM MuKpocericmuunoctu [16]. B pas-
JUYHBIX YaCTOTHBIX JMara3oHaxX CEeHCMUYECKUX
KoJeOaHul HAOMIONAIOTCS pa3Hble MEePUOTUYHO-
CTH — OT HECKOJIBKMX YacCOB J0 HECKOJIBKHUX JHEU
u mecaieB (okojio 12 u 24 4, oxono 14 u 28 cyt
u ap.). [loBcemecTHOH 3aBUCUMOCTH MEXAY am-
IUIMTYI0W MHKpoceiicMuyeckoro ¢oHa U BeIu-
YMHON IIPWJINBHBIX CUJI HE IpociexuBaercs. Mc-
KIIIOYEHHS COCTAaBJISIOT OTAENIbHBIE YaCTOTHBIE
MHTEPBaJIbl MUKPOCEHCM, KOTOPbIE pa3Iu4Hbl Ha
pa3HBIX ydacTkax 3eMHOM Kopel. OTmeuaeTcs
TaKXe, YTO Pa3JIOMHbIE 30HBI OTIIMYAIOTCS OoJee
BBICOKOUM peakiuell MUKpoceiicMuyeckoro (oHa
Ha MpUJINBHBIE AedopMaliK 110 CPaBHEHUIO C ce-
PENVHHBIMH YYacTKaMH CTPYKTYPHBIX OJOKOB.
3T0 00BACHAETCS NOHMKEHHON JKECTKOCTBIO TOp-
HBIX TIOPOJ] B Pa3JIOMHBIX 30HaX.

3aMeTUM, YTO HEKOTOpBIE HCCIENOBATENN
OCHOBHOE BJIMSHHE Ha 3€MHYIO KOpPY MpPHUIIHCHI-
BalOT UMEHHO PE30HAHCaM PAa3JIMYHBIX T'PaBUTH-
pyrommx ¢akTopoB: paccrosinue 3emis—JlyHa,
¢dazpr JlyHsl, konebaHusi OapUIIEHTPa CHUCTEMBI
3emnsa—Jlyna [3]. Cumraercs, 4To Takue pe30-
HAHCHI TPUIIMBHBIX (PAKTOPOB Pa3HOIrO THUIIA CY-
IIIECTBEHHO YCHUJIMBAIOT BJIMSHUE HA pa3IMuYHbIC
reoiMHaMUYEeCKHE MPOIIECCHI, CO3/aBasi aHOMaJIb-
HBIE HANPSDKEHUS B 3¢MHOM Kope. OHU MOTYT BbI-
CTYIIaTh TPUITEPOM JIJISl CUIIbHBIX 3€MJIETPSICEHUI
(M > 5.0), ycunuBarh SMaHaIMIO pajioHa, 00Y-
CJIOBJIMBAaTh U3MEHEHUS CTPYKTYpPbI €CTECTBEHHO-
r0 UMIYJIBCHOTO JIEKTPOMArHUTHOTO MO 3eM-
JIM, HapylaTh paboTy TEXHUUYECKUX COOPYKEHUI

TEO®U3UKA

(mampumep, minotuH ['DC, HedTerasoBbIX Tpy-
60mpoBOIOB U Jp.). Pe30HaHCHl MOMyMeCsSYHbIX
(1415 nHeit) NpUIMBOB B 30HAX CKOTLIIEHUS HEd-
TH U ra3a crocoOCTBYIOT BOSHUKHOBEHMIO CTOS-
YUX BOJIH C YaCTOTAMHM OT JOJIEH J0 HECKOIbKUX
repil B 3aBUCUMOCTH OT FreOMeTpHUH U (DIrouaoHa-
CBHIILIEHHOCTH 3aJIe’ku. Peructpupys Ha moBepx-
HOCTH TaKWe€ HU3KOYACTOTHBIC KOJEOaHMsS, MOX-
HO OTpeAeNuTh pacnoiokeHue 3anexu. Ha atom
npuHIMIe Obuta pa3padoTaHa QurouaHas pe3o-
HaHCHas celicMOpa3Be/ika — TEXHOJIOTUsl TIOMCKa
B TEOJIOTUYECKOH cpese He(Tera3oBbIX 3ajekKei
Ha OCHOBE perucTpanuy HU3K04aCTOTHBIMU Ceic-
MOMPUEMHUKAMU  BBIHY)KJIEHHBIX  KOJICOaHHI
(IIOUIHBIX CHCTEM MO/ BIUSHHEM YHEPTHH PE30-
HaHCOB I'PaBUTAIMOHHBIX MTPHIUBOB [3].

Kax u3BecTHO, IpUIMBHBIC SBICHUS HA 3€M-
Jie BbI3BaHbl He TOJIbKO JlyHOU, HO u ConHueMm.
KoneyHo, HauOoJbIIYyI0 POJb B TEHEPAIMH 3EM-
HBIX TMPWIMBOB urpaer JlyHa, ube NPUIMBHOE
BIIMSIHAE MPUMEPHO B 2.17 pasa mpeBbIIIaeT cod-
HeuHoe [29]. Tem He Menee CoHIIE TOKE BHOCUT
CBOM 3HAUUTEJIbHBIM BKJIAJ, KOTOPBIA HE BCeraa
MOXXHO HMTHOPHUpPOBaTh. BhICOKOUAaCTOTHBIE Trap-
MOHUKH, OOYCJIOBIICHHBIE TPHUIMBHBIMH CHJIAMHU
ConHua, UMEIOT MEepUOIbI, ONIM3KUE K MEepHOoAaM
JYHHBIX TPUIUBHBIX TapMOHUK. COOTBETCTBEH-
HO, TaKHe JIYHHbIE U COJHEYHbIE MPUIUBHBIE
BOJTHBI TTPAKTUYECKHU HEPA3IMUYUMBI Ha MPAKTHKE
1 (UKCHPYIOTCS B MPUPOAHBIX Tpolieccax 0000-
HIEHHO — KaK IMOJyCYyTOYHAas M CyTOYHAasl rapMo-
HUKH. OHaKO HEOOXOIMMO YUYUTHIBATh Cllydaw,
KOT/Ia JIYHHBIE U COJIHEYHBIC TIPUJIMBHI YCUIIHBA-
I0T WK OCHabJsIoOT Ipyr Apyra B 3aBUCUMOCTH
OT MOJIOKEHUSI BO3MYILAIOMIMX TeJl B KOCMHUYE-
ckoM mpoctpaHcTBe [26]. CunpHeliue Nnpuiu-
BBl — CH3WUTHHHBIE — MPOUCXOASIT B HOBOJYHHE
U TOJIHOJYHHE, KOrjga 3eMilsl paclrojiaraercs Ha
oxHo npsimoit ¢ JIyHoit u ConHiewm, T.e. UX MpH-
JTUBHBIC CHIIBI 00BETMHSIOTCS. BO BpeMst mepBoit
U TIOCJEIHEW JYHHBIX 4YETBEPTEH HaIpPAaBIICHMS
¢ 3emum Ha Jlyny um ComHlle COCTaBJSIIOT Yrod,
paBHbIll 90°, T.e. HMPUIMBOOOPA3YIOIINE CHUIIBI
JIynsl u ConHia J€MCTBYIOT 1O MPSMBIM YITIOM
IpyT K APYyTY, B3aUMHO ociabinss Apyr Apyra. Ta-
KM€ MPUIIMBBI Ha3bIBAIOTCS KBAIPATyPHBIMH.

W3 onncanHOrO BHILIE CIETYET, B YACTHOCTH,
91O (PIFOMIONMHAMUYECKUE CUCTEMBI IEMOHCTPHU-
PYIOT XOPOIIMA OTKJIMK B BUJIC PA3IMUHBIX Bapu-
anuil X JESITEeIbHOCTH HA BO3/ECHCTBUE T'PaBUTA-
unoHHbIX cui Jlynel. Torma BmomHe oxuaaemo,
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YTO JIyHHbIE IPUIIUBBI MOTYT TaKXX€e BIUATH HA U3-
MEHEHHUS aKTUBHOCTH I'PS3EBbIX BYJIKaHOB 3eMIIN,
KOTOPBIE SIBJIIIOTCS ONHOM W3 Pa3sHOBHIHOCTEU
GIIIONI0ANHAMHYECKUX CUCTEM.

B nanHOM mccnenoBaHUM Mbl HE MOIVIM OCY-
LIECTBUTh aHAJIM3 BIUSHUS NPUIUBHBIX d(pek-
TOB IOJyCyTOUHOM M CYyTOYHOM 'apMOHHUK Ha Jie-
ATEIBHOCTh TPS3EBBIX BYJIKaHOB A3sepOaiikana.
Bo-nepBpIX, B Karajaore M3BEpKEHUM TI'PA3EBBIX
ByJIKaHOB A3zepOaiimkana ¢ 1810 mo 2018 . mano
JAHHBIX, YKa3bIBAIOIIUX HE TOJIBKO TOJ, MECSI]
U JIeHb U3BEPIKEHUS, HO U KOHKPETHOE BpEMs CO-
OBITHS 10 4acOB U MUHYT. BO-BTOPBIX, IIUTEIb-
HOCTh TPSA3EBYJIKAHUYECKOTO H3BEPXKECHUS 3ada-
CTYIO COCTAaBIISIET HECKOJIBKO 4acoB, T.€. BIIOJHE
COIIOCTaBMMa C IIEPUOJIOM paccMaTpUBaeMBbIX Tap-
MOHHMK. B HEKOTOPBIX K€ CITydasiX MPOAOIKUTENb-
HOCTb U3BEPKEHUI COCTABIIsIA HECKOJIBKO CYTOK.
Hanpumep, n3BepkeHne rps3eBoro ByikaHa ba-
xap, HadaBIueecs 4 utoHda 1885 1., mponomkanoch
3 cyrt; BynkaHa lllux3apnu, HauaBieecs 13 ¢es-
pans 1902 ., — 2 cyT; uzBepskenue ["apacy, HauaB-
meecst 28 Mapra 1977 r., 1IMII0CH TOYTH HEJEIIO
[20]. TToaToMy 111 UMEIOIIETOCS KaTajiora u3Bep-
KEHUH TpSA3EBBIX BYJIKAaHOB A3zepOaiikaHa MbI
MOXEM aHAJIU3UPOBATH NMPHIUBHBIE BO3ICHCTBUS
C IEPUOANYHOCTBIO MOPSKA HEJENb U MECSILIEB.

AHanu3 JaHHBIX IOKa3bIBAaET, 4TO aKTUB-
HOCTh TPSA3EBBIX BYyJIKaHOB A3zepOaiikaHa pac-
npejiesieHa HEPaBHOMEPHO B TEUYEHHUE JIYHHOIO
Mecsna (puc. 1). KonuuecTBo u3BepkeHH yBe-
JTMYUBACTCA B MEpUOA OT (a3bl HOBOIYHHUS [0
MepBOW YETBEPTH, MOCJIE YEro HalloAaeTcs OT-
YEeTIIMBOE YMEHbLIEHHE UX 10 (Pa3bl MOIHOIYHUS.
Jlanee B mepuoz OT MOJHONYHUS IO MOCIEIHEN
YETBEPTU BHOBb NPOMCXOAMUT YCHJIEHUE aKTHUB-
HOCTH T'PSI3€BbIX BYJIKAaHOB. A IOCJE 3TOTO UIET
OYepe/IHOE CHIDKEHHE KOJIMYECTBA H3BEPIKEHUI
nepes npeacTosuM HoBosryHueM. Habmonaetcs
HEKOTOpasi 3aKOHOMEPHOCTh, KOIJja aKTUBHOCTb
IPA3EBBIX BYJKAHOB YCHJIMBAETCS MOCIE CUIIbHBIX
CU3UTUHHBIX NPWINBOB B (ha3aX HOBOIYHHS U
nonHonyHus. [locne caalpIx KBagpaTypHBIX IpHU-
JIMBOB /10 OYEPETHBIX CU3UTHIHBIX IPUIUBOB OT-
MeyaeTcs craj| IpsA3eByIKaHNYECKON aKTUBHOCTH.
VYCcTaHOBIEHO, YTO B HEPUOJ OT HOBOJIYHHS [0
NepBOH uyeTBepTU (IpUMEpPHO 7.4 CyT) MPOUCXO-
T 58 u3Bepxenuit (31.7 % ot obmero yncna co-
obITHil). [locne mepBoil yeTBEpTH 10 MOTHOTYHHUS
(Taxke okoJ0 7.4 CYT) KOJMYECTBO M3BEPIKCHUM
CYILIECTBEHHO MeHble — 29 cmydaeB (15.8 %).

GEOPHYSICS

OT MOMHOMYHHS U TOYTH JO HOBOJIYHHS (OKOJIO
11 cyT) UMEeT MECTO MEepPUO/ MOBBIIIICHHOW T'psi-
3€BYJKAHUYECKOM aKTUBHOCTH — 77 U3BEPKECHUU
(42.1 %). U nenocpencTBeHHO Tepes] O4epeIHbIM
HOBOJIYHHEM (B T€UEHHE MpUMEpHO 3.7 cyT) rps-
3eByJIKaHUYECKasi aKTUBHOCTh CHIKeHa — 19 u3-
Bepikenuit (10.4 %).

J171st IpOBEPKHU JJOCTOBEPHOCTH BBISIBIICHHOM
HEpPaBHOMEPHOCTH B pACIpEACIICHUN H3BEpKe-
HUH IPsI3EBHIX BYJIKAHOB IO pa3HbIM (ha3am JIyHbI
OBLJIO TIPOBECHO CTATUCTHYECKOE MOJEIHPOBa-
Hue. C MOMOIIbIO TeHepaTopa CIy4alHbIX YHCE
JUIE PaBHOMEPHO PAaCHpEeEeICHHON Clay4YailHOU
BEJIMYMHBI Ha oTpe3ke oT 1 1o 8 (mo yuciy ¢as
JIlyHbl) MBI TIOJIy4Yadu UEJIOYUCICHHBIA MacCHB,
cocrosimuii u3 183 aneMeHTOB (10 YnCIy U3BEp-
JKeHUW ¢ moiaHeMH aatamu). Jms 2000 peanu-
3alHil 3TOr0 SKCIIEPUMEHTa BEPOSTHOCTH TOTO,
4TO Ha KaKyo-1u60 onHy ¢azy JIyHbl mpUXoauT-
cs MeHblIe |5 u3BEpKEHMi, COCTaBUIIA OKOJIO
18 %, BEpOATHOCTH TOTO, YTO Ha KaKyl-Tu0O
onny ¢azy Jlynel nmpuxomutcs Oosnbmie 32 u3-
BepxKeHU, — okosio 14 %, a BEpOATHOCTH TOTO,
9TO B Kakux-1u0o pa3Hbix (azax JlyHbl omHO-
BpeMeHHO Oyzner MeHble 15 u Oonbiie 32 wus-
Bep)KeHUi, — Bcero okoio 4 %. Takum oOpazom,
HAOMI0IaeMblii HAMU B MPUPOJAE CIydaid, Koraa
nepe MepBoi YeTBepThio 3auKCupoBaHo 33 u3-

Puc. 1. AKTHBHOCTB TPS3€BBIX BYJIKaHOB A3epOaii/pkaHa B Tede-
HHUE JYHHOTO (CHHOIUYECKOro) Mecsma 3a nepuox 1827-2014 rr.
BeprtukanbHast ock ¢ Hymepauuei u cepble JIeNeCTKU [10Ka3bIBAIOT
KOJIMYECTBO M3BEPKEHHUH B pasHbIX (a3ax JIynsl. CTpenky yka3sl-
BAIOT HaMpaBJIeHNE IBIKEHHS JIyHbI BOKpYT 3eMn.

Fig. 1. Petal diagram of the activity of mud volcanoes in Azerbaijan
during the lunar (synodic) month for the period of 1827-2014.
The vertical axis with numbering and gray petals show the number
of eruptions in different phases of the Moon. The arrows indicate
the direction of the Moon’s motion around the Earth.
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BEp)KEHMSI, a TIepe]] MOJHOIyHHeM — 14, ¢ 60b-
IO BEPOSITHOCTHIO MOXKHO CYUTaTh HE COOT-
BETCTBYIOIIMM PAaBHOMEPHOMY DPACHPEIEIICHHUIO.
Hpyrumu cioBamu, CylIeCTBYEeT CTaTUCTUUYECKHU
3HaYMMasi HEPABHOMEPHOCTh B PacCHpeaesICHUHN
U3BEPKEHUN TPSA3EBBIX BYIKAHOB MO Pa3HbIM da-
3aM JIyHsl.

MOKHO TPENONOKUTh CIEAYIOMUNA MeXa-
HU3M, OOBSICHSIOIIUNA BIUSTHUE JTYHHO-COTHEUYHBIX
MPWIMBOB HA BapUallUU TPSI3E€BYJIKAHUYECKON aK-
TUBHOCTH. BO BpeMsi HOBOJyHUSI U MOJHOTYHUS
3emuisl o/IBEpraeTcs BO3ACHCTBUIO CU3UTHUHBIX
MPUIKBOB, Onarogapss KOTOPHIM B IPHJIMBHBIX
rop6ax MmiaHeThl TPOUCXOAIT HauboJee CUITbHBIC
nedopMaliu 3eMHOM KOpBI. DTO, B TOM 9YHCIIE,
MOKET MIPUBOJUTH K U3MEHEHHUIO TPOHUIIAEMOCTH
36MHOHM KOpPBI U TUIACTOBOTO JIaBICHUS, CIOCOO-
CTBysl OoJiee MHTEHCUBHOMY IOIBEMY TPS3EBYII-
KaHWYEeCKOTO BEIIECTBA U3 HEAP Ha MOBEPXHOCTb.
Ecnu oCHOBHOW TpPUYMHON HEPABHOMEPHOCTHU
TPSI3EeBYJKAHMYECKOW aKTUBHOCTH SIBJISIIOTCS CH-
3UTUWHBIE TPUIKUBBI, TO MOKHO TOBOPUTH O TOM,
YTO OTKJIMK TPS3EBBIX BYJIKAHOB Ha MPWJIMBHOE
BozneicTeue JlyHnl 3amazgbiBaer Ha 5—10 cyT.
Hpyrumu cnoBamu, HEMOCPEICTBEHHO JI0 CAMOTO
MOMEHTa W3BEP)KEHUS JOJDKHO MPONTH HEKOTO-
poe BpeMmsi, KOTOpoe 3aiiMyT IPOILECChl TOATOTOB-
KH 9TOTO U3BEepKeHUs1. B uacTHOCTH, HEOOXOAUMO
BpeMs ISl TTOIbeMa K TTOBEPXHOCTHU TPS3EBYIIKA-
HUYECKOTO BEIIECTBA U3 04YaroB, IITyOMHA 3aj1era-
HUS KOTOPBIX COCTABIISIET HECKOIBKO KHJIIOMETPOB
[35]. [Toxoxkue mpuMepsbl, CBSI3aHHBIEC C 3aIa3/bl-
BaHUEM OTKJIMKA Ha MPUJIUBbBI B U3MEHEHHSIX YPOB-
HS TIOJI3EMHBIX BOJI, IMAHAIUAX PaJOHA U CMeElIIe-
HUSX TPyHTa, ObLIM ONTUCaHbl HaMu BoIle. Ckopee
BCET0, BpeMsl 3ama3IbIBaHUSI MHIUBUYTBHO ISt
KQXXJIOTO TPS3€BOr0 BYJIKaHa B 3aBUCUMOCTU OT
€ro CTpOoeHus, cocTaBa (IIOMA0B, MPOHUIIAEMO-
CTH (IIIOUTOTIOABOASIINX KAaHAIOB U JIp.

paBuTaumoHHoe Bo3gencreme ConHua
Ha aKTUBHOCTb rpsi3eBbIX BYJIKAHOB

Y HEKOTOpBIX MPUPOAHBIX SBICHHUA 3eMIIU
(HampuMep, 3eMIICTPSACCHUN WM HW3BEPKECHUM
MarMaTu4ecKuX BYJIKAaHOB) MPOCIEKUBAIOTCS 3a-
KOHOMEPHOCTH B pOCTe TUOO0 crajie ux akKTUBHO-
CTH B TeYEHHE KaJleHAapHoro rojaa. Tak, B pabote
[7] oTmMeuaeTcsi BHYTPUIOJ0Basi MEPUOJUUYHOCTh
BO3HUKHOBEHUS 3emiieTpsiceHuil. HawmOombias
celicMuYecKas akTUBHOCTh B THXOOKEaHCKOM pe-
ruoHe Habmronaercst B qexkadbpe. Bropoii — Gonee

TEO®U3UKA

c1a0ObIi UK — MIPUXOIUTCS HAa Maii, a aOCOMIOTHBIN
MUHUMYM OTMEYaeTcs B anpesne. Ty 3aKOHOMep-
HOCTbH CBSI3BIBAIOT C IEPUOANYECKUMU N3MEHEHH-
MU paccTosHUus Mexay 3emnei u ConHuem [7].
HauGonee 6mu3ko x ConHIly Hala rjiaHeTa Ha-
XOJIUTCSL B TIEPUTENINU, KOTOPBIM MPUXOAUTCA Ha
2-5 suBaps [28]. Adenuit, korna 3emist u ConHile
HaxOJsTCS HAa MAaKCHUMAaJIbHOM PAacCTOSIHUU JIPYT
OT Apyra, npuxogurcs Ha 1-5 urons. Paccrosinue
Mexay 3emiel 1 CoTHIIEM B IEPUTENN U3MEHS-
eTcsl mpuMepHo Ha 3 % 1Mo cpaBHEHUIO ¢ adernu-
€M, a IpWINBHAs CUia yBenuuuBaercs Ha 6.4 %
[7]. U3meHeHus: CKOpOCTU ABWIKEHUS 3€MIIH T10
SKJIUNTHKE COMPOBOXKAAIOTCS TaK)Ke U3MEHEHUS -
MU CKOPOCTH BpaleHHs 3eMJIU BOKPYT CBOEH OCH.
VYBenuuenue npuiuBHBIX cuil CoyHIIA TPUBOIUT
K POCTy HampsoKeHUH W jaedopmanuii B 3eMHOM
Kope. MexaHuyeckasi SHeprusi HaKarjuBaeTcCs B
TOTOBAIIUXCS OYarax 3eMJIETPACEHUN U TEepHo-
JMYECKU BBICBOOOXKIAETCS B BUJIE CEHCMUYECKOM
aKTUBHOCTH. B pabote [7] Takike oTMedaeTcs, 4To
HermyOokue ceiicMuyeckue coObIThs (<80 kM)
UMEIOT CTaTUCTUYECKU 3HAYMMbIE BapHalllH pac-
MpeeNIeHUsT MAKCUMYMOB 3€MJIETPSICEHUN B Te-
YeHHE ToJla, TOT/Ia Kak NIyOOKHE 3eMJIETPSICEHUS
(>80 k™) pacmpeseneHsl MO MecsAIlaM B TEUCHHE
rona paBHoMepHo. [Ipeamomnaraercsi, 4To BHeI-
HUE (KocMHYecKue) (aKTopbl SBIAIOTCS TPUITe-
POM TOJIBKO JIJISl HETITYOOKHX 3€MJICTPSICEHHIA, T.C.
IyOOKHEe OYaru He pearupyroT Ha 3TU (DaKTOPHI.

WN3menenus paccrosHus Mexay ComHiem
1 3emiield U BapualMU COJNHEYHBIX MPUIUBHBIX
CWI B IIEPHOABI IepUTeIHs U aerus MOTyT TaK-
e BJIMATh HA aKTUBHOCTb MarMaTM4eCKHUX BYJI-
kaHoB [12]. KomnuecTBO ByJIKaHMYECKUX H3BEp-
KCHHUI B TIEPUTEITUU U adeIuid B HECKOJIBKO pa3
MIPEBBILIAET CpeAHErofoBble nokazarenu. I[lpen-
rojlaraeTcs, 4rto 3TH JiBa Mepuoja BpPEMEHHU Xa-
PaKTEpU3YIOTCS MaKCHUMAalIbHBIMH HaNpsKEHUS -
MH B 36MHOM KOpE.

AHanu3 reoJuHaMHUYeCKON HeCTaOMIIBHOCTH
3emnu B pabore [2] moKas3bIBaeT, YTO B MEPHO
C aBrycra Mo MapT HaOJIOMaeTcCsl MOBBIIIEHHOE
KOJTMYECTBO TEXHOTEHHBIX KaTacTpod) U KPYyIMHBIX
aBapuil. OT™MeyaeTcs, 4YTo K 3TOMY K€ MEPUOAY
BPEMEHH TNPUYpPOUEHBl U KpPyIHBbIE MPHUPOIHBIE
katacTpodsl. B mepurenun 3emiis IBHKETCS MO
SKJIMIITHKE ObIcTpee, ueM B adenun. [ToBbimenue
CKOPOCTH JIBM)KCHHS IUIAHETHI 1O OpPOUTE KOM-
MIEHCUPYETCS] YMEHbBIIEHUEM YIJIIOBOM CKOPOCTH
ee BpalleHus. JDTO BIeUeT 3a co00l yBenndyeHHe
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JUIUTEIBHOCTH CYTOK B IIEPHUOJI C aBI'yCTa IO MapT,
YTO OKa3bIBaeT CYIIECTBEHHOE BIIMSHUE Ha Teo-
JuHaMU4yeckuil pexxum 3emnn. CaenaH BbIBOJ O
TOM, YTO C aBTyCTa OJHOTIO roja Mo MapT cleay-
IOLLEro MPOUCXOAUT YBEIMYEHHUE (pacuIMpeHue)
3eMiiu, KOTOPOE COMPOBOXKAAECTCS PACKPBITHEM
KPYIHBIX U MEJKUX TPEUIUH B 3€MHOU KOpe, po-
CTOM KOJIMYECTBA M MacIITabOB 3eMIICTPSCEHU,
MOBBIIICHUEM BYJKAHUYECKOM aKTUBHOCTH. B mie-
pHOJ C MapTa MO aBTyCT MPOUCXOAUT OOpaTHBIN
IIPOLIECC: TPELIUHBI 3aKPBIBAIOTCS, CHUXKACTCS
TEKTOHUYECKas aKTUBHOCTb, YMEHBIIAKOTCS YUC-
JI0 ¥ cUjia 3eMJIETPSICEHUI U BYJIKAaHMYECKHX H3-
BEepKeHUH [2].

CormmacHO MMeEIOLIMMCS JaHHBIM 00 H3Bep-
KEHMSX TpsA3EBBIX BYyJKaHOB AsepOaiigkaHa,
Ha Ka)/IbIil MecsI ToJia B CPETHEM JO0JKHO OBLIO
OBl TpUXOIUTHCS OKoIo 20 cobbiTuii. [IpoBenen-
HBI HAMU aHAJIM3 MTOKa3ajl, YTO U3BEPIKEHUS pac-
IIpEIEIEHbl HEPABHOMEPHO U B TEUEHHE T0J1a NMe-
I0TCS BCIUIECKH I'PSA3EBYJIKAHNYECKON aKTUBHOCTH
(puc. 2). B omiinume oT ONMCaHHBIX BBILIE CITYYaeB
C 3eMJICTPSICEHUSMU 1 MarMaTH4eCKUMH ByJIKaHa-
MU, TIPUBSI3Ka K TEPUTENNI0 U ademuio 31ech He
CTOJIb YeTKasl. YCTaHOBJIEHHYI0 HaMU HEpaBHO-
MEPHOCTh PpACHpEENICHUs] TPSI3EBYIKAHUYECKUX
W3BEPIKEHUN MO0 MECSAllaM MOYHO MOIBITaThCs
OO0BSICHUTH cleayromuM obpa3zoM. C HEKOTOPOiA
J0JIe YCTIOBHOCTU MOYKHO BBIIEIHUTH JIBa TEpu-
0/1a TIOBBIIIEHHOM IPsI3eBYIKAHUYECKON aKTUBHO-
CTU: MapT—HUIOHb U CEHTAOPb—OKTAODb.

Hanuuue nepBoro u3 3THX MEPHOAOB MO-
XKET ObITh OOYCIIOBIEHO peaklIHel TpsA3eBbIX
BYJIKAHOB Ha MPOXOXKACHHE 3eMIIeH MepHUreNus.
OTOT OTKIMK XapaKTEpU3YETCs ONPEICIIEHHBIM
3anasJblBAHUEM M JIOBOJIBHO CHJIBHO PACTSHYT
BO BpeMEHU. MBI yke TOBOPUJIM BBILIE, YTO JUIS
MOJTOTOBKH TPSI3EBYJIKAHUYECKOTO H3BEPKECHUS
HEoOX0uMO HeKoTopoe Bpemsi. OTHOCHUTENBHO
BBICOKOE KOJIMYECTBO HM3BEP)KEHUN HPUXOAUTCS
Ha MapT — 26 coobiTuit (10.9 % ot obuero yuc-
7a). AOCONIOTHBIH MaKCHUMyM NpPHUXOAMUTCS Ha
utoHb — 33 cobOwitus (13.8 %). Mcxoast u3 3toro
MOYKHO TOBOPUTH O TOM, YTO BpPEMs 3aJI€P>KKH OT-
KJIMKa IPsI3eBbIX BYJIKAHOB Ha MAKCUMAaJIbHOE BO3-
neiicTBre rpaBUTaMoHHbIX cril ConHIa, KOTOpoe
HaOII0aeTCsl B IEPUTEIINU, COCTABIISET HECKOIb-
KO MecsleB. BTopoil nmepuoa akTUBHOCTH MOXKET
ObITH OOYCIIOBJIEH peaklue Ips3eBbIX BYJIKaHOB
Ha TpoxoxkjacHWe 3emiieid adenus. DTa peak-
I[Ms1 MEHEe BBIPAKEHA: Ha CEHTAOPb MPUXOAUTCS

GEOPHYSICS

Puc. 2. AKTUBHOCTD TPS3€BBIX ByTKaHOB A3epOaiflkaHa B Tede-
HHe roza 3a nepuox 1827-2014 rr. BepTukanbHas och ¢ HyMepa-
el ¥ YepHble TOYKH, COSJMHEHHBIE CIUTONIHON JINHHEH, TOKa3bI-
BAIOT KOJIMYECTBO M3BEPIKEHUH B KOJKIIOM MECSIIE.

Fig. 2. Activity of mud volcanoes in Azerbaijan during the year
for the period of 1827-2014. The vertical axis with numbering and
black dots connected by a solid line show the number of eruptions
in each month.

24 cobbrtus (10 %), na okTs16ps — 25 (10.5 %).
B adennu npunmBHas cuna ConHIIA MUHHMAJTb-
Ha. B To e Bpems mpu nepexojie uepes adennii
y Halllel MIaHeThl U3MEHSETCS COCTOSHUE MeXa-
HUYECKOTO JBIKCHHS — OpOHUTalbHasi CKOPOCTh
HAUMHAET YBEJIMYMBAThCS, a YIVIOBas CKOPOCTh
ymenbliatbes. [loaTomMy rps3eBylkaHUYecKas
AKTUBHOCTH YCUJIMBAETCS, HO OTHOCUTENBHO Clla-
60. ITocie 3TOrO B TEUEHUE HECKOIBKUX MECALIEB
U3BEPIKEHUS TI'PA3EBBIX BYJIKAHOB OTHOCUTEIIBHO
peaku. B udactHOCTH, Ha nexaOpb MPUXOAUTCS
Bcero Jiuiib 14 coosituii (5.9 %).

Jl1s mpoBepKU NOCTOBEPHOCTH BBISABICHHOU
HEPaBHOMEPHOCTH B paCIpeIeIIEHUU U3BEPKEHU I
IPSA3EBBIX BYJIKAHOB IO MECSIIaM ro/ia POBEIEHO
cTaructudyeckoe mozenupoBanue. C MOMOIIbIO
reHeparopa ClIy4yalHbIX YUCEN ISl pABHOMEPHO
pacnpeieIeHHOW CIIy4YalHOW BEJIMYMHBI HA OT-
peske oT 1 10 12 (1Mo KOMM4eCcTBY MECSAIIEB B TONTY)
MBI TMOJTyYaJld LEeJIOYHCICHHBIH MacCUB, COCTOS-
i u3 239 s1nemMeHTOoB (10 YUCITY U3BEPIKEHUM C
Jnatamu, cogeprkauumu roa u mecsi). s 2000
peanu3anuii 3TOro 3KCIEepUMEHTa BEPOSTHOCTD
TOTO, YTO Ha KaKOM-TMO0 O/IMH MECSI] B TOy IIPHU-
XOIMJIOCh MEHblLIE 14 H3BEpKEHM, cOoCTaBUIIA
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0KOJI0 56 %, BEpOSITHOCTH TOTO, YTO Ha KaKOM-
100 OMH MecsI] MPUXOoAnIoch Oonbiie 32 u3-
BEP)KEHUH, — IpUMepHO 4 %, a BEpOSTHOCTH TOTO,
YTO B KaKue-TM00 MECSIbl OTHOBPEMEHHO OyneT
MeHnbie 14 u Gonbie 32 U3BEPIKEHHM, — BCETO
okoo 3 %. Takum oOpa3om, ¢ GOIBIION BEpOsT-
HOCTBIO MOXXHO TOBOPUTH O TOM, YTO HaOJtoz1ae-
MBI HAMH B IIPUPOJE CIIy4ail, KOTAAa B UIOHE 3a-
¢ukcupoBaHo 32 u3Bepx eHus, a B 1ekadbpe — 14,
HE COOTBETCTBYET PaBHOMEPHOMY pacmpesese-
Huto. CnenoBaresibHO, OOHAPYKEHHYIO HaMH He-
PaBHOMEPHOCTh B paclpeiesieHuN H3BEP>KEHUI
IpSI3EBBIX BYJKAHOB IO MecsAllaM ToJa MOKHO
CUMTATh CTATUCTUYECKU 3HAYMMOM.

BnusiHne conHe4yHoM aKTUBHOCTU Ha
rpAa3eByrikaHN4YeCKyro AeAaTesibHOCTb

ConHIle aKTHUBHO BO3JECUCTBYET Ha HaIly
IUTAHETY, SBJSSICh MCTOYHUKOM 3JIEKTPOMarHuT-
HOTO M3JTy4€HHs, TIa3Mbl, COJTHEYHBIX KOCMHYE-
CKUX JIy4yel, OBICTPBIX JIEKTPOHOB M T.JA. [27].
Uwucnio comHeYHbIX TsATeH Ha moBepxHocTu ColH-
na (uucina Bombeda) xapakrepusyeT cocTosiHHE
COITHEYHOW aKTHUBHOCTH — KOMILJIEKCA SIBJICHHIA
U TIPOIIECCOB, CBSA3aHHBIX ¢ 00pa30BaHUEM H pac-
MajoM B COJHEYHOW arMocdepe CHIIBHBIX Mar-
HUTHBIX NIOJIeH. B Hayane colHeYHOro nNuKJIIa nsT-
Ha BO3HUKAIOT HAa CPEHUX HIMPOTAX CONHEUYHOTO
mapa (+30-40°), manee oHU CMEMIAIOTCS K JKBa-
TOpy C ceBepa u tora. ColHEUHbIE MATHA JIOCTHU-
raroT MakCHUMaJIbHOTO YKCJa Ha IIHPOTaX OKOJIO
+10-20°, motom ux yuciao cHwxkaercs. [Ipoasu-
JKEHHE COJIHEYHBIX IMATEH K AKBATOPY 3aHUMAET
npumepHo 11 ner (nukn [IBa6e). [To okonyanuu
KQKJOT0 Takoro 1l-nmeTHero mukiga MarHUTHOE
nonie y nonrocoB ColHIIa U3MEHSET CBOIO MOJISAP-
HocTh. CrenoBaTebHO, MArHUTHBIA 1TUKI CONH-
11a COCTaBIISIET OKOJIO 22 neT (uuKi Xeina).

B03MOXHOCTh BIMSIHHS COJMHEYHON aKTHB-
HOCTH Ha TE€OJAMHAMUYECKHUE TMPOIECCHl 3eM-
T O0CYXMAaeTcs MHOTHMH HCCIIEIOBATEIISIMHU.
[Tpu 3TOM Takasi BO3MOXXHOCTbh 00OCHOBBIBACTCS
1o OoJbliel YacTu He (PU3HMUCCKUMHU TTPUHITUIIA-
MU, a pe3ylbTaTaMH CTaTUCTUYECKOTO aHaJIM3a.
dusnueckue MeXaHU3Mbl 00CYXTaeMOW CBS3H
MIPUBJICKAIOTCSI UCCIIEOBATEIIIMH TIO3KE — B TIO-
MBITKaX OOBSCHEHUS OOHAPY)KEHHON CTaTHUCTH-
Yeckoi 3akoHOMepHOCTH. B pabGore [4] roBO-
pUTCS, YTO B TEYEHHE MOCIEAHMX HECKOJIbKUX
CTOJICTUH TIPOCIJICKUBAIOTCS J1Ba CTAOUIIBHBIX
LUKJIa B SPYNTUBHOM JESTENbHOCTH Marmaru-
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YECKHUX BYJKAHOB — C IMEPUOAUYHOCTBHIO OKOJIO
22 net u 44-51 roa, 4TO KpaTHO NMEPUOAUYHOCTH
COJTHEYHBIX LUKIOB. O HUKIMYHOCTU U3BEpKE-
HUW MarMarudeckux BynkaHoB Kamuarku m Ky-
PHIIBCKMX OCTPOBOB TOBOPHUTCS U B padote [36],
7€ BBIJCJIEHO HECKOJIBKO PA3HBIX LIUKIIOB — B TOM
Yyuclie C NepuojaMu, MPUMEPHO paBHbIMH 11
(10—13 net) u 22 (22-25 ner) rogam. Hanuuwue Ta-
KHUX MEPUOANYHOCTEH MO3BOIMIO MPEANOI0KHUTD
CBSI3b BYJIKAHMYECKOM U COTHEYHOU aKTUBHOCTH.
B pabore [13] Taxke OTMeYarOTCs NEPUOIHY-
HOCTH H3BEPKEHUM MarmMaTu4ecKuxX BYJIKAHOB
10-12 yer m 22 ropa, KOTOPBIE XOPOLIO CXOIATCA
¢ 11- u 22-neTHUMHU IUKJIAMU COJTHEYHOM aKTHUB-
HOCTU. YKa3aHO, YTO MarMaTu4yecKUe BYJIKaHBI
HEOOXOIMMO pa3ieisATh MO0 TCOAMHAMHUYECKOMY
TUITY Ha BYJIKAHBI 30H CKaTusl (CyOIyKIIMN) U 30H
pacmupenus (cnpenunra, pudra). JlesreabHOCTh
CYOIIyKIIMOHHBIX BYJIKAaHOB YCHJIMBAETCS BO Bpe-
M3l TTOBBILIEHHOW COJIHEYHOM AKTMBHOCTH, TOT/JA
KaK JesTeIbHOCTh PUPTOBBIX BYJIKAaHOB B 3TO
BpeMsi, Hao00poT, ocinabeBaeT, Bo3pacTas BO Bpe-
Ms1 IOHWYKEHHOW COJTHEYHOM aKTHBHOCTH.

B pa6ore [13] mpemioxkeH cienyroomui Me-
XaHU3M CBSI3M BYJIKAHWUYECKOW M COJTHEYHOM aK-
TUBHOCTH. [lOBbIIIEHUE COTHEYHOW AKTUBHOCTH
MOPOXAAET psJ MPOLECCOB, KOTOPbIE NMPUBOIAT
K HarpeBy U TEIUIOBOMY pPaCIIMPEHUI0 MaHTHH
B acTeHoc(epe, YBEIUYEHHUIO €€ IIaCTUYHO-
CTH U YCKOPEHHIO KOHBEKTHBHBIX MOTOKOB. JTO
IIPUBOAUT K YCWIEHHUIO IIpoliecca CIpPEAHUHra
u pacumpenus qutocdepsl 3emnn. [Ipu cHmxe-
HUU COJIHEYHON AaKTMBHOCTU MPOMCXOAUT 00-
paTHOe — OCTHIBAaHME MaHTUHU M CXKaThe 3emiu,
KOTOpPOE COIIPOBOXAAETCS YCWJIEHHEM IIpolecca
cyonykuun. LIUKiIel ckaTus 3eMHON JUTOChE-
pbl (cyOAyKLMH) CMEHSIIOTCS LIMKJIAMHU pacllu-
penust (cupeaunra). OT MOBBIIIEHUS COJTHEYHOMN
AKTUBHOCTU /10 YCWICHMS CIPEAMHra MPOXOAUT
HE MeHee 5—7 JIeT u3-3a BPEMEHM IPOTEKaHWs
HEKOTOPBIX NPOIECCOB (HArpeB MaHTUM U T.J.).
DTO MPUBOAMUT K 3ara3IbIBaHUIO OTKIIMKA Fe0IMHA-
MHUYECKHUX MPOLIECCOB 3€MIJIM HA TOJIOBUHY IEpU-
0Jla OTHOCHUTENBHO 11-1€eTHEero nuukia akTuBHOCTH
Conuua. [loaTromy momydaercst Tak, 4TO Mpolece
CHpEeANHIra YCUJIMBAETCS NIPU CHUKEHUU COJHEY-
HOW aKTUBHOCTH, a Mpolecc CyOIyKIMU — MpH ee
pocte. COOTBETCTBEHHO, aKTUBHOCTh MarmMaTuye-
CKHUX BYJIKAHOB YCHJIMBAeTCs MO0 ociiabeBaeT co-
BMECTHO C MpPOIECCaMH B 30HAX CYOAYKIIMU WM
CIOPEIUHTa, K KOTOPHIM OHH MPUYPOUECHBI.
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MHorue wuccienoBaTeid TOBOPAT TaKke
O BJIUSIHMM COJTHEYHOM aKTUBHOCTU Ha CEHCMHUY-
HOCTb (M MUKpoceiicMudeckuit ¢pon) 3emiu [5, 6,
10, 11, 13, 15, 37]. B wactHocTH, B padote [13]
BBIJICTISIFOT TapMOHHMKK ¢ nepuomamu 10—11 et
u 18-22 roga 115t CUIIbHBIX 3eMIeTpsiceHuid M > 7,
a Takxke 9—12 ner u 19-27 ner nns 3emnerpsice-
Huii M < 7. JlaHHbIE IEpUOABI TIOBOJIBHO XOPOIIO
comacyrTcs ¢ 11-neTHuMu u 22-J1eTHUMU [IUKJIa-
MH COJIHEYHOM aKTHMBHOCTH. B pabote [5] Takxke
COOOIIaeTCs 0 3aBUCUMOCTH CEMCMUYHOCTH 3EM-
i oT (a3 11-meTHero MUKIIa COMHEYHON aKTUB-
HOCTH. MakCUMyMBbl CHJIBHBIX 3€MJIETPSICEHUIN
M > 7 coBnajaroT ¢ MAKCHMyMaMH COJTHEUHOM aK-
TUBHOCTH, a TaKxke ¢ (hazaMu ee craja — npuMep-
HO Ha TPETHH Troj MOCie MaKCUMaJIbHOTO KOJH-
YecTBa COJIHEYHBIX IATEH. [lociae MUHMMaIbHOU
COJIHEYHOM AaKTHUBHOCTH IPOCIIEKUBAETCA I3Tall
OTHOCUTEJIBHOTO CEMCMUYECKOTO 3aTUIIbSI.

OnuH U3 MEXaHU3MOB OTKJIMKA CEHCMHYHO-
CTH Ha COJIHEYHYIO aKTUBHOCTH CBSI3BIBAIOT C 00-
HIeTJIaHeTapHBIMU  aTMOC(EPHBIMH  TIPOLIECCaAMU
[13]. Poct comHeuHON AaKTUBHOCTH BO3MYIIAET
KBa3HCTAI[IOHAPHOE COCTOSTHHE atMoc(hephbl 3eM-
nu. 13-3a 3TOr0 armocdepHbie Macchl epepacmpe-
JEJIAIOTCS 1O MOBEPXHOCTH IUIAHETHI, IepeMenias
LEHTP TSHKECTH 3emiisi—arMocdepa, 4To MPUBOIUT
K HapyImIeHUIo GUrypsl 3eMJIH U, B KOHEYHOM UTO-
re, K pa3psike HAMpsHKCHUH B 36MHBIX HEApax.

Jpyroit MexaHusM mpeasaraercs B padore
[15], rme Takxke OTMEYaeTCsl 3HAUUTEIbHOE YBE-
JIMYEHUE YUCIa 3eMIIETPSACCHHM MOCIe MaKCUMY-
Ma COJHEYHOW aKTUBHOCTH (mpu 3ToM 3ddext
3aBUCHUT €ILE U OT MECTOIOIOKEHUSI KOHKPETHOM
TEKTOHUYEeCKOM muThl). CoHeuHbI BeTep (He-
MPEPHIBHBIA MOTOK IJIa3Mbl COJIHEYHOTO MPOUC-
XOKJICHHSI), CKOPOCTh KOTOPOTO YBEJIMYHUBACTCS
¢ poctoM nsiTeH Ha CoJHIE, OKa3bIBAET AABJICHHE
Ha MarHutocdepy 3emiu, AePOPMHUPYS U CHKH-
Mas ee (MHOT/A Ha YeThIpe paanyca 3eMiun). ITo
C)KaTWe BBI3BIBAET 3EMIICTPSCEHHS B paloHaX
ONpEEICHHBIX TEKTOHUUECKUX IUTUT. B mepuosl
MHUHMMYMOB COJIHEYHOW aKTUBHOCTH JaBJICHUE
COJTHEYHOTO BETPa YMEHBIIIACTCsI, MarHUTOC(epa
3eMiM pacIIMpseTcs, U TeHeph 3€MIICTPSCCHHS
OyayT uaie B paiioHaX IPYyTUX TEKTOHUYECKUX
wnt. B pabore [5] Takke roBOpUTCS O MPSMOiA
CBSI3U YCWJICHHSI CEHCMHYECKOM aKTUBHOCTH
C POCTOM CKOPOCTH COJTHEYHOTO BETpPA, BBI3bI-
BAIOLIEr0 BO3MYILUEHHUS B T€OMAarHUTHOM cpeze
1 aTMOC(hepHON IUPKYIALIUN 3eMITH.

GEOPHYSICS

B kadyecTBe BO3MOXKHBIX MEXaHHU3MOB BIIH-
SHUSI COJIHEYHOM aKTHBHOCTH (0OYyCIOBIHBaIO-
el Bo3MyIlleHHe MarHutocdepbl 3emiM) Ha
nedopMaMOHHbIE TOJIS B 3€MHOM Kope Mpen-
JararoTcs ClenyIolue: U3MEHEHHE BEJINYUHBI
U KOHQUTypaluu TEeJTypUUEeCKUX TOKOB; Mar-
HUTOCTPUKLIHUOHHBINA 3¢ (deKT; 0OpaTHBIN IbE30-
ANIEKTpUYeCcKUi APPeKT; AeHCTBHE MOHAEPOMO-
TOpHBIX cui [6, 10, 11].

B pabGore [6] oOcyxmaeTcs MeXxaHU3M TIpe-
00pa30oBaHMsl AIEKTPOMArHUTHOW 3HEPTrUU B KO-
1e0aTeNbHyI0 B TPELIMHOBATO-IIOPUCTON Cpere
B MPHUCYTCTBUU AIIEKTPONPOBOASIINX (IIFOUIOB.
[Ipu pacuimpeHnu U CKaTuu TPEUIUH TPOUCXOTUT
pe3Koe HM3MEHEHHME NIEKTPUYECKOIO COINpPOTHUB-
JIEHUsI KUJIKOCTH B TOKOBOM KaHaie. B nuanek-
TPUUECKOI cpesie BOKPYT TOKOBOTO KaHajia OyaeT
HaBoAUTHCS NMPOTUBOI/[C ¢ BHICOKON HANPSIKEH-
HOCTBIO 3JIEKTpOMarHutHoro mnois. HaBeneHnnoe
noje BO30Y)KIaeT MeXaHHMYeCKHe KoJjeOaHMs
CTEHOK TPEIIMHBI, KOTOPble CTUMYJIUPYIOT POCT
TpEeIlrH BO BMemarouieit cpene. OnHuM u3 cief-
CTBHM 3TUX TUHAMHUYECKUX 3(PPEKTOB SBISCTCS
0oyiee MHTEHCUBHOE TMOCTYIUICHHE BOIBI K BeEp-
LUIMHAM TPEIIMH, YTO OKa3bIBAET CYIECTBEHHOE
BJIIMSIHUE HA UX JAJbHEUIINN POCT.

B pa6orax [10, 11] npu oObsicHeHUM pe3yiib-
TaTOB HATYpPHOTO 3KCIIEPUMEHTA MPEANOIaraeTcs,
YTO HamOojee BEPOSTHBIM MEXaHH3MOM Ipeol-
pa3oBaHUs SHEPTUU MEXKAY T€OMAarHUTHBIMU UM-
MyTbCaMU U CEHCMHUYECKUMHU (DOHOBBIMM KoJle-
OaHUSAMU SIBIISIOTCSI HABEACHHBIC AIICKTPUYCCKHUE
TOKH, KOTOpbI€ KOHIIEHTPUPYIOTCS B OOBOJHEH-
HBIX (T.€. XOPOIIO MPOBOASAIINX) 30HaX. [Ipu 3TOM
MaKCHUMYM HAaBEJICHHBIX B CPEIe JIEKTPHUECKUX
TOKOB OIPEJENSIETCS KOJTMUECTBOM ITPOBOJISLIETO
¢dmrona U ero KOHKPETHBIMHM 3JIEKTPOXUMUYE-
CKUMHU cBoicTBaMu. OTMETUM 3l1eCh, YTO MPO-
BOJMMOCTh (MHHEpanu3anus) rps3eByIKaHHYe-
CKHX BOJI B pa3HbIX ByJIKaHaX MOXET Pa3InyaTbCs
Ha 1Ba mopsiaka [38].

HccnenoBanuii, B KOTOPBIX paccMaTpuBa-
€TCsl KOppessilusg MEeXIy akTUBHOCThIO CoiHIa
U JIeATENbHOCTBIO IPA3EBBIX BYJIKAHOB 3EMIIHM,
Mmaiio. B pabdote [19] Ha OCHOBE JaHHBIX €KETHEB-
HBIX 3aMepOB AeOuTa Irpsizu u3 rpudoHOB rpsse-
Boro Bynkana Axtana (r. I'ypmkaanu, [py3us) 3a
1951-1977 rr. BeIABICHEI rogoBas, 4- u 11-mer-
HSiSl TIEPUOJMYHOCTH W3MEHEHHWH aKTHBHOCTH
BynkaHa. CooOuraercs, 4To B IIeJIOM IMOBBIIICH-
Hasi aKTUBHOCTH TPSI3€BOTO BylIKaHa AXTania Mpu-
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ypOU€Ha K MepHojaM MHUHHMAJbHOW COJIHEYHOU
akTUBHOCTH. OTMeuaeTcsi, UTO BCIJIECKU Tps3e-
BYJIKAHMYECKOH aKTUBHOCTH, HaOIOqaemMbie B
1954 u magane 1955 r., B xonne 1961 u 1962 rr.,,
a Takxke B koHue 1974 u 1975 rr., mpousonuin
nepel WIM TMOcje TOYKH TMepexoja COJTHEYHOM
AKTUBHOCTH OT MaKCUMyMa K MUHUMYMY (WJIH
HaoOopot). B pabore [13] roBopUTCS O AMHBIX
[UKJIaX TPSA3EBYIKAHUICCKUX U3BEPIKEHUN U COJI-
HEYHON aKTUBHOCTH C nepuogaMu 5—6 nert, 8-9,
10—12, 14—15 net u 22 roga. IIpu 3TOoM B unciax
Bonbda Hanbonee sipko BeimensitoTcs 11-metHue
IIUKJIBI, @ B aKTUBU3AIMH TPSA3EBBIX BYJIKAHOB — 9-
n 22-netHue UMKIBL. OTMEYaeTcss Takke, 4To
Ips3eBbIC BYJIKAaHBI PACIOJIOKEHBI B 30HaX 3aBa-
punikoro—benroda u, crenoBaTeNbHO, OTPAKAIOT
JIeATETLHOCTh MPOIeccoB cyOnaykimu. [ToaTomy
aKTUBU3AlLlUSA TPA3EBBIX BYJIKAHOB CHHXPOHHA
C AaKTUBU3alIMeW CyOAyKIIMOHHBIX MarmMaruye-
CKHX BYJIKaHOB.

B pab6ote [36] B 5pynTHUBHOI NESITEIBHOCTH
IPSA3EBBIX BYJIKAHOB IOro-BocTouHOro KaBkasa
U mpuierarommx paiioHoB Kacmwmiickoro mops
BBIZICJICHO HECKOJIBKO Pa3HbIX ILMKJIOB: TOIWY-
Hele (1-2), pexe 3 ropa), 11-neraue (10-13 ner),
22-nernue (22-25 ner), momyBekoBbie (47—53 ro-
na), 60-nerane (59-66 ner) u 80-nmernue (80—
86 ner). OrMewaeTcsi, 4YTO Majble TOJUYHBIC
MEPUOMbI OTPAXKAIOT B OOJbLIEH CTENEeHH camo-
CTOATENIbHYIO0 (€CTECTBEHHYI0) BapHaOCIIbHOCTH
IPSI3E€BYJIKAHUYECKON JESATENbHOCTH. YKa3aHo,
YTO MEePUOJIaM YCUJICHUSI COTHEYHON aKTUBHOCTH
OTBEUYAIOT TEPHOIBI OCIAOICHUS TPSA3CBYJIKAHU-
YeCKOW aKTUBHOCTH, U HA00OPOT.

B pabore [36] nmoguepkuBaercs, 4To y ByI-
KaHOB, pacCIOJIaralolluXcsi B Pa3HBIX PETHOHAX
Halel TUTaHeThl Ha OOJBIINX PACCTOSHHIX IPYT
OT JIpyra, 3a4acTyl0 MHpPOCIEKHUBAIOTCS CXOXKHE
nepruoanyHoCTH akTuBu3anuu. OObsICHEHHE ITO-
My OCHOBAaHO Ha TOM, YTO BYJIKaHbI (Kak rps3e-
BbIE, TaK U MarMaTu4ecKue) MOBCEMECTHO CBS-
3aHBl C pa3lOMaMH, TpPUYEM BYIKaHbI 0CO00
aKTUBHBI B 30HaX MEpeCceYeHMs Pa3IOMOB Pa3HbIX
HampasieHui. [lepruoaMYHOCTE BYyJIKaHMUYECKUX
W3BEPIKCHUN SIBIISIETCS HEKUM OTPaKEHHUEM COOT-
BETCTBYIOIIEH IHUKIMYHOCTH B CO3JaHUM Onaro-
MPUSTHBIX YCIOBUHN AJII MTPOHUIIAEMOCTH U TOJ-
HATUS BYJIKAHUYECKUX MAaCC Ha IMOBEPXHOCTH
3emun. B cBOIO 0uepenp, 3TO IEMOHCTPUPYET Tie-
PHOAMYHOCTh TEKTOHHUECKHUX JBMKEHUHN OJOKOB
no paziaomMaM. Pa3HOCTOPOHHHE NEpPEMEIIECHUS
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OJIOKOB OTHOCHUTEJIFHO Pa3JIOMOB CO3AAIOT 30HBI
MPOHUIIAEMOCTH € TPAH3UTHBIMU MYTSAMH, 00JIer-
YalIUMH TEPEMELICHUE TPSA3EBYIKaHUYECKOTO
¥ MarMaTH4YecKoro Marepuasa ¢ OOIbIINX MITyOnH
Ha 3€MHYI0 MIOBEPXHOCTh. [IepuoMuIHOCTh TaKuX
TEKTOHUYECKHX TOJIBUXKEK B 3¢MHOM KOpe Koppe-
JUPYET C B3aUMOAECUCTBUEM 3€MHBIX U KOCMHYE-
CKUX (paKTOPOB, BIUSIONINX Ha IBOJIIOIUIO (pa3-
BUTHUE) IJIAHETHI.

N3 ananu3a paboT pa3HbIX HccienoBarenei
BHUJIHO, YTO UX BBIBOJIbI B OTHOUIEHUH CBSA3H MEX-
Ny COJIHEYHOM aKTUBHOCTBIO U I'psI3€BYJIKaHUYE-
CKOH J1eATEIbHOCTbIO MOTYT PacXOAMTHCS APYT
c npyroM. B wacTHOCTH, OIHM HCClE€AOBaTEIH
YTBEPXKAAIOT, YTO 11-71€THHE IUKIBI COTHEYHOU
U TPSI3€BYJIIKAHUYECKOW aKTUBHOCTH IPOUCXOAST
cuHdpazHo [13], npyrue roBopsT, YTO OHU HaAXO-
nates B npotuBodase [36]. OTMeTuM, 4TO ITH
HCCIIE0BATENN MCIONb30BAJIM JJAaHHBIE 3a pas-
Hble MHTepBanbl BpemeHu: 1850-2000 [13]
u 1800-1960 rr. [36].

Hamu BbINONHEH aHaIM3 BO3MOXKHOW CBS-
3U MEXJy COJIHEYHOM aKTHUBHOCTBIO U JAESTEIb-
HOCTBIO TPS3€BBIX BYJKAaHOB A3epOaiipkaHa Ha
BpeMeHHOM wuHTepBasie 1946-2018 rr. MoxHo
yTBEpKJaTh, YTO HMEIOILMICS KaTajor rIps3e-
BYJIKAHUYECKHX M3BepKeHU  AszepOaiimkxaHa
3a 1810-2018 rT. IBIIETCS HEMOJIHBIM, T.€. HE BCE
MIPOM3OIIEIINE U3BEP)KEHUsT ObUIN 3aUKCUPO-
BaHbl. [lo HamMM oreHKaM, MOJIHOTA TOTO Kara-
nora coctasisieT okono 52 % [18]. IIpu atom cre-
IIEHb IIOJHOTHI Karajora pasjinyHa ISl pa3HbIX
MHTEPBAJIOB BPEMEHU, T'PAHUIBI KOTOPBIX MOKHO
NPUOTM)KEHHO BBIIEIUTh HA OCHOBE CPEIHEro0-
BOTO KoJInuecTBa u3BepxeHuil [24]. Yucno npo-
MyCKOB M3Bep)KeHU 3ameTHO Oobiie 10 1946 1.,
YTO Mbl OOBSCHSEM OTCYTCTBHEM B TO BpeMs Ka-
KHUX-TTM0O0 CUCTeMaTUYeCKuX HaOnoAeHnH 3a rps-
3eBbIMU ByJkaHaMmu. [loaTomy ans Hamero aHa-
nu3a Oonee KOPPEKTHO HCIOIb30BAaTh MHTEPBAI
BpemeHnu ¢ 1946 no 2018 r., s KOTOpOro ume-
IOTCSl MAKCUMAJIbHO TOUHBIE M Ha/IEXKHbIE JTaHHbIE
00 M3BEPIKCHUSX.

B kauecTBe aHanM3a 3pyNTHBHOM AESTENb-
HOCTH TIpSI3€BBIX BYJIKaHOB A3epOaiipkaHa ObUIH
MOCTPOEHBI I'paUKU €KEroJHOro 4ucia U3Bep-
*keHui B nepuon ¢ 1946 no 2018 1. u cpennero-
JIOBOTO KOJINYECTBA COJIHEYHBIX IISTEH 3a aHaJo-
TUYHBIN neproa BpemeHu (puc. 3). Bugno, uro
B JICATENILHOCTH I'PSA3EBbIX BYJIKAHOB BBIAEIISAIOTCS
LMKJIBL, TIEPUOJ KOTOPBIX HAaXOIUTCS B MHTEpBA-
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Puc. 3. CpenneronoBoe KOIUUECTBO CONHEUHBIX MATEH [25] — cepas nuHuA. EsxerogHoe KOIMYECTBO U3BEPKEHUM IPA3EBBIX BYJIKAHOB

AszepOaiimkana [20-22] — uepHas TUHUS.

Fig. 3. The average annual number of sunspots [25] — gray line. The annual number of mud volcanic eruptions in Azerbaijan [20—

22] — black line.

1e oT 14 go 20 neT. OTU HUKIBI MBI HE MOXKEM
HaIpsIMyIO0 COMOCTaBUThH C 11- wiu 22-neTHUMU
IHUKJIAMH COJIHEYHOM aKTUBHOCTH. [lOCKONBKY
LUK TPSA3EBYJIKAHUYECKOW aKTUBHOCTH TPHUOIIH-
3UTENIBHO B MOJITOpa pa3a JjauHHee 11-neTHero
LMKJIA COJIHEYHOW AKTUBHOCTH, TO MAKCHUMYMBbI
KOJINYECTBA N3BEPIKECHUH MPUXOAATCS KaK HA MaK-
CUMYMBI, TAK U HAa MUHUMYMBI uncesn Bonbda.
B03MOXXHO, HUKIMYHOCTh U3BEPKEHUI TIPA3EBBIX
BYJIKaHOB A3zepOaiijkaHa JIydllle COIMOCTaBUTh
¢ HyTanued 3emiid, TIOCKOJIbKY MEePHOAUYHOCTH
HYTAIIMOHHBIX KoJeOaHUi ONM3Ka K TePUOTUIHO-
CTH I'PS3EBYJIKAHUYECKUX U3BepKeHUM. Hyranuei
Ha3bIBACTCS MMOKAYMBAHUE OCH BpaIICHHs 3eMJIH,
KOTOpO€ O0O0YCIIOBJICHO TPAaBUTALMOHHBIM BO3JICH-
CTBUEM U MOJIOKEHUEM B MPOCTPAHCTBE OKPYKaro-
IUX 3eMITI0 KOCMUYECKHX Tel (B MEPBYIO Ouepeb
Comnnua u JlyHsl), a Takke BHyTPEHHUMH TPOIIEC-
caMu caMo# TUIaHeThl [26]. ImaBHas HyTalmoH-
Has rapMoHuKa umeet nepuosn 18.6 roga. pyrue
OCHOBHBIE TAPMOHHMKHM HYTALIUA MUMEIOT MEPUOJIbI
13.7 cyT, 27.6 cyT, 6 mec., 1 roa.

LupoTHoe pacnpeneneHue
rpsizeBbIX BYJIKAaHOB Ha 3emne

Ha 3emie cymectByroT obnactu (mosica), xa-
pakTepu3yroImecs Hauboiee aKTUBHBIM TIPOSB-

GEOPHYSICS

JIEHHMEM I'€0IMHAMUYECKUX ITPOLIECCOB. 3a4acTyIO
TaKHhe 30HBI BBIICISIOT BOJIM3U TaK Ha3bIBAEMbIX
CKPUTUYECKHUX Mapajuieniei (mupot)» +35° [7—
9, 39]. Ilpennonaraercs, 4To OJHOW M3 NPUYMH
MPOSIBJICHUSI BBICOKON SHJOT€HHON aKTUBHOCTH
B OIIPEJEICHHBIX 30HAX IIJIAHEThl — HIMPOTHBIX
nosicax — SIBJISIETCSI MAKCUMaJlbHasi KOHLIEHTPaLUs
TaM JedopMaliii 3eMHOTO IUTUIICOUIA U3-32a Ye-
penoBaHus (a3 pacTsHKEHUS U CHKATHs TOPOJ U,
KaK CJIEJICTBUE, BO3HUKAIOUIUX JU3bIOHKTUBHBIX
nedopmanuili (TpeUIUHbI, pPa3pbIBbI, Pa3IOMBbI)
3eMHOW KOphbl. [laHHbIE mpolecchl 00yCIOBICHBI
TPABUTAIIMOHHON W IIEHTPOOSKHOM CHUIamMu 3eM-
JIM, U3MEHEHUEM CKOPOCTH €€ BpallleHUs BOKPYT
cBoel ocH U mpeneccuer mianersl [7, 9]. Ipe-
LECCHE HA3bIBACTCS W3MEHEHHUE HalpaBIICHUS
36MHOM OCH BpallleHUs! B MPOCTPAHCTBE: 3Ta OCh
ONMCHIBAET KOHMUYECKYIO IIOBEPXHOCTH BOKPYT
OCH 3€MHOU OpOUTHI (T.€. MEPIICHIUKYISIpa  Op-
outanpHOM mIockoctn 3emnu). [lepuon mpe-
neccun cocrasisier npuMepHo 25 800 ser [26].
OCHOBHBIM (paKTOPOM, BIUSIOLIUM Ha U3MEHEHHE
CKOPOCTH BpAaLLEHUsI 3€MJIA U TIOJIOKEHHUE 3EMHOM
OCH B IPOCTPAHCTBE, ABJISIOTCS IPUINBHBIE CUIIBI
Jlynsl u Connua [7, 9]. Ilpu yckopenuu Bpaiie-
HUs 3eMJIM MPOUCXOAUT CKATUE MOPOA B IMOJISAP-
HBIX 30HaX (YMEHbILEHUE MOJSIPHOTO paanyca)
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U pacTsKeHUE — B HKBAaTOPUAIbHOM 30HE (yBEu-
YeHHUe SKBaTOpUajIbHOro paguyca). Ilpu 3amene-
HUU BPALLEHUS 3€MIIM CKaTHE B MOJISPHBIX 30HAX
U pacTsDKEHUE B HKBATOPUAIBHOM 30HE YMEHb-
matoTcsl. Bo3HuKaeT NOMONHUTENbHAST DHEPrus,
KOTOpast BEICBOOOXKJA€TCs HEPAaBHOMEPHO IO I~
POTHBIM IOSICaM.

Kak MBI ye roBopuiau BbIIIE, HA CEHCMHU-
YECKYI0 aKTUBHOCTH IUJIAHETHI MOTYT BIIUSATH HE
TOJIBKO 3€MHbIE€ (BHYTPEHHHE), HO U pa3InYHbIE
KocMuueckue (BHemHue) dpakropsl. B padore [9]
npoaHaiu3upoBanbl 1838 CHIIBHBIX celicMuye-
CKHX cOObITUH ¢ MarHUTYZ0i M > 7. OT™MeuaeTcs
YETKUI MaKCUMyM 3E€MIIETPSACEHHH B Ipeaesax
napayuienei 35-45° c.u., a TakkKe JOKaJbHBIE
MakcuMyMbl a5 30H 10-20° c.mr. u 0-10° ro.m.
CxX0oxyl0 KapTHHY JAajl aHaJIW3 IIHPOTHOTO pac-
npenenenus Oonee 100 ThIC. 3eMIIeTpsACEHHI
¢ marautynoi M > 4 3a 1973-1993 rr., npu xo-
TOPOM BBIJICJICHO JBAa MAKCUMYyMa CEHCMHUYECKON
aKTUBHOCTH B mpezaenax 35—40° c.u. u BOMU3H
10° ro.m1. [7, 39]. 1 npumepHO K TaKOMY K€ BbI-
BOJY NpUILIH aBTOpbl [40]: HanbombIIMe MPOsB-
JICHUS CEWCMUYECKON aKTUBHOCTH HAOIIONAIOTCS
Ha mupoTtax okojo 30—40° B CeBepHOM MOITyIIIa-
puu u 0-10° B FOxxnom. MccnenoBanue mupor-
HOTO pacCHpeleNIeHUs] 4acTOThl 3EMJIETPSICEHUI
¢ MarHuTyaamu M = 3 u M = 4 noka3zasno 11t 3TUX
3eMJIETPSCEHUN YCTOMYMBOE MTPUCYTCTBUE B pac-
IIPEJIEICHUN KBaApyIlIeTa MAKCUMYMOB Ha IIUPO-
tax 33[£5° u |10/+5° [41]. D1Tu mmpoTHBIE Nosica
C TMOBBILICHHBIM KOJMYECTBOM 3E€MJIETPSICEHUM
MaJblX MarHuTyj pacrlojiararoTcs He JOKaJIbHO
B OZIHOM MECTE, a M0 BCEMY NEPUMETPY 3EMIIH.
Takum 00pazoM, B LIEJIOM YHCIIO 3eMJIIETPSCEHHM
YMEHBILIAETCS OT 3KBaTopa K IOJI0caM 3eMJIH.
BOnu3u nonmtocoB ceiicMuueckue coObITHSI MTpak-
TUYECKH BOOOIIE HE MPOUCXOMAT, 3a MpeaesiaMu
mupoT +80° ynmoMHHaHUI O KaKUX-THOO0 3emiie-
TPSICEHUSIX HET.

Bo3MoxxHO, uUTO JOKalW3aluusg MaKcuMyma
celicMMYEeCKOH AaKTHBHOCTH OOYCJIOBJIEHA ILH-
POTHBIM  pacHpelesIEHUEM KOHTHHEHTAJIBHON
KOpBI, B KOTOPO#l HaOMonaeTcs nmpeoodiaaronias
4acTh CeHcMHUUYecKuX coOwiThii [9]. Makcumym
B PAclpeneseHuN 3€MHOW KOpbl KOHTHHEHTAJlb-
HOT'O THUIIA IPUXOAUTCS Ha MUpoThl 35—40° c.mi.
B IOxHOM — «OKe€aHN4YeCKOM) IOJIyIIapuu MpH-
JUBHAs SHEPrus MOXeT B OoJsiblIeill cTeneHu
pacxonoBaThcsl B ruzpocdepe, a B «KOHTHHEH-
TanbHOM» CeBEepHOM NOJyIIapHUM OHAa B OOJb-
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el crenenu nepenaercs autocdepe. [losTomy
CeBepHoe monymiapue oTIn4yaeTcsi 0ojiee BBICO-
KOM CEHCMHUYECKON aKTUBHOCTBIO IO CPAaBHEHUIO
¢ FOxupM. OT™Meueno [13], aro okoio 99 % Bcex
3eMJIETPSICEHUI MMPOUCXOANUT Ha IPAHULIAX TEKTO-
Huuyeckux wmt. [Tpumepno 80 % celicMuueckux
COOBITUH TPUXOAUTCSA Ha CYyOAYyKIIMOHHBIE Tpa-
HULBI TUXOOKEAHCKOM IUIUTHI U COCEACTBYIOIINX
¢ HeH m1aBHBIX uTOChepHbIX KT [13]. D1H rpa-
HULIBI, KaK U3BECTHO, HaxoAsaTcs B CeBEepHOM I10-
ayuapun 3emiu. B pabGore [41] aHoManbHO BbI-
COKHE 3HaYEHUS] CEICMMUYHOCTH B Y3KHUX I10JIOCAX
HIUPOT OOBSICHSIOT IPUYPOUEHHOCTHIO 3TUX 30H K
IPaHMIIAM BHEUIHETO SApa ¢ MAHTUEW U BHYTPEH-
HUM SIAPOM, CHPOEIMPOBAHHBIM HAa 3€MHYIO IO-
BEPXHOCTh B HAIIPABJICHUU NEPIEHIUKYISIPHOM
OCH BpaIllCHHs 3eMJIH.

B pabote [9] Ha ocHoBe ananm3a 1030 u3Bep-
KEHUN MarMaTU4eCKUX BYJIKAHOB 3€MJIH 3a Mepu-
o1 1900—1977 rT. BbIAENEHO TPU IIUPOTHBIE 30HBI
B CesepHom nomymapuu (10-20°, 30-40°, 50—
60°) u ogHa B FOxHoM (0—10°), Ha KOTOpBIE MTPH-
XOSTCS MAaKCUMYMbl YUCJIa BYJKAHMUECKUX W3-
BepkeHM. [Ipr 3TOM KOIMYECTBO U3BEPKEHUN B
11eJI0M YOBIBaeT OT 3KBaTopa K rnojocaM. B cBs3u
C 3THM NPEINOJIAraeTcs, 4YTO MIMPOTHOE paclpe-
JIEJICHUE BYJKAHUUYECKUX W3BEPIKEHUU OTpa)xaeT
xapakrep aedopManuii B 3eMHOM KOpe, KOTOPBIi
MMeeT BUJ MPOAOIbHON CTOsSuel BOJIHBI (pacTs-
KEHMSI M CKaTusl) ¢ 3aTyXarolleil oT sKBaropa K
MOJIF0CaM aMIUTUTYAON Konebanuii. Kak u B ciy-
qyae ¢ 3emuieTpsiceHusiMu, CeBepHOeE Moyliapue
oTIM4aeTcsi 060see BBICOKON BYJIKAHUYECKOW aK-
TUBHOCTBIO 1O cpaBHEHHUIO ¢ FOxHBIM. J[M3bIOH-
KTHUBHBIE e(hopMaIiuu B 3eMHOU KOPE SIBIISIOTCS
OHUM U3 BO3MOXXHBIX TPUITEPOB YCHUJICHUS aK-
TUBHOCTH MarMaTu4yecKux ByJkaHOB 3emiu. bia-
rofaps BO3HUKIIMM TPELIMHAM U pa3pblBaM JaB-
JIEHWE B HACBILIEHHOM Ta3aMy MarmMaThieckoM
paciuiaBe yMmeHbluaeTcsi. PacTBopeHHblE B pac-
IUTaBe Ta3bl IEPEXOAAT B ra3000pa3HOE COCTOSIHUE
C TIOCIIEAYIOIUM yBeJInYeHHEeM uX o0bema. ['a3bl
MOJHUMAIOTCS 10 00pPa30BaBIIMMCS TPEUIUHAM K
MIOBEPXHOCTH 3€MJIH, 3aXBaThIBasl C COOOW Marmy.
Cxoxue naHHblE O HIMPOTHOM pacIpellelIeHUH
M3BEPKEHUM MarMaTuyeCcKuX BYJIKAHOB 3eMIIH
npuBonaTcs B pabore [40], rme MakcMMallbHAs
BYJIKAHUYECKasi akTUBHOCTb OTMEUYAETCsl B peie-
nax 30—40° c.u. u 0-10° ro.11.

JIoru4HO NpeANnoNoXKHUTh, YTO 3aKOHOMEPHO-
CTH IIHPOTHOTO pacHpe/eleHUs 3eMIIETPICEHHM
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U U3BEPKEHUI MarMaTHYeCKUX BYJIKaHOB MOTYT
ObITh MPUMEHHUMBI TAK)XKE€ U K TPSA3EBBIM BYJIKa-
HaM. OHAKO MO CPaBHEHUIO C 3E€MJICTPSCEHUS-
MHU U U3BEPKEHUSMH, KOTOPbIE PErUCTPUPYIOTCS
JOCTAaTOYHO [JABHO, MOBCEMECTHO M HAJIEKHO,
Oonbplllie U TIPEACTABUTENbHBIE BHIOOPKHU IaH-
HBIX 00 M3BEPKECHHUSAX TPA3EBHIX BYJKAHOB 3eM-
Iu OTCYTCTBYIOT. [lo3TOMY aHanu3 MIMPOTHOTO
pacnpeneneHns U3BEp>KEHUH rpsi3eBbIX BYJIKAaHOB
3eMJ1u MPOBECTH NOMPOCTY HEBO3MOXKHO. B 10 *Ke
BpeMsi UMeeTcss MHpopMalus O PacHoIOKEHUH
Ha 3emiie 2500 M3BECTHBIX I'PSA3EBBIX BYJIKAHOB
[20] (puc. 4). MO>XHO AOIYCTUTD, YTO B PETHOHAX
c OOJBIIUM YUCIOM TPA3EBBIX BYJIKAHOB MOYKHO
OXUAaTh OOJIbIlIee KOTUIEeCTBO u3BepxkeHui. [1o-
3TOMY MBI PEHIMIM MPOAHAIU3UPOBATH HIUPOT-
HOE paclpeieiieHUE YHUClla TPA3EBBIX BYJIKaHOB
Ha 3eMJI€ U CPaBHUTH C IUIMPOTHBIMU MaKCUMyMa-
MH 4aCTOThI 3€MJICTPSICEHUI Y M3BEPKECHUM Mar-
MaTHUYECKHUX BYJIKAHOB. BBIICHUIIOCH, YTO OTYET-

JIMBO BBIJIENISIOTCS JIBE 00JACTH MaKCHMAaJIbHOTO
KOJIMYECTBA IPSA3EBBIX BYJIKAHOB — B Ipezaenax
mupot 10-15° c.m. m 30-45° c.u1., Ha KOTOpBIE
npuxoastcs npumepHo 22 u 46 % ot oOuiero
Yuciia BYJIKAHOB COOTBETCTBEHHO (puc. 5). B cym-
M€ B 3THX JIByX IIMPOTHBIX 30HaX pacrojiaraer-
csi Oosiee TOJOBHUHBI BCEX TPS3EBBIX BYIKAHOB
mupa — okoso 68 %. B rpanunax 10-15° c.m.
OOoJIbIIIE BCETO TPS3EBBIX BYJIKAHOB COCPEIOTOUE-
HO B paitone o. Tpunuman (oxomo 200) u B mipe-
nenax bapbamgocckoil aKKpeLMOHHOW MPU3MBI,
BKITFOUarotie o. bapbamoc (okono 250), uro Bme-
CTE COCTAaBIIIET OCHOBHYIO YaCTh BCEX BYJIKAHOB,
pacToNOKEeHHbIX B JaHHOM IIMPOTHOM TIOSICE.
B mpenenax 30-45° c.m. Hambonee KpymHbIe
MO0 KOJIMYECTBY I'PSA3EBBIX BYJIKAHOB CJIEIYIOIIHE
MPOBHHIIMK: Tpwieratonias Kk Erunrty axsato-
pus Cpeauzemuoro mops (oxosno 160 BynkaHOB),
BOCTO4YHas 4yacTb OacceiiHa Cpeau3eMHOro Mops
(oxono 230), Tepputopust AzepOaiiKaHa U Mpu-

Puc. 4. PacnionoxxeHne paifOHOB MPOSBICHHUS TPA3EBOTO BYJIKAaHI3Ma Ha 3eMJIe M0 OTHOIICHUIO K TPAaHUI[aM TEKTOHHYECKUX TUTHT 1 00Ja-
CTSIM PaCIpOCTPaHEHHs] KOHTHHEHTAJIBHOTO HIenb(a. PHCYHOK BBITIOIHEH HAa OCHOBE KapThl [NIOOATBHON TEKTOHUYECKOM U BYJIKaHUIECKOI
AKTUBHOCTH 3a TIOCJICIHUIN MIJUTHOH JIET [42] ¢ y4eTOM CBEICHHIA 0 reoMOP(OIOrHIECKIX 0COOCHHOCTIX MOPCKOTO JTHA U3 paboThI [43].

Fig. 4. The location of areas of mud volcanism on the Earth in relation to the boundaries of tectonic plates and areas of continental shelf
distribution. The figure is based on a map of global tectonic and volcanic activity over the past million years [42], taking into account
information about the geomorphological features of the seafloor from the work [43].
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jeraronas K Hemy akBatopusi Kacnmiickoro mopst
(oxono 350 BynKaHOB).

[To xonmuuecTBy Tpsa3eBbIX BysikaHOB CeBep-
HOE MOJTyIlaphe 3HAYUTEIbHO MpeodiafaeT Haj
IOxHBIM: ceBepHee SKBaTopa pacroyiararTcs
mouTH 95 % BCEX M3BECTHBIX TPSA3EBBIX BYJIKAHOB.
B IOxHOM monymapuu HauOoJbIee KOIUYECTBO
IPSI3EBBIX BYJIKAHOB — MpuMepHO 3 % OT ux 00-
1IEr0 YMCIia — HaXOAUTCs B rpaHuiiax 5—10° ro.m.
MoskHO OBbLTO OBbI IPEANONOKHUTD, YTO ITO CBSI3a-
HO C HEpPAaBHOMEPHBIM PACTIPEETICHUEM CYIIIH Ha
3emiie, MOCKONBKY ISl UASCHTHU(DUKAIUU Tpsi3e-
BBIX BYJIKAHOB Ha MOPE U Ha CyIIE UCTIOIB3YIOTCS
pasHble noaxoasl. HazemMHble rpsizeBble BYJKAaHbI
Jerko oOHapy>KUBAIOT ceds Ha Cylle MO CpaBHe-
HUIO C MOPCKUMH BYJIKaHAMHU, KOTOPBIE Majo3a-
METHBI B INTyOOKOBOJIHBIX pallOHaX MOPCKOTO JHA.
MHorue moIBOAHBIC TPS3EBbIC BYJIKAaHBI HEJO-
CTYIHBI JJIi HEMOCPEICTBEHHOIO HaOIOACHUS
¥ OOHApYXHUBAIOTCS JIMIIL MO PSIy KOCBEHHBIX
MPU3HAKOB, TaKMM KaK TIOBBINIEHHAS Ta30HACHI-
HIEHHOCTh MOPCKHMX JOHHBIX OTJIOKEHUH W pac-
MOJIOKEHHOW HaJ HUMH BOJHOW TOJIIH, XapaK-
TepHast ¢opma penbeda AHA, OIpPEIEICHHbII
JIUTOJIOTUYECKUN COCTaB JIOHHBIX OTJIOXKEHUU,

CYLIECTBOBAHHE B 0CAJIOYHOM YeXJI€ 30H C MOBBI-
[IIEHHBIM TOIJIONIEHUEM CeHCMUYECKUX BOJIH, Ha-
JUYUE MOAXOAIINX TEKTOHUYECKUX HapyIIEeHUI
u 1.0. Kpome Toro, Mopckue 3KCIEIUIIMOHHBIE
UCCIIEIOBAaHUS TOpas3o Oojiee JOpOroCTOSIINE
10 CPAaBHEHUIO C aHAJIOTMYHBIMH Ha3€MHBIMU HC-
cienoBanusaMu. [1o3ToMy OCHOBHas 4acThb MOp-
CKUX TpS3EBBIX BYJIKaHOB OOHapy>ke€Ha B Ipee-
J1aX KOHTUHEHTAJIBHOTO 1IeNib()a — OTHOCUTENBHO
HErTyOOKO BBIPOBHEHHOW OOJIACTH TMOIBOTHOM
OKpauHbI MaTepuka (puc. 4). B HacTosiee BpeMs
n3BeCTHO 0KOJ0 1100 Ha3zeMHBIX I'ps3EBBIX BYII-
kaHoB 1 okoio 1400 — mopckux [20]. Cymia 3a-
HuMmaeT B CeBEepHOM MOTyHIapUH TUIOIIAIb OKOJIO
100.5 vt kM2, a B FOxHOM — 0K0J10 48.5 MITH KM?,
T.. pa3HHIla MpuUMepHO B 2 pasza. Torma kak Ko-
JIMYECTBO I'PSA3EBBIX BYJIKaHOB B CEBEpPHOM IOITY-
apuu npuMepHo B 18 pa3 Oombie, yuem B FOx-
HOM. Jlaxe eciau y4ecTh, 4TO MOMHUMO IIJIOLIAAN
Y4aCTKOB CYILM UIPAeT pojib TAKXKE JUIMHA MEepH-
MeTpa 3TUX YYacTKOB (MPOTSXKEHHOCTH MIeNbdo-
BO 30HBI), TO U B 3TOM CIIy4yae HEPaBHOMEPHOCTH
pacnpezenieHusi CylId He IMO3BOJISIET OOBSCHUTD
aCUMMETPUYHOCTb  PAcCIpEleNIeHus TIPs3EBbIX
BYJIKAaHOB B Pa3HbIX MOJylIapusax. biwxke k mo-

Puc. S. Pacripenesnenue KonmuuecTBa 3eMiIeTpsaceHni (IITpuxoBas JTuHUA) [39], n3BEepKEHUH MarMaTH4eCKUAX BYJIKAHOB (CIUIOLIHAS JIH-
HUA) [9], KoaMYecTBa IpsA3EBBIX BYJIKAaHOB MHpa (cepble CTOJIOLBI) 10 MIKUPOTHRIM MosicaM 3eMid. JIeBas BepTUKanbHAs OCh 3HAUCHUIN
MOKa3bIBAET KOJIIMUECTBO I'PSA3EBBIX BYJIKAHOB (B IMPOIEHTAX), paBasi — KOJIUIECTBO 3eMIIETPSICEHUH 1 M3BEPKEHUH MarMaTH4IecKHX BYII-

KaHOB (B MIPOIIEHTAX).

Fig. 5. Distribution of the number of earthquakes (dashed line) [39], eruptions of magmatic volcanoes (solid line) [9], the number of mud
volcanoes in the world (gray columns) by latitudinal belts of the Earth. The left vertical axis of values shows the number of mud volcanoes
(in percent), the right one shows the number of earthquakes and eruptions of magmatic volcanoes (in percent).
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Jr0caM — 3a mpeaenamMu mupot £70° — rps3eBbie
BYJIKaHbI JTMOO OTCYTCTBYIOT, JIMOO €Ille MoKa He
OTKpBbITHI. Hampumep, apKkTU4eCKHil peruoH, Ko-
TOpPBIN B TIOCJIE/IHEE BPEMsI OUE€Hb AKTUBHO W3-
y4aeTcs M OCBamBaeTcsi, OOrar €cTeCTBEHHBIMU
BBIXOJIaMU YIJIEBOJOPOJIHBIX Ta30B. B cuiy ompe-
JIEJICHHBIX T€0JIOTMUECKUX YCIOBHIM MOXKHO MpeI-
roJiaraTh, 4YTO B aKBaTOPHUSIX APKTUKH UMEIOTCS
TpsI3€BbIC BYJIKAHBI.

B menom Mbl BUAMM, YTO HIMPOTHBIE MOsica
C HauOOJBIINM KOJTMYECTBOM TPS3EBBIX BYIKAHOB
Ha 3eMJIe HETIJIOXO COINIAaCyOTCs € IUUPOTHBIMU 30-
HaMU C MaKCHUMAaJbHBIM KOJUYECTBOM 3EMIIETPSI-
CEHMI M W3BEP)KEHHI MarMaTHYeCKUX BYJIKAHOB.
B ocHOBHOM 3TO coBmajieHHE HAOMIOMACTCS JUIS
CesepHoro mnosymapusi, B KOTOPOM Mosica BYJI-
KaHWYECKOW M CEHCMUYECKOM aKTUBHOCTH IpH-
xomarcst Ha 30-45° can. u 10-20° c.mn. B 1o xe
BpeMsi BBIOMBAETCS W3 OOIIEH 3aKOHOMEPHOCTH
HaJM4YMEe BBICOKOTO MUKA YHUCIIA TPSI3EBBIX BYJIKa-
HOB B MHTepBasie 10—15° c.m1. u oTCcyTCTBHE KaKo-
ro-JIn00 3HAYMMOTO NMuKa B uHTEepBaje 0—10° ro.m.
(puc. 5). MbI nonaraem, 4To 3T0 MO>KHO OOBSCHUTH
crenyronmmM obpasoMm. bombiias yacte rpsa3eBbIX
BYJIKAHOB 3eMJIM TPUypOUY€Ha K KOHBEPTCHTHBIM
rpaHUIaM JTUTOCHEPHBIX TUIUT, K KOTOPBIM, KaK 13-
BECTHO, ITPUYPOUYECHA OCHOBHAs T'€OIMHAMUYECKas
AKTUBHOCTB. [Ipu 3TOM OOJbIIasi 9acTh MOPCKUX
TPS3EBBIX BYJKAHOB 3a(MKCHpOBaHA B 30HAX KOH-
TUHEHTAIBHOTO Ienb(a (BO3MOXKHO, U3-3a Oosee
JIETKOTO OOHApYXEHHUSI BYIKAHOB IO CPAaBHEHUIO
C DIyOOKOBOJTHOM 4YacThi0 Mopckoro ana). Coue-
TaHWe OOIMPHBIX 00JACTe KOHTHHEHTAJIHHOTO
menbha ¢ KOHBEPIeHTHHIMU TpaHHUIIAMHU JIUTOC-
(depHBIX TUIMT MeHee OmarompuatHOo B HOkHOM
nonytnapun (puc. 4). Iloatomy MBI HaOIIOMAEM
TaKyI0 Pe3KyI0 aCUMMETPHIO B IIUPOTHOM pacmpe-
JIeNICHUH TPSI3eBBIX BYJIKAaHOB Ha 3emiie ¢ mpeoO-
JalaHieM ByJlIKaHOB B CeBepHOM MOIyIIApUH, T.€.
orcyrcTBue nuka B uHTepBaje 0-10° ro.m. [lpu
9TOM HaJ0 3aMETHUTh, YTO 3TO HE O3HaYaeT Majo-
YHCJICHHOCTH T'PS3EBbIX BYJIKaHOB B FOxkHOM mO-
JyIIapuH Ha CAMOM JIeJie, IPOCTO OHU MOTYT OBITh
TaMm emie He OOHapyKeHbI (Hampumep, B TITyOOKo-
BOJIHBIX YaCTSIX MOPCKOro fHa). [Iuk B mHTEpBaje
10—-15° c.i1. 0OycioBIIeH OOJBIIMM KOJHYECTBOM
MOPCKHMX TpPSI3€BbIX BYJIKAaHOB B pailoHe o. Tpu-
HUJAM U B mpenenax bapOamocckoil akKperuoH-
HOM npu3Mbl. BepoATHOCTH dydlleld H3y4eHHO-
CTH MOPCKOTO JIHAa B 3TOM pailOHE 1O CPaBHEHUIO
C ApyruMu pailoHamMu MHUpPOBOro OKeaHa MOXKET

GEOPHYSICS

00bSCHUTH HalTMuue oOcyxnaemoro nuka. pyru-
MM CJIOBaMH, HaOIr0aeMast aCHMMETPUS B IIUPOT-
HOM pacIIpeIeIEHUH TPS3EBBIX BYJIIKAHOB Ha 3eMJIe
MOXET SIBJISTHCS CJIEICTBHEM HEIOCTaTOYHOM M3-
YUEHHOCTH 4€JIOBEKOM MUpPOBOro okeaHa, a He OT-
paXKEHUEM pealbHON reoJIOrMYeCcKOi 00CTaHOBKHU.

3aknroyeHue

MHorouucieHHbIe NCCIE0BAHNS [T0KA3bIBa-
10T BOBMOXKHOCTB BIIMSIHUSI PA3HBIX KOCMUYECKUX
(akTOpOB Ha reoJMHAMHUYECKHe Mpoueccsl. B Ha-
mieit paboTe 1o JIUTEepaTypHBIM JAHHBIM NpUBE/Ie-
HBI IPUMEPBI BO3EHCTBUS MPUINBHBIX CUJI JIyHBI
n CoiHIA, COJHEYHON aKTUBHOCTH, MU3MEHEHMS
YIJIOBOM CKOPOCTHU BpalleHUs 3eMJId Ha CEHCMUY-
HOCTh M JI€ATENILHOCTh (PIIOMI0IMHAMUYECKUX
cuUCTeM (IIOJ3EMHBIX CKBa)XKMH, MarMaTH4eCKUX
BYJIKAaHOB, HedTerazoBbeIXx 3ayexeil). Paccmo-
TPEHBI TAKXKE MEXAHU3MBI, KOTOPBIE MPEIJIaratoT
pa3HbIe UCCIIEAOBATENH AJIs1 OObSICHEHUS BIUSHUS
KOCMUYECKHX (paKTOpOB Ha 3TH sBIeHUs. [1o aHa-
JIOTUM MOKHO OXKHU/1aTh, YTO KOCMUYECKHUE (paKTo-
PBI BIUSIOT U HA aKTUBHOCTB T'PSI3EBBIX BYJIKAaHOB
3emuu. AHaJIM3 TaKOTO BJIMSHHUS BBIIIOJHEH HAMU
IJIaBHBIM 00pa3oM Ha MpHUMeEpe TPSA3EBbIX BYJIKa-
HOB A3epOaiikaHa, JJI KOTOPBIX CYIIECTBYET
HanOoJiee TOJHBIN KaTajor u3Bepkenui (431 co-
obrTre 3a moutu 210 nert). [lo pesynpraram Ha-
LIETO aHaJIW3a U JIUTEPATyPHbIM JTaHHBIM MOKHO
CeNaTh CIEIYIONINE BHIBOJIBI.

AKTUBHOCTB I'PSI3E€BBIX BYJIKAHOB MOXKET YCH-
JIMBATHCS MOCIIE CUIIBHBIX CU3UTMHUHBIX IPUIIMBOB
(pa3pl HOBOIYHUS | MTOTHOIYHHUS), Oarofgapsi Ko-
TOPBIM B MPWJIMBHBIX BBICTYNAX 3€MJIA MPOUCXO-
IaT Oosee cuUiIbHbIE 1e(hOpMALUU 3€MHON KOPBI.
CoOTBETCTBEHHO, NTEPEl HOBOIIYHHEM U TIOTHOIY-
HUEM HaOII0aeTCsl YMEHBIIEHNE YU CIIa MPSA3EBYJI-
KaHMYECKUX U3BEpKEHUI. Ecii TpurrepoM noBbl-
LICHNsI AKTUBHOCTH SIBIISIIOTCSI HEMOCPEACTBEHHO
CaM¥ CU3WUTUITHbIE IPUIINBBI, TO OTKIIUK IPSA3EBBIX
BYJIKAHOB Ha NpPWJINBHOE Bo3xaelcTBue JlyHbl 3a-
nazabiBaeT Ha 5—10 cyT. [To-BuagumMomy, 3To TO He-
00X0IMMO€ BpeMsl, KOTOPOE€ 3aHUMAIOT MPOLIECCHI
HOATOTOBKU M3BEp:KEHUs: (POpMUPOBAHUE HOBBIX
TPELLMH, IEPEMELIEHHE ITy3bIPHKOB I'a3a U Jp.

W3BepikeHHs TpsA3eBbIX BYJIKAHOB paclipe-
JieJIeHbl HEPaBHOMEPHO B TeueHue roga. Beige-
JSAIOTCS. ABA NMUKA TPA3EBYIKAHUYECKON aKTHB-
HOCTH: B MapTe—HIOHE M CEHTA0pe—OoKTalpe.
[IepBbIii MUK MOXET OBITh OTKIUKOM IPSI3E€BBIX
BYJIKAaHOB Ha IPOXOXKIEHUE 3€MJIEU NEpPUTEIINs
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(2—5 suBaps). B aToM ciiydae oTKIIMK 3ana3/biBa-
€T Ha HECKOJIBKO MECSLEB U JJOCTATOYHO CUIIbHO
pacTSHYT BO BpeMeHU. AGCOIIOTHBIA MaKCUMyM
M3BEPKEHUN MPUXOAUTCS Ha UIOHb — 13.8 % ot
oburero yucna (33 codsiTus). Bropoii muk Moxet
OBITh peakIfell rpsa3eBbIX BYJKaHOB Ha MPOXOXK-
nenue 3emueit adenus (1-5 urons). Dta peakuus
MEHEE BBIpa)KE€HA U MPOUCXOAUT C MEHBIIUM 3a-
nasJplBaHUEM. 3amasJblBaHUE, BEPOSTHO, 00Y-
CJIOBJIEHO JUTMTEIbHOCTBIO MPOTEKAHUS MpOLieC-
COB IMOATOTOBKHU U3BEPKEHUS: TPOPAOOTKA Iy TeH
Murpanuu GarouaoB, Murpanus GIrouIoB ¢ 60-
nee ryOOKUX TOPU30HTOB B IPUIIOBEPXHOCTHBIE
pesepByapsl U Ap. Mbl ojlaraem, 4to, B OTJINYHUE
OT OTKJIMKA I'PSI3€BBIX BYJKAHOB HA CU3UTHITHBIE
IPWINBBI, 37€Ch OCHOBHYIO POJIb MIPAIOT YXKe
T€ MPOLIECChl BHYTPHU TPA3EBBIX BYJIKAHOB, IS
KOTOpBIX TpeOyeTcs Oouibliiee XapaKTepHOE IS
BO3JEHCTBUS BpEMSL.

Bonpexkn MHEHHIO pa3HBIX HCCIEOBaTeleH,
Mbl HE HAXOIUM CBSI3U MEXIY COJHEYHOM aKTUB-
HOCTBIO U I'PA3EBYJIKAHNYECKUMH U3BEP)KEHUAMHU.
MaxkcuMyMBbl U3BEP>KEHUH I'PA3EBBIX BYJIKaHOB I10-
BTOPSIIOTCS € TEPUOANUHOCTHIO 1420 net. Dta 1u-
KJIIMYHOCTh HE COOTHOCHUTCS HampsMyto ¢ 11- nam
22-N1eTHUMHU LMKJIAMHU COJHEYHOM AKTUBHOCTH:
MaKCHUMYyMBbl TI'PS3E€BYJIIKAHUYECKUX H3BEPIKEHUN
MIPUXOJATCS] KAK HA MAKCUMYMBI, TaK U Ha MUHU-
MyMbI yrcen Bonbda.

Mpbl nonaraeMm, YTO IMKJIBI I'pA3EBYIKaHU-
YECKOM AKTMBHOCTH JIy4YILE BCETO COOTHOCATCA
C TIaBHBIM HYTAIlMOHHBIM KOJeOaHHEM 3€MHOM
ocu. DTo Kojebanme mmeer mepuop 18.6 rona,
paBHBII mepuony OOpallleHusl JYHHBIX Y3JI0B
(Touku mepecedeHuss opOuThl JIyHBI ¢ MIIOCKO-
CTBIO DKJIUTITHKH ).

AHanu3 WUPOTHOTO pacHpeesieHusl Yucia
IpsA3EBBIX BYJIKAHOB Ha 3emJyie MOKazaj, YTO OHO
HEIUIOXO COIVIaCyeTCsl ¢ IIMPOTHBIM pacipene-
JIEHUEM 4YHUCJIA 3EMIIETPSICEHUN U WU3BEPKECHUU
MarmMatudeckux ByakaHoB. B CesepHom mouny-
MIapuM Tosica MaKCHUMajbHON KOHLEHTpAIMH
IpA3EBBIX BYJIKaHOB Ipuxoasrcs Ha 30—45° c..
nu 10-15° c.m1., uyTo cocraBnsgeT okoiio 22 u 46 %
OoT oO0miero 4ucia BYJKaHOB COOTBETCTBEHHO.
B IOxHOM mnonymapun HauOosbliee KoJuue-
CTBO I'psI3€BBIX BYJIKaHOB (0k0i0 3 % OT ux 00-
IETo YKcia) HaXoauTcs B rpaHunax 5—10° ro.m.
3a npenenamu mupoT +70° rpsi3eBble BYJIKaHBI
OTCYTCTBYIOT, JIUOO O HUX MONPOCTY €llle HUYEro
HE U3BECTHO.
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O COpOLLEHHbIX HanNpPsPKeHUsIX B o4arax YMepeHHbIX U cnabbix
3eMNEeTPSICEHNIA: 0COOEHHOCTU pacrpedeneHns BO BpeMeH!

JI. M. Bozomonog', B. H. Cuiues™', H. A. Coiuesa?®
*E-mail: koitash@mail.ru

'Uncemumym mopcxoii 2eonozuu u 2eopusuxu JJBO PAH, I0xcno-Caxanunck, Poccust
2Unemumym guzuxu 3emmu um. O.1O. [LImuoma PAH, Mockea, Poccus

Pestome. [IpoBeneH aHain3 U3MEHEHUs COPOIICHHBIX HAIPSDKEHUH BO BPEMEHHU B IepHOA (HOPIIOKOBONH aKTHBHO-
CTH CHIIBHBIX 3eMIICTPSICCHHUH IS ABYX CEHCMOAKTUBHBIX PETHOHOB C PA3IMIHON T€OIMHAMHYECKOW 00CTaHOBKOM:
Cesepnbiif Taub-1ans n OxubIe Kypnibckue octpoBa. B kauecTBe MCXOIHBIX JaHHBIX HCIIOIB30BaHbI PaHEE CO-
CTaBJICHHBIE KaTAJIOTH JUHAMUYecKHuX mapamerpoB ([I1) 3emneTpscenuii B 3THX pernoHax ¢ OOJBIIMM YHCIOM CO-
obrTuid. [l Ceseproro Tsaub-11ans katanor JI1 ouaros comepsxut 183 3anucu aist 3eMIETPSICEHUH ¢ MarHUTY1aMU
2.6-6.0, a B ciyuae FOxnupix Kypni — 264 3anucu. 3HaueHUs1 COPOIICHHBIX HANPSHKEHUI aHATU3UPYIOTCS 110 BCel
BbIOOpKE M 1151 (hOPIIOKOBBIX MeproaoB — 500 nHei nepex Hanboee CUIBHBIMU 3eMileTpsiceHusIMH. [l o6oux pe-
THOHOB BBIJICIICHO O 12 TaKWX 3HAYMMBIX COOBITHH ¢ MarHuTyaamMu M > 5 nis Ceseproro Tsup-11lans u M > 6.5 nus
10xubIx Kypun. Onpenenensl MequaHHbIe CpeiHNE 3HaYeHUs] cOpOIIEHHBIX HanpspkeHui B 500-1HEBHbIE TEPHOJIBI.
[TpoBeneHO cpaBHEHHE U3MEHEHNUsI COPOILICHHBIX HANPSDKEHUI BO BpEMEHU C U3MEHEHUsIMU 3HaueHuit b-value (Mo-
JIyJb YIJIOBOTO KOd(duireHTa rpaduka MoBTOPSEMOCTH 3eMIICTPSICEHHUI) 32 OHU M T€ XKE MEePHOIbI HAOIIOICHHH.
st pacuetoB b-value B ciyuae Ceeproro Tsub-11lans ucnonb3oBascs karanor ceiicMonoruueckoi cetn KNET
(1994-2021 rr., 60nee 10 ToIcAY cOOBITHIN), a B cimydae FOxubpIX Kypun — karanor ISC (International Seismological
Center) (1964-2000 rr.). B 006oux cinydasx pacdeT BeIWIHHBI b-value BBIMONHSETCS A CKONB3AIMIETO WHTEpBaa
500 mueit, co cnuroMm 1 nens. [To pesymbraram pacdeToB I 000MX M3y4aeMBIX PETHOHOB OTYCTIMBO MPOSBUIICS
XOpOIIO M3BECTHBIN 3(PdeKT yBenuueHus napaMmerpa b-value mepen CHIBHBIMHE 3€MIICTPSCCHUSAMHU. YCTaHOBIICHO,
YTO TAKOE€ BO3pacTaHue b-value cormpoBOXKIaeTCsl yMEHbIICHHEM YCPEAHEHHON BETMYUHBI CHATHS HarpspkeHui. [1o-
JIy4eHHBIEC Pe3yJIbTaThl MM0Ka3aJid, YTO IPOBEACHNE MOHUTOPHUHIA COPOIICHHBIX HANPSIKEHUH BO BPEMEHH MOXET
OBITH MCIIOJIB30BAHO IS BBISIBIIEHUS] HECTAIMOHAPHOCTH CEHCMUYECKOTO PEXXHUMA.

KntouyeBble crnoBa: 3emieTpsceHHe, CEHCMUYHOCTD, IEPHO (POPLIOKOB, cOpOIIeHHbIe HampshkeHus, b-value, Ce-
BepHblll Taub-1lane, FOxuble Kypunsckue ocTpoBa

On stress drops in the sources of moderate and weak
earthquakes: features of distribution in time

Leonid M. Bogomolov', Viadimir N. Sychev*', Naylya A. Sycheva?
*E-mail: koitash@mail.ru
nstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2Schmidt Institute of Physics of the Earth of RAS, Moscow, Russia

Abstract. An analysis has been performed of the change in stress drops over time during the period of foreshock activ-
ity of strong earthquakes for two seismically active regions with different geodynamic settings: the Northern Tien Shan
and the Southern Kuril Islands. The catalogs of earthquake dynamic parameters, DP (source ones in English publica-
tions), in these regions, with a number of events, were used as initial data. The DP catalog for the Northern Tien Shan
includes 183 records of source parameters of earthquakes with magnitudes of 2.6—6.0, and the catalog for the Southern
Kurils — 264 records. The stress drop values throughout a general sampling were analyzed as well as that in foreshock
periods of 500 days length before the strongest earthquakes. For each region 12 such meaningful events have been speci-
fied, the magnitudes were M > 5 for the Northern Tien Shan, and M > 6.5 for the Southern Kurils. The median average
values of stress drops during 500-day period have been determined. The temporal variations of stress drops have been
compared with changes in the b-value parameter (angular coefficient of earthquake recurrence plot) in the same obser-
vation periods. The computation of b-value for the case of the Northern Tien Shan involved the catalog data of KNET
seismological network (1994-2021, more than 10 000 events), and the catalog of International Seismological Center
(ISC, 1964-2000) for the Southern Kurils. In both cases, b-values were determined in 500-day moving interval with one
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day step. The computation gave the result that the well-known effect of h-value growth before strong earthquakes mani-
fested itself explicitly in the considered regions. It has been established that such increase in b-value is accompanied by
a decrease in the averaged stress drop values. The obtained results showed that the monitoring of the stress drop values
can be used to identify the non stationary stage of the seismic regime.

Keywords: earthquake, seismicity, foreshocks period, stress drops, b-value, Northern Tien Shan, Southern Kuril Islands
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Pabora nmpoBezeHa B paMKax BBIIOJIHEHHS TOCYIapCTBEHHOTO 33/1aHns1 IHCTHTYTa MOpCKoii reonorun u reopusnku JJBO PAH
(Ne 121022000085-9) n rocynapctennoro 3ananus Mucturyra ¢pusuku 3emmn PAH (Ne 122040600089-4).

BBepeHue

B nemaBHux pabortax [1] Oblia mpomemMoH-
CTPUPOBAHA BO3MOXKHOCThH M 11€J1€CO00Pa3HOCTh
MacCOBOT'0 OIpEeSICHUs JUHAMUYECKUX ITapame-
TpoB (II) ouaroB 3emmuerpsiceHuid ausi ceiicmu-
YECKH aKTUBHBIX PETHOHOB, IJI€ Pa3BEPHYTHI CO-
BPEMEHHBIE CEHCMOJIOTMYECKHUE CETH.

Jlist Takux pernoHoB pacyeT 3HaueHun JII1
Mo3BoJIsIeT C(HOpPMUPOBATh OAHKH JaHHBIX IO
JIT ¢ pocTaToyHO OOJBIIMM YHCJIOM 3allKCeH,
CONOCTaBUMBIM C KOJMYECTBOM HAKOIUIEHHBIX
CEHCMHUYECKUX COOBITHI 3a TOT K€ Mepuoj Ha-
OmioneHusi. DTO, B CBOIO OYepelb, PACIIUPSET
BO3MOXKHOCTH OITUCAHUS PErHOHAIBHBIX 0COOCH-
HocTel reogedopmanronnoro mpouecca. K JIT
OTHOCSATCS: CKaJSPHBIM CEUCMUYECKUA MOMEHT
M, panuyc odara r (OmpenesnseMplii, B 4aCTHO-
ctu, no mozaenu bprona [2—6] wiam anbrepHaTHB-
HBIM MOJeJIsIM [7]), a Takxke cOpOC KacaTeJIbHBIX
HanpspkeHUd AG W IpHUBEACHHAs celcMUYecKas
SHEpPrus, MPEACTABISAIONIAas COO0OW OTHOIICHHE
U3JIy4YCHHON CEeHCMHUYECKOU sHeprun K¢ K ceiic-
MHYECKOMY MOMeHTY M : e, = ES/M,.

Crout OTMETUTD, UTO BCE €ILIe MOMyJIsIpHA Tpa-
JULIMOHHASL TOYKA 3PEHMs, 110 KOTOPOW JIUIIb JIJIst
CWIBHBIX 3EMJICTPSCEHUN HMEET CMBICI Ompesie-
JISTh U paccMarpuBaTh JIMHAMHYECKUE MapameTpbl
[2-4, 8]. OnHako BaXXHOCTh CTaTUCTHYECKU 3HA-
yuMoro Habopa manHbiX 1mo J{I1 ordernmBo mpo-
SIBUJIaCh TP UCCIICAOBAHUU TMPUHIUITHATIEHOTO
BOIIPOCAa O CYIIECTBOBAHMHU CaMOIIOAOOUSI O4aroB
3emserpsicenuil. Kak aprymentupoBano B [9-12],
MIPU3HAKOM CaMOMOIOOUs SIBISIETCS OTCYTCTBHUE
perpeccuy Mex 1y 3Ha4CHUsMU ITPUBEICHHOM Ceiic-
MUYECKOU SHEPIUHU (MM IPOTIOPLMOHAIBHBIMA €,
3HAYEHUSIMH COPOIIEHHBIX HanpshKeHui). B Harmmx
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TIpeIIecTBYONMX padorax [7, 13] mist nByx ceiic-
MOAKTHBHBIX pernoHoB CeBepHoli EBpa3uu c pas-
JIMYHOW TeOTMHAMUYecKoi obcTaHoBKoW — CeBep-
Horo Tsub-1Ians u ceBepo-3amnagHoi yactu Tuxoro
OKeaHa — ObLTN YCTaHOBIICHBI AlIPOKCUMAIIUOHHEIE
3aBUCUMOCTH (PErpeccur) MEXIy COpOIIEHHBIMHU
HalpspKeHUSIMA AG M CKJIIPHBIM CEMCMUYECKUM
MoMeHTOM M. IIpu 5TOM paccMarprBaIkCh 3Ha4Ye-
HUst AG ¥ M| U3 KaraJioroB IMHAMHUYECKUX Tapame-
TpoB 3emuieTpsicennit st CeBepHoro Tsab-Ians
[1, 7, 14] u ceBepo-3amagHOi yacTH THXOro okeaHa
[3] 3a cooTBeTCTBYIOITHE TIEPHUOIBI HAOTFOICHHA.

EcTecTBeHHBIM TIPOJOIKEHUEM CTATUCTH-
YeCKOro aHayimsa 3HaueHuit Ac u3 pabot [1, 7]
SBIISIETCS] TIOUCK BPEMEHHBIX 0COOCHHOCTEH pac-
npeneneHnid COPOIIeHHBIX HaNpspDKeHUuH. EcTh n
SIIOXHU, KOTAA B3aMMOCBS3M MEXAY 3HAUCHUSIMU
Ac 1 M, OTIIMYAIOTCSE OT YCTAHOBJICHHBIX IO BCE-
My Katajory? B Hacrosmieit paborte mpenmnpu-
HSTa TMOMBITKA OTBETUTH Ha 3TOT Bompoc. [Ipen-
MOJIOKUTENbHO, OCOOEHHOCTH B paclpeieleHUH
COPOIIIEHHBIX HAMPSKEHUI TIPOSIBIISTFOTCS TIPEXKJIC
BCETO B MEPHOAbI (POPIIOKOBON U aTEPIIOKOBOI
aktuBu3anuu. [loatomy B pabore BHUMaHHE 00-
palleHo Ha 3HaueHUusi COPOILIEHHBIX HANPSKEHUN
B MEPHUOJbI MOATOTOBKH 3HAUYMMBIX 3€MIIETpsICE-
HUH, KOTIa 0COOCHHOCTHU pacrpeesieHust AG Mo-
I'YT IPOSIBUTHCS HarboJiee KOHTPACTHO.

Jnst aHanusa BBIOpaHBI CEHCMOAKTUBHBIE
PErHOHBI C PA3TUYHBIMUA I'€OIMHAMUYECKUMHU yC-
noBusimMu: Tsub-lllane — o0macTb BHYTPHUKOHTH-
HEHTAJILHOTO OPOIe€HEe3a, CEBEPO-3allagHasi 4acTb
Tuxoro oxeana (paiioH HOKHBIX KypribcKux
OCTPOBOB) — 30HAa CyOmykuuu. JlJjis mpoBeIeHUs
MCCJIEIOBaHUN Ba)KHBIM YCJIIOBHEM SIBIIIETCS pe-
TYJISIPHBIA KaTajor 3eMJIETPSICEHUH U MacCOBOE
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ONpeleIeHUE JUHAMUYECKUX I1apaMeTPOB 3€M-
nerpsiceHui. /[ o6oux pernoHoB Takue HaboPbI
JAHHBIX JOCTYIHBL. JTO NO3BOJIUT IPOBEPUTH '~
MOTE3y YMEHBILIEHHs 3HAUEHHsI COPOILIICHHBIX Ha-
MPSKEHUH B IEPUOJ IOATOTOBKHU 3€MIIETPSACEHUM
U ONPENEIINTh TAKXKE €€ 3aBUCHMOCTb OT THIA
reoIMHaMHUYeCKOil 00CTaHOBKH.

O61bekKkT nccnenoBaHus
M Ucnosnb3yeMble AaHHble

Cesgepnviu Tans-1llans

Cesepnbiii Taab-111anb —30Ha COBpEMEHHBIX
MHTEHCUBHBIX Aepopmariuil. OCHOBHbIEC TEKTOHU-
YeCKHE CUJIBI B JJAHHOM PETHOHE OOYCIOBJICHBI
xoym3nen Mexnay Munmiickoi um EBpasuiickoit
IUIUTaMU, KOTOPBIE ONPEAEISIIOT CEHCMUYECKYIO
aKTUBHOCTH peruona [15].

Ha teppuropun CesepHoro Tsaub-11lans pac-
nosnoxxeHa cericmonoruueckas cetb KNET (Kyrgyz
Network), cocrosimiast u3 AecsaTH TUGPOBHIX IIH-
POKOIOJIOCHBIX CTAaHIMU (puc. 1), mo3BoJsromas
pPETUCTPUPOBATh JIOKAJIBHYI0O M PErHOHAJIBHYIO

ceficmuyHocTh [1]. K HacTosiieMy MOMEHTY Ka-
TaJIOr 3€MJIETPACEHUN, MOITYUYEHHBIA MO JAHHBIM
cetn KNET (karamor KNET), Bkimtouaer B ceds
6onee 10 ThIC. CEHCMUYECKUX COOBITUMN, TTPOU30-
menmux 3a 1994-2021 rr. Hekotopsle xapakrepu-
CTHMKH KaTaJlora 3eMJIETPACEHUI U CEHCMUYECKOTO
rpoliecca MpuBeICHbI B padore [16].

B paborte [7] nmomy4eHsl 3HAYEHUS AUHAMUYE-
CKHUX IapaMeTpoB o4aroB Jiis 183 3emierpscennii
pa3HbBIX 3HepreTudeckux kiaccoB (K = 8.7-14.8,
M = 2.6-6.0) npoucmiequmx 3a 1998-2017 rr.
(puc. 1). OcHoBHas YacTh SMULEHTPOB 3EMIIETPSI-
CEHHUI pacroyiokeHa Ha CEBEpPHBIX CKiIoHax Kup-
rusckoro xpeora, xp. Kapamoitnok, rope Canzpik
u B paitfone Cyycambipckoi 1 Koukopckoii BraguH.

N3 karamora KNET cdopmupoBana BeiOopka
coObITUl ¢ M > 5, MPOU3OIIEIIINX HAa HCCIIEye-
Moii Tepputopuu 3a 1998-2017 rr. Bei6op Taxoro
MOPOTOBOTO 3HAUEHUSI MAarHUTYABI OOYCIIOBJIEH
TEM, YTO 3a BpeMsi pabOThl CETH HE MPOU3OILIO
coObITUli ¢ M > 6, 3a nckiouenneM Koukopckoro,
25.12.2006, M = 6.0. Takum oOpa3om, COCTaBICH

Puc. 1. DnuneHTpanbHOe pacIoNoKeHNE 3eMICTPSICEHIH, 11 KOTophIx paccuntadbl JI1 (183 coObrtus). TpeyroinbHUKN — MOJIOKEHHE
cranuuii cetn KNET. YepHble TMHUYN — perHOHAIbHbIE Pa3ioMbl. MUHUMAJIBHBIA KPYT COOTBETCTBYET COOBITHIO ¢ M = 2.7, MaKCUMaJlb-
HbIH — ¢ M = 6.0. KpacHble 3Be31049KH — cOOBITHS ¢ M > 5, nHbOpMAIHS 0 KOTOPBIX MTpHUBeIcHA B Ta0m. 1.
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paboumnii karamor u3 12 «TECTOBBIX» COOBITHUI
(tabm. 1). B Tabnuie kpome mapameTpoB 12 Hau-
0oJiee CHUIIBHBIX 3eMJICTPSICEHUI MPUBEIEHO YHUC-
o coOwiTuid, N, monanaromux B 500-1HEBHBINA
(OpIIOKOBBIN MHTEPBAJ NIEpe] INIABHBIM COOBITH-
€M 1, U MeJlMaHHOE Cpe/lHee 3HaueHue cOpolIeH-
HBIX HanpsbkeHuit Me(Ac,), onpenenennoe no N,
COOBITHSIM. DTH MEIUaHHBIE CPEIHUE UCIIONb3Y-
FOTCSI JJIS BBISIBIICHUSI PETYIIIPHBIX U3MEHEHHH AG
nepe/ CUIIbHBIMH 3eMJIETPSICEHUSIMHU.

[Ipu pacuere AMHAMUYECKHX MapaMeTPOB
3emuierpsicenuit 111 CeBepHoro TsuHb-11lans pac-
CMaTpUBAIUCh COOBITHS, KOTOPbIE MPOU3OILIN Ha
TEPPUTOPUH, OTPAHHUUEHHOW KOOpIMHATAMH Kpa-
eBbIx craniuii cetu KNET, u B ee Ommkaiiinem
OKpPY>KEHUH. DTO CBA3AaHO C 1I€JIbI0 MUHUMHU3HPO-
BaTh BIIMSHUE HANPABICHHOCTU OYara 3eMJeTps-
CEHHUS TMpPH MOCTPOCHHHM OYaroBOTO CIEKTpa IO
HeckoJbkuM ctanuusaMm cetd KNET [7].

Karanmor aumnamumyeckux mnapameTrpoB 183
3eMJICTPSCEHUH, TTOyYeHHBIA B padore [7], uH-
TEepeceH JUIs UCCIENOBAHUN ellle M TeM, YTO Ha
paccMaTpuBaeMblil MEPUOJl BPEMEHHU MPUXOIUT-
cs nara Koukopckoro 3emnerpscenus ¢ M = 6.0
(25.12.2006) — cunbHeiiero coositust Ha CeBep-
HoM Tsnb-11lane 3a Bpems pabotsl cett KNET.

B paccmarpuBaeMoOM perHoHE IPOU3OLIIN
TaKKe 3eMJICTPSICEHHSI 3HAUUTEJIbHOMN CHIIBI, KOTO-
peie He BouutH B Tabnuiry: Jlyrosckoe 22.05.2003
M = 6.3 [17]; Kamxu-Carickoe 14.11.2014 [18],
M 5.5; Kapxksipa-Capamxackoe 28.01.2013,
M = 6.1; Ymaxonbckoe 23.11.2013, M = 5.2 [19].

OTH cOOBITUS MPOU3OLUIH B OTAAJIEHUH OT TEPPH-
TOpUH, AJIs1 KOTOPOl OIpesieeHbl JUHAMHUECKHE
napaMeTpbl 3eMIIETPACEHUHN, I0ATOMY aHaJlu3
(OpIIOKOBOM aKTMBHOCTH JJISl HUX B HACTOSIIEM
MICCJIEZIOBAHNNU HE MPOBOAMIICS.

FOoicnvie Kypunvckue ocmposa

Kypuno-Kamuarckas 30Ha CyOMyKIMU SIBIISIET-
Csl OIHUM U3 HanOoJee CeliCMOaKTUBHBIX PETHOHOB
ceBepo-BocTouHOM EBpasum, rae ckopocTh Mmofo-
JIBUTaHUST TUXOOKEaHCKOW JIMTOC(HEPHON TIIIUTHI
non, CeBepoaMepukaHCKyl0 W OXOTCKYIO TIIUTHI
nocturaer 8 cm/ron [20]. B3aummonericTBue JMTO-
C(epHBIX IUTUT COMPOBOXKAACTCS TEKTOHMYECKUMHU
nedopmarsiMu, KOTOpbIE MPOSIBIIAIOTCS KaK Ha Ipa-
HHUIIE TUTUT, TaK U B e OkpecTHOCTsX [21]. Haubonee
BBICOKAsi aKTUBHOCTb 3€MIICTPSICEHUIN TTPOSIBIISICTCS
BIOJb KypuiabCkol OCTPOBHOM IyTrH, MOJABIISAIO-
niee Ux OOJNBLIMHCTBO MPUYPOUEHO K DIyOHMHaAM
10 100-150 kM ¢ MAaKCUMyMOM CEMCMHUUYECKOH aK-
THUBHOCTH Ha ITyOuHax okoio 3040 kM. Bricokuii
YPOBEHb CEWCMHYHOCTH B paiioHe Kypuibckux
OCTPOBOB TOATBEP>KAAET MHOTOJICTHSISI CTaTUCTH-
Ka 3apEeruCTPUPOBAHHBIX CEMCMUUECKUX COOBITHIA.
B cpennem kaxpie Tpoe CyTOK 3/1€Ch IPOUCXOIUT
3emiieTpsiceHre ¢ MaruuTynoi M = 4.0, npumepHo
pa3 B Mecsil — ¢ M = 5.0, pa3 B nonrona — ¢ M = 6.0,
pa3 B2 roga—c M="7.0. B cpennem kaxxapie 10 et
37IeCh CIIy4aroTCsl KaracTpopuyecKkue 3emierpsce-
Hust ¢ M = 8.0 u 6onee [22].

B nHactosimiedt pabote BHMMaHHE COCpEIO-
ToyeHO Ha oOmactu Bokpyr HOxubix Kypuib-

Taoauuna 1. [Tapamerps! 3emnerpsicennii ¢ M > 5 Ha CeBepHoM Tsaub-11lane mo nanasM cetu KNET 3a 1998-2017 rr.

N Jara Bpewms o, N B | b K M| g5 [Meto) ) N
I | 22052003 18:11:55.01 42980 72814 70 1426 57 Ha 471 9
2 | 16012004 09:06:17.90 42549 75297 140  13.68 54 5482 342 15
3| 02062004 17:15:10.82 42276 74914 179 1325 5. Ha 342 19
4 | 08112006 0221:2694 42565 75356 186 1337 52 4461 401 21
5 | 25122006 20:00:5832 42112 76032 0.1 1483 60  631.66 348 22
6 | 06062007 11:092558 42569 75400  13.0 1325 51 3306 317 16
7 | 02032010 01:55:36.02 42433 75661 193 1334 52 10921 342 18
8§ | 09.042011 12:30:2545 42051 74834 63 1320 5.1 528 621

9 | 05022012 07:10:1520 41396 74761 134 1321 5.1 Ha 850

10 | 23.11.2013  09:42:675 42427 75687 99 1346 53 8879 784 11
11| 17.112015  17:29:36.61 40426  73.187 3.1 1353 53 Ha 658 12
12 | 07122015  08:30:3322 41660 74695 159 1360 5.3 Ha 780 13

Ilpumeuanue. H.n1. — HET NaHHBIX.
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CKMX OCTPOBOB, OTpaHU4YEHHOU
KoopauHaramu 42°-46° c.ui.,
144°-151° B.a. Jlns ananu3sa 3a-
BUCHUMOCTH CHSTHS HAPSHKEHUN
B O4arax OT BPEMEHU UCIOIb30-
BaJICS KaTajiol JUHAMUYECKHUX
apaMeTpoB OYaroB CEBEPO-3a-
nmagHoM yacth Tuxoro okxeaHa
3a 1969—-1996 rr. ns peruona
B mnpenenax 42-51° c.am., 140—
159° B.4. [3]. OTOT Karamor ObLT
cocrasiieH P.H. Bypbimckoi 1o
JTAHHBIM aHAJIOTOBBIX (4aCTOTHO-
n30MpaTenpHbIX) CceHcMOCTaH-
nuid. OH ocTaeTcsi YyHUKaJIbHbIM
U B HacToflllee BpeMs, TaK Kak
BKJIFOUAET JAMHAMHYECKUE Tia-
pameTpsl (B TOM YHCIIE 3HAYe-
HUSI COPOIICHHBIX HAMPSKSHUN )
s 431 3emuieTpsiceHus, 4TO
CYLIECTBEHHO OOJIbIlle MO CpaB-
HEHUIO C JPYTMMH PETrHOHAIb-
HbeIMU KaTanoramu JII1. B unaTe-
PECYIOIIYI0 HAC 001acTh BOKPYT
IOxHpIX Kypmiibckux ocTpoBOB
noranaroT 264 coowiTus (puc. 2)
u3 karajora [3]. CBeileHUsI 0 TUIIOLEHTPAaX U JUHA-
MHYECKHX MapaMeTpax dTHUX COOBITHIA TPUBEICHBI
B Tabmuue B I[lpunoxenun. 3HaueHust cOpoIIeH-
HBIX HaNpsHKEHUH, KOTOpbIE AaHbl B [3] 11t Mmojie-
1 bproHa, nepecunTansl Ha MoJenb Manapuaru.

Nutepec k ykazaHHOi obnactu 0O0yclOB-
JIEH TaKXXe TEM, YTO B ITOM PETHOHE IMPOU30-
nuio lllukoranckoe 3emuerpsicenue 04.10.1994,

Puc. 2. DnuneHtpansHoe pacmoiaokenue 3emuerpsicernii FOxubix Kypuimbckux octpo-
BOB C PacCUMTaHHBIMH JUHAMHYECKHUMHU MapameTrpamu (264 coObiTus) u3 karanora [3].
KpacHsie 3Be310uku — coObITHS ¢ M > 6.5 u3 karanora ISC [24] (Tabn. 2).

Mw="7.9 —0oaHO U3 CHIIbHEHUIINX CEHCMHUUECKHUX
coObiTuit B Mupe B koHIe XX B. CTOUT OTME-
TUTh, YTO B HEJABHUX pabOTax, MOCBSIICHHBIX
ouaram 3emietpsicenuil B Caxanun-Kypuiabckom
peruoHe, BHUMaHue, Kak MpaBuio, cPoKyCcHpo-
BAHO Ha pacyeTax TeH30pa CEeMCMUYECKOro Mo-
MeHTa [23], a OLEHKU COPOIIEHHBIX HaIpsKe-
HUW HE IPOBOJUIINCH.

Taosmuna 2. [Tapamerps! 3emnerpsacenuii c M > 6.5 B pattione FOxubix Kypunbsckux octpoBos 1o fanssM ISC 3a 1969-1996 rr

Jr:f/gn Jlara Bpewms 0%, N A% E h, KM M Ac, MIla Mﬁﬁzi) o
1 11.08.1969 21:27:36.11 43.514 147.915 28.6 8.2 4.97 10.39 3
2 05.09.1971 18:35:28.52 46.559 141.174 18.1 7.5 H.n. 14.67 11
3 17.06.1973 03:55:3.01 43.236 145.796 35.0 7.8 197.92 18.70 8
4 23.03.1978 03:15:21.65 45.085 148.257 25.0 7.7 62.59 19.81 10
5 24.03.1978 19:47:49.27 44.243 148.916 12.3 7.8 73.54 21.47 18
6 06.12.1978 14:02:5.85 44.613 146.656 120.5 7.8 H.n. 5.98 34
7 03.09.1981 05:35:46.49 43.614 146.961 47.3 6.8 140.12 32.85 2
8 03.12.1984 04:08:35.88 44.233 148.102 59.4 6.5 41.35 15.72 1
9 15.01.1993 11:06:7.48 43.031 144.186 98.8 6.8 H.n. 16.85 7
10 04.10.1994 13:23:0.44 43.842 147.340 35.0 7.9 H.n. 7.35 29
11 09.10.1994 07:55:41.18 43.981 147.900 33.1 7.0 H.n. 7.35 29
12 03.12.1995 18:01:10.18 44.721 149.247 30.0 7.6 279.58 5.64 6
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Jns ananmuza  QoOpIIOKOBON  aKTHBHO-
CTU cwibHbIX 3emierpsiceHuid HOxubix Kypun
(42°-46° c.m., 144°-151° B.A.) U3 ceWCMONOTH-
yeckoro neHrpa [SC [24] nonydeH karayior 3em-
nerpscenuit (12 320 coOpITuil), TPOU3OMIEAIINX
Ha Tepputopun CaxannHa u KypuinbCkux octpo-
BOB (25°-60° c.mr., 130°-170° B.#.) 3a mepuoj
¢ 01.01.1964 no 31.12.2000.

[Tockonbky perunonsl CeBepHoro Tsup-Ilans
Y CeBepOo-3anaHon yacTtu TUxoro okeana pasnuya-
FOTCSI IO CEUCMHYECKOM 00CTaHOBKE, TO M TIOPOTo-
BbI€ 3HAUEHUSI JUIs1 BBIOOPA «TE€CTOBBIX» 3€MJIETPSI-
ceHull U1 HUX pasnble: 11t FOxubix Kypunbckux
OCTPOBOB OHO OIpeiesieHO Ha ypoBHE M > 6.5.
Ecnu ke B34Th moporosoe 3Hauenue M > 5.0, kak
u g CesepHoro Tsub-11lans, To xaramor Oynet
cocTosaTh 13 6ojee ueM 1000 coObITHI, ¢ OOIBIITUM
KOJIMYECTBOM  IEPEKPHIBAIOIIUXCS MHTEPBAJIOB
BPEMEHHU, YTO 3aTpyJHSeT aHaiu3. Takum oOpa-
30M, u3 Karanora ISC chopmupoBana BeIOOpKa U3
12 3emnerpsacennii ¢ M > 6.5. Ha puc. 2 snunen-
TPbl 3TUX 3EMJICTPSICEHUII OTMEUYEHbl KPACHBIMHU
3BE3/10YKaMH, a B Ta0J. 2 MpUBEIEHbl HEKOTOPbIE
ux napametpsl. L{Berom Beienensl MoHepoHCKoOE
n lllukoTaHckoe 3eMJIETPSCEHMs], KOTOPbIE HUXKE
OyIyT pacCMOTpEHBI OoJiee TOAPOOHO.

MeTtoauka

JlnHaMHuuecKue rmapaMeTpbl 3eMIICTPSACCHUM
MOTYT XapaKT€pU30BaTh HE TOJIBKO OYaroBYIO
001acTh, HO U M3MEHEHHe (COpOC KacaTelbHBIX
HarpsikeHud, Ac) TeOoJUHAMUYECKOTO pexuMa
CECMOAaKTUBHOIO peruoHa. B cBsi3u ¢ 3TUM BbI-
3BIBAIOT UHTEPEC BapHaluu AG B epuo] GopIio-
KOBO# aKTUBHOCTH.

Meronuka pacdera JUHAMHUYECKHX Mapame-
TPOB M3JIOKEHA B KJIACCHUECKUX pabdortax [25, 26].
Pesynbrarel pacuera TMHAMHYECKUX MapaMeTpPOB
0YaroB 3eMJICTPSICCHUM B CEBEPO-3aMaHON YacTH
Tuxoro oxeana mnpexacrarieHsl B [3]. Bompockl
aJanTalyy U IpuMeHeHus 3Toi metonuku aiist Ce-
BepHoro Tsub-11lans neransHO OcBelIeHsl B [ 1, 7].

s ompeneneHusl JUHAMUYECKHX IapamMe-
TPOB OYara 1o rnapaMeTpam CIeKTPOB Yalle JpyTrux
HCIIONIB3YIOTCS JIBE€ MOJIEH: MoJiesib bpioHa |35, 6]
u Monenb Manapuaru [27, 28]. B pabote [4] nano
TaKXKe XOpOIIO apryMEHTUPOBAHHOE CpPaBHEHHE
monenei. [lpuBenem KpaTko OCHOBHBIE OCOOEH-
HOCTU HMCIIONIb30BaHUS OMHON UIIH APYTON MOJEIH.

B o0enx Monensx mpu BBIYUCICHUSX PajIu-
yca ouara MCHojib3yercs kodhduiueHT k — yuc-

GEOPHYSICS. SEISMOLOGY

JCHHBIA KO3()(UIIUEHT, 3aBUCSAIIUNA OT MOJAEIH
paspsbiBa B oyare. BeiOop 3HaueHus kospdunmeH-
Ta k MOXET CYIIECTBEHHO MOBJIHATH HA MOrpel-
HOCTh pacyeTa BEJIMYMHBI pajlyca odyara u, Kak
CJIEJICTBUE, COPOLIEHHBIX HAIPSKEHUH.

B pabGore [5] 3nauenune kodddunmentra k
OMpeNeNICHO HCXONsd W3 TMPOCTeHIIeld MoIenu
04YaroBOW MOABMXKKH (30HA o4ara cyuTaeTcs Lia-
POM C paguycoM 7), a CMeleHHe «noiycdepy, b,
B/0JIb TUIOCKOCTH pa3pbiBa MPOUCXOAUT Cpasy Mo
BCEl TOBEPXHOCTH, OTPAaHUYEHHON KPYTOM paju-
yca r, npudeM b<<r. J{ist 3TOi MozenH, Ha3bIBae-
Mo Mojienbi0 bproHa ¥ MOBCEMECTHO HCIIONb3Y-
emoit B XX B. 1 B HyseBble roasl XXI B., pacuer
B [5] nan 3nauenue k = 0.37.

Onnako B mocnenyromux paborax [29-33]
ObLJIO OOpallleH0 BHUMAHUE Ha TO, YTO 3HAYCHUS
paauyca o4ara, OCHOBaHHbIE Ha MPOCTEUILIEH MO-
JIeNY, TOYYaroTCs 3aBBIIICHHBIMH, B YACTHOCTH
[0 CPaBHEHHIO C HAOIIOIECHUSAMHU Pa3pbIBOB, BbI-
XOJIIMX Ha JHEBHYIO IMOBEPXHOCTh. Benencraue
3TOTO OLIEHKU COPOIICHHBIX HAINPSDKEHUN MOTYT
0Ka3aTbCs HIDKE PeabHbIX 3HAYEHHUI B HECKOJIBKO
pa3 [30]. Mogenu, onuckiBaroue Koceicmuye-
CKO€ CMEUICHHE, T.€. MEXaHU3M odara, boJiee ajex-
BaTHO, ObUIM pa3paboTansl B [27, 28, 32, 34-36].
Ho u monens bprona, kak otmMedeHo B [1], Bce ke
MOXET MPUMEHSATHCS, HAllpUMEp, PU CPAaBHEHUH
pacueToB IMHAMUYECKHX I1apaMETPOB C paHee Io-
JYYEHHBIMH pe3ylbTaTaMy JJIsl JAaHHOTO PETHOHA.

B monenu Manapuaru [27, 28] B kaduecTBe
MCTOYHHUKA CEHCMUYECKUX BOJIH PacCMaTpUBaeTCs
JIICKOBAs TPEIllMHA, painyc KOTOPOW YBEIUYMBa-
€TCsl C TIOCTOSIHHOM CKOPOCTBIO V , TIOKa HE IOCTHT -
HET MaKCUMAJIbHOTO 3HAYEHHUS, 7, OTOKICCTBIIsIE-
MOTO C PaguycoM odara (paguycoM pa3pylLeHHUs,
no TtepmuHojoruu [27]). JanpHeimero pocta
TPELMHBI He TPOUCXOAUT. B 3T0i1 Mozenu yrioBast
4acTOTa 3aBUCHUT KakK OT pajuyca odyara, Tak ¥ OT
CKOPOCTH paspbiBa V,, 1715 KOTOPO#, cortacHo [30,
32 u xp.], 0OBIYHO MPUHUMAETCS MPUOTMKEHHOE
3Hauenue V, = 0.9- VS, e VS — CKOPOCTb S-BOJTHBI.
IIpu Takoii ckopocTu paspbiBa KodpPUUIUEHT k
uig Mozaenu Maznapuaru OKa3bIBaeTCs pPaBHBIM
k=0.21. 3-3a paznuuus 3Ha4€HUI k paanyc oya-
ra B Mozienax bprona u Manapuaru paznuyaercs
B 1.76 pasa (r = 1.76 r,,). A BOT 3Ha4eHUs CHs-
TSI HAIPSDKEHUM AJ1S 9TUX MOZAEIIEH pa3indyaroTcs
NPUMEPHO B 5 pas, Tak kKak Ac ~ 1/7°. B mpyrux
paborax [32, 34-37], rne aHaTU3UPOBAIIUCH YTOY-
HEeHUsI Moziennn Majapuaru uiv albTepHATUBHBIC
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MOJIEJI, PAacCUUTAaHHbIE 3HAUYEHUs pajguyca oua-
ra U CHATHS HaNpsOKEHUM HAXOISATCS MPUMEPHO
NOCpPEeIUHE MEXIY WX 3HAYEHUSIMH B MOJEISAX
bprona u Manapuaru. Ilpu s3tom Hanbosee Bax-
HBIM MOYXHO CUUTaTh pe3yasrar [32], aBTOpbI KO-
toporo (Kaneko, Shearer) cMoru cymiecTBeHHO
yay4yiuTe mozaenb Manapuaru. ComacHo [32],
k03 pULMEHT k TIpH TOMW KE CKOPOCTU pas3pyIiie-
Hust 0.9 V pasen 0.26. [li1s1 510ii Mozien paauyc
ouara nonydaercss Ha 24 % Oomnble O CpaBHe-
HUIO ¢ Mozenbto Manapuaru [27, 28], a cHsTHE
HanpsbkeHud B 1.9 pa3a meHblue, yem JUisl Mojie-
nu Manapuaru, HO B 2.9 pa3za OombIie, yeM st
Monenu bprona. B manHoit paboTte vcmonp30BaHa
YCOBEpILIEHCTBOBaHHAas Mojaenb Manapuarun—Ka-
nexo—IlIupepa [32].

3axkon ['yrenbepra—Puxrtepa [38], ycra-
HABIMBAIOIINA 3aBUCUMOCTb MEXIy MAarHu-
TyAOH W OOLIUM YHCIOM 3eMJIETPSACEHUN s
M000r0 3aJJaHHOTO PEervuoHa M MPOMEXYTKa Bpe-
MEHH, OIMHCHIBAETCS JIMHEWHOW (YHKIMEH BUA:
lg N(M) = a — b-M, tne N(M) — aucno 3emuerps-
CEHHIl ¢ MarHUTyAaMu (UM KJIacCaMH) HE MEHee
M, a u b — xoHcTaHThl ypaBHeHus. [lapamerp
a (a-value) dbopmanbHO OMHUCHIBACT ceWcMUYe-
CKyI0 akTUBHOCTB 1ipu M = 0, a b (b-value) — Tan-
TeHC yIVla HakJIOHA JIMHEWHOW dYacTu rpaduka
YaCTOTHOTO  paclpeleleHus  3eMIIETPSCEHUH,
OTIpENIENSIONINNA CKOPOCTh YMEHbBILIEHUS! OTHOCH-
TEIBHOTO YHCIa COOBITHI C POCTOM WX MarHu-
Tynbl. /g nmoctpoenus pacnpeneneHus I'yren-
Oepra—Puxrepa paccuutsiBaeTcst GyHkuus N(M).
I'pacuk 310i1 GyHKIIMK CTPOUTCS B JIoraprpmuye-
CKOM MacITade: KOJTM4ecTBO 3emierpsicennii Ig N
0T MarHuTyxel M. 3arem onpenenstores Mc — Mu-
HUMaJIbHAsi MarHUTYZQ, BBIIIE KOTOPOW BCE 3€M-
JETPSICEHUS B IpeesiaX ONpe/IeIeHHOT0 peruoHa
HAJIEKHO PETUCTPUPYIOTCS, M~ — MakcuMasb-
Hasi MarHUTYJa, JUISE KOTOPOH 3a MCCIIEeOBAHHBIH
NepUOJ BPEMEHU MPOM30ILIO JOCTATOYHO COOBI-
TUW U1 CTATHUCTUKU. 3aTeM HHTepBajl rpaduka
Mc <x <M_ ) bynkuun y = Ig N(x) annpok-
cumupyercst GyHKIMen Buga y = a — bx; b-value
UCIIOJIb3YETCS B KAUECTBE OLIEHKU CTAaTUCTHYECKUX
napameTpoB cericmMuueckoro pexxuma [39, 40]. [1a-
paMeTphl JINHEHHOW 4acTy pacnpesneeHus I yren-
oepra—Puxrepa — a-value u b-value — oTHOCATCS K
BaKHEHIIMM KOJIMYECTBEHHBIM XapaKTEPUCTHKAM
celicMuueckoro pexxuma. Hakmon rpaguka Bbipa-
’KAaeT COOTHOILIEHHE MEXIy KOIUYECTBOM CHIIb-
HBIX U CJIA0BIX CEHCMHUECKHUX COOBITHIH, WIH (yXKe

FEO®U3NKA. CEMICMONIOrUs

B (U3MYECKOW HHTEPIPETALMU) COOTHOILIEHHE
MEX]Ty KOJIMYECTBOM OOJIBIIINX U MAJIBIX PAa3PHIBOB
re0JIOTHYECKOU Cpelibl. YPOBEHb rpaduka xapakre-
pU3yeT CeCMUYECKYI0 aKTUBHOCTh — CYMMAapHYIO
WHTEHCUBHOCTh CEMCMMYECKUX IPOSIBICHUM Ha
paccMaTpuBaeMoOi CECMOAKTUBHON TEPPUTOPUH.
B pabore paccmoTpeHO mNoOBeneHUE mapa-
MeTpa b-value B nunHamuke. [lockonmbKy MOTOK
CEeHCMHUUYECKUX COOBITHH TPOIIECC HECTAIMOHAP-
HBIA CO 3HAYUTEIHHBIMU (MIYKTYalUsIMU, TO JUIS
HaJICKHOTO OIPE/IeNICHNs TAaHT€HCA YIJla HAaKJIOHA
rpaduka MOBTOPSIEMOCTH TPEOYETCS 1I0CTaTOUHOE
KOJTM4YecTBO coObITHi. [loaTOMy 3HaYeHHME mapa-
MeTpa b-value onpenensiocs sl MHTEpBala Bpe-
MeHH JiauTeabHocThio 500 mHel, miu ~1.5 roga.
Haiinennast Benmuumna b-value craBuiach B co-
OTBETCTBHUE CEpeIUHE HHTEpBala. 3aTeM OKHO
CABHUTaJIOCh HA OJIHU CYTKH, U MpoLEeAypa pacye-
Ta MoBTOpsu1ack. Hauano m KoHel paccmarpuBa-
€MBIX BPEMEHHBIX HHTEPBAJIOB OMPEIEIAIOCH MO
MMEIOIINMCS KaTajioraM TUHAMUYECKUX Tapame-
TpoB: i CesepHoro Taup-llans ¢ 26.08.1998
no 29.07.2017, nna 3onbl FOx)HO-Kypuibckux
ocTpoBoB ¢ 18.03.1969 no 17.08.1996.
[IpuHrMast BO BHUMaHHE, YTO 3Tall MOATOTOB-
KU 3eMJIETPSICEHHUs] MEJJICHHBIN, TaK KaKk OTpa)kaeT
MIPOLIECC TEOJOTMYECKOro IMpeoOpa3oBaHUs IuIa-
HETBI, TO Ui JAE€TATU3alMU MTOJIyYeHHON KapTUHBI
M3MEHeHus1 b-value BOMM3M KpPYMHBIX COOBITHIT
(dopmupoBanocs BpeMeHHoe okHO 500 aHel 10 co-
obiTust 1 50 mocne. B 9TOM ke OKHE MPOW3BOIU-
J1ach OILIEHKA M3MEHEHUs BEJIMYUHBI COPOIIEHHBIX
HanpspKeHUuN AG: ONpeAessuioch MeIMaHHOE 3Ha-
YeHHME 10 BCeH BhIOOpKe Me(AG )  CpaBHUBAIIOCH
C BBIYKCIICHHBIM 3HayeHueM Me(Ac,) B mpere-
CTBYyIOIIUH 3emierpsicenuto nepuon (500 guei).

Pesynbrathbl

Jln1g uccrnenyeMbIX peruoHOB OCTPOEHBI TH-
CTOrpaMMbl COPOLIEHHBIX HaNpspkeHUN Ac U U3-
MEeHeHHe napameTpa b-value Bo BpeMeHHU Kak Jyis
BCEr0 paccMaTpUBaeMOro MHTEpBaia, Tak U JUIs
MHTEPBAJIOB BPEMEHM BOJIM3HM OTHEIBHBIX KPYII-
HBIX COOBITHH. PaccMoTpuM pesynbrarsl, HOIy-
YEeHHBIE JJIS1 KaKJI0T0 PErHOHa.

Cegepuwtii Tanv-Illans

Pesynprar, nomydeHHbii s CeBepHOTO
Taup-1llansa, npencrasinen Ha puc. 3. OTmeue-
HO MeJMaHHOE 3HaueHHe cOpoca HampsKEHH
110 BceM cobbitusam (Me(Ac, ) = 5.0 MIIa).
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Puc. 3. Cesepnbiif Tsup-1llans. ['nctorpamma cOpoca HanpspkeHHH B odarax 3eMIJICTPSICEHHI BO BpeMeHH 3a mepuon 1998-2017 rr.
(183 cobbiTus) 1 M3MEeHEHHE apameTpa b-value 3a paccmarpruBaeMblil HHTEpBal BpeMeHH. KpacHbie 3Be3109kH — coObITHS ¢ M > 5 U3
Ta6n. 1. 3eneHast TMHUS — MEIUAHHOE 3HAYCHUE cOpOCa HAMPSDKCHUH 10 BCEM COOBITHSIM.

3HayeHue Ac Mo Bceil BHIOOPKE M3MEHSIETCS
B npenenax otr 0.65 mo 631.66 MIla. [{ns 60mb-
el HarmagHoCTH Tpaduka B OONACTH MajblX
3HauUeHUI cOpoca HANpsHKEHUI BEpXHS TpaHUIa
1o ocu Ac orpannueHa 31adenuem 15.0 Mlla.

BOABIIMHCTBO OTMEYEHHBIX Ha JAHArpamme
coObITHii ¢ M > 5 momajgaioT Ha MEPHOABI BO3-
pactanusi 3HadeHUU b-value, 4TO MOXET TOBO-
PUTH O NepepacHpeesieHnu COOBITUN B IOJIb3Y
3eMJIETPSACEHUN € MajibiMu SHeprusamu. llomy-
YEHHBIA pE3yJbTaT IOJHOCTBIO COOTBETCTBYET
ormyoMKoBaHHOMY B [41] Mo JaHHBIM celicMude-
CKUX HaOmoneHuit Ha "'apmMckom nonurone B Taz-
KUKHCTaHE, TJe MPU UCCIEIOBAHUN BPEMEHHBIX
Bapuanuii b-value ObuTM OOHApY)KEHBI SBICHUS,
KOIZla KPYyIHBIM COOBITUSIM INPEALIECTBYIOT aHO-
MaJluy, CBSI3aHHBIE C BO3pPAaCTaHHEM TaHIE€HCa
yIJla HaKJIOHa rpadrKa MOBTOPSIEMOCTH.

ITpuBeneM pe3ynbraTsl Ul HEKOTOPBIX OT-
JETBbHBIX 3eMJleTpsAceHuid. JlJIsi 3TOro BO3bMEM

u3 BeIOOpkH coObiTHe 02.06.2004, M = 5.1 (Ne 3
B TaO. 1), ¢ MarHuTymoM, OIM3KOM K MOPOTOBOM
M > 5, u naubonee cunbHoe, 25.12.2006, M = 6.0
(Kouxopckoe, Ne 5 B Tabin. 1). Ha puc. 4 nokasa-
HO pacnpeneneane Ac u b-value nst BpeMEeHHOTO
nepuoaa 500 cyt go u 50 cyT mocie 3emierpsice-
Huil. OTMETUM HEKOTOpbIe OCOOCHHOCTH, Xapak-
TEpHBIE 111 000UX COOBITHH.

[lepBoe — B (OopIIOKOBBIN MEPUOJ TPOUCXO-
TUT TIOCTETIEHHOE BO3pacTaHue 3HaueHus b-value,
YTO O3HAYAET YBEIUYECHHUE JOJU 3EMIIETPICEHUI
MaJjblX dHEPreTUYECKUX KiaccoB. Bropoe — me-
JTWAHHOE 3HAuYeHWE COPOIICHHBIX HAIPSKEHUH,
paccuutanHoe B mHTEepBasie 500 cyT 10 BBHIOpaH-
HOro coObiTHs, Me(AG,), MEHbIIE MEINAHHOTO
3Ha4eHust Ac 1o BceM 183 coObITHSAM 3a BECh Tie-
pHOJ BPEMEHHU.

Hcnonp30BaHNEe MEIUAHHOTO CPETHETO 3Ha-
YeHUs HEKOTOPOro mapameTpa, B TOM uucie Ao,
a He cpeAHeapu(PMETUYECKOro UM CpeHEB3Be-

Puc. 4. l'ucrorpamma cOpoca HanpspxeHuit nepen coositueM 02.06.2004, M = 5.1 (Ne 3 B Tabmn. 1) (a) u cobeituem 25.12.2006, M = 6.0
(Ne 5 B Tabn. 1) (0); usmeHeHue napamerpa b-value. 3eneHas THHUSA — MEMAaHHOE 3HAYCHUE COPOCa HAMPSDKCHUH 110 BCEM COOBITUAM, Ma-
JTHHOBAsI — MEHaHHOE 3Ha4YeHne cOpOca HAMPSHKEHHH 10 COOBITHSIM TIepe]t 3eMmieTpsicenrneM. Beiopanubiii naTepBan Bpemenu: 500 cyt

10 cobbitus u 50 cyT nocie.
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IIICHHOTO, SIBJIICTCS CTAHIAPTHBIM B Ciyd4ae,
KOTJla B CTAaTUCTHYECKOM aHcamOie 3HAYCHUS
ATOTO MapaMeTpa Pa3IMyaloTCs paguKaibHO, Ha
HECKOJIBKO TOpSAIKOB BenuuuHbl [42]. Meauan-
HOE Cpe/lHee OMUCHIBAECT TUIIOBOE 3HAYCHHE Ma-
pameTpa, BOKPYT KOTOPOTO TPYIITAPYETCS OOJb-
[IMHCTBO 3HAYCHUH U3 BHIOOPKH.

Jis coObiTrs Ne 3 MennanHOe 3HaUeHue cOpo-
IIeHHBIX HanpsokeHuit (Me(Ac,) = 3.42 Mlla),
OKa3pIBaeTcsa MeHblle Ha 30 % MemmaHHOTrO 3HA-
yeHust Ac 1o BceM 183 coOwITHsAM 32 BECh Mepu-
on Bpemenu (Me(Ac,) = 5.0 MIla). Hecmorps
Ha TO YTO HEMOCpPeACTBEeHHO mnepen Koukopckum
3eMJIETPSICCHUEM MPOU3O0III0 KPYIHOE 3emJie-
tpsiceane 08.11.2006, M = 5.2 (Ne 4 B Tabm. 1)
W 3Ha4YeHHsS cOpoca HANpsHKEHHWA STOro COOBI-
i (Ac 44.61 Mlla) npeBocXomsaT MeauaH-
HOE 3HAu€HHWE IO BCEM COOBITHSIM, MeIuaH-
HOE 3HAYEHHE B PAcCMATPUBAEMOM HHTEpBaje
BpeMeHH mnepen KoukopckuM 3emiieTpsiceHHeM
(Me(Ac,) = 3.48 MIla) OKa3bIBAETCsl TAKIKE HIIKE
Benn4uHbl Me(Ac ) 110 Beel BBIOOPKE.

Pesynbrarhl pacueToB MeAMAHHBIX 3HAYECHUI
cOpoIeHHbIX HanpsbkeHuid Me(Ac,) nepen cuib-
HBIMH ¥ YMEPEHHBIMH 3eMyeTpsicenusmMu CeBep-
Horo Tsub-11lanst npuBenens! B Tadm. 1.

BonpmmHcTBO cOOBITHI M3 Tabn. 1 B mpen-
[IECTBYIOIIUIN 3eMIIETPSICEHHUIO TIEPHOJ COITPOBO-
KIAI0TCS TOHMKEHHBIM 3HAY€HUEM COPOIIIEHHBIX
HaNPSOKEHUH OTHOCHUTEIPHO MEIUAHHOTO 3Hade-
HUS 110 BCEW BBIOOPKE 3HAYCHUIA.

HOoicnvie Kypunovckue ocmpoesa

Pesynbrar, nomyuennslid ans FOxubix Ky-
PHIBCKUX OCTPOBOB, IIPEACTABIEH Ha puc. 5. OT-
MEUYEHO MeIMaHHOE 3HaueHHe cOpoca Hampske-

Huii o BceM coObiTuaM (Me(Ac ) = 10.0 MITa).
B Tabn. 2 npuBeneHbl MeiMaHHbIE 3HAYEHUS cOpO-
IIEHHBIX HANPSHKEHNH AG, TIEPE]I CUIILHBIMU M YM€-
PEHHBIMU 3€MJIETPSICEHUSMH B IaHHOM paiioHe.

Jnst BerumciieHuss mapamerpa b-value wc-
MOJIb30BAJIOCh  OKHO JJIMTENBHOCTBIO TOYTH
1.5 roma, ogHaKO BPEMEHHOE IOBEJIEHUE UMEET
CTYIIEHYaThli XapakTep, MOCKOJIbKY KaTajor co-
JEPKUAT COOBITHUS UMb ¢ M > 3.6, 1 TaHHBIX OKa-
3BIBAETCS] HEJOCTATOYHO, YTOOBI IOCTPOUTH TJIa/I-
KyI0 KpHUBYIO noBefeHus b-value. [letanusupyem
n3MeHenue b-value u Ac B (opuiokoBeie nepu-
o6l TSl COOBITHI U3 Tabn. 2 B okHe 500 cyT 1o
coOwiTug 1 50 nocre.

Ha puc. 6 npuBeneHbl rucTorpaMMbl pac-
npeneneHus coOpoca HanpsbKEHUM repen 3emiie-
Tpsacenussmu llnkoranckum 04.10.1994, M=7.9,
u 03.12.1995, M = 7.6. Tak *e Kak U B Ipyrom
ceficMoakTUBHOM pervuoHe — CeBepHoM TsHb-
[Tane, 3nech HaOMIOAAETCS 3HAUUTEILHOE CHUKE-
HUE BEJIMYUH COPOILEHHBIX HaNpsKEHUH mepen
3eMJIETPSICEHUEM.

[To-npexHeMy coxpaHsieTcst TEHIEHIUs, KOT-
Jla BO3pacTaHWe TaHTeHCAa yIila HAKJIOHA Ipaduka
MOBTOPSIEMOCTH COIPOBOXK/IAETCA yMEHbILICHU-
€M BEJIMYMHBI COPOIICHHBIX HAINPSHKEHUN Mepes
3EMJIETPSICEHUEM.

B paccmarpuBaemMom uHTEpBaje BpeMEHU
MPOM30IUIO €Ile OAHO CHJIbHOE 3emileTpsice-
HU — Moneponckoe, 05.09.1971, M = 7.5 [43]
(Ne 2 B Tabn. 2). OqHAKo €ro THIONEHTP JEKHUT
JaJIEKO 3a MpeieaMu UCCIIeyeMON TEPPUTOPUH:
o THOM TaTrapckoro npojuBa, 4yTh CEBEPO-BOC-
ToyHee 0. MoHepoH, BOMM3U mobepexbs o. Ca-
xanuH. [nmy6una rumonentpa Obia 15-20 xwm.
3a BCIO NPEIIIECTBYIONIYI0 MCTOPHIO HaOIIONe-

Puc. 5. 1Oxubie Kypunsl. ['ncrorpamma coOpoca HalpshKeHUH B odarax 3eMJIETpSICEHHI BO BpeMeHH 3a nepron 1969-1996 rr. (264 co-
ObITHSI) U H3MEHEHHe mapameTpa b-value 3a paccmaTprBaeMblii HHTepBa BpeMeHH. KpacHsie 3Be3104ku — coObITHS ¢ M > 6.5 u3 Tabn. 2.
3eneHast IMHUS — MEMAHHOE 3HaYeHUe cOpoca HAIPSDKEHUH 110 BCEM COOBITHSM.
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Puc 6. I'mcrorpamma cOpoca HampspkeHuid mnepen 3emerpsceHusMu lukoranckum 04.10.1994, M = 7.9 (Ne 10 B Tabn. 2) (a),
1 03.12.1995, M =7.6 (Ne 12 B Tabx. 2) (0); u3mMeHeHue napamerpa b-value. 3eneHas TMHUA — MEAMAHHOE 3HaYEeHUE cOpOca HaNPsDKEeHUH
10 BCEM COOBITHSIM, MaJIMHOBAsI — MEAMAHHOE 3HaYeHHe cOpoca HanpsHKEHHH 110 COOBITHSM Tepes 3eMileTpsiceHneM. BrIOpaHHbIH nHTEp-

Bay BpemeHn: 500 cyT 10 cobsitus u 50 mocie.

HUWA B OKpecTHOCTsX 0. CaxanuH 3emierpsce-
HUW TaKOW OOJIBIIION PHEPTUM HE HAOIIONAJIOCH.
MonepoHckoe 3eMJIETPSICEHHE BBI3BAIO I[yHAMHU
[43], HecMOTpst Ha MeENKOBOIbE 3TOW yacTu Ta-
TapCKOTO MPOJIUBA.

Ha puc. 7 mokazano pacrnpezaenenue cOpo-
UICHHBIX HapsDKeHUH nepes; MOHEpOHCKUM 3eM-
nerpscenueMm 05.09.1971 u noBeneHue napame-
Tpa b-value.

PaccTosiHue ot paccmarpuBaeMoil TEPPUTO-
puu 10 3nuneHTpa MOHEPOHCKOTO 3eMIIeTpsice-
Hus 6onee 600 km. HecmoTps Ha TO uTO 1181 pac-
YETOB HMCIOJIb30BAJINCH 3HAYCHUS U3 KATaJIOTOB
3eMJIETPSCEHUN U TMHAMUYECKUX IapaMeTpOB
COOBITUI Ha TEPPUTOPUHU, OTPAHUUYEHHOUN KOOP-
muHatamu 42°—46° c.am., 144°-151° B.1. u oTCTO-
sIIeld Ha 3HAYUTEIHHOM pPacCTOSIHUU OT 0. Mo-

Puc. 7. l'ucrorpamma cOpoca HanpspKeHHHA riepes MOHEPOHCKAM
3emiterpacenneM 05.09.1971, M = 7.5; uzmeHeHune mapameTpa
b-value. 3enenas nuHUS — MEAMAHHOE 3HaUYeHHe cOpoca Hamps-
KEHHH MO BCeM COOBITHSM, MAJMHOBAs — MEIMAHHOE 3HAUCHUE
cOpoca HanmpsHKEHUH 10 COOBITHAM Iepel] 3eMIIeTpsCeHUEM. BrI-
OpanHbIil HHTepBa) BpeMenu: 500 cyT 10 cobbiTus U 50 moce.

GEOPHYSICS. SEISMOLOGY

HEpOH, HaOJIoNaeTcss BO3pacTaHWE TaHIeHca
yTiia HakJIoHa rpaduka nmoBropsiemoctu. OnHaKo
B JIaHHOM CIly4ae CHIDKCHHs BEJIMYHUHBI COpO-
LICHHBIX HanpsDKeHUW HeT. BeposartHee Bcero,
«3p(hEeKT» CHIKEHUS BEIUYUHBI COPOIICHHBIX
HANPSHKCHHUI TPOSBIAETCS B OKPECTHOCTH 3€M-
JETPACEHUH, a HE HA 3HAUYUTEIHHOM YIaJCHHUH
OT HETO.

O6c¢cyxaeHve n BbiBOAbI

Haxkorutenue cTanMoHapHBIX — TEKTOHUYE-
CKUX HANpsDKEHHH, 4eM B KOHEYHOM cYeTe 00-
yCIIOBJICHa HauOOJbINAsi YacTh 3E€MIIETPSICEHHUH,
CBSI3BIBAETCS CO B3aUMOJCHCTBHEM TEKTOHHYE-
ckux IMT. Ilepen CHUIBHBIM 3eMIIETPACEHUEM
nedopmalmoHHbld Tpolecc B 00JIaCTU BOKPYT
Oyayliero ovara CTaHOBUTCS HEOIHOPOIHBIM
U HECTAIlMOHApHBIM (XapaKTepHBIA MepHOoJ, IO-
BUAMMOMY, COOTBETCTBYET BPEMEHH HAOIIONCHHS
CPEIHECPOUHBIX MPEIBECTHUKOB: OT HECKOIBKUX
MeCSIeB 10 HEeCKoJbKuX Jer). I[IpocTtpaHcTBeH-
Hasi HEOHOPOIHOCTH MPOSIBIISIETCS] B KOHIIEHTPa-
IIUU HAIPsDKEHUN B 30HE pas3ioma (B 4aCTHOCTH,
Ha “asperities”, MPEMATCTBYIOUINX CKOJbKCHHIO
OeperoB pasioMa) M, BO3MOXKHO, B HEKOTOPOM
pasrpy3ke 30H BHE JIOKalIM3allMk KOHIIEHTpa-
TOPOB. DTO MOXXET HMHTEPIPETUPOBATHCA KaK
YMEHBIIIGHHE XapaKTEpHOTO pa3zMmepa oO0JIacTH
KOHIIGHTPAIMK HAMPSKEHUH, HA KOTOPOM TPOHC-
XOIIT U3MEHEHHS HaNpsDKEHUH W HEeynpyrue Jie-
(hopManMOHHBIE TPOIECCHI, CEHCMOIOTHYECKIM
MPOSIBJICHHMEM KOTOPBIX SBISIETCS TaK Ha3bIBae-
Mmast ceficmmueckast Opeus Il poxa, T.e. nepumur
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«YMEPEHHBIX» 3€MJICTPSICEHUI C MArHUTYIOW Ha
HECKOJIBKO €MHHUIl MEHbIIE, YeM Y OXKHJIAaeMOro
I1aBHOTO cOObITHS. CpeaHecyTOYHOE YUCIIO Clia-
ObIX 3€MJIETPSICEHUI Ha 3TOM 3Tarle MOJArOTOBKU
3eMJIETpsICeHUs. OOBIYHO COXpaHsETCs Ha IMpex-
HEM ypoBHe WM (OMMKE K MOMEHTY IJIaBHOTO
coOBITHS) yBenMUMBaeTCs. Takum oOpazoM, yBe-
JMYEHHE 3HaYeHUs mapamerpa b-value — TaHreH-
ca yIja HakJIOHa IpsSMOH rpadrka mOBTOPsEMO-
CTH — TIOJy4YaeT ecTeCTBeHHOe oObsicHenue [40,
41, 44]. YMmeHblIEHUE XapaKTEPHOTO pa3Mepa Mo-
JKET pacCMaTpPUBAThHCS KAK MHTEPIIPETALIMS BhILIE-
YIOMSIHYTOI'O IPUPOCTA 3HAUeHUH b-value.

WTak, Mbl yCTAaHOBUJIM, YTO YBEIMUYEHHE I1a-
pamerpa b-value mepen CUIbHBIMU 3eMJETpsice-
HUSIMU COIIPOBOXK/IAETCS YMEHBIIEHHEM CPEIHETO
MEIMaHHOTO 3HaUeHHsI COPOIIEHHBIX HAPSHKEHHUH
Me(Ac). I10T 5hdPeKT OTMEUEH JUIS IBYX CEHCMO-
aKkTUBHBIX perroHoB EBpasun: CeepHoro TsHb-
[Hans n FOxnbIX Kypniibckux ocTpoBOB, IpudeM
B IIEPBOM Cllydyae OH IpOsBISAETCS Ooyee KOH-
TpacTHO. CKopee BCEro, 3TO ONPEAEISIETCS TEM,
YTO KaTaJOI'd JMHAMUYECKUX IapaMETpOB Ui
CesepHoro Tsaup-Illans u qia FOxubx Kyprib-
CKUX OCTPOBOB pa3IMYalOTCs JUANA30HOM JHEp-
reTUYECKUX YPOBHEH PErHCTPUPYEMBIX COOBITHIA:
Cesepubiit Tanap-11lans — 2.6 < M < 6.0 [7], cese-
po-3anajHas yacTh Tuxoro okeana —4.5 <M <8.2
[3]. Ilpu ompeneneHun NWHAMUYECKHX Mapame-
TPOB ISl LIMPOKOTO KJ1acca COOBITUH (10 3HEPru-
AM 3eMIICTPSACEHUI) KapTHUHA, MPEANOI0KUTEIb-
HO, Oy/IeT UICHTUYHOM.

[Ipu nanpHeiieM CEHCMHYECKOM MOHMTO-
pPHHI€ pAaCCMOTPEHHBIX PETMOHOB U3MEHEHUS BO
BPEMEHM BEIMUYMHBI AG MOTYT HCIOJIb30BaThCA
JUISL BBISBJIEHUS HECTAallMOHAPHOCTH ceilicMuye-
CKOTO pexuMma (B 4acTHOCTH, Iepexoja U3 cra-
IIMOHAPHOTO peXHMa K (POPIIOKOBOMY MpOLIECCY
[45]). dmst aTor0 HEOOXOAUMO MPOBOIUTH PAcUeT
JUHAMUYECKHX IapaMeTpoB O4YaroB 3eMJeTps-
CEHUH B peKUMeE, MAKCUMAJIbHO MPUOIMKEHHOM
K PealbHOMY BPEMEHHU.

IIpencraBnsercs, 4yTo sl IPYTUX PEruo-
HOB, TJI€ pa3BEpPHYThl COBPEMEHHbBIE CEWCMU-
YECKHE CETH, TaKKe MEPCIEKTHMBHO MacCOBOE
onpejiesieHne cOpoca HampsDKEHUH U JIPYTUX
JMHAMHYECKUX IapaMeTPOB 0YaroB 3eMIIETps-
CEHUH, BKJIOYas COOBITHS YMEPEHHBIX U Cla-
ObIx oaHepruil. JlMHaAMUKa H3MEHEHUS Ipo-

FEO®U3NKA. CEMICMONIOrUs

CTPaHCTBEHHOTO pacIpeieieHus COPOIIEHHBIX
HaprDKeHI/Iﬁ MOET OBITh MCIOJIb30BaHa npu
GbOpMHUPOBAHUHN  CPEAHECPOUYHBIX MPOTHO30B
3EMJIETPSACECHUN.
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Abstract. An analysis has been performed of the change in stress drops over time during the period of foreshock activ-
ity of strong earthquakes for two seismically active regions with different geodynamic settings: the Northern Tien Shan
and the Southern Kuril Islands. The catalogs of earthquake dynamic parameters, DP (source ones in English publica-
tions), in these regions, with a number of events, were used as initial data. The DP catalog for the Northern Tien Shan
includes 183 records of source parameters of earthquakes with magnitudes of 2.6-6.0, and the catalog for the Southern
Kurils — 264 records. The stress drop values throughout a general sampling were analyzed as well as that in foreshock
periods of 500 days length before the strongest earthquakes. For each region 12 such meaningful events have been speci-
fied, the magnitudes were M > 5 for the Northern Tien Shan, and M > 6.5 for the Southern Kurils. The median average
values of stress drops during 500-day period have been determined. The temporal variations of stress drops have been
compared with changes in the b-value parameter (angular coefficient of earthquake recurrence plot) in the same obser-
vation periods. The computation of b-value for the case of the Northern Tien Shan involved the catalog data of KNET
seismological network (1994-2021, more than 10 000 events), and the catalog of International Seismological Center
(ISC, 1964-2000) for the Southern Kurils. In both cases, b-values were determined in 500-day moving interval with one
day step. The computation gave the result that the well-known effect of b-value growth before strong earthquakes mani-
fested itself explicitly in the considered regions. It has been established that such increase in b-value is accompanied by
a decrease in the averaged stress drop values. The obtained results showed that the monitoring of the stress drop values
can be used to identify the non stationary stage of the seismic regime.

Keywords: earthquake, seismicity, foreshocks period, stress drops, b-value, Northern Tien Shan, Southern Kuril Islands

For citation: Bogomolov L.M., Sychev V.N., Sycheva N.A. On stress drops in the sources of moderate and weak earthquakes: features of
distribution in time. Geosistemy perehodnykh zon = Geosystems of Transition Zones, 2023, vol. 7, no. 1, pp. 25-53. (In Russ. & Engl.).
https://doi.org/10.30730/gtrz.2023.7.1.025-036.037-053; https://www.elibrary.ru/xdworg

Acknowledgements and funding
The work was carried out within the framework of the state task of the Institute of Marine Geology and Geophysics FEB RAS
(no. 121022000085-9) and the state task of the Schmidt Institute of Physics of the Earth of RAS (no. 122040600089-4).

Introduction stress drop Ac and the specific seismic energy,

Recent works [1] have demonstrated the pos-
sibility and feasibility of mass determination of
dynamic parameters (DP) of earthquake sources
in the case of seismically active regions where
modern seismological networks are deployed.

For such regions, the computation of DP val-
ues allows creating the DP data banks with a suffi-
ciently large number of records comparable to the
number of accumulated seismic events during the
same observation period. This, in turn, enhances
the ability to describe regional features of the geo-
deformation process. DP includes the scalar seis-
mic moment M, the source radius 7 (defined, in
particular, according to the Brune’s model [2—6]
or alternative models [7]), as well as the tangent

GEOPHYSICS. SEISMOLOGY

representing the ratio of the radiated seismic en-
ergy E to the seismic moment M. e, = Es/M,,.

It is worth noting that the traditional point of
view is still popular, according to which it makes
sense to define and consider dynamic parameters
only for strong earthquakes [2—4, 8]. However,
the importance of a statistically relevant DP data-
set has been clearly highlighted in the fundamen-
tal question of the existence of the earthquake
source self-similarity. As argued in [9-12], the
sign of self-similarity is the absence of regression
between the values of the specific seismic energy
(or proportional e, values of stress drops). In our
previous works [7, 13], approximate dependen-
cies (regressions) were identified between stress
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drops Ac and the scalar seismic moment M for
two seismic regions of Northern Eurasia with dif-
ferent geodynamic settings — the Northern Tien
Shan and the Northwest Pacific. In this case, the
values Ac and M, from the earthquake dynamic
catalogs for the Northern Tien Shan [1, 7, 14] and
the Northwest Pacific [3] were considered for the
respective observation periods.

A natural continuation of the statistical
analysis of Ac values from [1, 7] is the search
of time features of stress drop distributions. Are
there the periods when the relationships between
Ac and M, are different from those identified
over the entire catalog? This paper attempts to
answer this question. Presumably, the features of
stress drop distribution appear primarily during
the periods of foreshock and aftershock activa-
tion. Therefore, our work pays attention to the
values of stress drops during the preparation of
significant earthquakes, when the features of Ac
distribution can manifest themselves more con-
trastively.

Seismically active regions with different geo-
dynamic settings have been selected for analysis:
the Tien Shan, that is an intracontinental orogen-
esis region, the Northwest Pacific (the Southern
Kuril Islands region), that is a subduction zone.
A regular earthquake catalog and mass determina-
tion of earthquake dynamic parameters are impor-
tant condition for research purposes. Such data-
sets are available for both regions. This will allow
testing the hypothesis of reduction of the stress
drop value during the preparation of earthquakes
and also to determine its dependence on the type
of geodynamic setting.

Study object and data used

The Northern Tien Shan

The Northern Tien Shan is a region of mod-
ern intensive deformations. The main tectonic
forces in the region are due to the collision be-
tween the Indian and Eurasian plates, which de-
termine the seismic activity in the region [15].

Fig. 1. Epicentral location of earthquakes (183 events), for which DP were computed. Triangles are the position of the stations of the
KNET network. Black lines are regional faults. The minimum circle corresponds to an event with M = 2.7, the maximum — with M = 6.0.
Red stars are events with M > 5, information about which is given in Table 1.
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Table 1. Parameters of earthquakes with M > 5 in the Northern Tien Shan according to the data of the KNET network

for the period of 1998-2017

No Date Time ¢, N 2E | hkm K M gs. | Melo) | N
1 | 22052003 18:11:55.01 42989 72814 70 1426 57 ND 471 9
2 | 16012004 09:06:17.90  42.549 75297 140  13.68 54 548 342 15
3| 02062004 17:15:10.82 42276 74914 179 1325 5.1 ND 342 19
4 | 08.112006 0221:2694 42565 75356 186 1337 52 446l 401 21
5 | 25122006 20:00:5832 42112 76032 0. 148 60  631.66 348 22
6 | 06062007 11:092558  42.569 75400  13.0 1325 51 3306 317 16
7 | 02032010 01:55:36.02 42433 75661 193 1334 52 10921 342 18
8 | 09.042011 12:30:2545 42051 74834 63 1320 5.1 528 621

9 | 05022012 07:10:1520 41396 74761 134 1321 5.1 ND 850

10 | 23.11.2013  09:42:675 42427 75687 99 1346 53 8879 784 11
11| 17112015  17:29:36.61 40426  73.187 3.1 1353 53 ND 658 12
12 | 07.122015  08:30:5322  41.660  74.695 159  13.60 53 ND 780 13

The KNET (Kyrgyz Network) seismic net-
work, that consists of ten digital broadband sta-
tions (Fig. 1) and allows recording local and re-
gional seismicity [1], is located on the territory of
the Northern Tien Shan. To date, the earthquake
catalog obtained from the data of the KNET net-
work (KNET catalog) includes more than 10
thousand seismic events, that have occurred in
1994-2021. Some characteristics of the earth-
quake catalog and seismic process are given in
the work [16].

The values of dynamic parameters of the
sources for 183 earthquakes of different energy
classes (K = 8.7-14.8, M = 2.6-6.0), which had
occurred during the period of 1998-2017 (Fig. 1),
were obtained in the work [7]. Most of the earth-
quake epicenters are located on the northern
slopes of the Kyrgyz Ridge, the Karamoynok
Ridge, Sandyk Mountain and in the area of Suusa-
myr and Kochkor depressions.

A sample of events with M > 5 occurred in
the study area in 1998-2017 was formed from
the KNET catalog. The choice of this magnitude
threshold is due to the fact that no events occurred
with M > 6 during the network operation, except
for the 25 December, 2006 M = 6.0 Kochkor earth-
quake. Thus, a working catalog of 12 «test» events
(Table 1) was compiled. In addition to the param-
eters of the 12 most powerful earthquakes, the ta-
ble shows the number of events, N, falling into the
500-day period before the main event i, and the
median value of stress drops Me(Ac,), determined

FEO®U3NKA. CEMICMONIOrUs

by N. events. These medians are used further to de-
tect regular Ac changes prior to strong earthquakes.

The events that had been occurred in the ter-
ritory, bounded by the coordinates of edge sta-
tions of the KNET network, and its immediate
surroundings were considered when computing
the earthquake dynamic parameters for the North-
ern Tien Shan. This is due to the aim to minimize
the influence of the direction of the earthquake
source when constructing the source spectrum by
several stations of the KNET network [7].

The earthquakes of significant magnitude
that were not included in the table also occurred
in the study region: the 22 May, 2003 M = 6.3 Lu-
govskoye [17]; the 14 November, 2014 M = 5.5
Kajy-Say [18]; the 28 January, 2013 M = 6.1
Karkyra-Saraja; the 23 November, 2013 M = 5.2
Ulaholskoye [19]. These events had occurred at a
distance from the area for which dynamic parame-
ters of earthquakes are defined, so their foreshock
activity was not analyzed in this study.

The Southern Kuril Islands

The Kuril-Kamchatka subduction zone is one
of the most seismically active regions of Northeast-
ern Eurasia, where the rate of subduction of the Pa-
cific lithospheric plate under the North American
and Okhotsk ones reaches 8 cm/year [20]. Interac-
tion of lithospheric plates is accompanied by tec-
tonic deformations, which appear both at the plate
boundary and in its vicinity [21]. Earthquakes are
most active along the Kuril island arc, with the vast
majority occurring at depths of up to 100-150 km
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with maximum seismic activity at depths of about
3040 km. The high level of seismic activity in the
area of the Kuril Islands is confirmed by the long-
term statistics of recorded seismic events. On av-
erage, an earthquake with a magnitude of M = 4.0
occurs here every three days, with M = 5.0 — ap-
proximately once a month, with M = 6.0 — every
six months, and with M = 7.0 — every two years.
Catastrophic earthquakes with M = 8.0 or more oc-
cur every 10 years, on average [22].

The present work focuses on the area around
the Southern Kuril Islands, bounded by coordi-
nates 42°-46° N, 144°-151° E. Dynamic param-
eters of the sources in the northwestern part of the
Pacific Ocean for the period of 1969-1996 for an
area within 42-51° N, 140-159° E [3] were used
to analyze the dependence of stress drop in the
sources on time. This catalog was compiled by
R.N. Burymskaya according to the data of analog
(frequency-selective) seismic stations. It remains
unique today as it includes dynamic parameters
(including stress drop values) for 431 earthquakes,
which is significantly greater compared to other
regional DP catalogs. 264 events (Fig. 2) from the
catalog [3] fall into the area of our interest around
the Southern Kuril Islands. The information

Fig. 2. Epicentral location of earthquakes in the Southern Kuril Islands with computed
dynamic parameters (264 events) from the catalog [3]. Red stars are the events with

M > 6.5 from the ISC catalog [24] (Table 2).

GEOPHYSICS. SEISMOLOGY

about the hypocenters and dynamic parameters
of these events is given in Table in the Appendix.
The stress drop values given in [3] for the Brune’s
model are recalculated to the Madariaga model.

Interest to this area is also due to the 4 Octo-
ber, 1994 Mw = 8.3 Shikotan earthquake, which
is one of the strongest seismic events in the world
at the end of the 20™ century. It is worth noting
that in recent works dedicated to the earthquakes
in Sakhalin-Kuril region, attention is generally fo-
cused on the seismic moment tensor computations
[23], and there are no assessments of stress drops.

A catalog of earthquakes (12 320 events) that
occurred in the territory of Sakhalin and the Kuril
Islands (25°—60° N, 130°-170°E) from 01.01.1964
to 31.12.2000 was received from the ISC seis-
mological center to analyze the foreshock activ-
ity of strong earthquakes in the Southern Kurils
(42°-46° N, 144°-151° E).

Since the regions of the Northern Tien Shan
and the Northwest Pacific differ in seismic settings,
the thresholds for selecting the «test» earthquakes
for them are different: it is defined at M > 6.5 lev-
el for the Southern Kuril Islands. If we take the
threshold value M > 5.0 as for the Northern Tien
Shan, then the catalog will consist of more than

1 000 events, with a large number
of overlapping time intervals, that
complicates the analysis. Thus,
a sample of 12 earthquakes with
M > 6.5 was formed from the ISC
catalog. The epicenters of these
earthquakes are marked by red
stars in Fig. 2, and some of their
parameters are given in Table 2.
The Moneron and Shikotan earth-
quakes, which will be discussed in
more detail below, are highlighted

in color.
Methodology
The earthquake dynamic

parameters can characterize not
only the source area, but also the
change (shear stress drop, Ao)
in the geodynamic regime of the
seismically active region. In this
regard, the variations of Ac during
the period of foreshock activity
are interesting.

GEOSYSTEMS OF TRANSITION ZONES, 2023, 7(1)



On stress drops in the sources of moderate and weak earthquakes: features of distribution in time

Table 2. Parameters of earthquakes with M > 6.5 in the region of the Southern Kuril Islands according to the ISC data for the period

of 1969-1996

No Date Time 0°, N 2%, E h, km M Ao, MPa Mlevq%gi) | N
1 11.08.1969 21:27:36.11 43.514 147915 28.6 8.2 4.97 10.39 3
2 05.09.1971 18:35:28.52 46.559 141.174 18.1 7.5 N/D 14.67 11
3 17.06.1973 03:55:3.01 43.236 145.796 35.0 7.8 197.92 18.70 8
4 23.03.1978 03:15:21.65 45.085 148.257 25.0 7.7 62.59 19.81 10
5 24.03.1978 19:47:49.27 44.243 148.916 12.3 7.8 73.54 21.47 18
6 06.12.1978 14:02:5.85 44.613 146.656 120.5 7.8 N/D 5.98 34
7 03.09.1981 05:35:46.49 43.614 146.961 473 6.8 140.12 32.85 2
8 03.12.1984 04:08:35.88 44.233 148.102 59.4 6.5 41.35 15.72

9 15.01.1993 11:06:7.48 43.031 144.186 98.8 6.8 N/D 16.85 7
10 04.10.1994 13:23:0.44 43.842 147.340 35.0 7.9 N/D 7.35 29
11 09.10.1994 07:55:41.18 43.981 147.900 33.1 7.0 N/D 7.35 29
12 03.12.1995 18:01:10.18 44,721 149.247 30.0 7.6 279.58 5.64 6

The method of dynamic parameters compu-
tation is given in classical works [25, 26]. The
computation results of dynamic parameters of
the earthquakes in the Northwest Pacific are pre-
sented in [3]. The adaptation and application of
this methodology for the Northern Tien Shan are
covered in detail in [1, 7].

Two models are most often used to determine
dynamic parameters of the source on the base of
spectrum parameters: Brune’s model [5, 6] and
Madariaga one [27, 28]. The work [4] also pro-
vides a well-reasoned comparison of the models.
We will briefly review the main features of using
one or the other model.

In both models, a & coefficient is used to com-
pute the source radius. It is a numerical coefficient
that depends on the rupture model in a source. The
choice of the k coefficient can significantly affect
the error of the computation of the source radius
value and, as a consequence, the stress drops.

In the work [5] the value of the & coefficient
is determined on the basis of the simplest model
of the source movement (the source zone is con-
sidered to be a ball with the radius ), and the shift
of «hemispheres», b, along the rupture plane oc-
curs immediately over the entire surface, bounded
by the radius r, and b<<r. The [5] computation
gave k = 0.37 for this model, which is called the
Brune’s model and commonly used in the 20"
century and in the zero years of 21* century.

However, the subsequent studies [29-33]
have paid attention to the fact, that the values of

FEO®U3NKA. CEMICMONIOrUs

the source radius, based on the simplest model,
turn out to be overestimated, in particular, when
compared to the observations of a rupture break-
ing the ground surface. As a result, the estimates
of stress drop may be several times lower than the
actual values [30]. Models describing a coseismic
displacement, i.e. the source mechanism, have
been developed more adequately in [27, 28, 32,
34-36]. But the Brune’s model, as noted in [1],
can still be used, for example, when comparing
the computations of dynamic parameters with the
previously obtained results for a given region.

In the Madariaga model [27, 28], a disk rup-
ture is considered as a source of seismic waves,
the radius of which increases at a constant rate of
V. until it reaches a maximum value, r,,, identi-
fied with the source radius (radius of destruc-
tion, in the terms of [27]). No further growth of
the crack occurs. In this model, the angular fre-
quency depends on both the source radius and
the V, rupture rate, for which, according to [30,
32, etc.] the approximate value of V, = 0.9-V is
generally accepted, where V is the rate of the S-
wave. At this fracture rate, the coefficient & for the
Madariaga model turns out to be £ = 0.21. Due
to the difference in £ values, the source radius
in the Brune’s and Madariaga models differs by
1.76 times (» = 1.76 r,,). But the stress drop val-
ues for these models differ by about 5 times, since
Ac ~ 1/7°. In other studies [32, 34-37], where the
refinements of the Madariaga model or alternative
models were analyzed, the computed values of the
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source radius and stress drops are approximately
in between their values in the Brune’s and Ma-
dariaga models. In this case, the result obtained
by Kaneko and Shearer [32], who were able to
significantly improve the Madariaga model, can
be considered to be important. According to [32],
the k& coefficient is 0.26 at the same rupture rate of
0.9-¥,. In the case of this model, the source radius
is 24 % larger than for the Madariaga model [27,
28], and stress drop is 1.9 times less than for the
Madariaga model, but 2.9 times more than for the
Brune’s model. Our work uses an improved Ma-
dariaga—Kaneko—Shearer model [32].

The Gutenberg—Richter law [38] expresses
the relationship between the magnitude and to-
tal number of earthquakes in any given region
and time period. This law is described by a lin-
ear function of the form: Ig N(M) = a — b'M,
where N(M) is the number of earthquakes with
magnitudes (or classes) of at least that M, and a
and b are equation constants. The parameter a (a-
value) formally describes seismic activity when
M =0, and the b (b-value) is a slope of the linear
part of the earthquake frequency distribution plot,
which determines the rate of decrease in the rela-
tive number of events as their magnitude increas-
es. The function N(M) is computed to construct
the Gutenberg—Richter distribution. This function
graph is plotted on a logarithmic scale: the num-
ber of earthquakes lg N on magnitude M. Then we
determine Mc — the minimum magnitude above
which all earthquakes within a certain region are
reliably recorded, M — the maximum magni-
tude, for which enough events for statistics have
occurred during the study time period. Further the
plot interval (Mc <x <M __)of y =1g N(x) is ap-
proximated by a function of the form y = a — b-x;
b-value is used as an assessment of the statistical
parameters of the seismic regime [39, 40]. The pa-
rameters of the linear part of the Gutenberg—Rich-
ter distribution — a-value and b-value — refer to the
most important quantitative characteristics of the
seismic regime. The slope of the graph expresses
the ratio between the number of strong and weak
seismic events, or (already in physical interpreta-
tion) the ratio between the number of large and
small ruptures in the geological medium. The
level of the graph characterizes seismic activity —
the total intensity of seismic manifestations on the
study seismic active area.

GEOPHYSICS. SEISMOLOGY

The work considers the behavior of the h-val-
ue parameter in the dynamics. Since the seismic
event flow is a non-stationary process with sig-
nificant fluctuations, a sufficient number of events
are required to reliably determine the slope of the
recurrence plot. Therefore, the b-value parameter
was determined for a time interval of 500 days, or
~1.5 years. The b-value found was associated with
the middle of the interval. Then the window was
moved by one day, and the computation procedure
was repeated. The beginning and end of the con-
sidered time intervals were determined according
to the available catalogs of dynamic parameters:
for the Northern Tien Shan from 26.08.1998 to
29.07.2017, for the zone of the Southern Kuril Is-
lands from 18.03.1969 to 17.08.1996.

Taking into account the fact, that the stage of
earthquake preparation is slow, as it reflects the
process of geological transformation of the planet,
a time window of 500 days before the event and
50 days after it was formed to detail the obtained
time history of h-value close to large events. In the
same window, the change in stress drops Ac was
estimated: the median average value Me(Ac )
over the entire sample was determined and com-
pared to the computed value Me(Ac)) in the period
preceding the earthquake (500 days).

Results

The histograms of stress drops Ac and
change in the b-value in time were constructed
for the study regions both for the entire interval
under review, and for the time intervals close to
the separate large events. Let us review the results
obtained for each region.

The Northern Tien Shan

Result obtained for the Northern Tien Shan
is presented in Fig. 3. The median average of
stress drops over all events is marked (Me(Ac ) =
=5.0 MPa).

The Ac value over the entire sample varies
between 0.65 and 631.66 MPa. For better visu-
alization of the graph in the area of small stress
drop values, the upper limit on the Ac axis is con-
strained by 15.0 MPa.

Most of the events with M > 5 shown in the
diagram occur during the periods of the b-value
increasing, which may indicate a redistribution
of events in favor of low-energy earthquakes.
The obtained result fully corresponds to the pub-
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Fig. 3. The Northern Tien Shan. Histogram of stress drops in earthquake sources over time for the period of 1998-2017 (183 events)
and the change in the b-value parameter for the considered time interval. Red stars are events with M > 5 from Table 1. Green line is the

median average stress drops over all events.

lished one in [41] on the base of seismic observa-
tions at the Garm site in Republic of Tadjikistan,
where studies of the b-value time variations re-
vealed the phenomena, when large events preced-
ed by anomalies associated with increasing in the
slope of the recurrence graph.

Let us present the results for some separate
earthquakes. For this purpose, we take the event of
02.06.2004 with M = 5.1 (no. 3 in Table 1) from
the sample, which magnitude is close to the thresh-
old M > 5, and the strongest one, the earthquake of
25.12.2006 with M = 6.0 (Kochkor earthquake, no.
5 in Table 1). Fig. 4 shows the distribution of Ac
and the h-value for a time period of 500 days before
and 50 days after the earthquakes. Note some fea-
tures that are characteristic of both events.

First, in the foreshock period, the b-value
gradually increases, which means an increase in
the percent of the earthquakes of small energy
classes. The second, the median average value

of stress drops computed in the interval average
of 500 days till the selected event, Me(Ac), is
less than the median average value of Ac over all
183 events throughout the entire time period.

The use of the median average value of some
parameter, including Ao, rather than the arithme-
tic mean or weighted mean, is standard when the
values of this parameter differ radically in a sta-
tistical ensemble by several orders of magnitude
[42]. The median describes the typical value of a
parameter, around which most of the values in the
sample are grouped.

The median average value of stress drops
(Me(Ac,) = 3.42 MPa for the event no. 3 turned
out to be 30 % less, then the median average value
of Ac throughout all 183 events over the entire
period (Me(Ac,) = 5.0 MPa. Despite the fact,
that a large earthquake occurred on 08.11.2006
with M = 5.2 (no. 4 in Table 1) just before the
Kochkor one and the values of stress drops for this

Fig. 4. Stress drop histogram before the event of 02.06.2004 with A= 5.1 (no. 3 in Table 1) (a) and the event of 25.12.2006 with M = 6.0
(no. 5 in Table 1) (b); the change in the b-value parameter. Green line is the median average value of stress drops for all events, the crim-
son line is the median value of stress drops for the events before the earthquake. Selected time interval: 500 days before the event and 50

days after.
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event (Ac = 44.61 MPa) exceed the median value
throughout all events, the median average value
(Me(Ac,) = 3.48 MPa) in the considered time in-
terval before the Kochkor earthquake is also lower
than Me(Ac ) over the entire sample.

The results of computation of the median av-
erage values of stress drops Me(Ac,) before strong
and moderate earthquakes in the Northern Tien
Shan are given in Table 1.

Most of the events from Table 1 during the
pre-earthquake period are accompanied by a re-
duced value of stress drops relative to the median
value over the entire sample of values.

The Southern Kuril Islands

The result obtained in the case of the South-
ern Kuril Islands is presented in Fig. 5. The me-
dian average value of stress drops over all events
is Me(Ac, ) = 10.0 MPa. The median average val-
ues of stress drops Ac, before strong and moderate
earthquakes in this region are given in Table 2.

A nearly 1.5-year window was used for com-
puting the b-value parameter, however, the time
behavior is gradual, because the catalog contains
only events with M > 3.6, and there is not enough
data to construct a smooth behavior curve of the
b-value. Let us detail the change in the b-value
and Ao during the foreshock periods for the events
from Table 2 in the window of 500 days before the
event and 50 after.

Fig. 6 shows the histograms of the stress drop
distribution before the Shikotan earthquake of
04.10.1994, with M = 7.9, and the earthquake of
03.12.1995, with M = 7.6. As in the other seismic
region, the Northern Tien Shan, there is a signifi-
cant decrease in the stress drop value before the
earthquake.

There is still a tendency for the increase in
the slope of the recurrence plot to be accompa-
nied by the decrease in stress drop value before an
earthquake.

Fig. 5. The Southern Kurils. Histogram of stress drops in earthquake sources in time for the period of 1969—-1996 (264 events) and the
change in the b-value parameter for the considered time interval. Red stars are the events with M > 6.5. Green line is the median average

stress drops over all events.

Fig 6. Stress drop histogram before the Shikotan earthquake of October 4, 1994, M = 7.0 (no. 10 in Table 2) (a), and the earthquake
of December 3, 1995, M = 7.6 (no. 12 in Table 2) (b); the change in the b-value parameter. Green line is the median average value of
stress drops over all events, the crimson line is the median value of stress drops for events before the earthquake. Selected time interval:

500 days before the event and 50 days after.
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Fig. 7. Stress drop histogram before the Moneron earthquake of
05.09.1971, M = 7.5 and the change in the b-value parameter.
Green line is the median average value of stress drops over all
events, the crimson line is the median average value of stress drops
for events before the earthquake. Selected time interval: 500 days
before the event and 50 days after.

In the study time interval, there was an-
other strong event — the Moneron earthquake of
05.09.1971 with M = 7.5 [43] (no. 2 in Table 2).
However, its hypocenter was far beyond the study
area: under the bottom of the Tatar Strait, a lit-
tle northeast of Moneron Island, near the coast of
Sakhalin Island. The hypocenter depth was 15-20
km. For all the previous observation history in
the vicinity of Sakhalin Island, the earthquakes of
such a great energy were not observed. The Mon-
eron earthquake caused a tsunami [43], despite
the shallow depth of this part of the Tatar Strait.

Fig. 7 shows the stress drop distribution be-
fore the Moneron earthquake of 05.09.1971 and
the behavior of the h-value parameter.

The study area is more than 600 km from the
epicenter of the Moneron earthquake. Despite the
fact, that we have used for computations the val-
ues from the catalogs of earthquakes and dynamic
parameters of events on the territory, bounded
by coordinates 42°-46° N, 144°-151° E, and lo-
cated at a significant distance from Moneron Is-
land, an increase in the slope of recurrence plot
is observed. However, there is no decrease in the
stress drop value in this case. It is most likely, that
the “effect” of a decrease in the stress drop value
is observed in the vicinity of earthquakes, rather
than at a significant distance from it.

Discussion and conclusion

The accumulation of stationary tectonic
stresses, which ultimately causes the most part of
earthquakes, is associated with the interaction of
tectonic plates. The deformation process in the area

FEO®U3NKA. CEMICMONIOrUs

around the future source becomes heterogeneous
and non-stationary (the characteristic period seems
to correspond to the observation time of medium-
term precursors: from a few months to several
years) prior to strong earthquake. Spatial heteroge-
neity manifests itself as the stress concentration in
the fault zone (in particular, on the “asperities” that
prevent slipping of the fault sides) and possibly in
some unloading of zones outside the concentrator
localization. This can be interpreted as a decrease
in the characteristic size of the stress concentration
area, on which there are change in stresses and in-
elastic deformation processes. This seismological
manifestation of change is the so-called seismic
gap of the second kind, i.e. a deficit of “moderate”
earthquakes with a magnitude several units less
than the expected main event. The average daily
number of weak earthquakes during this stage of
earthquake preparation usually remains at the same
level or (closer to the moment of the main event)
increases. Thus, the increase in b-value parameter —
the slope of the recurrence plot — gets a natural
explanation [40, 41, 44]. The decrease in character-
istic size can be considered as an interpretation of
the above-mentioned increase in the b-value.

So, we have found the increase in the b-value
parameter before strong earthquakes to be accom-
panied by the decrease in the median average value
of stress drops Me(Ac). This effect was observed
in two seismic regions of Eurasia: the Northern
Tien Shan and the Southern Kuril Islands, and in
the first case it appears more contrastingly. This is
most likely due to the fact that the catalogs of dy-
namic parameters for the Northern Tien Shan and
for the Southern Kuril Islands differ by the range
of energy levels for recorded events: the Northern
Tien Shan — 2.6 < M < 6.0 [7], the Northwestern
Pacific — 4.5 < M < 8.2 [3]. When determining dy-
namic parameters for a wide class of events (by
earthquake energies), the picture is expected to be
the same.

In the case of further seismic monitoring of
the considered regions, changes in the value of Ac
in time can be used to reveal the non-stationary
mode of the seismicity (in particular, the transition
from stationary regime to the foreshock process
[45]). For this purpose, it is necessary to compute
dynamic parameters of the earthquake sources in
a mode as close as possible to real time.

It seems that for other regions, where mod-
ern seismic networks are deployed, a massive
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determination of stress drops and other dynamic
parameters of earthquake source, including mod-
erate and low energy events, is also promising.
Dynamics of change in spatial distribution of
stress drops can be used when forming the medi-
um-term earthquake prediction.
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NPUJIOKEHUE

Dynamic parameters of earthquakes in the Southern Kurils
JuHamuueckue napameTpsl 3emierpsicenuii FOxxubix Kypui

The Table has been formed by the catalog of source
parameters of earthquake in the Northwestern Pacific [3] as
refined sampling for the territory of highest seismicity but
without Hokkaido Island.

The table presents: date, time, hypocenter coordinates
(¢ — latitude, A — longitude), H — depth, Mw — moment
magnitude, 1gM, — decimal logarithm of scalar seismic
moment, Ac — stress drops.

Tabnuma cocTaBiieHa IO MaTrephaiaM Karajora JUHAMHYe-
CKHX IapaMETPOB 3EMIIETPSACEHUI CEBEPO-BOCTOYHOM 4aCTH
Tuxoro okeaHa [3] kak BEIOOpKa I TEPPUTOPUH ¢ Hanbosee
BBICOKOW CECMHYHOCTBIO (HE BKITIOUast 0. XOKKaiizo).
IIpencraBnensl: para, BpeMs, KOOPAMHATHI TMIOLEHTpa
(¢ — mmpora, A — nonrora), H — rrybuna, Mw — MOMEHT-
Has MaTHATYAR, 1gM | — NeCATHYHBIN ToTaprpM CKaTAPHOTO
CEeHCMHYECKOTO MOMEHTa, AG — cOpOC HaNPsIKECHUH.

No. Date anl)llg ©° A° H, km Mw %’ lélg’a
1 18.03.1969 16:16 45.0 150.6 50 5.8 17.8 4.97
2 01.08.1969 23:43 45.5 150.8 40 7.2 19.6 10.39
3 02.08.1969 00:34 45.3 151.0 20 6.1 18.1 26.09
4 11.08.1969 21:08 43.5 147.8 40 5.2 16.8 59.77
5 11.08.1969 21:21 433 147.9 40 4.8 16.3 4.97
6 11.08.1969 21:27 433 147.7 15 7.2 19.9 222.07
7 11.08.1969 21:27 43.6 147.8 40 8.7 21.2 136.93
8 12.08.1969 02:36 43.5 148.3 30 5.6 17.6 3.60
9 12.08.1969 03:33 43.1 148.0 20 6.6 19.0 1338.13
10 12.08.1969 04:53 43.1 147.8 30 6.2 18.4 28.61
11 12.08.1969 05:03 434 148.1 30 6.9 18.5 45.34
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Hour: o o lgM, Ao,
No. Date min [0} A H, km Mw I%IA;[I(; MPa
12 12.08.1969 05:53 43.6 148.8 30 7.1 18.8 49.72
13 12.08.1969 09:25 43.2 147.7 30 5.8 17.8 19.34
14 12.08.1969 09:33 434 147.7 30 6.0 18.1 13.69
15 12.08.1969 11:21 43.7 149.0 50 6.8 19.3 57.08
16 12.08.1969 13:18 43.6 148.1 5 6.0 18.1 7.02
17 12.08.1969 15:28 44.0 148.9 30 53 17.0 15.36
18 12.08.1969 15:49 43.6 148.7 30 5.0 16.6 2.38
19 12.08.1969 21:16 43.0 146.6 40 5.6 17.5 4.75
20 12.08.1969 21:56 433 147.8 20 5.5 17.4 6.12
21 12.08.1969 22:57 44.0 148.4 40 6.3 18.6 8.25
22 12.08.1969 23:06 43.6 148.0 35 5.7 17.7 15.01
23 13.08.1969 03:29 43.6 147.6 40 5.7 17.7 12.20
24 13.08.1969 08:31 43.8 148.0 50 6.5 18.9 20.25
25 13.08.1969 12:30 43.2 148.1 40 4.9 16.4 3.21
26 13.08.1969 19:33 43.8 147.9 50 53 17.0 443
27 13.08.1969 22:57 44.0 148.4 40 6.5 18.9 5.58
28 14.08.1969 14:19 43.2 147.7 40 7.0 18.6 58.41
29 15.08.1969 04:32 433 147.8 30 6.2 18.4 55.78
30 15.08.1969 06:18 433 147.8 20 52 16.9 17.24
31 15.08.1969 09:47 43.4 147.6 20 5.1 16.8 6.12
32 15.08.1969 10:02 43.1 148.3 30 6.6 18.6 164.63
33 15.08.1969 22:43 43.2 147.5 40 52 16.8 15.01
34 16.08.1969 09:03 43.9 148.5 40 5.3 17.1 443
35 16.08.1969 12:44 43.9 148.3 40 5.3 17.0 3.36
36 16.08.1969 15:15 433 147.5 60 59 17.9 17.64
37 16.08.1969 17:13 432 147.6 50 5.6 17.5 8.44
38 18.08.1969 11:43 43.7 148.6 50 5.5 17.3 42.32
39 19.08.1969 08:49 43.6 148.2 40 6.2 18.4 55.78
40 21.08.1969 00:28 43.2 148.2 5 5.1 16.6 2.22
41 21.08.1969 03:32 429 147.1 30 5.5 17.3 50.87
42 21.08.1969 13:24 43.6 148.1 20 5.5 17.3 42.32
43 27.08.1969 01:10 433 147.8 30 5.1 16.6 222
44 27.08.1969 03:26 43.2 147.8 30 53 17.0 5.21
45 28.08.1969 21:35 43.2 147.8 20 53 17.0 18.90
46 30.08.1969 07:11 43.7 147.8 30 6.5 18.9 32.85
47 30.08.1969 08:28 43.5 147.8 25 6.0 18.1 19.79
48 04.09.1969 21:12 43.8 147.4 40 5.6 17.5 7.02
49 06.09.1969 07:43 43.8 147.4 40 5.4 17.1 6.55
50 07.09.1969 18:43 434 148.2 40 52 16.9 4.14
51 13.09.1969 11:52 43.5 147.7 50 5.2 16.9 2.61
52 14.09.1969 06:11 433 147.5 40 5.0 16.6 6.12
53 18.09.1969 11:52 433 147.1 30 52 16.9 2.80
54 22.09.1969 02:35 43.5 147.6 40 52 16.7 2.38
55 29.09.1969 17:58 433 147.7 40 5.4 17.4 9.69
56 26.10.1969 19:15 43.7 148.1 50 5.7 17.6 15.36
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Hour: o o lgM , Ao,
No. Date min (0] A H, km Mw I%IA;II(; MPa
57 20.11.1969 21:00 43.4 147.9 40 53 17.0 13.38
58 21.11.1969 08:12 43.7 147.8 40 5.4 17.1 13.08
59 21.11.1969 08:57 432 147.9 35 5.0 16.6 5.21
60 19.12.1969 04:30 43.2 147.9 30 5.4 17.1 8.84
61 28.12.1969 04:53 43.4 147.7 30 5.4 17.1 8.84
62 04.02.1970 13:07 433 147.9 30 52 16.8 5.58
63 04.02.1970 20:05 44.5 148.2 25 4.1 15.2 2.80
64 26.02.1970 23:06 433 147.7 25 5.8 17.8 8.64
65 26.02.1970 23:29 433 147.8 45 5.6 17.5 8.25
66 27.02.1970 01:45 432 147.8 10 5.6 17.5 52.06
67 27.02.1970 02:50 433 147.8 40 4.4 15.7 2.07
68 10.03.1970 04:58 44.7 149.0 70 6.4 15.6 7.52
69 18.04.1970 23:25 42.9 147.4 30 5.6 17.5 9.92
70 23.05.1970 23:09 43.6 148.0 30 5.1 16.6 10.39
71 10.06.1970 16:17 44.8 149.7 40 6.7 19.2 41.35
72 22.06.1970 21:33 43.5 147.6 50 6.0 18.2 49.72
73 09.07.1970 12:11 43.8 148.4 30 6.0 17.7 15.36
74 08.10.1970 23:36 43.8 147.5 45 5.6 17.4 12.78
75 14.10.1970 16:00 433 148.0 40 5.1 16.8 7.19
76 14.10.1970 18:06 43.6 147.8 30 52 16.9 5.98
77 14.10.1970 18:15 434 148.0 40 6.3 18.5 21.21
78 14.10.1970 21:14 43.5 147.0 40 6.2 18.4 12.78
79 26.10.1970 19:15 43.7 148.1 50 5.6 17.4 19.34
80 20.11.1970 13:48 43.6 146.8 45 5.1 16.7 14.67
81 09.09.1971 23:01 443 151.0 30 6.9 19.5 4431
82 26.12.1971 14:20 433 148.0 25 5.0 16.5 3.36
83 25.03.1972 22:59 43.0 146.2 45 6.8 19.3 58.41
84 10.12.1972 18:26 44.5 149.5 20 6.7 19.1 35.20
85 17.12.1972 00:18 44.5 149.5 50 5.8 17.9 22.21
86 17.02.1973 19:15 45.0 148.8 130 5.0 16.6 18.05
87 05.04.1973 22:17 43.4 147.8 41 6.0 18.0 16.09
88 06.04.1973 00:01 43.4 147.8 30 6.0 18.2 3.28
89 06.04.1973 01:48 442 147.2 25 5.6 17.5 19.34
90 18.05.1973 10:36 44.5 149.4 55 4.9 16.5 8.25
91 17.06.1973 03:55 43.2 145.8 50 7.7 20.6 197.92
92 18.06.1973 05:37 42.5 146.6 45 5.1 16.8 10.15
93 18.06.1973 17:45 423 146.1 25 6.0 18.1 14.34
94 19.06.1973 02:54 42.7 146.1 50 52 17.0 6.55
95 22.06.1973 06:07 429 146.3 53 6.5 18.9 62.59
96 23.06.1973 02:09 43.1 147.3 50 5.0 16.5 9.47
97 24.06.1973 02:43 43.4 146.5 57 7.6 20.5 1.76
98 24.06.1973 03:28 432 146.8 20 5.7 17.6 20.25
99 26.06.1973 18:02 43.2 147.1 50 6.7 19.1 49.72
100 26.06.1973 22:32 43.2 146.7 50 6.9 19.4 140.12
101 27.06.1973 03:42 42.8 145.7 40 4.9 16.4 3.28
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Hour: g, Ao,
No. Date min ©° A° H, km Mw I%IAIII(; MPa
102 29.06.1973 03:26 433 145.8 55 59 17.9 2.55
103 05.07.1973 00:58 43.8 148.1 30 52 16.8 4.53
104 29.07.1973 14:51 43.0 146.8 30 5.1 16.7 5.98
105 03.08.1973 19:13 43.0 147.8 40 4.8 16.2 4.53
106 09.08.1973 10:44 43.5 146.5 57 5.5 17.4 5.33
107 07.10.1973 09:27 42.5 146.5 15 4.8 16.3 8.84
108 01.12.1973 10:38 43.1 146.3 40 5.5 17.3 7.35
109 01.12.1973 23:16 43.1 147.1 30 5.7 19.2 5.71
110 01.12.1973 23:18 433 146.7 55 7.4 20.2 13.69
111 24.01.1974 19:12 42.1 144.0 30 6.7 19.4 44.31
112 25.02.1974 05:46 439 147.9 40 6.0 18.2 27.96
113 04.08.1974 15:00 42.4 145.9 5 5.6 17.5 14.34
114 27.09.1974 05:47 43.1 146.7 40 7.3 20.1 153.64
115 09.10.1974 07:32 44.7 150.3 50 7.3 20.0 67.07
116 02.02.1975 16:17 443 147.1 150 4.6 16.0 3.60
117 18.05.1975 22:34 442 147.7 105 5.9 17.9 10.88
118 27.05.1975 06:41 44.1 148.3 50 4.9 16.4 6.86
119 10.06.1975 13:47 43.2 147.5 30 7.6 20.4 42.32
120 10.06.1975 14:37 429 147.9 27 6.6 19.0 32.85
121 10.06.1975 14:58 43.9 147.8 30 6.6 19.0 43.30
122 10.06.1975 15:21 43.5 147.3 25 6.4 18.7 22.21
123 11.06.1975 14:20 433 147.8 15 53 17.0 3.86
124 11.06.1975 15:32 433 147.8 15 52 16.9 4.43
125 12.06.1975 23:21 43.1 148.0 20 5.6 17.4 8.84
126 13.06.1975 01:45 42.7 147.5 25 4.9 16.5 2.80
127 13.06.1975 12:57 43.1 147.3 24 5.1 16.7 2.43
128 13.06.1975 18:08 433 148.0 20 7.1 19.8 127.79
129 14.06.1975 02:59 43.1 147.8 30 5.7 17.7 7.52
130 14.06.1975 03:05 43.1 147.6 30 6.1 17.7 31.37
131 14.06.1975 05:02 434 147.8 30 5.7 17.7 3.95
132 14.06.1975 08:43 433 147.9 30 5.6 17.4 7.88
133 14.06.1975 09:02 433 147.7 29 4.7 16.1 7.88
134 14.06.1975 17:11 43.2 147.7 30 5.0 16.5 7.70
135 14.06.1975 17:37 43.1 147.2 24 6.1 18.3 21.70
136 14.06.1975 18:38 43.5 148.0 30 6.7 19.1 47.48
137 14.06.1975 18:49 43.4 147.9 30 6.1 18.3 11.13
138 14.06.1975 18:52 43.1 147.9 30 59 18.0 7.88
139 14.06.1975 20:35 43.7 147.8 24 5.1 16.7 4.64
140 14.06.1975 23:35 43.7 147.8 24 4.8 16.4 5.71
141 15.06.1975 00:19 43.2 148.0 29 7.1 19.8 82.51
142 20.06.1975 03:37 433 147.8 30 4.7 16.1 2.27
143 22.06.1975 01:50 433 147.8 30 4.7 16.1 2.27
144 22.06.1975 02:29 429 147.4 30 6.2 18.3 55.78
145 22.06.1975 22:44 429 147.4 30 6.7 19.1 49.72
146 22.06.1975 23:00 43.0 147.4 20 6.2 18.4 20.73
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No. Date HH(::: 0° A° H, km Mw %’ 13[;’21
147 23.06.1975 09:13 43.1 147.2 25 6.4 18.4 36.02
148 26.06.1975 10:32 43.1 148.0 23 54 17.1 13.38
149 26.06.1975 13:07 42.9 148.2 30 5.1 16.7 7.52
150 09.07.1975 11:34 43.2 147.4 20 5.5 17.3 7.70
151 20.07.1975 08:02 44.2 148.0 80 5.6 17.5 7.35
152 24.09.1975 09:51 43.2 147.7 40 4.3 15.5 2.80
153 13.10.1975 11:51 43.0 147.8 20 4.6 16.0 4.97
154 24.11.1975 07:58 433 147.7 30 5.8 17.0 2.80
155 03.12.1975 07:14 43.2 145.9 50 4.9 16.4 4.14
156 27.12.1975 07:41 43.1 147.2 40 5.9 17.9 21.70
157 21.01.1976 10:05 44.8 149.1 55 7.1 19.7 22.21
158 22.01.1976 08:07 44.4 149.5 27 6.2 18.4 25.50
159 25.01.1976 12:23 44.8 149.7 60 7.2 19.8 11.13
160 22.09.1976 00:16 44.9 149.2 75 6.6 19.1 7.35
161 08.12.1976 19:19 433 147.9 30 6.1 18.3 4.14
162 19.03.1977 10:56 44.2 148.3 50 6.5 18.9 16.46
163 13.01.1978 20:03 44.6 150.0 40 6.5 18.8 18.90
164 14.01.1978 03:24 44.5 149.6 31 6.7 19.6 39.49
165 24.01.1978 05:54 44.6 149.3 24 6.5 18.8 6.26
166 29.01.1978 02:05 459 149.2 159 5.3 17.1 88.41
167 09.02.1978 08:02 44.3 150.1 30 6.6 19.0 20.73
168 22.03.1978 00:50 44.0 149.0 40 7.0 19.6 150.14
169 22.03.1978 08:25 43.8 149.3 30 5.0 16.5 4.86
170 22.03.1978 21:34 43.8 149.3 36 7.1 19.8 32.85
171 23.03.1978 00:30 44.2 149.0 40 8.1 21.3 65.54
172 23.03.1978 01:49 43.7 149.0 35 6.4 18.8 26.09
173 23.03.1978 03:14 44.2 149.8 30 6.1 19.3 40.41
174 23.03.1978 03:15 43.9 148.9 40 7.7 20.7 62.59
175 23.03.1978 07:32 44.0 148.9 40 4.7 16.0 3.00
176 23.03.1978 08:14 44.2 149.1 30 6.2 18.4 9.69
177 23.03.1978 16:52 44.0 149.4 40 4.7 16.2 5.09
178 23.03.1978 19:12 44.0 149.9 40 7.4 20.2 22.21
179 24.03.1978 22:08 43.8 149.3 40 5.8 17.8 13.69
180 24.03.1978 19:47 44.2 148.6 40 7.7 20.6 73.54
181 25.03.1978 05:24 43.9 149.4 40 4.9 16.4 5.71
182 25.03.1978 08:01 43.8 149.3 40 4.8 16.3 6.86
183 25.03.1978 23:52 43.8 148.6 40 5.6 17.4 3.52
184 26.03.1978 06:00 443 149.8 35 5.0 16.6 4.23
185 26.03.1978 23:56 43.7 149.2 30 5.1 16.8 5.33
186 28.03.1978 21:13 43.8 148.6 20 4.8 16.3 4.33
187 28.03.1978 22:12 43.8 148.6 20 5.7 17.6 3.14
188 05.04.1978 16:04 43.7 148.7 35 5.2 16.9 4.43
189 12.04.1978 01:22 44.1 147.8 87 5.8 17.8 6.40
190 18.04.1978 11:43 43.9 149.2 40 5.7 17.6 3.60
191 01.05.1978 06:54 44.0 149.1 35 4.9 16.4 5.09
FEO®U3NKA. CEMICMONIOrUs 51 EOCUCTEMbI MEPEXOAHBIX 30H, 2023, 7(1)



Bogomolov L.M. et al.

No. Date Hn(;:lnr ¢° A° H, km Mw 11%11-‘;13’ ﬁg;
192 01.05.1978 17:59 43.9 149.0 30 5.1 16.7 5.71
193 15.06.1978 09:28 44.1 149.2 40 5.6 17.6 423
194 03.09.1978 22:12 43.9 149.5 40 5.7 17.7 3.95
195 29.09.1978 11:07 43.8 149.1 35 5.0 16.6 2.61
196 11.10.1978 10:26 44.4 148.9 50 5.0 16.6 2.61
197 14.12.1979 07:19 43.0 144.4 40 6.3 18.5 23.80
198 15.02.1980 14:25 44.7 149.6 53 6.6 19.1 26.09
199 18.02.1980 06:08 43.7 146.1 110 6.2 18.4 15.01
200 23.02.1980 05:51 43.5 146.6 40 7.4 20.2 18.05
201 23.02.1980 22:38 43.2 146.9 39 6.7 19.2 32.85
202 19.02.1981 19:36 44.6 149.5 42 6.1 18.3 32.85
203 30.04.1981 14:41 43.4 150.1 30 7.0 19.6 32.85
204 03.09.1981 05:35 43.6 147.1 45 7.3 20.0 140.12
205 03.09.1982 01:32 44.0 148.4 40 6.7 19.1 24.35
206 30.06.1983 13:39 44.1 147.8 38 6.4 18.8 8.84
207 24.03.1984 09:44 44.0 148.3 42 8.0 21.1 15.72
208 03.12.1984 04:08 44.1 148.3 53 6.6 19.3 41.35
209 17.12.1984 23:30 44.5 149.8 39 6.5 18.8 17.64
210 14.03.1986 08:42 44.0 147.6 78 5.0 16.6 6.55
211 16.04.1986 12:52 44.0 147.5 43 6.8 19.4 26.09
212 21.05.1986 05:47 44.4 148.3 64 6.7 19.1 124.88
213 31.05.1986 03:40 43.8 145.5 80 4.4 15.6 2.38
214 08.06.1986 11:02 43.0 146.5 64 6.3 18.5 17.64
215 13.06.1987 14:00 44.6 150.4 43 6.4 18.7 11.13
216 02.02.1992 17:43 45.4 150.8 44 6.0 18.0 9.92
217 05.02.1992 05:33 45.7 150.6 38 53 17.0 8.44
218 03.03.1992 03:11 443 149.0 32 6.0 18.0 37.71
219 10.07.1992 09:31 44.8 149.5 33 6.3 18.5 46.50
220 12.07.1992 02:11 44.1 147.2 54 59 17.9 16.85
221 12.07.1992 13:14 44.6 149.7 34 6.0 18.0 22.21
222 17.07.1992 04:19 45.0 150.2 40 5.7 17.5 9.47
223 15.01.1993 11:05 43.0 144.3 82 7.6 20.4 20.25
224 04.10.1993 13:22 43.7 147.6 30.35 8.2 21.3 99.20
225 04.10.1993 18:09 43.5 147.6 33 5.5 17.3 4.33
226 04.10.1993 18:22 434 148.3 33 5.0 16.5 7.70
227 04.10.1993 19:16 43.7 147.4 33 5.5 17.3 7.35
228 04.10.1993 20:01 43.8 147.7 33 5.8 17.8 15.36
229 04.10.1993 20:06 43.5 147.0 33 4.9 16.2 3.86
230 04.10.1993 21:39 44.4 148.4 30 5.1 16.5 3.95
231 05.10.1993 00:02 433 147.8 33 4.6 16.0 243
232 05.10.1993 04:00 45.6 147.9 52 6.8 19.2 86.40
233 05.10.1993 07:16 42.9 148.1 29 5.8 17.8 12.20
234 05.10.1993 12:34 43.8 148.3 33 5.0 16.6 4.43
235 06.10.1993 07:38 433 148.6 33 5.4 17.1 5.71
236 06.10.1993 23:20 443 148.7 33 4.6 16.0 1.76
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Hour: o o lgM , Ao,
No. Date min (0] A H, km Mw I%IA;II(; MPa
237 07.10.1993 02:36 43.5 147.5 31 4.8 16.2 3.86
238 07.10.1993 07:00 43.2 147.0 33 54 17.2 9.92
239 07.10.1993 15:00 42.7 148.0 32 5.6 17.4 7.35
240 08.10.1993 05:28 43.2 146.8 33 5.5 17.3 10.39
241 09.10.1993 07:55 43.8 148.1 35 7.9 21.0 62.59
242 09.10.1993 08:07 43.8 148.2 30 6.2 18.4 14.01
243 09.10.1993 08:49 43.8 148.3 30 5.8 17.7 10.63
244 09.10.1993 12:24 43.8 147.6 30 4.9 16.4 6.12
245 16.10.1993 05:09 45.5 149.5 180 5.9 17.7 10.88
246 18.10.1993 10:42 44.6 148.7 100 4.4 15.6 2.27
247 24.10.1993 19:27 44.0 148.4 52 5.2 16.9 5.21
248 25.10.1993 13:30 433 146.7 30 4.9 16.2 2.43
249 09.11.1993 18:21 43.8 147.7 100 5.1 16.7 8.84
250 22.11.1993 11:12 44.1 147.3 90 5.1 16.8 3.95
251 25.11.1993 08:49 433 148.9 60 5.2 16.8 3.77
252 27.12.1993 20:43 45.0 149.2 33 6.0 18.0 22.21
253 04.01.1995 23:14 43.3 147.5 33 4.8 16.3 2.86
254 12.01.1995 10:27 43.9 147.2 50 5.6 17.5 10.39
255 13.01.1995 03:13 43.2 147.0 33 5.4 17.1 5.71
256 20.01.1995 03:35 434 146.7 55 4.8 16.2 2.43
257 21.01.1995 08:47 434 146.9 60 6.3 18.4 17.64
258 02.06.1995 16:33 43.5 147.6 30 4.7 16.1 5.58
259 03.12.1995 18:01 44.7 149.3 33 7.6 20.8 279.58
260 06.01.1996 15:28 454 151.0 33 53 17.0 8.64
261 31.01.1996 20:30 44.5 149.4 21 5.9 18.0 11.13
262 22.02.1996 14:59 45.1 148.7 140 5.9 18.0 8.84
263 09.03.1996 16:15 434 148.0 27 6.4 18.7 38.59
264 17.08.1996 06:29 44.5 148.2 110 5.5 17.2 6.55

06 aBTOpax About the Authors

Boromonos Jleonnn Muxaiinosuu (https://orcid.org/0000-
0002-9124-9797), moktop (PHU3NKO-MAaTEMAaTHYECKHX HayK,
JpeKTop, THCTUTYT MOpCKO# reosioruu u reodusuku Janb-
HEBOCTOUHOTO oTAeneHus Poccuiickoil akagemun Hayk, FOx-
Ho-CaxanmmHck, bleom@mail.ru

CprueB Baagumup Hmuxonaeswu (https://orcid.org/0000-
0001-7508-9087), kanmunar pU3NKO-MaTEMaTHIECKUX HAYK,
CTapIMi HaydHblH COTpPyOHMK IleHTpa KOJUIEKTMBHOIO
TIOJIB30BaHUsL, VIHCTUTYT MOPCKOH T'€OJIOTMM W TeO(PU3UKH
JanbHeBocToyHOrO OTAENeHUs Poccuiickoil akaieMuu Hayk,
HOxHo0-Caxanunck, koitash@mail.ru

CprueBa Haiina A6aynnoBua (https:/orcid.org/0000-
0003-0386-3752), xkaHmuaar (U3NKO-MaTeMaTHISCKUX
HayK, CTapIIM{d HAYYHBIH COTPYyIHUK, MHCTUTYT (GuU3uKu
3emuin uMm. O.}O. HImuara Poccuiickoil akagemMuu Hayk,
Mockaa, ivtran@mail.ru

Iocrynuna 11.01.2023
[ocne nopadorku 20.02.2023
[punsra x mybnukamuu 26.02.2023

FEO®U3NKA. CEMICMONIOrUs 53

Bogomolov, Leonid M. (https://orcid.org/0000-0002-9124-
9797), Doctor of Physics and Mathematics, Director, Insti-
tute of Marine Geology and Geophysics of the Far Eastern
Branch of RAS, Yuzhno-Sakhalinsk, bleom@mail.ru
Sychev, Vladimir N. (https://orcid.org/0000-0001-7508-
9087), Candidate of Sciences (Physics and Mathematics),
Senior Researcher, Center for Collective Use, Institute of
Marine Geology and Geophysics of the Far Eastern Branch
of RAS, Yuzhno-Sakhalinsk, koitash@mail.ru

Sycheva, Naylya A. (https://orcid.org/0000-0003-0386-
3752), Candidate of Sciences (Physics and Mathematics),
Senior Researcher, Schmidt Institute of Physics of the Earth
of RAS, Moscow, ivtran@mail.ru

Received 11 January 2023
Revised 20 February 2023
Accepted 26 February 2023

TEOCUCTEMbI MEPEXOAHbLIX 30H, 2023, 7(1)


https://orcid.org/0000-0002-9124-9797
https://orcid.org/0000-0002-9124-9797
mailto:bleom@mail.ru
https://orcid.org/0000-0001-7508-9087
https://orcid.org/0000-0001-7508-9087
mailto:koitash@mail.ru
https://orcid.org/0000-0003-0386-3752
https://orcid.org/0000-0003-0386-3752
mailto:ivtran@mail.ru
https://orcid.org/0000-0002-9124-9797
https://orcid.org/0000-0002-9124-9797
https://orcid.org/0000-0001-7508-9087
https://orcid.org/0000-0001-7508-9087
mailto:koitash@mail.ru
https://orcid.org/0000-0003-0386-3752
https://orcid.org/0000-0003-0386-3752
mailto:ivtran@mail.ru

FEO®U3NKA. CEMCMONIOrus TEOCUCTEMBbI MEPEXOAHbIX 30H, 2023, 7(1)

© Astopbl 2023 1. OTKpbITLIA AOCTYM.

KoHTeHT goctyneH no nuueHsum Creative Commons Attribution
License 4.0 International (CC BY 4.0)

© The Authors 2023. Open access.
Content is available under Creative Commons Attribution
License 4.0 International (CC BY 4.0)

MOHUTOPHHI" OITACHBIX TEOJIO'HYECKHUX IMTPOLIECCOB

YOK 550.343(571.642) https://doi.org/10.30730/gtrz.2023.7.1.054-064.064-074
https://www.elibrary.ru/kblexp

OT peTpocneKkTUBbI K CUCTEME pearibHOro BPEMEHN —
nporHo3 semnerpsiceHnn metogom LURR
Ha CaxanvHe (2019-2022 rr.)

A. C. Baxynun*', H. B. Kocmuinesa', /[. B. Kocmoines'?
*E-mail: a.zakupin@imgg.ru
'Unemumym mopckoii eeonoeuu u eeopusuxu JJBO PAH, FOxcro-Caxanunck, Poccus
2Caxanunckuil pumuan OPUL] «Edunan 2eopusuueckas cayscoa PAH», FOxcno-Caxanunck, Poccus

Pestome. IIpeacraBneHsl pe3ysbTaThl SKCIEPHMEHTA 10 PEaH3aliH ONEPATUBHOTO aHajIHu3a ceicMuaHocTh Caxa-
JIMHA METOJIOM CcpeHecpoyHOro nporxosa semuerpscenunii LURR. MonuTopunr Hadar B 2022 . Ha OCHOBE PacyeToB
napamerpa LURR mo celicMuueckum gannsiM 2019-2021 rr. Teppuropus ocTpoBa pasfieseHa Ha 36 pacueTHBIX
oOnacTeid, KOTOpblE paBHOMEPHO €ro MokpeiBatoT ¢ maroMm 0.5 rpagyca no mupore u goirore. [locTpoeHbl 30HBI
MIPOTHO3a JUIsl 3TOTO IIePHO/ia, BKIIOYAIONINE T€ PacueTHbIE 00JacTH, B KOTOPBIX BBISBISJIMCH aHOMAJIMU T1apame-
tpa LURR. B Teuenue 2022 r. exxexBapTaibHO g00aBisiiach HHGOPMAIUs 0 HOBBIX aHOMAJIMIX U 30HaX MPOTHO3a.
OcHOBHas 11eJ1b IKCIIEPUMEHTa — anpobanust paboThl ¢ JaHHBIMU B PEKHMMeE KBa3HPEaJIbHOTO BPEMEHH U IIPOBEpKa
KauecTBa PELICHHUs NMPOLEAYPHBIX BOIPOCOB 10 BEACHHUIO MIPOTHO3a OT CTAJUM YTBEPXKACHUS 1O CTAIUU 3aBeplie-
Hus. 3a 2019-2022 rr. 6bu10 00HAPYXKEHO 25 aHOMAaNNi MPOTHO3HOTO TapaMeTpa. B perpocnexTuHo# 6a3e (¢ 2019
mo 2021 1.) BEIsBIECHO nBe 30HHI mporHo3a B 2020 r. (cocrosimue u3 9 u 4 pacdeTHBIX 00JacTel COOTBETCTBEHHO).
Eme nBe 30HBI mporHo3a copmuposanuck B 2022 1. (3 u 6 pacyeTHBIX oOmacTeit). JIns Tpex 30H MPOTHO3a HA 3a-
ceganmsix CaxamumHckoro (ummana PoccHiCKOTo 3KCIEpTHOTO cOBeTa Mo upe3BbdaifHeiM cutyarmsaMm (CO POC)
OBUTM IPUHATHI IPOTHO3HI C OIpE/IeNICHUEM BPEMEHH, MecTa 1 CHiIbl. B Teuenue 2022 r. aBa mporHo3a U3 Tpex ObLTH
IIPU3HAHBI PEeaTN30BaBIINMUCS. B TpeTbell 30He MPOTHO3 peann30Bajcs, HO 3eMIIETPSICEHHE C TPeOyeMbIMHU ITapaMe-
TpaMH IPOM30IIIIO BCIIEA 3a ONpeJieIeHUEM 30HbI B TEUEHHE OJHOTO KBapTala, T.e. 3aQ)MKCHPOBaHbI ObIIIM OTHOBpE-
MEHHO M 30Ha IIPOTHO3a, ¥ €ro peanu3alys, yxe noctdpaktyM (00padoTKa JaHHBIX OCYLIECTBISETCS pa3 B KBapTa).
B Takom cnydae mporHo3 He IMpHU3HAETCS HHU MPOIYLICHHOHN IeNbl0, HU PEeaJn30BaBIIMMCA B PEalbHOM BPEMEHHU
(peTpOoCIeKTUBHO 3TO YCIEUIHBIH MPOTHO3), a MPOLEIYPHO ONpeaenseTcs Kak TeXHuueckuil nmpomnyck. ITo coctos-
HUO Ha Havaso 2023 1. Ha ceBepe OCTPOBA €CTh OJIHA JIEHCTBYIONIAs 30HA MPOTHO3a. DKCIEPUMEHT ITPOAOTKAETCSI.

KnioueBble cnoBa: celicMUuHOCTh, ceiicMuyeckue coobiTus, Metox LURR, katanor 3emMiaeTpsaceHnii, aHOMaus,
MOHUTOPHUHT

From retrospective to real-time system —
LURR earthquake prediction on Sakhalin (2019-2022)

Aleksander S. Zakupin™®, Natalya V. Kostyleva', Dmitry V. Kostylev'*
*E-mail: a.zakupin@imgg.ru
Unstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Abstract. The results of an experiment on the implementation of operational analysis of Sakhalin seismicity by the LURR
method of medium-term earthquake prediction are presented. Monitoring began in 2022 on the basis of the LURR param-
eter calculations based on 2019-2021 seismic data. The island territory is divided into 36 calculated areas, which evenly
cover it in increments of 0.5 degree in latitude and longitude. Prediction zones for this period are constructed, including
those calculated areas in which anomalies of the LURR parameter have been detected. During 2022, information about new
anomalies and prediction zones was added quarterly. The main objective of the experiment is to test the work with data in
quasi-real time mode and to check the quality of solving the procedural issues related to prediction from the approval stage
to the completion one. In the period 0of 2019-2022, 25 anomalies of the prediction parameter were detected. In the retrospec-
tive database (from 2019 to 2021), two prediction zones were identified in 2020 (consisting of 9 and 4 calculation areas,
respectively). Two more prediction zones were formed in 2022 (3 and 6 calculation areas). Predictions with the definition
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BBeneHue

Haunnas ¢ 2015 r. corpynaukamu WHcTu-
TyTa MOpcKo# reosoruu u reopusuxu JJBO PAH
(UMTI'ul" IBO PAH) nomy4yeHbl HHTEPECHBIE pe-
3yJABTAThl B OOJIACTU CPETHECPOUHBIX NMPOTHO30B
semsierpsiceHnii Ha Caxamune metogom LURR
(load-unload response ratio). Paspaboransr MmeTo-
JIUKY 110 ucnoyib3oBanuto anroputma LURR, ko-
TOpBIE OTIINYAIOTCS YHUBEPCAIBHOCTHIO B BEIOOpE
napamMeTpoB oOpabOTKH, 4TO 0OECrIeYnBaeT BO3-
MO>KHOCTH TOBTOPEHUS ITOJIyY€HHBIX PE3yIbTaTOB
Y HEBO3MOXKHOCTH UX «IIOATOHKIY. JleficTBUTEb-
HO, B pa0oTax KUTAMCKUX y4eHBIX [l], KOoTOpBIE
nepebiMu npemiiokuian metoguky LURR, pac-
YEeTHBIE TTapaMeTPhl MEHSITUCH JIJIST KaXKI0T0 Tpo-
rHO3a (YTO JieNlaeT HEBO3MOXKHBIM ONEPAaTUBHBIN
MporHo3). B Hammx e pacderax 3TU MapameTpsl
UMEIOT (DUKCUPOBAaHHBIC 3HAYCHHS. Tak, OBLIM
OTpezieNieHbl: TUana3oH MarHUTyl B paboueil BbI-
6opke (ot 3.3 mo 5.0), BEIMUUHBI CKOJB3SIIETO
okHa (360 nueit) u cnpura (30 gHeil), BUA U pas-
Mep obmacTi 11 pacueTa (OKPYKHOCTb—3JUIUIIC
panuycoMm B 1°). C mpUMeHEHHEM MNepedncIIeH-
HBIX MapameTpoB B pacuerax mo metoqxy LURR
ISl pa3HbIX yacTeit 0. CaxanuH ObUTH TIOTyYEHBI
BechMa yOeauTenbHble pe3yabTarsl [2, 3]. C mo-
MOILbIO pa3pabOTaHHOIO MO/X0/a B IOCIEAHEM
OOJIBIIIOM PETPOCIEKTUBHOM HCCIeNOBaHUM [4]
3a mepuon ¢ 1997 mo 2019 1. na Caxanune ObLIO
BBISIBJICHO 15 TPOTHO3HBIX 30H (MIPEICTaBIISIO-
mMXx co0oil pacyeTHbIE OONIACTH C aHOMAJus-
mu napamerpa LURR), B 11 u3 xoTtopsix 3arem
(B CpOKH, HE TIPEBBIMIAIOIIHE 2 JIET) TPOUCXOAMIN
3emyieTpsiceHust ¢ marautynamu >5.0. U3 19 3em-
netpscennii ¢ M > 5.0 (a IMEHHO CTOJIBKO TIPOU-
3omwto Ha Caxanuue ¢ 1997 mo 2019 1) 16 momano
B YCTAHOBJICHHbIE MPOTHO3HBIE 30HBL. OcobeH-
HO yOeAWTEeNbHO B IUIAHE MPOTHO3a BBINVIAIUT
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of time, place and strength were approved for three prediction zones at the meetings of the Sakhalin Branch of the Russian
Expert Council on Emergency Situations (SB REC). During 2022, two out of three predictions were recognized as realized.
In the fourth zone, the prediction was realized, but an earthquake with the required parameters has occurred after the defini-
tion of the zone within a quarter, i.e. both the prediction zone and its implementation were simultaneously recorded, already
after the fact (data processing is carried out once a quarter). In this case, the forecast is not recognized as either a missed
goal or realized in real time (retrospectively, this is a successful forecast), but it is procedurally defined as a technical omis-
sion. As of the beginning of 2023, there is one active prediction zone in the north of the island. The experiment continues.

Keywords: seismicity, seismic events, LURR method, earthquakes catalog, anomaly, monitoring

For citation: Zakupin A.S., Kostyleva N.V., Kostylev D.V. From
retrospective to real-time system — LURR earthquake prediction
on Sakhalin (2019-2022). Geosistemy perehodnykh zon = Geosys-
tems of Transition Zones, 2023, vol. 7, no. 1, pp. 54-74. (In Russ.
& Engl). https://doi.org/10.30730/gtrz.2023.7.1.054-064.064-
074; https://www.elibrary.ru/kblexp

CTaTUCTUKA IO CWJIbHBIM 3emierpscenusM (He-
¢reropckoe 1995 r., Yreropckoe 2000, Heenb-
ckoe 2007, Yanrckoe 2010, Onopckoe 2016 1.).
[TpumeuaTenbHO, YTO YaCTh IPOTHO30B ObliIa
clenaHa B peasibHOM BpeMeHHU. [lo naBym 3emiie-
Tpsicenusim (Onopckoe 2016 r, Kpumbonckoe
2017 r.) mporHo3sl paccMaTpPUBAIKCH Ha 3ace/a-
Husix Caxamunckoro ¢unuana Poccuiickoro skc-
IIEPTHOTO COBETA IO YPE3BbIYAHBIM CUTYaLUAM
(C® POC, mpotokomnst Ne 3 ot 11.05.2016 1. 11 Ne 2
ot 16.03.2017 r.). O6Ga nporxo3a ObLIN MPU3HAHBI
peanu30BaHHBIMH.

[lonmyueHHble pe3ynbTaThl INOKa3ajdd TIOTOB-
Hocth ceiicmomoroB UMIul” JIBO PAH um Ca-
xanuHckoro ¢unuana PenepasbHOro HCCIEAO-
BareNbCcKoro ueHrpa «EauHas reodusnueckas
cryxx6a PAH» (CO ®UIL] ET'C PAH) nepeiitu
K CJIEAYIOLIEMY 3Taly paOoThl — BBISIBICHHE aHO-
MaJui MPOTHO3HOTO MapaMeTpa B peaibHOM Bpe-
MEHM B PEXHME HENPEpBIBHOIO pacyera ¢ J0-
CTaTO4HOM JaucKpermsanmend. Ha camom nerne,
B OTKPBITOM JOCTYIlE HE TaK MHOIO NPHUMEPOB
Takoro poja 3KcrepuMeHTOB. OTHUM U3 TaKUX
B POCCHIMCKON MPAKTHUKE SIBJISIETCS MPOJOIKUTEIb-
HBI SKCIIEPUMEHT B PEAJIbHOM BPEMEHU C METO-
namu M8 u MSc [5]. Kak ytBepxmaer aBrop [5],
JaHHbIE MUPOBOM ceTH 00pabaThIBaINCh KaX/ble
6 Mec., a pe3ysbTaThl B peKUME 3aKpbITOrO 10CTY-
na MyOIMKOBAIKCH Ha BHyTpeHHeM caiite UHcTu-
TyTa TEOPHH MPOTHO3a 3EMJIETPSICEHUI U MaTeMa-
tryeckor reodpusuku PAH. Tlpu 3tom nake npu
OTHOCHUTEJIBHO CKPOMHOW CTaTHCTUKE LIEJIEBbIX
3emierpsiceHuid (17 3emieTpsceHuil ¢ MarHuTy-
namu >8.0) ¢ 1992 no 2010 r. B pabote [5] Her
JAHHBIX IO BCEM 3EMJIETPSICEHUSM, MPUBEICHBI
b npuMepsl. Cyzst IO UTOTOBBIM Pe3yJbTaTamM
JAHHOT'O SKCIIEPUMEHTA, IPEACTABICHHBIM B XYp-
Hane «Natural hazards» [6], koTopsie, TO cyIe-
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CTBY, YK€ JIBa TO/Ia /IO STOTO OBLIN OITyOITHMKOBAHBI
B Poccun [5], mocnegHUMH B 1IETIOUKE YCIIEUTHBIX
MpOrHo3oB craiu 3emiuerpsacenus Yumm (2010 )
u Toxoky (2011 1.). MI3BecTHO, YTO IKCIIEPUMEHT
MPOAOIKAETCS B HACTOSIIEE BPEMSI.

DKCHEPUMEHT MO MPOTHO3Y 3E€MJIETPSICEHUN
metogoM LURR B peanbnom Bpemenu g o. Ca-
xanmuH ObuT Hadat B 2022 1. OCHOBHAS 1IeJb JKC-
MEePUMEHTa — 3TO anpodarus paboThl C TaHHBIMH
B PEXXHME KBa3UPEAIbHOTO BPEMEHHU U MPOBEPKA
Ka4ecTBa peHIeHUs] MPOIEAYPHBIX BOIPOCOB IO
BEJICHUIO MPOTHO3a OT CTAJUM YTBEPKICHHS 10
CTaauu 3aBepuieHus. B naHHON cTarbe MpUBO-
JSITCS pe3yJIbTaThl MEPBOTO Tojia (CTaTUCTHKA IO
MPOTHO3aM) U OOCYXIAIOTCS aCIEKThI, KOTOPHIC
MO3BOJIAT YAYYIIUTh KaueCTBO pabOThI B IMOCIE-
JQYIOIIUE TEPUOABI UCCIIETOBAHHUS.

MeToponorus JKCnepnmMmeHTa

OKCNIEpUMEHT  MPEANoNaraeT MoIydeHHe
Y aHalu3 JaHHBIX B ONEpaTUBHOM (OOHOBJIEHHE
pa3 B KBapTal, 3ajiepkka He Oonee Mecsia oT Te-
KYILIETO BPEMEHH) PEKUME.

[TpoekT n3HauaIbHO OPUEHTHUPOBAH Ha CPel-
HECpOYHbIE OIleHKH, KoTopele Meronm LURR,
coOCTBEHHO ToBOps, U obecneunBaeT. [lo panee
MOJTyYeHHBIM JTaHHBIM [4], Oonee 85 % cirydaeB
YCIIENTHBIX TMPOTHO30B HMMENH TEPUON OXKHJIa-
HUS CO BpeMeHM MosBieHus aHomanuu ot 0.5
no 2 netr. Penkue cinydad AarOT MEHbBIIME WU
Oonbinne cpoku [4], ModTOMYy OOHOBIIEHUE TaH-
HBIX pa3 B KBapTaJl JIOJDKHO OBITH JTOCTAaTOYHBIM
JUISL TOTO, YTOOBI HE TOMYCTUTH MPOITYCKOB.

Jns anamm3a ceiicmuunoct  CaxanmHa
meronom LURR wucnone3yercs onepaTuBHBII
karanor w3 0a3el gaHHbIX PUOILL «FOxHO0-Ca-
xanuHck». Kaxknoe coOwsiTue o0pabarbiBaeTcs
M0 TPYIIE CTAaHIMNA Ui YTOYHEHUS KOOPAWHAT
u marautyz. [locie nqonoaHUTENBHOM 00paboTKH
JTAHHBIX COCTABIISIETCS HOBBIM KaTaJior, B KOTOPOM
OCTArOTCs COOBITHS, COOTBETCTBYIOIINE KPUTEPH-
aM paboueii BbIOOpkH. [ToAroTOBIEHHBIN KaTanor
npeodpasyeTcs B popmart, HEOOXOIUMBIN /IS BBI-
nosiHeHus pacyeToB nmapamerpa LURR.

Meronuka pacueroB mnapamerpa LURR,
BKJIOYAsl TPUHIUIBI OMpPENeTICHUs] PacUETHBIX
30H, BBISIBJICHUS aHOMAJUN W OINpEICICHUsS 30H
MIPOrHO3a, MOJHOCTBIO COOTBETCTBYET TOM, KO-
TOPYIO TECTHUPOBAIM B MAcCIITAOHOM HCCIIEI0Ba-
Huu ceiicmuunoctu CaxanuHa B mepuoxa 1997—
2019 rr. [4]. HanmomHMM, 4TO B KaueCcTBe 0a30BOTO

GEOPHYSICS. SEISMOLOGY

mapametpa s pacdyeta LURR wucnonb3yercs
KOpEHb U3 ceficMuueckoil sHepruu (aeopmarus
benboda). OcHOBHBIE NPUHIUIBI METOIUKH:
JIOCTATOYHO TUIOTHOE MOKPBITHE TEPPUTOPUU pac-
YETHBIMH 00JIaCTAMU (3TO OKPYKHOCTH PATIyCOM
OJIUH TPaaycC, KOTOpbIE pacnoyiokeHbl yepes 0.5°;
OCTpOB, TaKUM 00pa3zom, mozeneH Ha 36 obna-
CTeil); PUKCHUpOBaHHBIC MTAPAMETPhI MaTeMaTHYE-
cKoi 00paboTKH (CKomB3siIIee OKHO B 360 maHEH);
pabouasi BBIOOpKAa 3eMJIETPSICEHHUH B 00JacTH
pacuera B auana3zoHe MarHutya ot 3.3 1o 5);
nepuoj oxuaanus 2 roxa. Bce aTu 3HaueHHsS
MPOILIM anpoOaIMio B MHOTOYUCIICHHBIX JKC-
MEePUMEHTANIBHBIX HCCIEIOBAaHUSAX M JOKa3aiH
CBOIO COCTOSTENBHOCTH [2—4]. Takxke ompenene-
HbI U TIPUHIUIBI BBIICNICHUS aHOMAJUH, B 4acT-
HOCTH OJIMH U3 TIaBHBIX IMTAPAMETPOB — ATO MOPOT
(paBeH 3), pH MPEBLIIICHUN KOTOPOTO MapaMeTp
BBIXOJUT B 00JIACTh AHOMAJIbHBIX 3HAYCHU.

Jnst skcriepuMeHTa, KOTOPOMY IOCBSIIICHA
HacTosas paboTa, eKeKBapTalIbHO KaTayor Io-
TIOJTHSIETCS. HOBBIMU CEHCMUYECKUMU COOBITHSIMU
U B Kaxa0i u3 36 pacyeTHBIX OONIacTeil 3aHOBO
npoussoaurcs pacder napamerpa LURR ¢ Haua-
noMm orcuera B 2019 .

Bri6op 2019 1. xak TOYKM Havama dKCIEPH-
MEHTAa OCHOBaH Ha TOM, YTO IMOCJEIHHUE pacye-
Tl i CaxanuHa ObUTH BbINIONHEHB! 10 2019 1.
[4], a ms TOrO, YTOOBI IMETH 3aJ1e]T TI0 JAHHBIM,
JIOCTaTOYHO TPEIBICTOPUU B 2 UM Oojee JeT.
[Ipu oOHapyxeHuun aHoOManuii MHQPOPMAILHS O
HUM 3aHOCUTCS B 0a3y MaHHBIX, H (PUKCUPYETCS
30Ha MPOrHO3a (TeOMETPUYECKH ATO HabOp pac-
yeTHbIX oOnacrteit). [Ipn Hamuuuu ogHOBpEMEH-
HOM (B MPOIOIKEHNE MaKCUMyM 6 Mec.) KOHIIEH-
TpPallMU aHOMAJMH B COCENCTBYIOIIMX O0JACTAX
(hopMHpYyIOTCS YKPYTTHEHHBIE 30HBI TPOTHO3a.

[Tomyyennsie qaHHbIe TI0 36 pacyeTHBIM 00-
JIACTSM aKKyMYJIUPYIOTCS Ha CTIELIMAJIbBHOM CEPBU-
ce CO POC B BuaE 1EMOHCTpALMM BbISBICHHBIX
aHOMAJIUIA U C(POPMUPOBAHHBIX IO HUM OTIACHBIM
30HaM Ha 0. Caxanun. [lpu onpenenenun Takux
30H B HUX NPOU3BOJUTCA MOHHUTOPHUHI C MpE.-
craBineHueM Ha 3acenanusx CO POC orueros
Kaxkble 3 MecC. B TE€U€HHE BCEr0 YCTaHOBJIEHHOTO
nepuoaa Tpesoru (2 rona). Eciu B mepuon TpeBo-
T B 30HE IPOrHO3a MPOUCXOIUT CEHCMUYECKOE
coObITHE C MarHUTYyJ0i M > 5, TO IpOrHO3 CHU-
MaeTcsl U CUMTAeTCsl peanm3oBaBumcs. [lepuos
TPEBOTM 3aKaHYMBAETCS, U MOHUTOPUHI 30HBI
MpeKpanaeTcs. DKCnepuMeHT Havaics B 2022 1.
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u npoogutcs coBmectHo MMIul' IBO PAH
u CO OUIL EI'C PAH B pamkax pabotsr Caxa-
auHCKOro (mnmana Poccuiickoro sKCHepTHOro
coBeTa 1o upe3BbuaiiHbIM cutyanusm (CO POC).

Pesynbrathbl

ITo pe3ynbraram 0OpaOOTKHM JAHHBIX 3a Tie-
puoxn ¢ 2019 mo 2022 r. Ha Teppuropuu o. Caxa-
JIMH ¥ TIpUJIETAIOUX aKBaTOPUi HaMU ObLIN BbI-
SBJICHBI 4 30HBI CO CPETHECPOYHBIMU ITPOTHO3AMH
3EMJICTPSACEHUN.

[epBas nadopmarms mocie o6padbOTKH qaH-
HbIX Katayora ¢ 2019 mo 2021 r. 6b1a ipeacTaB-
neHa B CO POC c 3asiBKOM Ha CpelHECPOUYHBIE
IIPOTHO3bI 3eMJIETPSCEHUS C MarHuTy10iM M > 5.0
(#0.1) nnst AByX 30H: B ceBepHOU (9 pacdyeTHbIX
obnacTeil) u 1KHOU (4 pacueTHbIe 00IacTH) Ya-
cTax 0. CaxanuH 1 NPUIIETAIONINX aKBaTOPHM WK
tepputopuil (puc. 1 u 2). ['eomeTpruecku 30HbI
IPOTHO3a ONPEACIISUIUCH 10 TPAaHHUIIAM PaCUeTHBIX
oOmactelf, COCTaBISIOLIUX IPOTHO3HBIE 30HBI:
1) 51.5-54° c.m., 141-144° B.711.; 2) 45—47.5° c.1m1.,
141-144° B.1.

C yueroM TOro, 4TO B 00EUX 30HaX MIPOrHO3a
AQHOMAJIMM B PACUYETHBIX 00JacTAX 3aBEpILIAIHChH
B 2021 r. (mapamerp LURR mnepexonun B ¢ono-
BBII PEXHUM), TPEBOXKHBIHM Mepros OblT yCTaHOB-
neH o konma 2023 r. (mpotokon CD POC Ne 1
o1 25.01.2022 1.). Pemenue coBera ObLIO CIIEAYIO-

ITUM: JIJII CEBEPHOU M 10)KHOM yacTeit 0. CaxannH
(B yKa3aHHBIX KOOPJMHATaX) OOBSBUTH IPOrHO3BI
3emuierpsicenuit ¢ M > 5.0 u yrBepauTh ux neu-
ctBue ¢ 1 pespans 2022 r. mo 31 gexadbpst 2023 1.

Ilpocnoz Ne 1. IlepBblii U3 MPOTHO30B pe-
ammzoBaics 05.02.2022 r. B 21:18:52 UTC
(06.02.2022 r. B 08:18:52 caxaJMHCKOTO Bpe-
Menn). B 23 kM Boctounee cena Ban u B 48 km
ceBepo-BoctouHee c. lopsune Kiroun (Ho-
[JIMKCKUN  paiioH) MPOM30LLIO 3eMJIETPSICEHHE
¢ M, = 5.3. Koopaunars! snuenTpa — 52.47° c.u.
u 143.53° B.1., Tny6una 22 kM. [Tapamerpsl 3em-
JETPSCEHHSI IO JAHHBIM PE3YJIbTaTOB 00PabOTKU
POCCHUICKMX M MEXIYHAapOAHBIX CEHMCMOJIOTHYE-
CKHUX IIEHTPOB MPUBOIATCS B Tabm. 1.

PacueTHass MHTEHCUBHOCTH 10 JAaHHBIM aK-
cenepomerpoB B Hommmkax m Oxe cocraBumia
4 6anna, MO JaHHBIM OIPOCHBIX JUCTOB B I. OXa,
nrt. Hornukwu, c. Tynrop, HekpacoBka, Mockaib-
BO, Ban — Taxke 4 Oanna (ompoc MpoOBOIUIICS
cpeau pabOTHUKOB aMHUHHCTpALUil IOCEJIKOB,
B IIKOJIAX, B OTJCJICHUSX CBS3M, MarasuHax).
3a mocnenyromnme ABoe CyToK mpousonwio 20 ad-
Tepmoko ¢ M, or 2.1 mo 3.6. Mudpopmanus
00 AMHIIEHTpaX 3eMJIETPSICEHUsS U ero adTepio-
KOB IIpE/ICTaBIeHa Ha KapTe (puc. 1).

3eMyIeTpsICeHHE MPOU30IIO HA BOCTOYHOM
menbpe CeBepnoro CaxanmHa. B cTpyktyp-
HOM OTHOIICHUU IIeNb(] MpeacTaBiIseT coOOi

Puc. 1. Kapra 30H5I mporHo3a Ne 1 ¢ ykazaHueM JaThl Hadajia TPEBOXKHOTO EPHOa, SIUIEHTpa (0003HaYeH 3BE3/109KON ) M AaThI 3eMITe-
TpsceHus (10 CaxaJUHCKOMY BPEMEHH) — PEATM3alMy MPOTHO3a (a) M KapTa adTepmokos semuerpsacenns 05.02.2022 r. (M, = 5.3) (6).
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CHUCTEMY CyOMEepHUIMOHAIBHBIX YEPeayIOMMUXCS
MOJHATUM M BHAAUH. BmaauHbl NpakTUUECKU
MOJIHOCThKO KOMIIEHCUPOBAHBI OCaJIKOHAKOILIE-
Huem. [lo marepuanam celcCMHUUYECKHX HCCIe-
JIOBaHUM B HANpaBJICHUWU C 3amajia Ha BOCTOK
BBIJICJISIIOTCSL  CIIEAYIOIINE CTPYKTYpHBIE 3lie-
MeHThI: [lunpryHckas BmaguHa, OJONTHHCKOE
n Bocrtouno-Onontunckoe nogHsAtus. Mopu-
cree pacnoyaraercsi Bocrouno-CaxannmHckuit
nporud W ero HEKOMIICHCUPOBAHHAS OCAaIKaMHU
4acTh — 3aMKHyTas OaruanbHas BmaguHa Jle-
ptoruna [7]. Opontunckoe u Boctouno-Omon-
TUHCKOE TIOJHSTHUS pa3leieHbl OYEHb Y3KUM
nporu6om. O6e 3TU CTPYKTYpbl OObEIUHSAIOTCS
B oaHO monHsTHe. C 3amagHOMl CTOPOHBI OHO
orpanuyeHo 3anagHo-OJ0NTUHCKUM Pa3jIoMoOM,
K KOTOpoMy mnpuMblkaeT IlunbTyHckas Bmaau-
Ha, a ¢ BOCTOKa — Boctouno-CaxaJinHCKUM
pa3iaoMoM, K KOTOpOMY IMpumbikaer BocTtou-
Ho-CaxanuHckuit mporu6d [7]. CelcMHUYHOCTD
Bocrouno-CaxanmuHCKON CHUCTEMBI Pas3IOMOB
MpeJCTaBICHA CIEAYIOUMMH 3eMJIETPACEHUS -

MHU: Ha TpaHuue BnaguHbl Jleproruna (1944 r.
M =5.5), Oxuncko-ITunsrynckumu 1932, 1939,
1942 u 1953 . (M = 5.0-5.5) [8], a Takxke
[unprynckum 12.06.2005 . ¢ Mw = 5.6.

[To cOBOKYMHOCTH MPU3HAKOB MPOTHO3 ObLI
NpU3HAH peaju30BaBUIMMCS, a HaOIONEHHE 3a
30HOM B IIpeienax yKa3aHHbIX KOOPJIMHAT MpeKpa-
nieHo (mporokon Ne 2 CO POC ot 15.04.2022 ).

Ilpocnoz Ne 2. 1o BTopomy NMpOrHO3y Ha HOre
Caxanuna (4 pacyeTHbie 007aCTH ¢ aHOMAJIUSIMH
LURR, puc. 2) B aBrycte 2022 1. ObIIH MOTYYEHbI
JJaHHBIE, CBUJIETEIbCTBYIOIIUE O €T0 pean3aluu
Ha ceBepe 0. XOKKanIo0.

10 aBrycra 2022 r. B 15:52:59 UTC Ha ce-
BEpO-3anaJJHOW OKOHEUYHOCTH 0. XOKKan1o0 (Smo-
HUs) TIPOU3OIIO 3eMiieTpsiceHne ¢ M, = 5.2.
ONULEHTp pacrosarajicsd B HENOCPEICTBEHHOU
6ausoctu ot moc. HakaraBa (okpyr Kamukaga,
ryoepHatopctBo Xokkaiino). Ilapamerpsl 3em-
JETPSICeHUS 1O JAHHBIM PE3yJIbTaTOB 00PaObOTKH
POCCHICKUX M MEXIYHapOIHBIX ceficMosiornye-
CKUX IIEHTPOB MPHUBEJICHEI B TA0M. 2.

Tab6mauua 1. [Tapametpsl 3emierpscenus 05.02.2022 1. ¢ snutieHTpoM B Hormmukckom parioHe

KoopauHatsl

HcTouHuk JaHHBIX B (]?q%erhé,ﬂto, 3“"?1?31“1’3 rj;lyilffa Marsutypa

9IMHH:C o, N | 2°E ’ Mw | mb | M,
PUOII «tOxHo-Caxanunck» | 21:18:52.0 52.47 143.53 22 - - 53
CCJ] ®UILI EI'C PAH 21:18:52.0 52.61 143.36 20 — 5.7 —
EMSC 21:18:51.8 52.57 143.29 17 5.2 - —
GEOFON 21:18:52.1 52.55 143.34 15 53 - -
USGS 21:18:52.0 52.59 143.28 10 5.2 - -

Ipumeyanus. Mw — mareutyna no Kamamopu, mb — Maruutyna o0beMHBIX BOJH, M, — jokanbHas Marmutyga. PUOLL — peruo-
HaJIbHBIA MH(OpPMALMOHHBII oOpabareiBatonmii neHTp «tOxHO-Caxamuucky; CCJ ®UI] ET'C PAH — Cnyxba cpoyHbsix IoHece-
auii ®ULL ETC PAH, O6nunCck, Poccus; EMSC— EBpormetickuii ceticmonormueckuii neHTp (http:/www.emsc-csem.org/Earthquake/
earthquake.php?id=324605); GEOFON — Helmholtz Centre Potsdam (http://geofon.gfz-potsdam.de/eqinfo/form.php); USGS — United

States Geological Survey (https://earthquake.usgs.gov/).

Tab6auua 2. [Tapamerpsl 3emietpscenus 10 aBrycra 2022 1. ¢ SNUIEHTPOM Ha CEBEpPO-3arafHON OKOHEYHOCTH

0. Xokkaiino (Smonns)

Koopaunatst

VlcToyHUK JaHHBIX B (])Stgel“hgjlto, 3H1’II)H6HTP3 Fj;ly?g{ﬂa S

9IMHH:C o, N | A E ’ Mw | mb | M,
PUOL «FOsxHO0-CaxamuHCK» 15:52:59 44 .86 142.04 11 - - 5.2
CCJ] ®ULI EI'C PAH 15:52:59 45.06 142.04 10 - 5.1 -
EMSC 15:52:59 45.03 142.07 10 5.1 - -
GEOFON 15:53:04 4498 141.99 42 - 4.9 -
IMA 15:51:00 44.90 142.06 10 - — 5.1

Tpumeuanue. IMA — Japan Meteorological Agency (https://www.jma.go.jp/jma/en/menu.html)/.

OctanbHbIEe yCIOBHBIE 0003HaUeHHS CM. B Ta0m. 1.

GEOPHYSICS. SEISMOLOGY

58

GEOSYSTEMS OF TRANSITION ZONES, 2023, 7(1)


http://geofon.gfz-potsdam.de/eqinfo/form.php
https://earthquake.usgs.gov/
https://www.jma.go.jp/jma/en/menu.html)/

OT peTpocneKkTvBbI K CUCTEME pearibHOro BpeMeHu — MporHo3 3emnetpsiceHnii metogom LURR Ha CaxanuHe

Puc. 2. Kapra 30HbI mporaosa Ne 2 ¢ ykasaHueM JaThl Hadyasia TPEBOXKHOTO TIEPHO/IA, STHLEHTPa (0003HA4YCH 3BE3/10UKOM) U IaThl 3eMIle-
TpsceHHus (110 CaXaJMHCKOMY BPEMEHH) — Peajlu3alluu IIPOrHosa (a) v kapra agrepuiokos semuerpsacenus 10.08.2022 . (M, = 5.2) (6).

C mnoMouIpl0 Ppa3IMUYHBIX MPOrPAMMHBIX
CpeAcTB 0O0pabOTKH YCTaHOBJIEHO, YTO PaCcXOXK-
JIEHUs DPa3HbIX CEUCMOJOTMYECKUX areHTCTB
B OIPE/IENICHNHU TapaMeTPOB TUIOLIEHTPA U SHEP-
reTUYeCKUX OLEHOK 3emuerpsicenust 10 aBrycra
2022 r. MmuHuMaJIbHBL. B omnpenenenun mapame-
TPOB 3eMJIETPSICEHUSI OBLTN HCIOIB30BAHBI JIaH-
HbIE€ PETMOHAIBHON CETU CEMCMUYECKUX CTAHIUN
Caxanunckoro ¢ummuana ®UL[ EI'C PAH, cran-
i MHCTUTYTa BYJIKAHOJIIOTMM U CEHCMOJIOTMH
yHuBepcutera Xokkaio u cranuuii JJBO PAH.
Cersio cranmmii cetu Ha 20 aBrycra 2022 . Ob1I10
3aperucTpupoBaHo 43 adTepiioka ¢ MarHUTy/a-
mu ot 1.0 o 4.5 (puc. 2).

[lo ompeneneHusM SHUIEHTpPA pa3IUYHbI-
MU areHTCTBaMH, 3€MJIETPACEHUE MPOMU30ILIO Ha
rpaHuIle TPOrHO3HOM 30HBI (pUC. 2) HA MIUPOTE
0koJ10 45°. ITOCKOJIbKY MO YCIOBHSAM 3KCIIEPUMEH-
Ta HE MPEAyCMOTPEHO pacyeTHBIX olnactedl 3a

npeaenamu CaxanuHa Hyobke 45° c.ai., 3emierpsi-
cenue 10.08.2022 He momagaer B 30HY MPOTHO3a,
a ero MULEHTP yAAJEH OT €€ IPaHHILIbl IPUMEPHO
Ha 13 kM. YuuThIBas1, YTO pacyeTHasl 30HA POTHO-
3a MOXKET OBITh MPOJIOJDKEHA Ha tor oT CaxanuHa,
a OTKJIOHEHUE 3IUIIEHTPA OT FPAaHMILIbI 30HBI 110 OT-
HOILICHUIO K IMHEMHOMY pa3Mepy IPOTrHO3HOM 30HbI
(275 kM) menbie 5 %, MOXKHO TPU3HATH MPOTHO3
cocrosiBMMcs. Ho MbI pemmiu npoBecTu pacue-
TbI lapaMerpa LURR B 1msTOM, NONOIHATENBHON
K HalllUM YeThIpeM, 00JIaCTH € LEHTPOM B ITO3ULIUU
44° c.m. u 142° B.1. (puc. 3). Mcnonb3yeMblii Hamu
KaTajior He NPeayCMaTpUBAET MOKPHITUE TEPPUTO-
puM HIKe 45°, M03TOMY JUIsl pacyeTa UCIOoIb30Ba-
JIUCh JAHHBIE KaTaJIOTOB [ €0sornyeckoil ciry»cObl
CIHIA (United States Geological Survey — USGS)
(https://earthquake.usgs.gov/).

[To pesynpraTaM IpPOBEPOYHOIO pacyera,
¢ 2016 mo 2022 r. B 3TO# 00NacTu UKCUpyeTCs

Puc. 3. [lononHurensHas pacyeTHas obimacTe Ha XOKKaijo (ciea) u pacdyer napamerpa LURR B Heil B nepuox ¢ 2016 mo 2022 1.

o ganubiM USGS.
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anomanmuss LURR B wurone 2020 r. (puc. 3), uro
TOBOPHUT O €IMHCTBE BCeX 5 obmacrteit st cdop-
MHPOBaHHOW IPOrHO3HOM 30HBI (110 4 caxayuH-
CKUM 00JacTsIM aHOMAaJIMU TMOSBUJIMCH B arpese
2020 r.). Takum oOpazoM, 30Ha, cHhOpMHUpPOBaHHAS
M3Ha4YaJIbHO B I0XKHOU yacTH 0. CaxajivH B anpesne
2020 ., 3arem OblIa pacIIMpeHa Jabliie Ha IOT, IM0-
KpBIB CEBEPHYIO0 OKOHEYHOCTh 0. XOKKai10. DTOT
pacueT HOCUT UCKIIFOUYUTEILHO IPOBEPOUHBINA Xa-
pakTep, U B OynymieM yBeTHMYEHHE KOJIWYecTBa
pacueTHBIX obOnacTel Juis oxBara 0. XOKKaimo
He npenycmarpuBaercs. [Ipyunna B TOM, 4TO HC-
MOJIb30BaHHbIE KaTajaoru ['eosornueckoil cirykObl
CUIA He ABIISIFOTCS MOJTHOCTBHIO MPUTOTHBIMU TSI
pacuetoB LURR, Tak kak coznep:xat nuHpopmaruo
0 3eMJIETPSICEHUAX HAaYMHAsl C MAarHUTY/Ibl pAaBHOM
4.0, a U1 HAIIUX PACUETOB HCIIOIb3YETCs BEIOOP-
ka HaunHasg ¢ M = 3.3. Ho juig naHHOroO citydas
pacyeT UMeeT JOKa3aTeIbHYIO CUITY.

3emnerpsacenue 10.08.2022 r. mpowusonuio,
10 BCei BUIUMOCTH, B MECTE KOHTAKTa TEKTOHU-
yeckux cTpykryp. C 3amagHoil CTOPOHBI OT 3Iu-
LIEHTPA pacnoioKeHbl MOHEpOHCKas 30Ha U 30Ha
Pebyn-Kob6aro, koTopbie B COBOKYITHOCTH HPOTS-
TUBAIOTCSI HEMHOTMM ceBepHee 0. MoHepoH. Llen-
TpaJIbHas ke 4acTh 0. XOKKailo cioxeHa oopa-
30BaHUAMU 30HbI KaMyHKOTaH U CMEKHOU ¢ HEH
CycyHaiiCKOH, KOTOpasi SIBISIETCS CEBEPHBIM €€
pojoJKeHueEM [8].

B cBs31 cO 3HAUUTENBHONW OCBOEHHOCTBIO Ce-
BEPHOIi 4acTh 0. XOKKai10 (TI0 CpaBHEHHIO C CeBe-
pom 0. CaxanuH) 3T0 3eMJIETPsICEHUE UMEJIO0 TOpa3io
OoJiee BEICOKHUI ypOBEHb MaKpPOCEHCMUYECKUX ITPO-

SIBJICHUH, YyeM celicMudeckoe coObiTHe 5 (heBpasis
2022 1. ComiacHO JaHHBIM SITIOHCKOTO METEOPOII0-
rudeckoro areHTcTa (JMA) (https://www.data.jma.
go.jp/svd/eqdb/data/shindo/#20220811005300),
MHTEHCUBHOCTh 3eMileTpsiceHusi B moc. Hakarasa
cocraBuia 5+ 6aymios mo mkaine JMA (JMA. Table
sexplaining the JMA Seismic Intensity Scale, http://
wWww.jma.go.jp/jma/en/Activities/inttable.html),
YTO COOTBETCTBYET [9] 6 Oamnmam no mkane MSK-
64 U XapakTepu3yeT CHIIbHBIC 3eMJICTPSICEHUS.
B npounx HaceneHHBIX MyHKTax ceBepa 0. XOK-
Kaiino, B yactHocTH B okpyrax Cost u Pymou, un-
TEHCHBHOCTH cocTaBmia 3-4 Gauia o mkaine JMA.
Ha tepputopnn CaxanuHcKoit o0nacTH, B CBS3U CO
3HAUUTEIBHBIM YJlaJIeHHeM ONvKalIuX HaceseH-
HBIX ITyHKTOB OT Odara 3eMIICTPSICCHHUS, TaHHOE
ceficMrUYecKoe COOBITHE HEe Oy maochk. CormacHo
WHCTPYMEHTAIBHBIM JJAHHBIM 10 3aITUCSIM OJTvKaii-
1IeH K 04ary celCMU4eCKor cTaHumu B I. HeBenbck
(200 kM OT 3MUIIEHTPA), UHTEHCUBHOCTb COCTABMIIA
1 6amn mo mkane MSK-64.

Takum 00pa3zom, 06e 30HBI IPOTHO3A, C KO-
TOPBIX CTAPTOBAJ MIPOEKT, OBLIHM CHATHI C MOHUTO-
punra B 2022 1. ¢ yIOBIE€TBOPUTEIbHBIMU MOKa3a-
TEJISIMU PE3YJIbTaTUBHOCTH peaIn3aluil.

Opnako rog He mpornen 0e3 MOSBICHHS HO-
BBIX aHOMAJIMii, KOTOpbIE, B UTOTE, CPOPMUPOBA-
JIM JIB€ HOBBIE 30HBI MTPOrHo3a (puc. 4, 5).

IIpoenos Ne 3. K coxaneHuro, OUH U3 Npo-
THO30B, 10 00IIEMy CUeTy TpeTuil, KBaauduiu-
pyercs Kak «TeXHH4Yeckui mpomyck». Kak Obuio
y’K€ CKa3aHO B METOAMYECKOM pasziesie, OOHOBJIe-
HUE JAaHHBIX pa3 B KBapTall JOHKHO OBLIO OBITH

Puc. 4. Kapra 30Hb1 iporaosza Ne 3 ¢ yka3zaHueM JaThl Hayalla TPEBOXKHOTO TIEPHO/Ia, SMUIICHTpa (0003HaUSH 3BE3/J0UKOM ) U IAThI 3eMJIc-
TpsceHus (10 CaxaJUHCKOMY BPEMEHH) — pealu3alliy MPOrHo3a (a) U KapTa adrepmokos 3emneTpsicenus 09.02.2022 . (M, = 5.0) (6).
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Taoauua 3. [TapameTpsr 3emierpsicerns 8 ¢espanst 2022 T. ¢ SNHUIEHTPOM oro-3amagaee cena [lopedse

Maxaposckoro paitona CaxanuHCKOH obaacTu

KoopaunaTs!

WcTouHMK JaHHBIX B (])?’I{P;erhgto, SIS o8 D}qyil;\[fa Martutyza

- MHH.C ¢°, N A%, E ’ Mw mb M,
PUOL «tOxno-Caxanunck» | 22:29:00.7 48.54 142.48 13.7 - - 5.0
CCJ] ®UL ET'C PAH 22:29:03.0 48.52 142.42 10 — 5.0 —
EMSC 22:29:02.6 48.52 142.44 10 5.0 - -
GEOFON 22:29:03.7 48.48 142.47 10 - 4.8 -
USGS 22:29:02.0 48.51 142.37 10 4.9 - -

Ilpumeuanue. YcnoBHble 0003Ha4eHUs cM. B Ta0. 1.

JOCTATOYHBIM TSI TOTO, UTOOBI HE IOMYCTUTH MPO-
nmyckoB. OJTHaKO yXe B NIEPBbIE MECSIIbI IKCIIEPU-
MEHTAa TaKOM Cllydai Ipousouiell. B koHLe ssHBaps
2022 r. MOABUINCH AHOMAJIMM B TPEX PAaCUETHBIX
obactsx (puc. 4), KoTopble 3apUKCHPOBAHBI OBLITH
nocJie 00paboTku naHHBIX B anpene 2022 1. (¢ 06-
HOBJICHWEM JaHHBIX 3a | kBapram). M Torma xe
B Mpoliecce aHaau3a Karajaora 00Hapy>KUIOCh, YTO
MPOTHO3HAS 30HA M3 3TUX TPEX PaCUETHBIX OO0Ia-
cTeil Obita «oTpabotaHa» 9 ¢epans, T.e. uepes
JIBE HEJIEJIH OCIIE TIOSBIICHUS] aHOMAITUH.

8 dempams 2022 1. B 22:29:00.7 UTC

(09.02.2022 r. B 09:29:00.7 caxaJWHCKOTO Bpe-
MeHH) B 21 kM roro-3amanHee cena [Topeube Ma-
KapOBCKOI'0 palioHa U B 32 KM CEBEpO-BOCTOUHEE
c. Kpacnoropck (TomapuHCKui paifioH ) pOU30IILIO
semunierpsicenue ¢ M, = 5.0. Koop-
JIMHATHI AnvLeHTpa — 48.54° c..
u 142.48° B.4., TmyOouHa 13.7 kM.
[TapameTpsl 3eMIIETPSACEHUS IPH-
BOIATCS B Ta0I. 3.

Ilo JaHHBIM OIIPOCHBIX
JINCTOB, HMHTCHCHUBHOCTL 3CM-
JETPsACCHUsA B C. BocTounoe

MakapoBckoro paiioHa OICHHU-
BaeTrcsa B 5 Oamios, B c¢. Kpac-
HOropck TomapuHCKOro paifo-
Ha B 4-5 OamioB, B T. MakapoB
4 Oamma, B c¢. Ilopeure Maka-
poBckoro paiona, . Tomapwu,
c. Wnpunackoe TomapuHCKOTO
paiioHa, . Ymieropck, ¢. Kpac-
HOIOJIbE YTIIETOPCKOTo paiioHa —
3-4 Oamna, B m.rt. IllaxTepck
VYrieropckoro paiiona — 3 Gasia.
PacueTHas WHTEHCHBHOCTH IIO
TAaHHBIM aKCEeJIepPOMETPOB COCTa-
BWIa B TI. Yrieropck 2.5 Gamia,
B c. UnpunCcKoe 3.3, B 1. JlonuHCcK
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2.6, B T. XonMmck 1.5 Oania; mo maHHBIM BEJIOCH-
METpPOB — B I. Yrieropck 2.9 6amna, B c. Kpacho-
nosise 4.0, Ha Mbice XOKyH YIIIEropckoro paiioHa
2.3 Gamna.

3emnerpsicenne 8.02.2022 1. mpuypoyeHo
K paifonam mnepeceuenusi LlenrpanpHo-Caxanus-
ckoro (Temvb-IlopoHaiickoro) pasioma C auaro-
HaJIbHBIMM  pa3iioMamu  3amnaiHo-CaxaJIuHCKOro
pasnoma. 1 xors LICP ycrynaer B ceficMuyecKoit
aKTMBHOCTH 3anasHo-CaxaJuHCKOMY DPa3jioMy,
MOYKHO OTMETHTBH 3/1€Ch TAKHUE 3EMJIETPSICEHUS, KaK
Tomapunckoe 1923 . M = 5.2 u JleonunoBckoe
1957 M =4.9[10].

Ilpocnosz Ne 4. TIporuo3 no 4eTBepTOr 30HE
ouLmanbHO yTBEpXKIEH M ACHUCTBYET IO CO-
crostHuio Ha sHBapb 2023 1. OH ObLT COCTaBICH

Puc. 5. Kapra 30HBI 3aperHCTpUPOBAHHOTO MPOTrHO3a Ne 4.

TEOCUCTEMbI MEPEXOAHbLIX 30H, 2023, 7(1)
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o naHHbIM 2—4 kBapranoB 2022 r. Ha nepom
atamne, ¢ mMapra no Maii 2022 ., B 3 pacyeTHBIX
o0acTsX Ha ceBepe OCTPOBa ObUIO OOHAPYKEHO
o ogHoi aHomanuu LURR (puc. 5). 3arem ue-
pe3 3 Mec. B mepBOHAaYaIbHBIX 3 001acTsIX aHo-
MaJiH TMOBTOPUIINCH, @ B 3 HOBBIX, COCEIHHX,
MOSIBUIIMCH BIepBbIe. Takum 00pa3zom, 30Ha Mpo-
THO3a chopMHUpOBaIaCh ¢ MapTa 1o aBryct 2022 r.
U TIpeJICTaBlIeHA JEBAThI0 aHOMAJIHUSIMHU B LIECTH
pacuetHbIX oOnacTsax. Pemennem CO POC (mpo-
tokon Ne 3 ot 14.10.2022 1) mo mast 2024 1. 005b-
SIBJICH CPEAHECPOYHBIN IPOTHO3 CEMCMHUYECKOrO
coObrTust ¢ MarauTygoit M > 5.0 (+0.1) ansa ce-
BepHoi yactu 0. CaxanuH B rpanuinax ot 52.0 no
54.5° c.mi., ot 141.5 no 144° B.A., T.€. IPaKTUYECKU
B TEX K€ I'paHuUIlaX, 4To U 30Ha MporHo3a Ne 1.

Curyanus, Koraa B 30HE, IJI€ BCETO MEHee
4yeM 2 roja HazaJl (pUKCUPOBAIMCH AHOMAIIUHU, OHU
(UKCHUPYIOTCS CHOBA, HETpuUBHANbHA. TexHuYe-
CKH, eciu Obl 3emueTpsicenre B ¢espaine 2022 1.
(puc. 1) He mpoU301LI0, MPOTHO3 HA TEPPUTOPHUHU
MOT OBITh MPOJJIEH, U, B 00IIEM-TO, TaKas Mpak-
tuka He HoBa 111 CD POC npu pabore ¢ qpyrumu
MeToAaMH (JOArocpouHble MporHossl). Ho oHo
MIPOM30IIIO, U B TAKOM CJIy4ae MPOTHO3 CHUMa-
eTcs. 3aMeTuM, 4TO MapaMeTp Mepuoja TPEeBOTH
B metone LURR camblii HeonpeneneHHslii (y Hac
0 JBYX-TPEX JIET, Y KUTalCKUX YUYEHBIX elle
Oompine). B maHHOM citydae OIWH TIPOTHO3 OBLT
CHSIT, a IPYTOM uepe3 MecsI] OObsBIIEH.

O nocnencTBUsIX TAaKOM YacTOTHI MPOSIBIIE-
HUsl aHoMaiuil Ha ceBepe CaxannHa Mbl y3HaeM
yepe3 HECKOJIBKO JIET, a ceiiuac MHTEPECHO 00Cy-
TUTH TOTEHINAN CEeHCMOTEeHEPHUPYIOIINX 30H, KO-
TOpBIE MOMAJAOT B 30HY JACHCTBYIOIIETO Ha TEKY-
LUH IEPUOJ BPEMEHU IIPOrHO3a.

Bce mects pacueTHbIx obnactelt pacnonoxe-
HbI B npenenax Bocrouno-CaxanmHCkon paziom-
HOM 30HBI. BocTouHo-CaxannHckasi 30Ha HEOJHO-
poaHa 1o cTpoeHuto. B BocTouHOM NpHUOpexHON
30HE CEBEPHON YacTH OCTPOBA OHA Mpe/ICTaBlIeHa
[TuneryHCcKUM U ["apomMaiickum paznomamu. [Ipen-
nonaraercs [11], 9ro 1u1g nepBoro pasioma xapax-
TEpHBI IPEUMYILIECTBEHHO C/IBUIOBBIE (IIPaBOCTO-
POHHUE) CMEILEHHS], a JUIsI BTOPOTo — B30POCOBBIE.
3anmagnee cuctembl [lunmpTyHckoro m I'apomarii-
CKOTO Pa3JIOMOB MPOTITUBAETCS MPABOCIBUTOBBIM
Bepxue-IIunsryHckuii  pasnom  (Hedreropckuii
cericMopaspsiB 1995 1) ¢ MaKCUMaTbHOM TTOJTBHK-
xoii 8.1 m [12]. Bo3amorkHo, uto roskHee Hedrerop-
CKOTO aHAJIOTMYHBIA €My pa3jioM MPOTATHBAETCA

GEOPHYSICS. SEISMOLOGY

B oceBoM uactu JlarmHckoro nomHsTHs. Pasznom
BIIOJIHE OTYETJIMBO BBIJEISIETCS HA KOCMUYECKUX
CHMMKaX pa3HOro paspeuieHus U B Tomorpadumu.
3anagHee Bepxue-ITwibryHckoro u JlarmHckoro
pa3ioMOB BBIJIENIEHbl HECKOJIBKO CYOMEpHIUO-
HaJIbHBIX Pa3pbIBOB, HO HUKAKHUX JIaHHBIX JJIS1 HUX,
KpOM€ BBIPDAKCHHOCTH Ha KOCMHUYECKHUX H300pa-
KEHUSAX cpeHero paspemienus, et [ 11]. OqHoakT-
HbIE CMelleHus o cauram, kpome Hedreropcko-
'O pa3jaoMa, HUTZE NPSMO HE U3MEPSITUCH. JlaHHbIe
1o [ InneryHCKOMY pas3iioMy, U3JI0KEHHBIE B CTAThE
[11], umeroT Xapakrep OLIEHOYHBIX, OCHOBAHHBIX
Ha psane nomymieHuil. CaMbIMM CEBEPHBIMH 3Jie-
MEHTaMH 30HBI SIBJISIFOTCSI AKTUBHBIE MPAaBOCIBU-
roBele XEUTOHCKUI U JIOHIpuiiCKUii (B MEHBIIEH
Mepe CIABUTOBBIN) pasioMmsl m-oBa lImuara. Xein-
TOHCKHW pa3jioM, IJIABHBIN U3 JIBYX, MPOTITUBAECT-
Csl Ha ceBep 0 JIMHUU TT0OEePEKbs U, CKOPEE BCEro,
NPOJIOJKAETCSl Jalee MO/ BOIOU B IPEIEINbI LIEIb-
¢a. Het sicHOCTH OTHOCHTENIFHO IO’KHOTO TPOIOII-
KEHUS pas3lioMa U €ro BO3MOXKHOIO COE€IWHEHHS
¢ [TunpryHckuM pasnomom. IIpencrasnsercs, 4ro
BO3MO)KEH BapUaHT IIPOCTPAHCTBEHHOW HE3aBUCH-
MOCTH 3TUX JABYX Pa3JIOMOB.

Kak ykazano B [7], UHCTpyMeHTaIbHbIE Ha-
OJIOfIeHUsl TOBOPAT HaM JIMIIbL O TPeX 3HAMEHa-
TEJIBHBIX COOBITHAX B 3TOM paiione (Bocrtou-
Ho-CaxanuHckoil 30He). Kpome Hedreropckoro
3eMJIETPSICEHHS] TaM MPOU30LLUIN 3eMIIETPSICEHUS
B 1935 r. Karanmmiickoe, M = 5.6; B 1964 . Ho-
rukckoe, M = 5.8, u B 1967 1. CeBepo-Caxanun-
ckoe, M = 5.5. Kak ormeuaercs B [12], HEcOOT-
BETCTBHE NaJIEOIaHHBIM TOBOPUT JIUIIb O MaJIOM
nepuone HaOMIOAEHHU, KOHEYHO, MOTEHIHAT
30HBI MHOTO BBIIIIE.

Haunbonee npaBronogoOHbI OLIEHKH Ha OCHO-
BE MaKCHMaJIbHOM MarHutyabl M _ . OTaenbHbIe
Pa3JIoMbl TEHEPUPYIOT 3EMIIETPACEHUS TPUMEPHO
OJHOM (B mpezenax MOJIOBUHBI €IMHULIBI) MarHU-
TY/bl, U3BECTHBIE KaK XapaKTEPUCTHUECKHUE 3EM-
JeTpsiCeHus, ONM3KHE K HX M _ . OreHka M
MIPOBOAMUTCS MO JUTMHE Pa3jioMa WIH 110 BEIUYUHE
OZTHOAKTHOM MOJBMXKKH (C YUETOM CMEIICHUS UITH
0e3 Hero). B HacTosIee BpeMst MOXKHO 0oJiee WiTH
MeHee IOCTOBEPHO CYIUTh O JUIMHE TONbKO [1nib-
TYHCKOTO pa3jioMa, KOTOpasi COCTaBIsI€T PUMeEp-
HO 50 kM (cuMTas ero 3amajgHylo BETBb Ha ceBepe
BAOJb 3amagHoro nodepexps Topox). 'apomaii-
CKMM, XeHUTOHCKMU W JIOHIpHICKUI pa3IoMBI
MOTYT MPOTITUBATHCSI HA HEKOTOPOE HEM3BECTHOE
paccTOsHUE TMOJA BOMOH, T.€. JAOCTYNHBI TOJIBKO
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OT peTpocneKkTvBbI K CUCTEME pearibHOro BpeMeHu — MporHo3 3emnetpsiceHnii metogom LURR Ha CaxanuHe

MUHHUMAJIbHBIE OLIEHKH WX HBI (~21, 3740
1 ~30 KM COOTBETCTBEHHO). VcXo/s 13 BhIIETTPH-
BEJICHHBIX TPUOIU3UTEIBHBIX OIIEHOK, UCTIONb3YS
3aBucuMocTtu u3 [13], momyuaem st L ~ 50 km
(IMuneryHckui pasnom) — Mw = 7.1 (+0.23).
B nenom moxHO mpuHATe M paBHOW 7-7.2
st Beced Boctouno-Caxanuuckolt 30Hb1. C yue-
TOM BBIILIECKA3aHHOTO, MPOTHO3, KOTOPHIM Ha ce-
TOAHSAIIHUN J€Hb AEHCTBYET MO JAHHOM 30HE, MO
BEJIMYMHE XAPAKTEPUCTUUYECKOTO YPOBHS MOXET
MMETh BEPXHIOIO MIaHKy M = 7.2.

Kpome oOlLleHKM MarHutys XapakTepHUCTH-
YECKUX 3EMJICTPSICEHUN TI0JIE3HO BCIIOMHHUTH
ux TnoBTOpsieMocTh. Ha ocHoBe 0000mIeHMI
AM. Koxypuna no IlunpTyHCKOMY pa3ziomy
KOHCEpBaTHBHAsA OIleHKa KoieOmercst o 700 1o
2600 gmet, a gys ['apomaiickoro okosno 5000 ner.
Ho 370 o11eHK# nmocneqHuX cOOBITHI IO HECKOIIb-
KM KaHaBaM (TpaHIIEsM), a B IEJIOM IPHU Cer-
MEHTAIlMN U OOBEAMHCHHH CETMEHTOB CHCTEMa
[TuneryH-I"apomaiickoro pasioma AJIMHOM OKOJIO
600 KM MO3BOJISIET OIIEHUBATh NIEPUOJIBI IOBTOPSI-
emoctu okono 370 ner [12].

3aknroyeHue

[TonBoast uTOrM NEpBOro rojia IKCIEepUMEHTa
no ucnosub3zoBanuto Merona LURR mia cpenne-
CPOYHOTO TIPOTHO3a B pealbHOM BPEMEHH, CBe-
JeM MH(OPMALUIO B PE3yNBTHPYIOILYO TaOIuILy
(Tabm. 4). B Hell npoIeMOHCTPUPOBAHO, YTO Mapa-
METPHI 3asIBJICHHBIX U PEaIM30BAHHBIX TPOrHO30B
B OCHOBHOM COBIIQJIalOT (YYHUTHIBAsI PETPOCIEK-
TUBHBIA MPOTHO3 TI0 TEXHUYECKOMY TPOIYCKY).

LleneBbIMM COOBITHSIMM B MpPOTrHO3aX Ha-
IIETO HKCIIEPHUMEHTA SIBIAIOTCS 3€MJICTPSICECHHS

¢ M >5.0. C sauBaps 2019 r. no aexadbps 2022 1.
B 30HE OKCIEPUMEHTa TaKHX 3EeMIICTPSICEHHI
IIPOM30LLIO TPU: B ceBepHOH yacTu 0. CaxanuH,
B 23 kM BocTouHEe ¢. Ban u B 48 kM ceBepo-BoC-
touyHee c¢. ['opsune Kmroun (Hormukckuii paiton),
1oxHee 0. CaxanuH, Ha CeBEpO-3aIaJHON OKOHEY-
HOCTH 0. XOKKaijo (SInoHms) 1 B LIEHTpaIbHOM
yactu CaxanunHa, B MakapoBCKOM pailoHe.

Otu Tpu 3emnerpsicenus ¢ M > 5.0 cranu pe-
anu3anuaMu 171 30H nporHo3a Ne 1-3: 1Ba B one-
PaTUBHOM PEXHUME M OIHO B PETPOCIEKTHBHOM
(TeXHUYECKUH TIPOITYCK).

ITo pacueram nmapamerpa LURR ¢ 2019 no
2022 r. Obu10 OOHApYXKEeHO 25 aHoMaiuii, KOTo-
pbI€ 110 BPEMEHU U MIPOCTPAHCTBY OBLIU CTPYyI-
MUPOBAHBI B YeThIpe 30HBI (U3 9, 4, 3 u 6 pac-
YeTHBIX o0OyiacTeit) mporHosa. Ha 3acemanmsix
Caxanunckoro ¢unuana Poccuiickoro skcnept-
HOT'O COBETA I10 YPE3BbIYaHBIM CUTYALIUSIM JJIS
TpeX 30H ObLIM MPUHSTHI MPOTHO3BI, MO KOTO-
PBIM OIpeaeseHbl BCe He0OX0AUMble aTpUOYThI
3eMJIETPSACEHUN — BpeMsi, MECTO U dHEpreTuye-
ckuil nokaszarenb. [lo 1ByM 3apeructpupoBaH-
HBIM 30HaM, a TakXke 30He, rae 3auKCUpoBaH
TEXHUUYECKHUH MPOIYCK, UMEEM YCIEIIHYIO pea-
JU3aluIo NporHo30B. 1o yerBepToil 30HE Mpo-
rHO3 NpuHAT B 2022 T. U ABISETCS NEHCTBYIO-
UM Ha MOMEHT MyOJIUKaIMu CTaThbU, IO HEMY
OCYILECTBIAETCS MOHUTOPHUHI. O pa3BUTUU CO-
OBITUI B JaHHOUM 30HE COOOIIUM B CIICAYIONICH
MyONUKAIUK 110 UTOTaM HEMPEPBIBHOTO OTepa-
TUBHOTO aHanu3a ceicmuyHoctu CaxainHa me-
TOJOM CPEIHECPOYHOr0 MPOrHO3a 3eMIIeTpsce-
uun LURR.

Taonauna 4. CBomHas TabIuIa MPOrHO30B 332 BPeMs IKCIIEPUMEHTa Mo JaHHbIM 3a 2019-2022 rr.

IIpor- (o Ljpenetei $0z egprscen Odunmansueii | Jlata peanusaium; Ilepuon
pacuet- WJIM J]aTa Havaja .
HO3, | 06- . = R cTaryc MarHUTY/IA; TPEBOTH
Ne acTel Tl R p— JIOKYMEHTa KOOPIMHATHI JIO0 peaT3aIim
| 9 51.5°-54.5°|141.5°-144.5°|  28.11.2020 YTBepxeH, 05.02.2022; 15 mec.
CHSAT M, =5.3;
52.47°N, 143.53°E
2 4 45°-47.5° | 140.5°-144° 08.04.2020 VYTBepxKIcH, 10.08.2022; 26 mec.
CHAT M,=5.2;
45.06° N, 142.04°E
3 3 46.5°—49° | 141°-143.5° 26.01.2022 Texuuueckuii 05.02.2022; 10 nHew
MPOIYCK M, =5;
48.54°N, 142.48°E
4 6 51.5°-54.5°| 141°-144° 15.03.2022— YTBepxIeH, Henpumennmo | Hempumennmo
28.08.2022 JieiicTByeT
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From retrospective to real-time system —
LURR earthquake prediction on Sakhalin (2019-2022)
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Unstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Abstract. The results of an experiment on the implementation of operational analysis of Sakhalin seismicity by the LURR
method of medium-term earthquake prediction are presented. Monitoring began in 2022 on the basis of the LURR param-
eter calculations based on 2019-2021 seismic data. The island territory is divided into 36 calculated areas, which evenly
cover it in increments of 0.5 degree in latitude and longitude. Prediction zones for this period are constructed, including
those calculated areas in which anomalies of the LURR parameter have been detected. During 2022, information about new
anomalies and prediction zones was added quarterly. The main objective of the experiment is to test the work with data in
quasi-real time mode and to check the quality of solving the procedural issues related to prediction from the approval stage
to the completion one. In the period of 2019-2022, 25 anomalies of the prediction parameter were detected. In the retrospec-
tive database (from 2019 to 2021), two prediction zones were identified in 2020 (consisting of 9 and 4 calculation areas,
respectively). Two more prediction zones were formed in 2022 (3 and 6 calculation areas). Predictions with the definition
of time, place and strength were approved for three prediction zones at the meetings of the Sakhalin Branch of the Russian
Expert Council on Emergency Situations (SB REC). During 2022, two out of three predictions were recognized as realized.
In the fourth zone, the prediction was realized, but an earthquake with the required parameters has occurred after the defini-
tion of the zone within a quarter, i.e. both the prediction zone and its implementation were simultaneously recorded, already
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From retrospective to real-time system — LURR earthquake prediction on Sakhalin

after the fact (data processing is carried out once a quarter). In this case, the forecast is not recognized as either a missed
goal or realized in real time (retrospectively, this is a successful forecast), but it is procedurally defined as a technical omis-
sion. As of the beginning of 2023, there is one active prediction zone in the north of the island. The experiment continues.

Keywords: seismicity, seismic events, LURR method, earthquakes catalog, anomaly, monitoring

For citation: Zakupin A.S., Kostyleva N.V., Kostylev D.V. From retrospective to real-time system — LURR earthquake prediction on
Sakhalin (2019-2022). Geosistemy perehodnykh zon = Geosystems of Transition Zones, 2023, vol. 7, no. 1, pp. 54-74. (In Russ. & Engl.).
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Introduction

Since 2015, the employees of the Institute
of Marine Geology and Geophysics of the FEB
RAS (IMGG FEB RAS) have obtained interest-
ing results in the field of medium-term earthquake
prediction on Sakhalin using the LURR method
(load-unload response ratio). Methods for apply-
ing the LURR algorithm have been developed,
which are characterized by the versatility in the
choice of processing parameters, which provides
the possibility of repeating the obtained results
and impossibility of their «fitting». Indeed, in the
works of Chinese scientists [1] who had first pro-
posed the LURR method, the calculation param-
eters changed for each prediction (this makes an
operational prediction impossible). In the case of
our calculations, these parameters have fixed val-
ues. Thus, the range of magnitudes in the working
sample (from 3.3 to 5.0), the size of the sliding
window (360 days) and the shift (30 days), the
type and size of the calculation area (circle-ellipse
with a radius of 1°) were determined. Very con-
vincing results [2, 3] were obtained for different
parts of Sakhalin Island using the above parame-
ters in the LURR calculations. 15 prediction zones
(which are the calculated areas with anomalies of
the LURR parameter) were identified in Sakhalin
for the period from 1997 to 2019 by means of the
developed approach in the latest large retrospec-
tive study [4], in 11 of which then (within a period
not exceeding 2 years) earthquakes occurred with
magnitudes >5.0. 16 earthquakes out of 19 with
M > 5.0 (as it occurred in Sakhalin from 1997 to
2019) fell into the identified prediction zones. The
statistics on strong earthquakes (Neftegorsk 1995,
Uglegorsk 2000, Nevelsk 2007, Uanga 2010,
Onor 2016) is especially convincing in terms of
predictions. It is noteworthy, that some predic-
tions were made in real time. The predictions for
two earthquakes (Onor 2016, Krylon 2017) were
considered at the meetings of the Sakhalin Branch
of the Russian Expert Council on Emergency
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Situations (SB REC, protocol no. 3 of 11.05.2016
and protocol no. 2 of 16.03.2017). Both predic-
tions were considered realized.

The obtained results showed the readiness of
seismologists of IMGG FEB RAS and Sakhalin
Branch of the Federal Research Center «United
Geophysical Survey of RAS» (SB FRC UGS
RAS) to move on to the next stage of the work —
detection of anomalies in prediction parameter in
real time in the mode of continuous calculation
with sufficient discretization. In fact, there are not
many examples of this kind of experiment in the
open access. One of these in Russian practice is
a long-term experiment in real time with the M8
and MSc methods [5]. According to the author
[5], the data of the world network were processed
every 6 months. The results were published on
the internal website of the Institute of Earthquake
Prediction Theory and Mathematical Geophysics
of the Russian Academy of Sciences. At the same
time, even with the relatively modest statistics of
target earthquakes (17 earthquakes with magni-
tudes > 8.0) from 1992 to 2010, there are no data
on all earthquakes in the work [5], only examples
are given. Judging by the final results of this ex-
periment presented in the «Natural hazards» jour-
nal [6], which, in fact, had already been published
in Russia two years earlier [5], the Chile (2010)
and Tohoku (2011) earthquakes were the last in a
chain of successful predictions. The experiment is
known to be ongoing.

The LURR real-time earthquake prediction
experiment for the Island of Sakhalin was started
in 2022. The main objective of the experiment
is to test the work with data in a quasi-real-time
mode and to check the quality of solving the pro-
cedural issues related to prediction from the ap-
proval stage to the completion one. This article
presents the results of the first year (prediction
statistics) and discusses the aspects that will im-
prove the quality of work in subsequent periods
of the study.
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Experiment methodology

The experiment involves the acquisition and
analysis of data in an operational (quarterly up-
date, delay no more than a month from the current
time) mode.

The project is primarily focused on the medi-
um-term assessments that the LURR method pro-
vides, in fact. According to earlier data [4], more
than 85% of cases of successful predictions had a
waiting period between 0.5 and 2 years. Rare cases
give shorter or longer time frames [4], so quarterly
updates should be sufficient to prevent omissions.

The LURR method uses the operational cata-
log from the database of the «Yuzhno-Sakhalinsk»
Regional Data Processing Centre (RDPC) to ana-
lyze the seismicity of Sakhalin. Each event is pro-
cessed by a group of stations to clarify coordinates
and magnitudes. After additional data processing,
a new catalog is created, which contains the events
that meet the criteria of the working sample. The
resulting catalog is converted into the format re-
quired for calculating the LURR parameter.

The methodology for the LURR parameter
calculation, including the principles of calculated
areas identifying, detection of anomalies and de-
termination of prediction zones, is fully consistent
with those tested in the large-scale seismic survey
of Sakhalin in the period of 1997-2019 [4]. Recall
that the basis for calculating LURR is the square
root of seismic energy (Benioff deformation). The
main principles of the methodology are the fol-
lowing: sufficiently dense coverage of the terri-
tory by the calculated areas (these are circles with
a radius of one degree, which are located at 0.5%
thus, the island is divided into 36 areas); fixed pa-
rameters of mathematical processing (sliding win-
dow of 360 days); working sample of earthquakes
within the magnitude range from 3.3 to 5); waiting
period of 2 years. All these values have been test-
ed by numerous experimental studies and proved
to be valid [2—4]. The principles of identifying
anomalies have also been determined, in particu-
lar, one of the main parameters — is a threshold
(equal to 3), when exceeding, the parameter goes
into the area of anomalous values.

For the experiment to which this work is de-
voted, the catalog is updated with new seismic
events on a quarterly basis, and the parameter
LURR is again calculated in each of the 36 calcu-
lated areas with a starting point in 2019.

GEOPHYSICS. SEISMOLOGY

The choice of 2019 as the starting point of
the experiment is based on the fact that the latest
calculations for Sakhalin were completed before
2019 [4], and it is a sufficient backstory of 2 years
or more in order to have enough accumulated data.
If anomalies are detected, they are added into the
database and prediction zone is recorded (geo-
metrically it is a set of calculated areas). If there
is a simultaneous (with a duration of maximum
6 months) concentration of anomalies in the adja-
cent areas, the larger prediction zones are formed.

The obtained data for 36 calculated areas
are stored on a special service of the SB REC
in the form of a demonstration of the identified
anomalies and the hazard zones formed by them
on Sakhalin Island. When such zones are defined,
they are monitored and the reports are submitted
to the REC meetings every 3 months during the
entire set alarm period (2 years). If a seismic event
with a magnitude of M > 5 occurs in the predic-
tion zone during the alarm period, the prediction
is removed and considered realized. The alarm
period ends and monitoring of the zone stops.
The experiment has begun in 2022 and is con-
ducted together by IMGG FEB RAS and SB FRC
UGS RAS within the framework of the Sakhalin
Branch of the Russian Expert Council on Emer-
gency Situations (SB REC).

Results

According to the results of data processing
for the period from 2019 to 2022 on the territory
of Sakhalin Island and adjacent waters, we iden-
tified four zones with medium-term earthquake
prediction.

The first information after the catalog data
processing from 2019 to 2021 was submitted
to the SB REC with a request for medium-term
prediction of an earthquake with a magnitude
of M > 5.0 (£0.1) for two zones: in the northern
(9 calculated areas) and the southern (4 calculated
areas) parts of Sakhalin Island and adjacent waters
or territories (Fig. 1 and 2). Geometrically, predic-
tion zones were determined by the boundaries of
the calculated areas that make up the prediction
zones: 1) 51.5-54° N, 141-144° E; 2) 45-47.5° N,
141-144° E.

Taking into account the fact that anomalies in
the calculated regions completed in 2021 in both
prediction zones (LURR parameter changed to the
background level), the alarm period was set un-
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til the end of 2023 (protocol no.1 of the SB REC
from 25.01.2022). The decision of the Council
was as follows: announce prediction of earth-
quakes with M > 5.0 for the northern and southern
parts of Sakhalin Island (in the given coordinates)
and approve their action from February 1, 2022,
to December 31, 2023.

Prediction no. 1. The first of the predictions
has realized on 05.02.2022 at 21:18:52 UTC
(06.02.2022 at 08:18:52 Sakhalin time). 23 km
east of the village of Val and 48 km northeast
of the village of Goryachiye Kluchi (Nogliksky
District) an earthquake with M, = 5.3 occurred.
The coordinates of the epicenter are 52.47° N and
143.53° E, depth 22 km. Parameters of the earth-
quake according to the results of processing by
Russian and international seismological centers
are given in the Table 1.

The predicted intensity according to the accel-
erometers in Nogliki and Okha was 4 points, and it
was also 4 points according to the questionnaires
in Okha, the urban-type settlement of Nogliki, the
villages of Tungor, Nekrasovka, Moscalvo, and Val
(the survey was carried out among employees of
the administrations of villages, schools, communi-
cation departments, shops). Over the next two days,
there were 20 aftershocks with M, from 2.1 to 3.6.
Information about the epicenter of the earthquake
and its aftershocks is presented on the map (Fig. 1).

The earthquake has occurred on the eastern
shelf of Northern Sakhalin. Structurally, the shelf
is a system of sub-meridional alternating uplifts
and depressions. The depressions are almost com-
pletely compensated with sedimentation. Accord-
ing to the seismic studies, the following structural
elements are identified in the west-east direction:
Piltun Depression, Odoptinsk Uplift and East
Odoptinsk Uplift. East Sakhalin Trough and its
starved part Deryugin Closed Bathyal Depres-
sion are located seaward [7]. Odoptinsk and East
Odoptinsk uplifts are separated with a very nar-
row trough. These two structures are combined
into a single uplift, which is bounded on the west-
ern side by the West Odoptinsk Fault, to which
the Piltun Depression adjoins. From the east, this
uplift is bounded by the East Sakhalin Fault adja-
cent to the East Sakhalin Trough [7]. The seismic-
ity of the East Sakhalin fault system is represented
by the following earthquakes: at the boundary of
the Deryugin Depression (M = 5.5) 1944, Okha-
Piltun 1932, 1939, 1942 and 1953 (M = 5.0-5.5)
[8], as well as the June 12, 2005 Mw 5.6 Piltun
earthquake.

On the totality of features, the prediction
was recognized as realized, and the monitor-
ing of the zone within the specified coordinates
was stopped (protocol no. 2 of the SB REC from
15.04.2022).

Fig. 1. Map of prediction zone no.1, indicating the date of alarm period beginning, epicenter location (marked with an asterisk) and earth-
quake date (Sakhalin time) — prediction realization (a) and map of aftershocks of the 05.02.2022 earthquake (M, = 5.3) (b).
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Prediction no. 2. By the second prediction in
the south of Sakhalin (4 calculated areas with the
LURR anomalies, Fig. 2) in August 2022, the data
testified to its implementation in the north of Hok-
kaido Island have been obtained.

An earthquake with M, = 5.2 occurred on
August 10, 2022, at 15:52:59 UTC in the north-
westmost tip of Hokkaido Island (Japan). The epi-
center was located in close proximity to the village
of Nakagawa (Kamikawa District, Hokkaido Cir-
cuit). The earthquake parameters according to the
results of processing of Russian and international
seismological centers are given in the Table 2.

By means of various processing software, it
was found that the discrepancies in determining
the parameters of the hypocenter and energy as-
sessments of the earthquake on August 10, 2022,
by different seismological agencies are minimal.
The data from the regional network of seismic
stations of the Sakhalin Branch of FRC UGS
RAS, stations of the Institute of Volcanology
and Seismology of Hokkaido University and
stations of the FEB RAS were used in determin-

ing the earthquake parameters. As of August 20,
2022, 43 aftershocks with magnitudes from 1.0
to 4.5 were registered by the network of stations
(Fig. 2).

According to the identification of the epi-
center by various agencies, the earthquake has
occurred at the boundary of the prediction zone
(Fig. 2) at a latitude of about 45° N. Since there
are no calculated areas outside Sakhalin Island
below 45° N according to the terms of the experi-
ment, the 10.08.2022 earthquake does not reach
the prediction zone and its epicenter is about
13 km away from the zone boundary. Taking into
account the fact, that the calculated prediction
zone can be continued south of Sakhalin, and the
deviation of the epicenter from the zone bound-
ary relative to the linear size of the prediction
zone (275 km) is less than 5%, the prediction can
be considered realized. But we decided to calcu-
late the parameter LURR in the fifth area, addi-
tional to our four, with a center located in 44° N
and 142° E (Fig. 3). The catalog we use does not
cover the area below 45° N, so the data from the

Table 1. Parameters of the earthquake on February 5, 2022, with the epicenter in the Nogliksky District

Data source Eﬁ?l(:cfert E‘il,e CEE;S?::ES Dellzrtr}ll h, Magnitude
hemins” | oo N | 15,E Mw | mb | M
“Yuzhno-Sakhalinsk” RDPC | 21:18:52.0 52.47 143.53 22 - - 53
AS SB FRC UGS RAS 21:18:52.0 52.61 143.36 20 - 5.7 -
EMSC 21:18:51.8 52.57 143.29 17 52 - -
GEOFON 21:18:52.1 52.55 143.34 15 53 - -
USGS 21:18:52.0 52.59 143.28 10 52 - -

Note. Mw — Kanamori magnitude, mb —body wave magnitude, M, —local magnitude. “Yuzhno-Sakhalinsk” RDPC —“Yuzhno-Sakhalinsk™
Regional Data Processing Centre; AS SB FRC UGS RAS — Alert Service SB FRC, Obninsk, Russia; EMSC — European seismological
centre (http://www.emsc-csem.org/Earthquake/earthquake.php?id=324605); GEOFON — Helmholtz Centre Potsdam (http://geofon.gfz-
potsdam.de/eqinfo/form.php); USGS — United States Geological Survey (https://earthquake.usgs.gov/).

Table 2. Parameters of the earthquake on August 10, 2022, with the epicenter at the northwestmost tip

of Hokkaido Island (Japan)

Data source Eﬁ?licfg tt?,e cgg;fi?r?;fés Dellz;frlll h, il
hemins | o" N | A%E Mw | mb | M
“Yuzhno-Sakhalinsk” RDPC | 15:52:59 44.86 142.04 11 - - 5.2
AS SB FRC UGS RAS 15:52:59 45.06 142.04 10 - 5.1 -
EMSC 15:52:59 45.03 142.07 10 5.1 - -
GEOFON 15:53:04 44.98 141.99 42 - 4.9 -
IMA 15:51:00 44.90 142.06 10 - - 5.1

Note. IMA — Japan Meteorological Agency (https://www.jma.go.jp/jma/en/menu.html)/. See the Table 1 for other acronyms.
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Fig. 2. Map of the zone of the prediction no. 2 with indication of date of the alarm period beginning, epicenter (shown with an asterisk)
and the earthquake date (Sakhalin time) — the prediction realization (a) and the map of the aftershocks of the August 10, 2022 (M, = 5.2)

earthquake (b).

catalogs of the United States Geological Survey
(USGS) (https://earthquakeusgs.gov/) have been
used for the calculation.

According to the results of the checking cal-
culation from 2016 to 2022, the LURR anomaly is
detected in this region in July 2020 (Fig. 3). This
indicates the unity of all 5 areas for the formed
prediction zone (by 4 Sakhalin areas the anoma-
lies have appeared in April 2020). Thus, the zone
initially formed in the southern part of Sakhalin
Island in April 2020, then was expanded farther
south and covered the northernmost tip of Hok-
kaido Island. This calculation is a pure check-up,
and there will be no increase in the number of cal-
culated areas in the future to cover Hokkaido Is-
land. The reason for this is that the US Geological

Survey catalogs used are not fully applicable for
LURR calculations because they contain earth-
quake information starting at a magnitude of 4.0,
but we use a sample starting at M = 3.3. But just
in this case, the calculation has probative value.

The 10.08.2022 earthquake has probably oc-
curred at the joint of the tectonic structures. On
the western side of the epicenter there are the
Moneron and the Rebun-Kobato zones, which
together extend a little north of Moneron Island.
The central part of Hokkaido Island is formed by
the formations of the Kamuikotan zone and the
adjacent Susunay one, which is its northern con-
tinuation [8].

This earthquake had a much higher level of
macroseismic manifestations than the seismic

Fig. 3. Additional calculation area on Hokkaido Island (left) and calculation of the LURR parameter here in the period from 2016 to 2022

according to the USGS data.
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event of February 5, 2022, due to the significant
development of the northern part of Hokkaido Is-
land (compared to the north of Sakhalin Island).
According to the Japanese Meteorological Agen-
cy (JMA) (https://www.data.jma.go.jp/svd/eqdb/
data/shindo/#20220811005300), earthquake in-
tensity in the village of Nakagawa scored 5+ on
the JMA scale (JMA. Tables explaining the IMA
Seismic Intensity Scale, http://ww.j.jma.go.jp/
jma/en/Activities/inttable.html), which corre-
sponds to 6 [9] on the MSK-64 scale and charac-
terizes strong earthquakes. In other localities of
the northern Hokkaido, particularly in Soya and
Rumoi districts, the intensity was 3-4 scores on
the JMA scale. On the territory of the Sakhalin
Region, due to the significant distance of the near-
est settlements from the earthquake source, this
seismic event was not felt. According to the in-
strumental data from the records of the seismic
station in Nevelsk closest to the source (200 km
from the epicenter), the intensity was 1 point on
the MSK-64 scale.

Thus, both prediction zones, from which the
project started, were removed from monitoring in
2022 with satisfactory realization performance in-
dicators.

However, the year did not pass without the
appearance of new anomalies, which, as a result,
formed two new prediction zones (Fig. 4, 5).

Prediction no. 3. Unfortunately, one of the
predictions, the third in succession, is qualified

as «technical omission». As already mentioned
in the methodological section, quarterly updates
should have been sufficient to prevent omissions.
However, in the first months of the experiment,
such a case has occurred. At the end of January
2022, the anomalies have appeared in three cal-
culated zones (Fig. 4), which were recorded after
data processing in April 2022 (with the update of
data for the first quarter). Then it was found out
that the prediction zone formed of these three cal-
culated areas was «worked out» on February 9,
i.e. two weeks after the appearance of anomalies.
The earthquake with M, = 5.0 has occurred on
February 8, 2022, at 22:29:00.7 UTC (09.02.2022,
09:29:00.7 Sakhalin time) 21 km southwest of
the village of Porechye, Makarovsky District and
32 km northeast of the village of Krasnogorsk
(Tomarinsky District). The coordinates of the epi-
center are 48.54° N and 142.48° E, depth 13.7 km.
Earthquake parameters are given in Table 3.
Earthquake intensity in the Vostochnoye
village, Makarovsky District is estimated at
5 points, in the village of Krasnogorsk, Tomarin-
sky District at 4-5 points, in the city of Makarov at
4 points, in the village of Porechye, Makarovsky
District, in the city of Tomari, the Ilyinskoye vil-
lage, Tomarinsky District, the city of Uglegorsk,
the village of Krasnopolye, Uglegorsky Dis-
trict — at 3-4 points, in the urban-type settlement
of Shakhtyorsk, Uglegorsky District — at 3 points
according to the questionaries. The calculated

Fig. 4. Map of the zone of the prediction no. 3 with indication of date of the alarm period beginning, epicenter (shown with an asterisk)
and the earthquake date (Sakhalin time) — the prediction realization (a) and the map of the aftershocks of the February 9, 2022 (M, = 5.0)

carthquake (b).
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Table3. Parameters of the February 8, 2022 earthquake with an epicenter southwest of the village
of Porechye, Makarovsky District, Sakhalin Region

Data source T;léllllfr:clél’ ttil,e CEE;S?S;ES Delf()gll h, Magnitude
h:min:s N | A%E Mw | mb | M,
“Yuzhno-Sakhalinsk” RDPC | 22:29:00.7 48.54 142.48 13.7 - - 5.0
AS SB FRC UGS RAS 22:29:03.0 48.52 142.42 10 - 5.0 -
EMSC 22:29:02.6 48.52 142.44 10 5.0 - -
GEOFON 22:29:03.7 48.48 142.47 10 - 4.8 -
USGS 22:29:02.0 48.51 142.37 10 4.9 - -

Note. See Table 1 for the acronyms.

intensity according to the data of accelerometers
was 2.5 points in the city of Uglegorsk, the vil-
lage of Ilyinskoye — 3.3 points, in the city of Do-
linsk —2.6 points, in the city of Holmsk — 1.5 points;
and by the data of velocimeters it was 2.9 points in
the city of Uglegorsk, in the village of Krasnopo-
lye — 4.0 points, at the Cape of Hokui, Uglegorsky
District — 2.3 points.

The February 8, 2022 earthquake is confined
to the areas of intersection of the Central Sakha-
lin (Tym-Poronai) Fault with diagonal faults of
the West Sakhalin one. And although the Central
Sakhalin Fault is inferior in seismic activity to the
West Sakhalin Fault, such earthquakes as the 1923
M = 5.2 Tomarinskoye and the 1957 M =4.9 Leo-
nidovskoye can be noted [10].

Prediction no. 4. The pre-
diction for the fourth zone has
been officially approved and
is actual as of January 2023.
It has been compiled accord-
ing to the data of 2—4 quar-
ters of 2022. In the first stage,
from March to May 2022, the
LURR anomaly was singly
found in 3 calculated areas in
the north of the island (Fig. 5).
Then, three months later, the
anomalies have recurred in
the original three areas, the
new ones have first appeared
in the neighbouring three new
areas. Thus, the prediction
zone has been formed from
March to August 2022 and is
represented by 6 anomalies in
6 calculated areas. SB REC
announced the mid-term pre-
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diction of a seismic event with a magnitude of
M > 5.0 (£0.1) (protocol no. 3 from 14.10.2022)
till the May 2024 for the northern part of Sakhalin
Island within the boundaries of 52.0 to 54.5 N,
141.5 to 144° E, i.e. practically within the same
boundaries that the prediction zone no. 1.

The situation when anomalies are detected
again in the area, where only less than 2 years
ago they have been already detected, is non-
trivial. Technically, if the earthquake in Febru-
ary 2022 did not occur (Fig. 1), the prediction in
the territory could be prolonged, and, in general,
this practice is not new for SB REC when work-
ing with other methods (long-term predictions).
But it has occurred, and then the prediction is

Fig. 5. Map of the zone of the registered prediction no. 4.

TEOCUCTEMbI MEPEXOAHbLIX 30H, 2023, 7(1)



Zakupin A.S. et al.

removed. Note that the alarm period parameter
in the LURR methodology is the most uncertain
(we have up to two or three years, and the Chi-
nese scientists have even more). In this case, one
prediction was removed, and the other was an-
nounced a month later.

We will learn about the consequences
of such frequency of anomaly occurrence in the
north of Sakhalin in a few years, but now it is in-
teresting to discuss the potential of seismic gen-
erating zones that fall in the zone of the current
prediction period.

All six calculated areas are located within the
East Sakhalin fault zone. The East Sakhalin zone
is not homogeneous in structure. In the eastern
coastal zone of the northern part of the island, it
is represented by the Piltun and Garomai faults. It
is assumed [11], that the first fault is characterized
primarily by dextral strike-slip displacements and
the second fault is characterized by thrust ones. To
the west of the Piltun and Garomai faults, the dex-
tral strike-slip Upper Piltun Fault (1995 Neftegorsk
seismic rupture) extends with a maximum move-
ment of 8.1 m [12]. It is possible that a similar fault
extends south of Neftegorsk in the axial part of the
Daginsky Uplift. The fault is quite distinctly dis-
tinguished in space images of different resolutions
and in topography. Several sub-meridional breaks
have been identified to the west of the Upper Piltun
and Daginsky faults, but there is no data for them
except for the clearness on the space images of me-
dium resolution [11]. The nonrecurrent displace-
ments on the strike-slips, except for the Neftegorsk
Fault, were not directly measured anywhere. Data
on the Piltun Fault presented in the article [11], are
estimative and based on a number of assumptions.
The northernmost elements of the zone are the ac-
tive dextral Kheyton and Longri (less strike-slip)
faults of Schmidt Peninsula. The Kheyton Fault,
the main of these two, extends north to the coast-
line and most likely continues underwater into the
shelf. The southern continuation of the fault and its
possible connection to the Piltun Fault are unclear.
It seems that the spatial independence of these two
faults is possible.

As it is indicated in [7], instrumental obser-
vations tell us only about three significant events
in this area (East Sakhalin zone). In addition to
the Neftegorsk earthquake, the following events
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occurred there: the 1935 M = 5.6 Katangli earth-
quake; the 1964 M = 5.8 Nogliki earthquake, and
the 1967 M = 5.5 North Sakhalin one. As noted in
[12], the mismatch with the palacodata indicates
only a small period of observation, and the poten-
tial of the zone is much higher, of course.

The most reliable estimates are based on
the M maximum magnitude. Individual faults
generate earthquakes of approximately the same
(within half a unit) magnitude close to their M_
known as characteristic earthquakes. The M_
is estimated by the length of the fault or the size
of the nonrecurrent movement (with or without
displacement). At present, only the length of the
Piltun Fault, which is approximately 50 km (in-
cluding its western branch in the north along the
west coast of Torokh), is more or less reliable.
The Garomai, Kheyton, and Longri faults can
extend over some unknown distance under wa-
ter, i.e. only minimal estimates of their length are
available (~21, 37-40 and ~30 km respectively).
Based on the above approximate estimates, and
using the dependencies from [13], we obtain
Mw __ =7.1(£0.23) for L ~ 50 km (Piltun Fault).
In general, it is possible to accept M__ equal to
7-7.2 for the entire East Sakhalin zone. In view
of the above, the prediction, which is currently
actual for this zone, can have an upper threshold
M = 7.2 by the size of the characteristic level.

It is useful to recall the recurrence of char-
acteristic earthquakes in addition to assessing
their magnitudes. On the basis of the gener-
alizations by A.l. Kozhurin on the Piltun Fault,
the conservative estimate ranges from 700 to
2 600 years, and it is about 5 000 years for the
Garomai one. But these are estimates of recent
events by several trenches, and, in general, with
segmentation and consolidation of segments,
the Piltun-Garomai fault system with a length of
about 600 km allows estimating the recurrence
intervals of about 370 years [12].

Conclusion

Summing up the results of the first year of the
experiment on the use of the LURR method for
medium-term real-time prediction, we tabulate the
information into the final table (Table 4). It demon-
strates that the parameters of the declared and real-
ized predictions are mainly the same (including the
retrospective prediction on a technical omission).
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Table 4. Summary table of predictions for the period of the experiment according to the data of 2019-2022

Predic- Il oe Zongjueundanics Period or date Realization date; | Alarm period
g of cal- L Document o g
tion, culated of the prediction official status magnitude; prior
no. arcas N E zone formation coordinates the realization
1 9 51.5°-54.5°|141.5°-144.5°|  28.11.2020 Approved, 05.02.2022; 15 mos.
removed M, =5.3;
52.47°N,143.53°E
2 4 45°-47.5° | 140.5°-144° 08.04.2020 Approved, 10.08.2022; 26 mos.
removed M, =5.2;
45.06° N, 142.04°E
3 3 46.5°-49° | 141°-143.5° 26.01.2022 Technical 05.02.2022; 10 days
omission M, =5;
48.54°N, 142.48°E
4 6 51.5°-54.5°| 141°-144° 15.03.2022— Approved, Not applicable Not applicable
28.08.2022 actual
The target events in our experimental predic- References

tions are earthquakes with M > 5.0. Three such
earthquakes have occurred in the experimental
zone from January 2019 to December 2022: in the
northern part of Sakhalin Island, 23 km east of the
village of Val and 48 km northeast of the village of
Goryachiye Kluchi (Nogliksky District), south of
Sakhalin Island, on the northwestmost tip of Hok-
kaido Island (Japan) and in the Central Sakhalin,
in Makarovsky District.

These three earthquakes with M > 5.0 be-
came the realizations for the prediction zones
no. 1-3: two in on-line mode and one retrospec-
tively (technical omission).

25 anomalies were detected from 2019 to
2022 by the LURR parameter calculation, which
were grouped by time and space into four predic-
tion zones (from 9, 4, 3 and 6 calculated areas). At
the meetings of the Sakhalin Branch of the Russian
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valid at the time of article publication, the monitor-
ing is going on. We will report on the development
of events in this zone in the next publication based
on the results of continuous operational analysis
of seismicity of Sakhalin Island using the LURR
medium-term earthquake prediction method.
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[MpmeHeHne RGB-crHTe3a 4N KOMMNNEKCHOM MHTepnpeTaunm
OaHHbIX reon3nyecknx MeToA0B Npu N3y4YeHNN TEPPUTOPUN,
3arpsiI3HEHHbIX HedhTeNnpoaYyKTamMu

T. A. Muneanesa*', C. B. lllaxypo?®, H. I1. Cenuuna', A. C. E2opog'

*E-mail: tatiana.mingaleva@bk.ru

{Canxm-Ilemepbypeckuii 2opnoiil ynusepcumem, Cankm-Ilemepoype, Poccus
2000 «@POHT I'eonozusy, Huscnuii Hosopoo, Poccus

Pe3tome. Ha 3arpsizHeHHBIX HEQTENPOMYKTaAMH YYaCcTKaX CBEICHHUS O TE€OJOrMYECKOM CTPOCHHH, a TAKXkKe O CTe-
IICHU SanHSHeHI/IH u FeOMeTpI/I‘-leCKI/IX HapaMeTpax IIOJUIKOTAHTAa HeO6XOZ[I/IMI>I JJIs1 OLICHKU pI/ICKOB, HJ'IaHHpOBaHI/I)I
paboT MO M3BICUCHUIO HE()TEIPOAYKTOB M PEKYIBTUBALIMU TeppUTOpHU. [l pemieHus MOA00HBIX 33139 aKTHBHO
UCTIONIB3YIOTCS reou3nuecKkue MeTobl. B paboTe paccMaTpuBaeTcsi y4acTOK C 3arpsi3HEHHBIMU He(PTEnpOIyKTaMu
TPyHTaMH, pacroyioKeHHbIH Ha Oepery p. Bosra. Ilenbio pabot sBisieTcss OKOHTYpUBaHKE TUIONIAAN PACIPOCTPaHe-
HUsl He(TenpoayKToB. [l TOCTHIKEHHUS TOCTABICHHOM L€ BBHINIOJIHEH KOMIUIEKC METOAO0B MaJjlorTyOMHHOM reo-
(bu3ukyu (3MEKTpOopa3BeiKa, CeCMOpa3Beka) H ra30reoXuMus. B kauyecTBe OJHOTO M3 CIOCOOOB MHTEPIPETAIIUU
JIAHHBIX TPOJAEMOHCTPUPOBAHBI PE3yJIbTAThl HOBOTO MOAXOAa K XapaKTEPHCTUKE 3arpsS3HEHHBIX YYACTKOB MyTEeM
RGB-cunTe3a garapix. Criocod ocHOBaH Ha 0000IIEHNN UMEIONUXCSA MAaTEPHATIOB ITyTeM ONTHYECKOTO CMEIINBa-
HHUSI OJAaHHBIX Tpex HpOCTpaHCTBeHHO pacnpe,ueneHHbe XapaKTepI/ICTI/IK, Hpe)lCTaBJ'IeHHI)IX B BHUIC Tpex KaHaJIOB —
KPACHBIN, 3CJICHBIH, CHHUN — C IIEIBI0 JIOKAIH3AINH JIMH3 TPABUTAIMOHHO-TIOIBIDKHBIX U IMMOOMIIN30BAaHHBIX HeE-
¢drenpoaykros. 1o pe3ynbraTam KadeCTBEHHON HHTepHpeTalny reohu3nveckoit nHGOpMaIuu aBTOPaMH TOCTPOCHA
cXeMa ¢ MpeArnoiaraeéMbiM KOHTYPOM pacrpocTpaHeHus He()TEepOAyKTOB Ha U3ydaeMoii Teppuropu. [Ipeaioxken-
HBII METOA MOXKCET UCIIOJIB30BATHCA AJIS 3a4a4 OKOHTypI/IBaHI/IH paBJII/IBOB He(bTerOI[yKTOB HpI/I JO0CTATOYHOM KOJIU-
4yecTBe HH(DOPMAINK, MOTYYCHHOW TeO(PU3NICCKUM WU APYTUMHU MeToaaMu (He MeHee 3), Ha 3Tale Onpe/eIiCHUs
IUIOINAAN PACTIPOCTPAHCHUS 3arpSA3HEHUS I YIaCTKOB. DTOT TMOAXO0J MOXET YCKOPHUTh MPOLECC WHTEPIPETALINH,
TaK KaK TaKO€ HAJIOKCHHE KapT 3a[1a€T [IBETOBBIM PACHPEICICHUEM Pa3InIHbIC ETPOPUINICCKUAEC XaPAKTCPUCTUKU
IPYHTOB JJIs1 BRIOPAHHOTO IIYOMHHOTO YPOBHSI, a TAK)KE 00JIeryaeT 3a/1aqy onpeaeacHusi KOOPAMHAT IIPU COOTHECEe-
HUU Pa3INIHBIX aHOMAJUH, BRISBICHHBIX PA3HBIMH METOJAMHU.

KntoueBble cnoBa: RGB-cunTe3, mamornyounHas reousnka, HeTenpomLyKThl, MHOTOITPU3HAKOBAS KIIAaCCH(pHKa-
A, KOMIUUICKCHasd UHTECpHIpETalusa

Application of RGB-synthesis for complex interpretation
of geophysical data in the study of areas
contaminated by oil products

Tatiana A. Mingaleva™', Sergey V. Shakuro®, Natalia P. Senchina', Alexey S. Egorov'
*E-mail: tatiana.mingaleva@bk.ru

1Saint Petersburg Mining University, St. Petersburg, Russia
2FRONT Geology LLC, Nizhny Novgorod, Russia

Abstract. The information on geological structure as well as on the degree of contamination and geometrical param-
eters of a pollutant in oil-contaminated areas is necessary for risk assessment, planning of oil products recovery and
territory remediation. Geophysical methods are actively used for solving such problems. The work considers the site
on the Volga River bank, where soils are contaminated with petroleum products. The aim of the work is to delineate the
distribution area of petroleum products. In order to achieve the goal, the set of near-surface geophysical methods (vertical
electric sounding, seismic survey) and gas geochemistry were implemented. The results of a new approach to characteri-
zation of contaminated sites by RGB-data synthesis have been demonstrated as one of the ways of data interpretation.
The method is based on the generalization of the available materials by optically mixing of the data of three spatially
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BnaropgapHocTu

ABTOpBI OJIarofapHbl yBa)kKaeMbIM DEIEH3EHTaM 3a KOH-
CTPYKTUBHBIC 3aMCYaHUA, CHOCOﬁCTBYIOHII/Ie YIYy4YIICHUIO
JAHHOW ITyOIUKaIHH.

BBepeHune

['eoduznueckre MeToIbl, B KAUECTBE KOCBEH-
HBIX METOJIOB, SIBIISIFOTCS 3P PEKTUBHBIM CIIOCOOOM
OKCIPECC-OIEHKN  3arpsS3HEHHBIX TEPPUTOPHUH.
OnHM UrparoT OONIBIIYIO POJIb MPHU PEIICHUH YKOJIO-
THYECKUX 3aJ1a4d — TaKUX Kak, Hapumep, ompesie-
JIEHUE TEOMETPHUECKUX MapaMeTPOB 30H pa3iinBa
He(TenPOYKTOB. MOKHO BBIICTUTD PSIJT IIPEUMY-
IIECTB KOCBEHHBIX METOJIOB, CPEAH KOTOPHIX 00b-
€MHO€ H3yYeHHE CTPOCHHUS TeOJIOTHYECKOTO
00beKTa, JICHIEBU3HA [0 CPABHEHHUIO C HCIIOB30-
BaHHEM TIIPSIMBIX METOJIOB (OypEeHHsI U TEOXUMUH ).

['pyHTBI, 3arpsi3HEHHBIE B XO/I€ TPAHCIOPTH-
POBKM WJIHM XpaHEHUs He(TEmpoayKTOB, MPUOO-
pPeTalT CIOKHOE pachpeneneHne (U3NIecKux
CBOWCTB, KOTOPHIC BAPbUPYIOT HE TOJIBKO BCIICH-
CTBHE W3MEHEHHUsS JIUTOJIOTMYECKOTO COCTaBa
Y CTCTICHH 3arpsI3HEHHOCTH, HO U TIOJ] BO3/ICHCTBH-
€M Pa3INYHBIX MOCIEAYIONNX MPOLECCOB — Ta-
KHX KaK, HallpuMep, XMMHYECKOe BbIBETPUBAHUE.
B GonbimHCTBE CllydaeB U3MEHEHUS CBSI3bIBAIOT
¢ OMOXMMHUYECKON MAeSITeTbHOCThI0 MHKpPOOpra-
HU3MOB, B pe3yibTaTe Yero MEHSETCS TEKCTypa
IPYHTOB U XMMHYECKHUH cocTtaB ¢umiouaa [1-4].
Oco0eHHO aKTyallbHA TaHHAsl TeMa I TEPPUTO-
puii HedTeba3, rae YIIIeBOIOPOIHbIE 3arP3HEHUS
CYIIECTBYIOT IJIUTEIHHOE BpeMs. 371€Ch TPYHTHI U
He(TEPOAYKTHl YCIEIH W3MEHHUTh CBOHW CBOW-
CTBa B XOJi¢ TpaHC(HOPMAITMOHHBIX H3MEHCHHH,
YTO TaKKe OyJeT BIUATH HA PE3yJIbTaThl Teo(hu3u-
YECKUX/TEOXUMUYECKUX UCCIIeIOBAaHHM.

GEOINFORMATICS. GEOPHYSICS

distributed characteristics presented in the form of three channels — red, green, and blue — for the purpose of localizing
the lenses of gravity-mobile and immobilized oil products. According to the results of the qualitative interpretation of
geophysical information, the authors have built a scheme with the proposed contour of oil products distribution in the
studied territory. The proposed method can be used for the delineation of oil spills along with the sufficient information
obtained by geophysical or other methods (at least three) at the stage of determining the spread of contamination for the
sites. This approach can speed up the interpretation process, as such maps overlaying sets the color distribution of dif-
ferent petrophysical characteristics of the soils for the selected depth level, and also eases the task of determination of
coordinates when correlating various anomalies, identified by different methods.

Keywords: RGB-synthesis, near-surface geophysics, oil products, multi-attribute classification, complex interpretation

For citation: Mingaleva T.A., Shakuro S.V., Senchina N.P., Ego-
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B GonblumHCTBE CiTyyaeB 3aTpyJHUTENBHO Bbl-
JICIUTh KOHKPETHYIO JIMTOJIOTMYECKYHO Pa3HOCTh
MIPU PACCMOTPEHUH TOJIBKO OTHOTO (hPU3MYECKOTO
CBOWCTBA WJIM CBSI3aHHBIX C HUM TeO(PU3MUECKUX
naHHbIX. HanexxHo uaeHTUHUIMPOBATH pa3ivy-
HBIE TPYMIBI TPYHTOB BO3MOXKHO B PE3yibTaTe
aHalM3a pacrnpeieeHns] HECKOMBKUX (PU3MYecKux
NpU3HAKOB. KOMIIEKCHBIN MHTErpaibHBINA MOIXO
K IIOCTPOEHHUIO MOJENEH HMEET CYyILECTBEHHBIE
NPEUMYIIECTBa MPH PEHIEHUHd MHOTHX HCCIIE/IO0-
BaTeNnbCKkux 3aaa4 [5]. CymiecTByeT 10CTaTOuyHO
MHOTO METOJIMK KOMIUIEKCHOM HWHTEpPIIpETAIH
JAHHBIX: OT MPOCTOr0 BU3YaJbHOIO aHAIW3a pas-
JIMYHBIX KapT, MOCTPOEHHBIX JJIs1 OAHOM IUIOIIA/IH,
JI0 aJITOPUTMOB COBMECTHOW MHBepcuu. Kaxmbiii
CHELMAINCT PEeUIaeT caM, Kakol U3 METOJO0B eMy
Jy4Ille UCIIOIB30BaTh MTPU UHTEPIPETAIIH.

[Ipu pemeHnu 3a1ad MOUCKA U OKOHTYpH-
BaHUS HE(TENPOMYKTOB B TPyHTaX OOBIYHO Tpe-
Oyercss mHoOpMalUs [0 MHOTMM IOKa3areisiM
JUIl TIOHUMAaHUSl THAPOT€OJIOTUUECKOW CHUTYyalluH
paiioHa, JIMTOJIOTMYECKOTr0 PacuJI€HEHUs TPYHTOB
u T.o. /s yckopeHus mpoliecca MHTEpPIIpeTaluu
aBTOpaMM TMpeajiaraeTcsi MOAXOA, OCHOBAaHHBIM
Ha CHMHTE3MPOBAHUM M300paKeHUN Tpex Mmapame-
TPOB HA OTHOM cxeme. Llenb paboTel — 6a3upysCh
Ha pe3yJbrarax IMOJEBBIX TeO(pU3NUECKUX HUCCIe-
JOBaHU, OLIEHUTH BO3MOKHOCTH COBMECTHOTO
aHaJM3a JAHHBIX MaJONTyOMHHON reo(H3HUKU MOo-
cpeactBoM  ux RGB-cuHTe3a mig miomaaHoro
OKOHTYPHUBAHHUSI 3arpsI3HEHHBIX HEPTETIPOYKTAMH
YYaCTKOB B TPYHTax Ha MCCIIEAyEMOU TEPPUTOPHUH.
3amayaMy MCCJIEIOBAaHUS SIBJSIFOTCA: TOJy4YEHUE
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lMNpumeHeHne RGB-cuHTe3a A1 KOMNIEKCHONM MHTEPrpeTaumm AaHHbIX reou3nyeckux MEeToA0B Mpu U3yHeHUn TeppuTopui

TIOJIEBBIX MATEpUaJiOB B PE3YJIBTATEe BBHITOTHECHHS
reouznyeckux padboT (MEKTPOpa3BEKU U ceiic-
MOpa3Be/IKH) U ra30r€0XUMHH; U3yUeHHE MoJIeTIen
MUIpald He(TENPOIyKTOB B IpyHTaX U (usm-
YEeCKHUX XapaKTEPUCTUK TAKUX I'PYHTOB; O3HAKOM-
JICHWE C BO3MO)KHBIMH BapHaHTAMH KOMIDIEKCHOM
MHTEPIIPETAllU JaHHBIX; OMpPOOOBaHME MOAXOJA
110 COBMECTHOW MHTEPIPETALUH JAHHBIX HA OCHO-
Be noctpoeHus RGB-cxemel.

Oboowennan mooenv muzpauuu
HegmenpooyKkmoe 6 cpynmax

OO6mias Mozmens pacrpenenieHus HedTenpo-
IYKTOB B TEOJNIOTUYECKOW Cpefie BKIIOYAET TPHU
30HBI (puc. 1):

* JIOHOPCKasi, B KOTOPOI TIPOUCXOUT U3JTMBaHUE
He(TENPOAYKTOB B TPYHTHI;

* TpaH3WTHas, B KOTOPOW IMPOHMCXOAHUT TOPH-
30HTAJIbHOC TIEPEMCIICHUE JIETKUX HedTe-
MPOJIYKTOB;

* 30Ha BTOPUYHOTO HAKOILJICHHMS,

KoTOpasi 0ObIYHO 0Opasyercs B
npuOpEeXHON 30HE BOIOEMOB
10J] BO3/ICMCTBUEM T€OXMMUYE-
cKoro 0apnepa.

[ToMmuMo  BBIIEONMHCAHHBIX
30H MOJIEJIb BKJIIOYAET pazIuvHbIE
Gda3bl pacrpeneycHus JIETKUX He-
drenponykToB (1o [6]):

* razoobpazHas (aza (oOpasyer-
csl B 00NACTAX, IJ€ MPOUCXOIUT
yIACTyYUBaHHUE YTIICBOJAOPOIOB U
MPOJIYKTOB UX OHOJECTPYKIIUH);

* ocrarouyHas (aza (HedTenpomykK-
TBI HAXOJATCS B 30HE a’palvu B
COCTOSIHUM OCTarOYHOTO HAChI-
IICHUS ¥ HE TTePEMEIAF0TCS TIOJT
JICHCTBHEM CHIIbI TSXKECTH);

* cBoOomHas (aza (pacmpoctpa-
HEHHWE WJET B OOJNACTH Kamui-
JISIPHOM KaiMBbl, (prony cMerm-
Ba€TCS C BO3AYXOM M BOAOW W
umeet 30-50%-Hoe HachIlIeHHE
yrmeBonoponamu [7]);

* pacTBOpeHHas ¢a3za B BOJO-
HOCHBIX TOPU30HTAaX; MO CpaB-
HEHHIO CO CBOOOMHON azou
KOHIICHTpAIUs YTJIEBOJOPO/IOB
HeTH 3716Ch HAMHOTO HIDKE.

CornacHO MoOIeNIM, IIOKa3aH-
HOM Ha puc. 1, OCHOBHBIE TpaHC-
dbopmary NpouCXoAsT B OCTATOU-

TEOUH®OPMATUKA. [EODU3UKA

HOM 1 cBOOOHOM (hazax. ABTOpPHI [6] yTBEPKIALOT,
YTO MaKCHUMaJIbHble M3MEHEHMsI reo(PU3UUIEeCKUX
MIPU3HAKOB MPOUCXOAST B IEPEXOIHOM, Kamui-
JIAPHOW M BEPXHEHN YaCTH 30H HAChIILIEHUS. FIMeH-
HO B ATHX 30HaX BCTPEYAIOTCS CaMble BBICOKHE
MOMYJISLUNA MUKPOOPTaHU3MOB-HEPTENECTPYKTO-
POB U HAOMIONAIOTCS MaKCUMAaJIbHbIE U3MEHEHUS
(U3UYECKUX CBOMCTB. 37€Ch M3MEHSIETCS MUHE-
panuzanusi BOABI, MMOPOBOE MPOCTPAHCTBO BMe-
HIAIONIUX TPYHTOB, 00pa3yroTcs OMOMHHEpAIHI,
OMOIUIEHKH, YaCTUYHO PACTBOPSAIOTCS BMEIIA0-
1€ MOpoJibl U T.1. B pe3ynprare BO3HUKAET MHO-
KECTBO M3MEHEHUU CBOMCTB T'PYHTOB, KOTOpBIE
MOJTy4aloT OTPa)KCeHHE B T€OPU3NYECKUX MOJIAX
[8—-10].

du3nvecKre CBOKWCTBA MHTEPBAJIOB pas3pe-
3a, 3arpsi3HEHHBIX HEPTENpoayKTaMH, A0CTa-
TOYHO IMHAMUYHBI U UMEIOT CIIOXKHBIN Xapakrep
pacrpezieieHuss BO BpPEMEHHON M HIpoCTpaH-
CTBEHHOU 00J1acTsIX.

Puc. 1. Mogens pacrpocTpaHeHUs] HEQTENPOAYKTOB B TPYHTaX BOJIHM3HM BOXHOTO
o0bekTa: A — momaanoe pacnpesenenue, B — paspes mo nmuaun A ~A,. a — 10HOp-
CKas 30Ha, b — TpaH3UTHAs 30HA, C — 30Ha BTOPUYHOTO HAKOIIICHHST; KPACHBIMH IITPHU-
XaMH BBIJIEJICH TeOXUMUYECKH Gapbep (PHCYHOK aJanTupoBaH us [6, 8]).

Fig. 1. Model of oil product distribution in soils near a water body: A —areal distribution,

B — A —A section. a — donor zone, b — transit zone, ¢ — secondary accumulation zone;
geochemical barrier is marked with red dashes (figure is adapted from [6, 8]).
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Tak, HarTpuMep, YIEIbHOE EKTPUIECKOE CO-
npotuBieHue (YIC), moimyyaemMoe 1o pe3yJabratam
ANEKTPOPa3BEIKH, TO-PA3HOMY OTpakaeT 1aBe (op-
MBI HaXOXJIeHHUsI He(DTETPOTYKTOB B CpE/Ie: «CBe-
KHEe», KOTOpble UMEIOT BbICOKHE 3HaueHus YOIC,
U «cTapble», KOTOpbIe MOABEPIIIUCH Ouoaerpasaa-
uuu [11]. Onnako Huzkue 3HaueHuss YOC MoryT
HaAOJIONATHCS U HA yYaCTKaX ¢ BHICOKOM TIIMHUCTO-
CTBIO TPYHTA, HE UMEIOITUX OTHOIIICHUS K MPOIIeC-
caMm Oumozerpaialiiid B COCTapUBILINXCS YIJIEBOO-
POIHBIX JIMH3aX, B TO BPEMSI KAK BEICOKHE 3HAYECHUS
YIEJILHOTO COINPOTHBIIEHUSI MOTYT YKa3bIBaTb Ha
CHIDKEHUE HACBIIEHHOCTH, KOHTAKT C YIUIOTHEH-
HBIMU MOPOJIaMH WJIK CBEXHE pasznuBel [11, 12].

Ha yuacTtkax, MHTEHCHUBHO 3arpsi3HEHHBIX
HedTenpoaykTaMu, HabIIOAeTCsl CHIDKEHUE CKO-
POCTH pacnpOCTPAaHEHHUs CABUTOBBIX BOJH (V).
DTOT mapamMeTp HE 3aBHCHT OT CTENEHU HaChI-
LIEHUSI TOPOJIbl KUIKOCTHIO, COCTaBa KUJIKOCTH
U KOHTPOJUPYETCS B OCHOBHOM IPOYHOCTHBI-
MA U Je(opMarMOHHBIMH XapaKTEPUCTUKAMHU
rpyHTOB. Tak Kak MpPOYHOCTHBIE XapaKTEpUCTH-
KM HEKOTOPBIX JUCTIEPCHBIX TPYHTOB (0COOEHHO
TPYHTOB, TOACTHJIAIONINX HedTebasy, 0 KOTOpOii
TOBOPHUTCSL B 3TOM pabOTe) MOJ BO3IEHCTBHEM
He(TEPOAYKTOB CHIIKAIOTCS [7], 3TO IPUBOIUT
K CHWKEHUIO 3HAYEHUM V.

B crarbe [6] oTMeuaeTcs1, UTO «CBEXKHUE» pa3-
JIUBBI JIETKUX HEPTEMPOIYKTOB MPOSBIISIOT CBOM-
ctBa n30J1s1TopoB (*0.001 MCwm/M) 11O OTHOIIIEHHUTO
K maacToBbIM ¢urongam (*0.1-1 mCm/m fu1st ipe-
CHOM BOJIbI) U MMEIOT HU3KYI0 OTHOCHUTEIbHYIO
IUBJIEKTPUUECKYIO0 IPOHUIaeMocTh (€ = 2-3) 1o
cpaBHEHUIO ¢ Bozoi (€ = 80) U BOJOHACKIIIICHHBI-
MU nieckamu (€ = 7—15). 3ameHa mOpPOBOI BOJIBI
U BO3JlyXa B 3arpsi3HEHHOW 30HE KOMIIOHEHTa-
MU JIETKUX HEe(PTENMpPOMYKTOB MOXKET MPUBOIAUTH
K YBEJIMUEHUIO aMIUIUTYJ OTPa)XEHHOTO CHTHaja
Ha pagaporpammax (Hampumep, 10) 3a cyet u3o-
JIMPYIOLIKUX CBOKMCTB MOJUTIOTaHTa. B TO ke Bpems
mporecc Ouoaerpagaluy BbI3BIBAET W3MEHECHHS
XUMHUYECKNX U (U3NYECKUX CBOMCTB 3arpsi3HEH-
HOM cpelbl, YTO MPUBOIUT K YBEITUYCHHUIO OOB-
€MHOM 3JIEKTPONPOBOJHOCTH, a MPUCYTCTBHE
MIPOBOAIIINX MHUHEPABHBIX (pa3 MOXKET BBI3BATh
3aTyXxaHue 30HAUPYIONIETO UMITYJIbCa [6].

Kpowme Toro, B pe3ynbrare Aerpajaluuu yrie-
BOJIOPOIOB MMPOUCXOAUT BBIJICIICHHUE ra30B (METaHa
Y IByOKHCH YIJIepo/ia) KaK MPOAYKTOB KU3HE LS -
TETbHOCTH MHUKPOOPTaHU3MOB, YTO (PUKCUPYETCS
B pe3yJIbTaTax ra30reOXuMHUYECKuX pador.

GEOINFORMATICS. GEOPHYSICS

OcHogHble anzopummol Kiaccupukayus
2eouzuueckux nonei

KoMriniekcHbIN MOIXOM K PEUICHHIO BOMPO-
COB HHTEpHpeTaluu TeopU3NYECKUX HTaHHBIX
B psijie paboOT OMHUCHIBAeTCs Kak Haubomee Mpu-
emiembiii  [13—15]. PaspabarbiBaroTcsi HOBBIE
METOJIMYECKHUE PELICHUS M0 KOMILIEKCUPOBAHUIO
reo(U3NMUecKX METOMOB B IOJIEBBIX YCIOBHUSIX
[16—18], co3maroTcst HOBbIE aITOPUTMBI COBMECT-
HOM MHTEpHpEeTalNK JAHHBIX HECKOJIBKUX METO-
noB [19, 20]. [TpoGiema 3aKkiIrO4aeTCsi B TOM, 9TO
UHTepIpeTanus reopu3nIecKux TaHHBIX B 3Ha-
YUTEIHHOM MEpEe OCHOBBIBACTCS HA BU3YaJbHOM
CPaBHCHHH PE3yJbTATOB, YTO BHOCHT OOJBIIYIO
J0MI0 cyOobekTHBH3Ma. [103TOMY OCOOEHHO aKTy-
aJIbHBI METOAMYECKUE MTOAXObI, Oarogaps KOTo-
pBIM yaaeTcsi Hanboliee aJleKBaTHO U JOCTOBEPHO
nepenarb BO3MOXKHYIO T€0JIOTUYECKyH oO0cTa-
HOBKY M THJIPOT€0JOrHYecKrue OCOOCHHOCTU H3-
y4aeMoro paiiona [5, 21], Bausironiue Ha pacupo-
CTpaHeHue HeTENnPOILyKTOB B Cpelie.

ANTOpPUTMBI KOMIUIEKCHOW HMHTEpHpeTaluu
MOYKHO pa3eNuTh Ha HECKOJIBKO KaTerOpHii:

* aNrOpUTMBI COBMECTHOM MHBEpCHUU JaH-
HBIX (OJHOBpEMEHHAs COBMECTHAsi MHBEpPCHUS
U TOCJeNoBaTeIbHasi COBMECTHAs] MHBEPCHS)
[22, 23];

* aNrOPUTMBI, OCHOBaHHBIC HA KJIacCHU(DHUKAINH
reo(u3nUeCcKUX JaHHBIX [9, 24, 25].

CyTb anropuTMOB, 00bETUHEHHBIX B TIEPBYIO
TPyTILY, 3aKII0YASTCs B HAXOXKICHUHU METPOPHU3H-
YECKOW WJIM F€OMETPUUYECKOU CBA3U MEXKIY pas3-
JUYHBIME (DU3UYECKUMH CBONCTBAMH IIEJIEBBIX
00BbeKTOB. /7151 HUX XapakTepHBI MPOOJIEMBI C pa3-
pelaioneld CnocoOHOCThIO, MMPOCTPAHCTBEHHBIM
¥ BpEMEHHBIM MaciiTabaMmu, a TakKe C TeM, UTO
pa3IUyHbIE METOIbI MOTYT TOJYYHUTh OTKJIHKHU
OT TPUHIMIHAIBHO Pa3HBIX T€OJOTUYECKUX 00b-
€KTOB, KOTOpbIE YCIIOXKHAIOT YCIOBHUS KOJIHUYe-
CTBEHHOW HWHTepIpeTanuu (onpenesaeHue ycio-
BUU 3aJieraHus W JPYTUX [apamMeTpoB IIeJIEBBIX
Te0JIOTMYECKUX OOBEKTOB M OTPaKAIOIIUX TOpPH-
30HTOB) [15, 24, 26].

Bropas rpymnmna MeTo0B OCHOBaHA B IEPBYIO
o4epe/b Ha CTAaTUCTUYECKOM aHaJn3e Habopa reo-
¢uznueckux moneneit [27, 28]. 3necy BaxHO TO,
4T0 MeX Ay (PU3MUEeCKUMH TapaMeTpamMu, oTyda-
€MBIMH B XOJI€ MHBEPCHH Te0PU3NICCKUX TIOJIEH,
HE CYHIECTBYET (YHIAMEHTAIbHBIX CBSI3CH Kak
TaKOBBIX, & €CTh TOJIBKO SMIMPUYECKUE 3aBUCHU-
MOCTH, IO KOTOPBIM MOXXHO ITOCTPOUTH ITPABIOIIO-
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JIOOHBIE MOJCIIH TOJBKO JIOKAJTBHO TSI KAKOTO-TO
OJTHOTO y4YacTKa C OTHOPOIHBIM JTUTOJIOTUYECKUM
crpoenueM [29]. CoOTBETCTBEHHO, MeETOIUYE-
CKM BEpHO OyleT MPOBOJIUTH COBMECTHYIO HH-
TEPIPETAIUIO TIOCTe HE3aBUCUMON WHBEPCUU
Ka)XJI0ro oTaenbHoro merona [24]. JanbHeimas
COBMECTHAsl CTaTUCTUYECKas WHTEPHpPETALHs
reo()M3MUECKUX JTAHHBIX MOXKET OMHCATh KOoppe-
JSAI0 MEXTYy (PU3HMUYECKUMHU TapameTpamu 0e3
HAJOKEHUS «HEPEATUCTHUUHBIX» SMIUPUIECKUX
orpaHu4eHuir. Takol MOAXoJ OTHOCUTCS K 3a1a-
YaM pacro3HaBaHMs 00pa30B, UCTIOIL3YOIIHMCS
B pPa3IMYHbIX OTpacisix (cM., Hanpumep, [30]). Pe-
3yJABTaTOM paboT SABISIETCS paseieHne 0ObEKTOB
WIH, B Clly4ae reo(pu3MUecKux HCCIeI0BaHUM,
(GU3HYECKHUX MPU3HAKOB PA3TUYIHON MPUPOMBI HA
KJIacChl C LIETbI0 JaibHeHIed uaeHTudukanuu
MIPUHAJIEKHOCTH TOJIYYeHHBIX KJIAcCOB K T€o-
norudeckuM obwrekTam [31]. B wactHOCTH, KOM-
TJIEKCHBIN aHaIu3 JaHHBIX MO3BOJISET IPOBOAUTD
TEOJIOTUYECKOe KapTUPOBAHHE TEPPUTOPUU C
KOHEYHBIM MOCTPOEHUEM KapT, Ha KOTOPBIX OTO-
OpakeHbI IIeNieBble 001acTh PacHpOCTPAHEHUS
MOJUTFOTAHTOB, 00TaCTH ¢ MMMOOMIN30BaHHBIMH
HeTenmpoayKTamMu, a TaKXe BO3MOXHBIC MyTH
MUTpAIUU 3arPA3HEHMUS.

PacnioznaBanue 00pa3oB MOXKET OCYIIECT-
BISITECA «C yuHuTeleM» U «0e3 yuurtens». Ilep-
BB BapUaHT OCYIIECTBHM B TOM Ciydae, KOorja
MMEeTCsl anpuopHas Teoiioruyeckas uHpopMa-
U O MECTOHAXOXICHWU OOBEKTa HCCIEeI0Ba-
HUl. KOMIUIEKCHBIN aHAIU3 3aKI0YaeTCsl B pas3-
JIEJICHUU BCEHl paccMaTpuBaeMO TEPPUTOPUH Ha
«TEePCHEKTUBHYIO», T.€. COAEPXKAIIYI0 HCKOMBIE
00BEKTBI, U «IyCTYIO», BKIIOYAIOUIYIO TOJBKO
BMEIIAOIIHNE TOPOJIBI, 00TACTH.

B cBoto ouepenn, KOMIUIEKCHBIA aHAIN3 HA
OCHOBe 00yueHHs «0e3 yuuTtens» — kinaccudu-
Kalusl Wik kiacrepusanus [31] — ocHOBbIBaeT-
Cs TOJIbKO Ha CTAaTUCTUYECKOM DPa3[eJICHUM TeX
JIAHHBIX, KOTOPBIC OBUTH MOJYyYEeHBI B XOJ€ WH-
CTPYMEHTAJIbHBIX HM3MEpPeHU. DTaJOHHBIX 00-
pa3loB 3/€Ch HE MPEayCMaTPUBAETCS, MOITOMY
OCHOBHOW NMPUHITUIT aJITOPUTMOB OCHOBBIBAETCSI
Ha camooOydeHuu. M3-3a OTCYTCTBHS 3TajOH-
HBIX 00pa3IOB MpPHU HCIOIH30BAHUU MOIXOIOB
Ha OCHOBE paclpe/esieHs] KJIacTepOB HE BbIje-
JIIFOTCSA OTZIEJIbHBIE JTUTOJIOTUYECKUE €IUHUIIBIL.
BoocnencTBuy 3TOT HEZOCTATOK MOXKET OBITH
UCIIpaBJeH IMyTeM «pPY4YHOTO» OIpeaeleHus
[32]. B enoM, OCHOBHBIM IPEUMYILIECTBOM KJIa-
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CTepHU3aIliU SBJISIETCS OOBEKTUBHOCTh U MHHHU-
MajbHasg 3aBUCUMOCTh OT CYObEKTUBHOIO MHe-
HUSI HUHTEpIIpETaropa.

JIroOble MPOEKTHBIE PEIICHUsS 10 PEKYIbTH-
BaIlMH 3aTrPS3HEHHBIX TEPPUTOPHI U U3BICUCHUIO
He(TEMPOAYKTOB TMpeayCMaTpUBalOT  H3bICKa-
Tenbckue paboTel. Ha mepBom aTame u3yuyeHUs
TIOMIAa/Iel, 3arpsA3HEHHBIX HEPTENPOMyKTaMHU,
JUTSI KOTOPBIX HE UMEETCS I0CTaTOYHOM nH(OopMa-
[IMU O BEIIECTBEHHOM COCTaBe IPYHTOB, JIJIS BbI-
0opa oNTUMAaNBHON CEeTH OypeHUs MOXKHO MPOBe-
cTH 0€33TaJOHHYIO KIacCU(UKAIMIO 10 JaHHBIM
OTEPEXKAIOIINX TeOPUINUECKUX HCCIETOBAHUM.
Jlanee, 1o BbIAENIEHHBIM 00BEKTAaM Ha CXEMe pac-
MpEeeNIeHNus KJIACCOB HAaMEYaeTCsl pPacrojoxkKe-
HUE CKBKUH I BepU(UKAIIUN T€OTOTHUECKOTO
ctpoerusi. OMHUM W3 METOIWYECKHUX ITOAXOJIOB,
CIIOCOOHBIM Ha Ka4yeCTBEHHOM YPOBHE Ompee-
JTUTH TPYHTHI C PA3IMYHBIMU NETPOPU3NICCKUMU
XapakrepucTukamy, siBisiercst RGB-cuntes [33].

RGB-cunTe3 mo3BosisieT MpoOBECTH Kiac-
cupukanuio reoU3NIECKUX AAHHBIX MO TPEM
pasnuyHBIM Tapamerpam. Kaxkmomy mapame-
TPy COOTBETCTBYET CBOW LIBETOBOW WHIMKATOP
(kpacubiid, R; 3enmensiii, G; cuauii, B), HOpMHE-
poBaHHbId OT 0 70 255. MUHUMYMBI 3HaUYECHU
COOTBETCTBYIOT YE€pHOMY (OTCYTCTBHE IIBETA),
MaKCHMYMBI — HauOoliee SIPKOMY BEIOpaHHOMY
uBety. Ha Beixone anroputma popmupyercs uzo-
OpakeHue, Ha KOTOPOM HAIJISHO BBIIEISIOTCS
001acTH C pa3IMYHBIMUA BXOJHBIMHU HapameTpa-
MH ITyTE€M ONTHUYECKOTO CMEIIUBAHUS KPACHOTO,
3€JICHOTO M CHHErO I[BETOB, Il MHUHUMYM IO
KKJOMY M3 MapaMeTpOB OTMEYAeTCS YEepPHBIM
userom (0, 0, 0), MAKCUMYM MO KaXKIOMY U3
napamMeTpoB — OenbiM 1BeToM (255, 255, 255),
a BCE MPOMEXKYTOUHBIE COYETAHHS (POPMHUPYIOT
MOJIHYIO I[BETOBYIO raMMy, KOTOpasi JIETKO HWH-
TEPIPETUPYETCS C ONOPON Ha MPaBHIIA CMEIIU-
BaHMsA LBeTOB. Hanmpumep, cuHMi LIBET ompeze-
nsercs kak (0, 0, 255), kpacHbIi kak (255, 0, 0),
¢dbuoneroBbit — (255, 0, 255) u 1.1. OcHOBHOE
OTJIMYHE OT Oe33TaTIOHHON KiIacCUu(UKAINH, BbI-
IIOJIHEHHOH B criennanusuposanHoM [10, 3aximto-
4aeTcs B TOM, YTO KOJIMYECTBO KJIACCOB MPU CUH-
Te3€ OTPaHWYEHO OYEeHb OOJBIIONW BEIUYHUHOMN
(256-256-256 = 16 777 216), no3tomy cxema
C KJaccaMM BBIIIIAUT Oojiee INIajakoH, a K pe-
3yJlIbTaTy HE TPUBS3BIBAIOTCA MCKYCCTBEHHBIE
YEeTKHE TPaHUIIbI KJIACCOB, KOTOPBIX HET B peajib-
HBIX TMOJISIX U BXOJHBIX JaHHBIX.
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MaTtepuanbl n metoabl

OOBEKTOM UCCIIeIOBAHUS ABISETCS TEPPUTO-
pust, mpuseraromias k Heredase, pacronoKeHHON
Ha p. Bosra, koTopas Ha MPOTSKEHUU AECATKOB
JIeT TMOJBEeprajach BO3JAEHCTBUIO HEPTEHPOIYK-
TOBOTO 3arpsizHeHus. Penbed Tepputopun nmeet
cJ1a0bIil YKIIOH B CTOPOHY BOIHOTO OOBEKTA.

[TepBbie cnabble BBIXOABI HE(PTEMPOTYKTOB
BAOJIb OeperoBoil TMHUM ObUIH 3a()UKCHPOBAHBI
B 1995 . B 1996 1. Ha Tepputopun HedTeOa3bI
OBLTH TIPOOYPEHBI CKBAKUHBI, TTO3BOJISIONINE Ha-
Onrofarh 3a CTEMEHBIO 3arpsA3HEHUs MOJ3EMHBIX
Boz. B 1997 r. Ha HedTebaze ObUIM CMOHTUPOBA-
HBI YCTAHOBKHU IO OYMCTKE MOJ3EMHBIX BOJ, OJI-
HAKO M3-32 HU3KOTO MPOIEHTHOTO CONEpKaHHS
He(TENPOAYKTOB B TMOJ3EMHBIX BOAaX paboTa
YCTaHOBKHM OKazajach Hed(dekTuBHOW U Oblia
npekpaieHa. [Iponomxaromuecss HaOMOIEHUS
CBUJIETEJILCTBOBAJIM O CHUKEHUH 3arps3HEHHO-
CTH TIOA3EMHBIX BOJ moja Hedtedazoit. OgHako
B utonie 1999 r. mpousoren HOBbIH, Oosee MoOII-
HBIA cOpoc HedTenpoaykToB B peky. C 3Toro
BPEMEHHU HA4YaJIOCh TNIAHOMEPHOE U3y4YeHHUE BCEi
npuseratomieid k Hedrebase TeppUTOPHUHU, BKITIO-
yarolee, B TOM 4ucie, paboThl IO OTKayke He-
(GTEenpoayKTOB MO JIMHUM CKBA)KHH, MPOXOASIIEH
BIoJb Oepera Ha ynanennn 100—130 m.

CorlacHO MMEIOIIUMCS CBEICHUSM, TEpPpU-
TOPHSI PAaCHoOJIOKEHa B Tpenenax MepBoil U BTO-
POl HaAIIOMMEHHBIX Teppac, CIOXKEHA IEeCKaMu
C JMH3aMU M HPOCIOSIMU CYIJIMHKOB, B OCHOBa-
HHUM pa3pesa OTMEUAIOTCA rajibka u rpaBuid [34].

['eonornyeckoe CcTpoeHHE H3y4aeMOW IUIO-
IIaad B IIEJIOM MPOCTOE, BBIACPKAHHOE B TIAHE
U paszpese. 30Ha adpalliil M BEPXHsS 4acTh Iep-
BOTO OT IOBEPXHOCTH BOJOHOCHOTO TOPH30HTA
npejcTaBieHa neckamu. B mpenenax 30HbI aspa-
IIUM TIOBCEMECTHO Pa3BUT CJIOH cymiuHKa. Mu-
HUMaJIbHasi MOILIHOCTb CYIJIMHKA HaOII0NaeTCs
B paiione HedTeba3sl — 1-1.5 M. B HampaBnenumn
Oepera MOILHOCTh CJI0SI 3AKOHOMEPHO BO3pacTaeT
10 3—5, a Ha I0T0-BOCTOKE TEPPUTOPUH — 10 8 M.

[ToMrMO TPYHTOBBIX BOA, YPOBEHB KOTOPBIX
MPUYPOUYEH K YPOBHIO PEKH, PEKHUMHBIMU CKBa-
KUHaMH B Omkaiiiieil okpecTHocTu Hedreba-
3bl Ha INTyOMHE 3—6 M BCKPBIBAETCSl BEPXOBOIKA,
KOTOpas MPUYypOYEeHa K KPOBJIE CIO0s CYIJIMHKOB
U BBIKJIMHMBAETCS B BOCTOYHOM HaIPaBJICHUHU.

[ToneBoii reopuznueckuiit Marepuan ObL1 Mo-
Jy4eH B XOJi¢ MPOBEACHUS IMOJIEBBIX padoT reo-
dbuznueckum otpsiiom komranuu OO0 «OPOHT

GEOINFORMATICS. GEOPHYSICS

I'eonorus» nox pyxosoactsom C.B. Illakypo. Pe-
3yJbTaThl MPEACTABIEHBl JTaHHBIMM 3JIEKTPOpa3-
Beaku (BD3), celicmopassenku (MASW) u ra-
soreoxumun (XCH, CO,, O,). Comocrasnenue
BBIIIOJIHAETCSL TIO TPEM MapameTpam: YIAEIbHOE
IEKTPUYECKOE CONPOTUBIIEHUE, CKOPOCTH IOIE-
PEUYHBIX BOJIH M KOHLEHTPALUs YITIEKUCIIOTO ra3a
B IIOYBEHHOM Bo3ayxe (puc. 2). Jlns nanpHelnie-
IO aHajau3a IOCTPOEHBI KapThl pPaCIpeneiIeHUs
CKOPOCTH CIBUTOBBIX BOJH M YIEJIBHOIO 3JIEK-
TPUYECKOTO COMPOTUBJIEHHUS B paliOHE YPOBHEBOM
MOBEPXHOCTH I'PYHTOBBIX BOJI.

Ha puc. 2 a, b, ¢ mokazansl Mojenu pacmupe-
JIeJIEHUs] CBOMCTB M MApAMETPOB: YIEIbHOE AJIEK-
TPUYECKOE COITPOTUBIIEHUE IPYHTA, CKOPOCTb pac-
IIPOCTPAHEHMsI CIIBUTOBBIX BOJIH, KOHLIEHTPALMS
YIJIEKHCIIOTO Ta3a B NOYBEHHOM Bo3ayxe. Kap-
ToI pactpeneneHust YOC u Vs ObUIM MOCTPOCHBI
IpU MOMOIIM CTaTUCTUYECKOTO aHaJINW3a, BBINOJ-
HenHnoro B [1O «BD3 Mactep» (C.B. llakypo).
Ha xapre pacnpeneneHuss ynenbHOTO 3JIEKTpHU-
YECKOT'0 CONPOTHUBIICHHS] TOHWKEHHBIE 3HAYECHUS
Y3C, xapakrepHble A o0nacTell yriaeBogopo-
HOTO 3arpsi3HEHUs, HaXOJATCS B 3allaJHOW YaCTH.
Ha kapre pacnpeneneHust CKOpoCTel CABUTOBBIX
BOJIH TIOHMKEHHBIE 3HAYEHUS, MAPKUPYIOLUE HA
JTAaHHOW TEPPUTOPUU 3arpsi3HEHHbIE IPYHTHI, He-
OJTHOPOIHO pacIpeneseHbl o ronaau. Yerde
BCEr0 OKOHTYpPUTh aHOMAJIMIO BO3MOXHO IO pe-
3yJapTaTaM Ta30r€OXMMHUYECKUX HCCIEIOBaHUM.
3ech KOHILIGHTPALMM YIJIEKHUCIIOrO ras3a 3aKo-
HOMEPHO BO3pacTalOT MO HANpPaBICHHUIO K HOXK-
HOM 4acTH, Iie JOCTUralOT BBICOKUX 3HAYCHU,
TaK Kak HE(TENmpOIyKThl BCTPEYAIOT Ha CBOEM
NYTH TEOXHMHUYECKHE Oaphephl, CIIOCOOCTBYIO-
M€ UX HAKOIICHHUIO.

CxeMpl ¢ pacnipeiesieHUeM IapaMeTpoB ObUIH
3arpyeHnbl B nporpammy RGB-cunTesa. C no-
MOIIBIO TIPOTPaMMBI pacipe/ieieHie CBOUCTB 3a-
JTaBaJIoCh B HOBOM BapuaHTe, yIOOHOM JUIsl 1ajib-
HEeHIIe! COBMECTHOW MHBEPCUN: KPACHBIN, CHHUI
uny 3eneHbiid. [Ipy 3TOM MUHUMAalIbHAst UHTEH-
CUBHOCTb 1IBE€Ta COOTHOCHUTCA C MHUHHUMYMaMH
3Ha4YeHM, Haubosee SIPKUl OTTEHOK — C MaKCH-
Mymamu (puc. 2a, b, ¢).

[Ipeanonaraercs, 4To A TPYHTOB, COAEP-
KaIUX HePTENPOIYKTHI, ATUTEILHOE BpeMs Ha-
XOJSIIIMECS B MTOAIIOBEPXHOCTHOM MTPOCTPAHCTBE,
XapaKTEpHbl MMOHWKEHHbIE 3HAYEHUS YIEIbHOTO
JNEKTPUYECKOTO COMPOTUBIIEHUS M CKOPOCTEHN
CIABUTOBBIX BOJIH, NOBBIIICHHBIE KOHIICHTPALIUH
YITIEKUCIIOTO ra3a.
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Puc. 2. Vicxonubie nannbie 1t RGB-cunTesa, momydennbIe Mocie 00pabOTKH MONEBBIX MATEPHATIOB U B IBETOBON PACKPacKe: a—a, —Kap-
Ta JIorapu(Ma yIeIbHOTO JEKTPHIECKOTO COMPOTHBIEHHS, b—b, — KapTa CKOPOCTH CIBUTOBBIX BOJIH, C—C, — KapTa Jlorapu)mMa KOHIEH-

Tpauuy yriekucaoro rasa. Keampar — koHTyp HedTeOasbl.

Fig. 2. Initial data for RGB-synthesis obtained after field material processing and in colour-coding: a—a, — map of the logarithm of
electrical resistivity, b—b, — map of shear-wave velocity, c—c, — map of the logarithm of carbon dioxide concentration. The square is the

contour of the oil depot.

Pesynbrathbl n 06CcyxaeHue

[Ipennaraemblii crnoco® MHTEpHpeTauu
JaHHBIX Ha KAYCCTBCHHOM YPOBHE MOXKET ITOMOYb
OINPENIeIUTh TPYHTHl C PA3IUYHBIMU METpopu-
3UYECKUMH XapaKTepUCTHKAaMH, TaK Kak B Ipo-
LIECCe CUHTE3MPOBAHUS MPOUCXOAUT HAJOKEHUE
pa3IMYHbIX CBOWCTB Ha OJHY OCHOBY. [loaTomy
I[BETOBBIE OTTEHKH COOTBETCTBYIOT Pa3JIUYHBIM
KJaccaM C pa3IUYHBIMUA TNETPOPU3NIECKUMHU
cBoiictBamu (puc. 3). Ilpennonaraercs, 4o 31€Ch
oOmacT, 3arps3HEHHbIE  HEPTEPOIYKTaMHU,
JIOJDKHBI UMETh TEMHO-CUHHUM OTTEHOK, TaK Kak

TEOUH®OPMATUKA. [EODU3UKA

pacrpeneneHrue yrIeKUciaoro ra3a 3alaHo B CHU-
HeM 1BeTe, a 3HaueHuss YOC u Vs B mpexaenax
3arpsiI3HEHHBIX 00JIacTell MOHMKEHBI U B IIBETO-
BOIl IIKaje MOMKHBI MPUOMUKATHCA K YEPHOMY.
IIpenanonaraemslii KOHTYp 3arps3HEHUs ITOKa3aH
Ha puc. 3. OTMeuaercs sipkas razoreoxumuye-
CKasi aHOMaJIHsl B FO’KHOM YacTH, YTO MOXKET OBbITh
CBSI3aHO C 30HOM BTOPUYHOI'O HAKOIJIEHUS B MPU-
OpeXKHON YacTH HCCIEMyeMOTo ydacTka. Taxke
OTACJIBHO BBIIEISAETCS aHOMAJMs B FOr0-BOCTOY-
HOM 4YacTH, MHTEpHpEeTUpyeMasl aBTOpaMU Kak
aHOMaJIMsl 3arps3HEHHsS] TPYHTOBBIX BOJA HedTe-
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MPOAYKTaMHU, YTO, BEPOSITHO, CBA3AHO CO CJIOXK-
HBIM PACIIOJIOKEHUEM MYTEW MUTpaluu YIJIEBO-
JIOPOJOB C TPYHTOBBIMH BOJIAMHM.

Jo mposenenuss RGB-anammsa Obuta BbI-
MOJHEHA pa3esibHasg WHTEPIpETAMs JTaHHBIX
CEelCMOpPa3BEIOUHbIX, AJIEKTPOPA3BEIOYHbBIX pa-
OOT U Ta30TCOXUMHUH, PE3YIbTATHI KOTOPBIX OBLIH
0000I1IeHBI B €IMHYIO0 MOZEIh paclpeieIeHus 3a-
rpsi3HeHud. sl cpaBHEHHS OMyYEHHBIX TaHHBIX
[0 pe3y/lbTraTaM Ka4yeCTBEHHOW WHTEpHpeTauu
no nanHbIM RGB-cuHTe3a 1 no pesynpraram pas-
JEJbHONM MHTEPIIPETALMU NPOBEACHO HAIOKEHUE
KOHTYPOB 3arpsA3HEHHMS B TPYHTOBBIX BOAX, MPEI-
CTaBJICHHOE Ha puc. 3 (cmpaBa). OTMeuaeTcs, 4To
MPEAIOJIaraeMble KOHTYPBI PACIIPOCTPAHEHUS He-
(TENPOTYKTOB UMEIOT MPAKTUICCKU UCHTHYHBIC
ouepranusi. RGB-cuHTe3 yacTuyHO AeTanu3mupy-
€T pacHoJIOKEHHE LEIEeBBIX 00IacTe.

Takum 00pa3oM, Ha OCHOBE CHHTE3HPOBa-
HUSI MHOTOTIPU3HAKOBBIX JAHHBIX, BKIKOYAIOIINX
B ce0s Te0odNIeKTPHUUECKHE, CEHCMOCKOPOCTHBIE
CBOMCTBA I'PYHTOB U KOHLIEHTPALUIO YITIEKUCIIOTO
rasa B IIOYBEHHOM BO3JyX€E, yAaJ0Ch MOCTPOUTH
CXEMY, ITI0 KOTOPOM JIETKO OYEPTUTH MpPEATOJIara-
€MbI€ KOHTYPbI PaCIIPOCTPAHECHUS 3arPSI3HECHMUS.

Hcnonb3oBaHuE TAKOrO 3KCIPECC-BApUAHTA
KOMILIEKCUpoBaHus — B Buae RGB-nanoxenus
TAHHBIX PA3UYHBIX TeO(DHU3MYECKUX U TEOXH-
MHYECKUX METOAOB C HHTEpPIpETalueid €IuHON
CXEMBbI, OTPaXKarollled BCE MHTEPECYIOLUE Mapa-
METPBI, JA€T BO3MOKHOCTb ONEPATUBHO JIOKAJIU-

30BaTh 30HY 3arpsS3HCHHS, a C YICTOM HampabJie-
HUS IBUYKEHHUS TTOJI3EMHBIX BOJ] CIIPOTHO3UPOBATh
ee MepeMellleHne CO BPEMEHEM. DTO TMO3BOJHT
OpPTraHU30BaTh TOUHYIO U OTHOCUTEIILHO OBICTPYIO
OYHUCTKY M PEKYJIBTUBAIIUIO TCPPUTOPHUH, COKpa-
THB TPU 3TOM O00BbEMBI OypeHHUs U 0TOOpa mpoo,
TaK Kak OHU OyayT TpeOOoBaThCs HE JIJISI OKOHTY-
pUBAHUS 30HBI 3aTPS3HCHHUS, A JIUIIH JIJIS 3aBEPKU
BBIZICICHHBIX aHOMAJTHH.

3aknioyeHue
B npencraBnenHoit pabore paccMOTpeH
AQJITOPUTM  KOMIUIEKCHOM  MHOTOIPHU3HAKOBOU

knaccuukanuy reo(U3NYECKUX JaHHBIX IPH
nomou RGB-cunTte3a ni1s Teppuropu, 3arpss-
HeHHOl HedTenponykramu. IIpoaHanusuposa-
Ha 00JacTh, MpUMBIKaroIIas Kk Hedrebdaze, KoTo-
pasi oiroe BpeMs IMOABEPTrasiaCh BO3IACHCTBUIO
noJuTioTaHToB. [lo pesynmpraraM KaueCTBEHHOM
UHTEpIpEeTaluu reou3nIecKoil MHPOpMAITUH
aBTOpaMH IOCTPOEHA CXeMa C IMperoiaraeMbIM
KOHTYPOM PACIpOCTpaHeHHsI HePTENPOAYKTOB HA
U3y4yaeMoil TeppUTOpuUH.

Pa3paboTaHHBIi aATOPUTM MOXKET HCIIOJb-
30BaThCs ISl 3a]1a4 OKOHTYPHBAHHS DPAa3JIHBOB
HE(DTEMPOIYKTOB MPH JOCTATOYHOM KOJIHYECTBE
uHpOpMaLUU MO Te0OPU3NYECKUM WA JPYTHM
UH(GOPMaTUBHBIM MeTO/1aM (He MeHee 3) Ha 3Ta-
ne omnpeAesieHus IJIOWAAN PacIpOCTPAHECHUS
3arpsi3HEHMs] U1 Y4acTKOB, Ile He(TenpoayK-
Thl HaxOAATCS B TPYHTax JIMUTEIBHOE BpeMs.

Puc. 3. Pesynsrater RGB-cunTe3a (cneBa) u cpaBHeHHE pe3ynsratoB RGB-cuHTe3a 1 pa3nenbHON MHTEpHpEeTaluy JaHHBIX (CIIpaBa).
1 — obmacTe pactpocTpaHeHns! HeQTENPOAYKTOB MO pe3y/IbTaTaM CHHTe3a Te0(H3NIECKIX JaHHbIX, 2 — TeppuUTopHs HedTedassl, 3 — Ha-
IIpaBJICHUE JBIDKCHHE TPYHTOBEIX BOA, 4 — 00J1aCTh pacpoCcTpaHeHUsI He(TEIIPOAYKTOB 110 pe3yIbTaTaM pa3JeibHON MHTepIpeTalun
reopusnuecKux qaHubix. [eToBas mkana: Log(p) — morapudm yaensHoro snexrpuueckoro conporusienus, Om-m; Log(CO,) — nora-
pHrdM KOHIIEHTPALMH YIJIEKHCIIOTO ra3a; } — CKOpoCTh MONEePEUHBIX BOJIH, M/C.

Fig. 3. RGB-synthesis results (left) and comparison of RGB-synthesis and separate data interpretation results (right). 1 — area of oil
products distribution according to the results of geophysical data synthesis; 2 — area of oil depot; 3 — groundwater flow direction, 4 — area
of oil products distribution according to the results of separate interpretation of geophysical data. Colour scale: Log(p) — logarithm
of electrical resistivity, Ohm'm; Log(CO,) — logarithm of carbon dioxide concentration; ¥ — S-wave velocity, m/s.
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Takxe B malibHEHIIEM UIT OOBLEKTOB, HA KOTO-
PBIX OTCYTCTBYET WJIM MUHUMAJIbHA allpUOpHAas
reojnorunueckas wHpopmanusi, Ha RGB-cxeme
M0 Pa3IUYHBIM I[BETaM MOTYT OBITh BBIJEICHBI
OTJIeNIbHBIE TMEeTpodHU3NYECcKHe KIAcChl MOPO.
B kaxxqom BBIOpaHHOM MECTE MOXHO MPOBECTH
npsiMble HaOMIONEHHUS W ONpPEAENIUTh CBONCTBA
IPYHTOB, HampuMmep KodpduuueHt ¢GuiapTpa-
MM, & PE3yJbTaThl HHTEPIOJIUPOBATH JJIST KaXk-
JIOrO Kjacca OTAENIbHO.
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23.04.2021; Ne 2021615994; orry6m. 27.04.2021, Brom. Ne 5.

Hugposvie kamanoeu zeonozuueckux kapm. CII6., Beepoc.
Hay4.-uccinen. reoi. uH-T uM. A.I1. Kapriunackoro. URL: https:/
vsegei.ru/ru/info/catalog_ggk/ (nara obpamenus 21.09.2022).
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HAYYHASI CMEHA

PycunoBu4
Buxrop BuxkropoBu4

B 2019 r. okonuna Poccuiickoii rocynapcTBeHHbIN YHUBEPCUTET Hed-
i 1 raza uM. U.M. I'yOxuna no cnenuaabHoctu «[Ipukinagnas reonorus».
PaboTan cienuaaucToM 0Taea re0JIOTHH MesKAYHAPoAHOro npoekrta «Ca-
xajauH-1». Pemaemble BukTopom Hay4Hble M IPOM3BOACTBEHHbIE 3aAa4yu
BKJIIOYAJIHM AHAJIU3 M HHTEPHPeTALMI0 0COOeHHOCTeH Ie0JornYecKkoro
CTPOeHUSs] MeCTOPOXKAeH! He)TU U raza, NPUHLUMIIOB MOACYETA UCXOAHBIX
U OCTATOYHBIX 3aM1aCOB, OLIEHKY reoJiornyeckux puckos. Ero uccienosa-
HMA CJIY’KUJIM OCHOBOM IJIAHUPOBAHMA U ONITHMM3ALUU TPAEKTOPHUIA CKBa-
’KMH, HTPAJIM KJIIOYEBYI0 POJIb B NPUHATHU MHBECTUIMOHHBIX pelieHuii
10 nporpaMMam OypeHHusi M HANIPSIMYIO BJIUSIJIM HA GUHAHCOBBIE pe3yJib-
TaTbl NPOEKTA.

B 2020 r. mocTynuj Ha 04HYI0 (popMy 00yueHHS] B aCHHPAHTYPY

Hucturyta mopckoii reotoruu u reopusuxu J[BO PAH, B koTopom ycnemn-
HO 0CBOMJI METOABI BeleHHs HAy4YHO-UCC/Ie10BATeIbCKOM JeATeIbHOCTH U MOJy4H/ HOBbIe 3HAHUS B 00/1aCTH
MPOMBICJIOBOI reopu3nku. ITH 3HAHUSA NoMorin Bukropy B pa3paboTke HeiipOHHON ceTH, aBTOMAaTH3HPYIO-
HIell mpouecc TPacCMPOBKM IM3bIOHKTHBHBIX HapymieHuil. IIoMuMo 3TOro oH caesaj CyleCTBEHHbIH BKJIAJ
B HCCJIeJOBaHUe HeQTera30HOCHOI0 MOTEHIMAJIA I0ro-BocToYHOM yactu Ilpucaxanaunckoro meab@pa, co3aas
MoOJe/b, BOCIPOM3BOASINYI0 NpoLecchl IeoJOrnyeckoii IBOJIIONMH M KaTareHeTM4ecKUX INpeodpa3oBaHMii
MATEePUHCKHX MOPOJ, MUTPALUM U AKKYMYJISLUM YIJIEBOJOPOAOB 0CaJ0YHOr0 0acceiiHa HeHTPAJbLHON YacTH
HOxno0-Caxanunckoii HedTerazoHocHoM 00J1acTH.

B HacTosinee Bpemsi mpoaoJikaer HayuHyw aesateabHocts B UMI'ul' /IBO PAH mox pykoBoacTtBoM
A.¢p.-m.H. J.LM. BoromosioBa 1 akTUBHOM y4acTuu K.(p.-M.H. A.C. 3akynuHa, pa3padaTsiBasi IPOrpaMMbl, aB-
TOMaTH3MpYolIHe Npouecchl HedTerazopoii orpacau. B pesyiabrare ero pa6orsl Obliia co3qaHa MporpaMMa
JJIsl pacyeTa NPorHo3a 100614y HedTH M ra3a, y4uThIBaIOLIAsl OTPAHMYEHUS] HA3eMHOI0 000pY10BAHMSA M Tpe-
0OBaHMS MO IKCILUIyaTALMH A00bIBalOIIMX ckBaxkuH. [Iporpamma y:ke BHeApeHa B IPOM3BOACTBO HA MPOEKTe
«Caxanun-1» u B komnannu «Tpanc Hadra IN'aznodbrua». OHa B JecsITKH pa3 cOKpaiiaeT BpeMs MOAr0TOBKH
NPOrHO30B J100bIYHU YIJ1€BOI0POA0B M CHHKAET PUCK COBeplIeHNUs OIMOOK B pacyeTax.

HNmeer 9 myGamnkanmii, B ToM 4ncie 6 crareii B pepepupyemMbIX pocCHCKUX u31anusax. Pe3yabrarsl Ha-
yuHoIi padoTsl anpooupoBansl HA 10 KoOH(pepeHIUIX, B TOM YHCJIe HA 5 MeKTYHAPOTHBIX.

PycunoBu4
Jlapuca JnyapaoBHa

Oxonuuna Poccuiickoii rocynapcTBeHHbIi yYHuUBepcutTeT HedTH
u raza um. U.M. I'ydOxknna no cneuuajabHocTu «IIpukiagnas reosnorus
B2019 1.

C 2020 r. sBasieTcsi acnupaHTkoil UHCTHTYTA MOpCKOil reojoruu
u reopusuxu JIBO PAH no nanpasiyienuio «I'eosiorusi», BeaeT HAy4HO-HUC-
CJIeI0BATEIbCKYIO AeATeJbHOCTh MO0J PYKOBOACTBOM K.(.-M.H. A.C. 3a-
KYNIHHA B cpepe OLIEHKHU NMePCHeKTUB HedTera3oHocHocTu MakapoBcKoi
CHHKJIUHAJBLHON 30HBbI. D¢ eKTUBHO COYeTAET JAeTEPMHUHHCTUYECKHE
U CTATUCTHYeCKHe MeTOAbl 1JIsi KOPPEKTHOH OLEHKU CTelleHH BJIMSHHUSA
reoJIOTMYeCKMX HeonpeaeJeHHOCTeil HAa NPOrsHo3 HedTera3oHOCHOCTH.

PeryiasipHo npuHUMaeT y4acTHe B KOH(pepeHIHUAX BCEPOCCUICKOI0 U MEeKAYHAPOAHOI0 YPOBHSI.
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ABTOMAaTU3aLNs TPACCMPOBKM NMOBEPXHOCTEN Pa3fioOMOB
C MOMOLLLbIO anNropUTMOB KOMMbIOTEPHOIO 3PEHUS

B. B. Pycunosuu®, JI. 3. Pycunoguu
*E-mail: victor.rusinovich@gmail.com
Hncmumym mopcxou eeonocuu u eeopusuxu JJBO PAH, IOxcno-Caxanunck, Poccus

Pe3tome. IIpencraBieHbl pe3yabTaThl afanTallii CBEPTOUHOM Helipocetn U-net K PEIICHHIO 3a1a91 TPACCUPOBKU
MMOBEPXHOCTEH pa3ioMOB Ha TPEXMEPHBIX KyOax ceilicMuku. KapTupoBaHue pa3ioMoOB SBIsSETCS OJHUM U3 ITAloB
UHTEPIPETALUH PEe3yIbTaTOB NPUMEHEHHS CeHCMUYECKNX METOJOB IOJIEBBIX Ie0(U3HMYeCKHX padoT. PesynbraTsl
HMHTEPIIPETALMH UCIONB3YIOTCA JJIS MIOCTPOCHUSI CTPYKTYPHBIX KapPKACOB T€O0JIOTHYECKUX MOJENEH, MIIaHUPOBaHUS
CTpaTEeTHH Pa3pabOTKH MECTOPOKACHUH, OLIEHKN THAPOAMHAMHUYECKON CBA3H 00BEKTOB Pa3pabOTKH, TUIAHUPOBAHUS
TOYEK 3aJI0KEHHUS CKBaKWH, UX KOJIMYECTBA U T.1. Pa3paboTaHHBIA aNTOpPUTM HEHPOHHOU CETH, IIPUMEHSIONICH ai-
TOPUTMBI KOMIBIOTEPHOTO 3PEHHUS, TO3BOJIAET CYIECTBEHHO YBEIHYUTh CKOPOCTh BBIAEICHUS Pa3IOMOB U CHIDKAET
PHCKH MPOITyCKa pa3IOMOB B IIpoLiecce UHTEpIpeTanuy. Takke pacCMOTPEHBI MTPOOIeMbl MPUMEHEHHUS HEHPOCETH,
00y4eHHOW Ha CHHTETHYECKOM Habope NaHHBIX, JUIS PEHICHUs MPAKTHYecKuX 3anad. [IpeasioxeHbl MeToqbl ITOBBI-
IIEHUS JTOCTOBEPHOCTH MHTEPIIPETALNH IaHHBIX, OJIYYESHHBIX B pE3y/bTare NPOBEICHHS MTOJIEBBIX Te0(PU3NIECKUX
paboT. B wactHOCTH, IIpU MOMOIIK pacueTa U 0OpabOTKH HEHPOCeThIO JOMONHUTENBHOIO KyOa arpudyTa KOrepeHT-
HocTU. JlaHa MOJIOXKUTENbHAS OLICHKA IIPUMEHUMOCTU CBEPTOYHBIX HEHMPOCETEH IS PELICHMs 3a7a4 TPAaCCUPOBKU
IIOBEPXHOCTEH pa3IoMOB.

KnioueBble cnosa: HeﬁpOHHaﬂ CCTh, MAILIMHHOC 06yquI/Ie, KOMITIBIOTEPHOC 3pCHUE, CBEPTOYHAA HeﬁpoceTL, aBTO-
MaTu3anusd, BBIACJICHHUE PA3JIOMOB, UHTEPIIPETALlUA CECUCMHUKH

Fault surface tracing automation using computer vision algorithms

Viktor V. Rusinovich*® Larisa E. Rusinovich
*E-mail: victor.rusinovich@gmail.com
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. This article presents the results of adapting the U-net convolutional neural network to solving the problem
of tracing fault surfaces on 3D seismic cubes. Fault mapping is one of the stages of interpretation of the results of us-
ing the seismic methods of field geophysical work. The interpretation results are used to build structural frameworks
of geological models, plan field development strategies, assess the hydrodynamic connectivity of reservoirs, plan well
locations, their number, etc. The developed neural network algorithm, which uses computer vision algorithms, can sig-
nificantly increase the speed of faults detection and reduce risk of skipping faults in interpretation process. The problems
of using a neural network trained on a synthetic data set for solving practical problems are also considered. Methods for
increasing reliability of seismic interpretation are proposed. In particular, by calculating and subsequent processing with
neural network an additional volume of the coherence attribute. As a result of the study, a positive conclusion on the ap-
plicability of convolutional neural networks for solving problems of tracing fault surfaces is given.

Keywords: neural network, machine learning, computer vision, convolution neural network, automation, fault map-
ping, seismic interpretation

Jna yumupoeanua: Pycunosnu B.B., PycuHoBuu JI.D. ABro-
MaTH3alys TPAaCCUPOBKU TOBEPXHOCTEH Pa3IoOMOB € MOMOLIBIO
QITOPUTMOB KOMITBIOTEPHOTO 3peHus. [eocucmemvl nepexoo-
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PycuHoBuy B.B., PycuHosuy J1.0.

BBepeHue

Brinenenue u TpacCHpoOBKa Pas3ioMOB BbI-
MOJTHSETCS PA3IUYHBIMU METOAAMH, B YacCTHO-
CTH pasyioMbl co cMenieHueM Oonee 10 M MoryT
OBITh BBIJICTICHBI 110 pe3yIbTaTaM WHTEpIIpeTa-
MU CEHUCMUYECKUX JaHHBIX CPEIHEYACTOTHOM
(10-100 T'm) ceiicmopasBeaKu. ITO TPYIOCMKUM
MPOIIECC, Ha KOTOPBIH, MO OMBITY aBTOPOB, MO-
KET yXOOUTh HECKOJBKO HeAenb u Oojee, B 3a-
BUCHMOCTH OT Ka4eCcTBa CEHCMUUECKON ChEMKH,
pa3Mepa 0071acTH UCCIIEIOBAHMS, CJI0KHOCTHU Te-
OJIOTUYECKOTO CTPOCHHUS U MHOTHX IPYTrHux (hak-
TOpOB. B cBsi3u ¢ 3TUM aBTOMAaTH3aIUs TPACCHU-
POBKH Pa3JIOMOB SABJISETCSA aKTyaJIbHOM 3aJ1a4en,
CIIOCOOHOM CYIIECTBEHHO COKPATUTh BpEMs, KO-
TOpO€ TPeOyeTCs JIs BHITIOJIHEHUS PAOOTHI.

TpaauumoHHO TpaccUpOBKa pPa3iIOMOB IO
JTAHHBIM CEMCMHYECKOW CHEMKU BBITIOTHSAETCS
WHTEPIPETaTOPOM BPYUYHYIO B CIEHUAITU3HPO-
BaHHOM IPOTPaMMHOM OOecredeHUH. ABTOPBI
MpeaiaraloT aBTOMAaTU3UPOBATh MPOIECC UHTEP-
MpeTaluy C TOMOIIbIO IPUMEHEHHUS CBEPTOYHBIX
HEMUPOHHBIX CETEH, KOTOPBIE yKE T0KA3aJI1 CBOKO
3¢ ()EKTUBHOCTh B CETMEHTAIMH W300pakKCHHIA
B MEAWIIMHE, TPOMBIIUICHHOCTH, YIPaBICHUH
TPAHCIIOPTHBIMU CPEACTBAMHU, CEIIbCKOM XO3si-
cTBe M apyrux cpepax. IlonbITku aBTOMaTH3H-
pOBaTh MPOIIECC BhIICIEHUS Pa3JIOMOB IIPeIpH-
HUMAJIUCh paHee, B YaCTHOCTU JIJISl ATUX IIeNei
xomranueir Schlumberger Stavanger Research
Obu1 paszpaboran anroputM Ant Tracking [1],
MO3BOJIAIONIMI B HEKOTOPBIX CIy4yasXx COKpa-
TUTh 00Ilee BpeMs HHTEPIPETALUU DPA3IOMOB
B 3 pa3za u Ooznee. Tak, mpu HHTEpHpETALUU
pa3IoMOB C TPUMEHEHHEM aJIropuTMoB Ant
Tracking Ha mecropoxaenun Mapnum FOxHOE
yIal10Ch COKPAaTUTh BpeMsl C JECSITH JTHEeH 10
Tpex [2]. Ilpennaraemas aBTOpamMu HEHpOHHas
CeTh MO3BOJSET COKPATUTh CPOK BBHIMIOTHEHUS
paboT 10 HECKOIBKUX JIECATKOB MUHYT.

MeTtoauka, pe3ynbrathbl
n obcyxaeHune

CBeprouHasi HEHpPOHHAs CETh OIUH U3 TIO-
MYJSPHBIX BUJOB HEHUPOHHBIX CETEH TIIyOOKOTO
oOyueHwusi, oOmias uaest paboThl KOTOPBIX 3aKIIIO-
94aeTcsl B BOCIIPOU3BEICHUN MEXaHU3MOB Pa0OThI
OMOJOTUYECKUX 3PUTENBHBIX cucTeM. Pacmo3Ha-
BaHHME W KjiacCU(UKAIMSA OObEKTOB HEHPOHAMH
MPOUCXOAUT MPHU IMOMOILIU CO3JaHHUSI KapT MpH-

GEOINFORMATICS. GEOPHYSICS

3HAaKOB, TIPU JTOM JETEKTUPYEMbIe MPH3HAKH
Ha Ka)XJIOM IOCJIEIYIOIIEeM CI0€ CTAaHOBSTCS BCE
OoJee CIOXKHBIMH.

3amaya BBIIEICHUS PAa3JIOMOB B TEPMHUHOJIO-
TUH aJITOPUTMOB KOMITBIOTEPHOTO 3PEHHUSI SBIISET-
csl 3a/1aueit OmHapHOU Ki1accupuKanuu 00bEeKTOB,
B PaMKax KOTOPOM, IoCIie TPEHUPOBKU Ha 00yda-
I01IeM Ha0ope pa3MEeUeHHBIX TaHHBIX, HEUPOCETh
JOJDKHA OyneT 1mo Habopy HPU3HAKOB BBIJECITUTH
00BEKTHI, OTHOCAIIMECS K pasiomam. [Ipu sTom
dopmMupoBaHUe HaOOpa MPHU3HAKOB, IO KOTOPHIM
O00BEKTBl OMPENENSIOTCS KaK pas3lioMbl, HEipo-
CETh BBIMIOJIHHUT CAMOCTOSITEIIBHO B IpoLecce 00-
y4eHHsI Ha BBIOOPKE TPEHHUPOBOUHBIX JaHHBIX, CO-
JeprKaIIMX MacKu pa3MEUeHHBIX Pa3jIOMOB.

Jlnst perieHus 3a1a4u BEIOpaHa apXUTEKTypa
U-net [3], koTopas Obuia pa3paboTaHa AJis pelie-
HUS CXOXKEH 3amaun OMHApHOW KiIacCU(pUKAINH
U CO3JIaHMsI MAacoK, OTOOpaKalOIIMUX MOJIOKEHHUE
UCKOMBIX OOBEKTOB. B KauecTBe MHCTPYMEHTOB
MOJICTTUPOBAHHS apXUTEKTypsl U-net B posm Mo-
e HEHMpOHHOW CEeTH MNPHUMEHSIOTCS OTKpBI-
teie Oubmnorekn OpenCV u Keras coBmecTHO
¢ TensorFlow Ha 6Ga3e s3bIKa IPOrpaMMHUPOBAHUS
Python.

Pacuetsl BhIMONHsIUCH B cpexe Google
Colaboratory, mpeaocTapistomeil OTKPBITHIN J10-
CTYNl K OTPaHUYEHHOMY O0bEMY OOJIAYHBIX BHI-
YUCIUTEIbHBIX MOIIHOCTEN rpa)uyecKux U TeH-
30PHBIX IIPOLIECCOPOB, KOTOPhIE HEOOXOIUMBI JJISI
OBICTPOTO BBITIOJHEHHUSI PACYETOB AJITOPHUTMAMHU
HEUPOHHBIX CETEH.

AnanTupoBaHHasi cxema apxutekTypsl U-net
npezicTaBieHa Ha puc. 1. /laHHas apxuTekTypa OTHO-
CHUTCS K KJIacCy CBEPTOYHBIX HEHPOHHBIX M3-3a MpHU-
MEHSIEMBIX B HEM METONOB. B Kitaccuueckoi HeMpoH-
HOW CETH, Ha3bIBAEMOM MOJHOCBS3HOW WJIM pErpec-
CUBHOM, MMEIOTCSI BXOTHOM, BBIXOIHOM M CKPBITHIE
CJIOM, KOTOpBIE MPEJICTABISIIOT co00i Habop Helpo-
HOB, CBSI3aHHBIX JPYT ¢ apyroM. Apxutekrypa U-net
HE CONICPKUT TTOTHOCBSI3HBIX CIIOEB, & HIMEET TOJIBKO
KapThl IPH3HAKOB MEXK/TY BXOIHBIM U BBIXOTHBIM CIIO-
SIMH, a TaKXKe si/ipa CBEpPTKU IS MOMYYeHHs U YKpe-
IUICHUS] TIPU3HAKOB MCKOMBIX OOBEKTOB, B JJAHHOM
CITy4ae pas3ioMOB.

JlaHHas apXuTEKTypa Mojyunsa CBOe Ha3Ba-
HHE U3-32 XapaKTepHOU (OPMBI: B €€ JIEBOH YaCTH
MPOUCXOJAT TMOASTalHasi CBEPTKAa TPEXMEPHOTO
Ky0a CeliCMUKHM M TMOHUCK NPU3HAKOB, COOTBET-
CTBYIOLIMX pa3jiomaM. B mpaBoi yactu, B citydae

GEOSYSTEMS OF TRANSITION ZONES, 2023, 7(1)



ABTOomartusauus TpaccupoBKu I'IOBerHOCTeVI pPassioMoB C NoMOLLbO afifOPUTMOB KOMIbIOTEPHOIo 3peHus

Puc. 1. Apxutextypa HEHPOHHOH CeTH.

Fig. 1. Neural network architecture.

0oOHapyKeHHs Pa3JIOMOB, MPOUCXOAUT Pa3BEepPTKa
¢ 0TOOpakeHHEM B COOTBETCTBYIOIIMX sSyeiiKax
BeposATHOCTH (0T 0 10 1) Hanmuuus paziaoma.

[IepBblii aTan — mOHMKEHHE AUCKPETU3AUH.
Apxwurektypa U-net moiaydaeT Ha BXOJ OHOKA-
HaJbHOE TpeXMepHoe H300paxeHue (GUKCUpo-
BAaHHOTO pa3Mepa, KOTOPOE SIBISIETCS CTEINECHBIO
JBOMKY MO IIUPHHE U BBICOTE, C IIENIbI0 COXpaHe-
HUS KXKJOTO THUKCeNIa NMPHU MPUMEHEHUU K U30-
OpaXeHUIO UK KapTaM MPU3HAKOB METOAA OHH-
xkaromed auckperu3anuu (downsampling, nHage
pooling). Ha manHoM sTamne popmMupyroTcs sapa
CBEPTKH, 3aIMOJHSSICH CITyYalHBIMH 3HAYCHUSIMHU
U3 3apaHee ykaszaHHOro nuamnaszoHa. Hag mocry-
MUBIITUM KyOOM MTPUMEHSIOTCS TTOCIIEIOBATEIHLHO
METOJbl JIByX CBEPTOK M TOHMKEHHUS JTUCKpe-
tuzanuu. CMBICT TEpBOro dTama 3aKIuacTcs
B (hOpMUPOBAHUH KapT MPU3HAKOB UCKOMBIX 00b-
€KTOB, COOpPaHHBIX Ha Pa3HBIX YPOBHAX CBOpa-
yiBaHUS, Oarogaps yeMy JaHHas apXUTEKTypa
crocoOHa coOupare Ha W300paKEHUU MPU3HAKH
HCKOMBIX 00BEKTOB, MPEACTaBIAIOIMINE CO00it co-
BOKYITHOCTh Pa3JIMYHBIX T€OMETPUICCKUX (HOpM
U pa3MepOB.

BTopoii aTamn — noBbIIEHNE TUCKPETU3ALUH,
HAa KOTOPOM IPOUCXOIUT BOCCTAHOBJICHHE CO-
OpaHHBIX Ha TIEPBOM 3Talle MPHU3HAKOB MCKOMBIX
00BeKTOB Ha n300pakenuu. [Ipumensiercs nocne-
JIOBAaTEIHbHO METOJ] TPAHCIIOHUPOBAHHOW CBEPTKHU

TEOUH®OPMATUKA. [EOPU3UKA

M KOHKAaTeHAllMU KapT MPU3HAKOB C IIEPBOTO 3Ta-
1a Ha COOTBETCTBYIOIIEM YPOBHE BTOPOIO dTarma.
bnaromapst aTomy npoucxoaut cOop BOCCTaHOB-
JICHHBIX Ha BTOPOM JTane OCOOEHHOCTEH HCKO-
MBIX 00BEKTOB Ha H300pakeHUH (TI0CIIE TPAHCTIO-
HUPOBAHHOM CBEPTKM Ha BTOPOM 3Tale METOa),
a TaKXe OCOOCHHOCTEH HMCKOMBIX OOBEKTOB Ha
M300paXeHUH C IEPBOTO JTara.

OnHUM U3 CyIIECTBEHHBIX JTOCTOMHCTB JIaH-
HOU ceTH sBisieTcsl ee BbICOKas 3(PPeKTUBHOCTD
npu oOy4eHHH Ha HEOONBIION BBIOOPKE TPEHU-
POBOYHBIX JaHHBIX, YTO TOATBEPXKACHO €€ HC-
MOJIb30BaHUEM B OMOMETUIIMHCKHUX LENSX, JUISA
KOTOPBIX XapaKTepHa MpoOiiemMa HEXBAaTKU MpH-
MepoB it o0yderust moaenei [3]. s oOyduenus
HEHpOCeTH, aBTOMATH3UPYIOLIEH TpacCUpPOBKY
MOBEPXHOCTEH pas3jIOMOB, aBTOPHI HCIIOJbB30-
Bai HaOop u3 200 CHHTETUYECKH CTECHEPHPO-
BaHHBIX KyOOB ceiicmMuku (puc. 2) pa3mepamu
128x%128x128 nukceneid, B CBI3Ke ¢ pa3MEUEHHbI-
MU KyOamu paznomoB. Eme 20 ky0oB mncmnonb3o-
BaJIMCh JJIs BaluIaluuu pe3ynsraroB. Habop nan-
HBIX OBUT B3SIT U3 OTKPBITHIX UCTOYHHUKOB [4].

OOyueHue HeWpoceTH MPOBOAWIOCH B Te-
yenue 50 snox (puc. 3), B mpoiiecce Mmo3TanHoi
00paboTKN KyOOB TPEHUPOBOYHBIX JTAHHBIX, KO-
TOpBIE TOCIIE0BATEIBHO 3arPyKaIUCh B MOZAEIH
c uenbio (GopMHUpPOBaHMUS KapT MPU3HAKOB IS
pacrio3HaBaHus paziaoMoB. OOydeHue Mpoucxo-
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Puc. 2. [IpyMep CHHTETHYECKH CTEHEPHPOBAHHBIX KyOOB CEHCMUKH.

Fig. 2. Examples of synthetic seismic cubes.

JTJIO IyTEM NMPUMEHEHHS MeTo1a 0OpaTHOro pac-
MPOCTPAaHEHHs OIIMOKHU KJIacCH(PHUKALUU OOBEK-
TOB [5], 4TO MO3BOJIMIIO HACTPOUTH BECa Mapame-
TPOB JIJIsi KOPPEKTHOTO PaCIO3HABAHUS PA3JIOMOB.
B pesynbrare Obli1a JOCTUTHYTA TOUHOCTH B 95 %
Ha TPEHUPOBOYHBIX U 93 % Ha BanUIAIMOHHBIX
KyOax. TodHOCTH cumTanach Kak oOpaTHas Be-
JMYMHA OMIMOKU — MPOIIEHT MUKCEJIeH, COOTBET-
CTBYIOLLIUX pa3jioMaM, KOTOpbIE HE ObLITU KOPPEK-
THO Pacro3HaHbl MOJICJIBIO.

[lepBuunasi mpoBepka pabOTOCTIOCOOHOCTH
MPOBOIMUJIACH HA TECTOBBIX MACCHUBAX celicMmue-
CKUX JAaHHBIX, KOTOpPbIE€ HE HCMOJIb30BAINUCH IS
€€ TPEHUPOBKH, U CETh YCICUTHO BhIICTHIIA pa3-
JoMbl (puc. 4). Pesynbsrupyrommii Kyo npeacTas-
JSeT co00i TpEeXMEpHOE MPOCTPAHCTBO, BHYTPH
KOTOpOTO OTOOpa)keHa BEPOSTHOCTb HAJIUYUS
pa3noma B Kaxaod Touke KyOa. BepostHOCTh
MpeJCTaBlIeHa AUana3oHoM 3HadeHui ot 0 go 1,

Puc. 3. I'padyk 3aBUCMMOCTH TOYHOCTH MOJIEIH OT KOJITYECTBA 3TOX.
Fig. 3. Graph of model accuracy versus the number of epochs.

GEOINFORMATICS. GEOPHYSICS

0TOOpakaroIIUM CTENEeHb JIOCTOBEPHOCTU BBIJE-
JICHHsI pa3ioMa B KOHKPETHOM TOYKeE.

Jlnst TecTUpOBaHUS CIIOCOOHOCTH HEHPOCETH
BBIJICJIATH PA3JIOMbl Ha TOJIEBBIX JAHHBIX HCIIOb-
30BaJIMCh KyObl CEHCMUYECKUX JIaHHBIX, B3ATHIX U3
OTKPBITBIX HMCTOYHHKOB: CEHCMHUYECKHE JaHHbBIC
onoka F3 ma mensde Hunepmannos [6] u baii-
KaJIbCKOTO MecTOpokaeHus (Ha cyiue) [7]. Paznu-
YKsl yCIOBUN reo(U3NUYEeCKUX HCCIIEAOBaHUN IO-
3BOJISIFOT B MOJIHOM Mepe OLIEHUTh MPUMEHUMOCTb
HelipoceTel, 00y4YeHHBIX HA CHHTETUYECKUX JIaH-
HBIX, TPACCHUPOBATh Pa3jIOMbl Ha CEHCMHYECKUX
Ky0ax, MONyYeHHBIX B PE3YyNbTare IMOJEBBIX HC-
crenoBaHuid. VX CyIeCTBEHHBIM OTIIMYUEM SIBIISI-
€TCsl TIOJIBEPKEHHOCTh OOJIBIIIOMY KOJIMYECTBY Kak
€CTECTBEHHBIX — MIPUPOIHBIX, TAK U TEXHOTCHHBIX
1IOMeX, KOTOpbIE HE BCET/A B ITOJTHOM Mepe y1aeTcs
YIQIUTH B TIPOIIECCE MOCTEAYIOIeH 00paboTKH.

Helipocers, wucnone3yromas aaropuTMbl
KOMITBIOTEPHOTO 3pEHUsl, YCIIEIIHO CIpaBUiIach
¢ 3ajaueil OMHApHOW KiIacCU(pHUKAIMK OObEKTOB
Ha KyOe ceiicMuueckux qanHbIx 61oka F3 (puc. 5)
pazmepamu 512x312x128 nuxcenedt (MCXOIHBIH
KyO ObLT 00pe3aH Al COKpalleHHsi BpeMEHHU pac-
yeta). Bpems pacuera coctaBuiio 27 muH. OnHa-
KO HeHpoceTh Kiaccu(uuupoBasia KaK pas3IOMBI
OT/IETIbHBIE TUHEWHbIE 00BEKTHI, KOTOPHIE HA Ca-
MOM JeJi€ SIBIIAIOTCA IIyMaMmH. B nanpHeiiiem
Takhe 00BEKThl MOXKHO YJAINUTh, 100aBUB J0MOJI-
HUTEJIbHYI0 (UIBTPAIMIO BBIXOAHBIX JaHHbIX,
K [IpUMepY, T0 MUHUMAaJIbHOW JUTMHE Pa3pbIBHOTO
HapyIICHUs, B pe3yjbTaTe 4ero OyayT yHalleHbI
BCE€ JINHEHHBIE OOBEKTHI, IJIMHA KOTOPHIX MEHb-
me 3agaHHoro 3HadeHus. Crenyer OTMETHTH
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Puc. 4. [Ipumep BbIIeNeHNS Pa3IOMOB Ha KyOe CHHTETHUECKOH CeHCMUKN (13 BAJIUAALIIOHHON BEIOOPKH).

Fig. 4. Example of faults mapping on synthetic seismic cube (from validation dataset).

BBICOKOE KauecTBO ceiicMuku Onoka F3, yto xa-
pPaKTepHO JUISI TeO(PHU3MUECKUX HCCIIETOBAHUH,
NPOBENEHHBIX Ha menbpe M TOABEPKEHHBIX
MEHbILIEMY KOJIMYECTBY IOMEX IO CPaBHEHMIO
C Ha3eMHBIMH UCCIIEIOBAaHUSAMU.

[lepBass mombBITKA BBIJIEIEHUS PA3JIOMOB
HelpoceTblo Ha KybOe celicMuku baiikanbckoro
MECTOPOXKIEHH (TaKXKe YMEHBILIEHHOIO 10 pas-
MepoB 512x384%384 nukceneil) He yBeHYaIach
YCIIEXOM H3-332 3HAUUTENHHOIO KOJIWYEeCTBa MIy-
MOB, KOTOpbI€ He OBUIM B MOJTHON MEpe YIaJIeHBI
B Mmpoliecce 00paboTKU W HMHTEPIPETHPOBATHCH
QJITOPUTMOM Kak paziomsl (puc. 6). IlombiTka
CHHU3UTh KOJIMYECTBO OIIMOOYHO MHTEPIIPETHUPO-
BaHHBIX PA3JIOMOB 3a CUET y/IaJeHUs BCEX SUEEK
C BEpPOATHOCTHIO Hanuuus paznoma menee 0.9 %
HE TpUBeNa K 3HAYUTEIbHOMY YIyUIIEHHIO KO-
HEYHBIX PE3YJIbTaTOB.

s pemienuss mpoOsieMbl BBIJICIEHUS pas-
JOMOB Ha baikaabCKOM MECTOPOXICHHUU ObLTH
MPENPUHSTHI CIEAYyIomue maru: 1) Obul yMeHb-
IICH IMaTa30H 3HAYEHUH aMIUTUTY OTPaKAIOIINX
ropu3oHTOB: ¢ (—15000) — (+15000) no (—6000) —
(+6000), ¢ mocieayromKM MPONOPLHOHATBHBIM
MEePEeCcCUyeTOM BCEX 3HAUEHUN B MCXOIHOM KyOe
CEHCMUKH, YTO MOBBICUIIO KOHTPACTHOCTh N300pa-
XKEHUs; 2) ObLI pacCUMTaH JOMOTHUTEIbHBIN KyO
KOTE€PEHTHOCTH |8 ], KOTOPBIN MO3BOJISET BbIICTUTh
HECOOTBETCTBUE CUTHAJIA I10 JIaTePaIu U yKa3blBa-
€T Ha HEOJHOPOJHOCTH CEHCMHMYECKOro MoJsl, 00-
YCIIOBJICHHBIE BIUSTHUEM 30H pasziioMoB [9]. B pe-
3yJbTaTe MOSBUIACH BO3MOXKHOCTH HCIIOJIb30BaTh
HEeNpOCeTh Ui TPACCUPOBKHU Pa3IOMOB B MacCCHBE
JAHHBIX aTpUOyTa KOTEPEHTHOCTH U TIOCIIE TIPUMeE-
HSITh MaTeMaTHUYECKUE OTNEPALIUH JIJIsl TIOBBIILICHUS
JIOCTOBEPHOCTH MX paclio3HaBaHUSI.

Puc. 5. [Ipumep BbIIeneHus pa3inoMoB Ha Kybe celicmuku 6110ka F3 Ha menshe Hunepiaanmos.

Fig. 5. Example of fault mapping on the F3 seismic cube on Netherlands shelf.

TEOUH®OPMATUKA. [EOPU3UKA
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Puc. 6. IIpumep BeIIEICHHS pa3IOMOB Ha KyOe celicMUKH baiflkaibCKOTO MECTOPOXKACHMSL.

Fig. 6. Example of fault mapping on the seismic cube of Baykalskoye field.

[Tocne 00paboOTKM TMOJNY4YEHHBIX KyOOB
(puc. 7) oTMEUYEHO TOBBHIIICHUE KauyeCcTBa BhIJC-
JICHUS Pa3JOMOB M YMEHbIIIEHUE OIIMOOYHO WH-
TEPIPETUPOBAHHBIX OOBEKTOB Ha KyOe CEHCMHUKHU.
Ha xyGe korepeHTHOCTH pe3yibTaThl paclo3HaBa-
HUS PA3JIOMOB 3HAYUTEIBHO XYK€, UTO OOBSACHS-
€TCsl TPEHUPOBKOM MOJIENU 71l TPACCUPOBKHU pas3-
PBIBHBIX HApYIICHUH Ha CEHICMUYECKUX KyOax.

Hanuuue nonomHutenbHOro Kyba paszioMoB
n00aBIIsIeT BApUATUBHOCTH JAIBHEUIITM TIpeoOpa-
30BaHUSAM. B 4aCTHOCTH, MBI CIIOXKHIU KyObI pa3-
JIOMOB, UHTEPIPETUPOBAHHBIX HA KyOax CEMMUKHU
U KOTE€PEHTHOCTH, MOAETWIN PE3YIbTHPYIOLIYIO
MaTpHIly Ha Ba ¥ yAAJIUIN BCE TOUYKH C BEPOSTHO-
cThI0 Hauus pasziaoma meHee 0.9 (puc. 8). Takum
00pa3oM yaanoch MOBBICHTH TOCTOBEPHOCTH BbI-
SIBIICHUSL PaspbIBHBIX Hapymenuil. Hemocrarkom

TaKOTO TIOJXO/A SIBIISICTCS YBEJIMUYCHHE BPEMEHH
pacyeToB B JiBa pasza M3-3a HEOOXOAMMOCTH 0Opa-
OOTKU TOTIOTHUTEIHHOTO Ky0a.

O6paboTka HEWPOHHOM CETHIO JOMOJHU-
TEeIIBHOTO0 Ky0a aTpuOyTa KOT€PEeHTHOCTH II0-
3BOJIIET TOBBICUTH Ka4eCTBO HWHTEPIPETALNH
pPa3JOMHONM TEKTOHUKHA Ha CEMCMUYECKHUX JIaH-
HBIX HH3KOTO KadecTBa. Jlake yBeIW4YeHHOE
B J1Ba pa3a (¢ 27 no 54 muH) BpeMs oOpabOTKH
B JICCATKHA pa3 MEHBIIE MO CPaBHEHHUIO C Tpa-
TUITMOHHBIMA METOJaMH PYYHOH TPaCCHPOBKH
Pa3IoOMOB MHTEpIIpETaTOpaMU, a pe3yJIbTaT 3Ha-
YUTENbHO JAeTalbHel. TpagunmoHHo mpu Tpac-
CHUPOBKE Pa3IOMOB HHTEPIIPETATOPHI OTMEUAIOT
uxX Ha KaxxgoMm 5-10-15-M celicMHYECKOM H30-
OpakeHUHU, HePOHHAs CeTh 00pabdaThIBaeT KaX-
o€ U300paKEHUE W TOYHO CIIEYyeT TeOMETPHH

Puc. 7. [IpymMep BbIIeICHUS PAa3IOMOB Ha IIEPECYUTAHHOM KyOe ceiicMukn balikaibckoro MecTopoxkeHus 1 KyOe KOrepeHTHOCTH.

Fig. 7. Fault mapping on the recalculated seismic cube of the Baykalskoye field and coherence cube.

GEOINFORMATICS. GEOPHYSICS
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Puc. 8. Pe3ynsTar TpaccHpoBKH pa3IoMOB IOCNIE MAaTEMATHIECKOTO PeoOpa3oBaHus KyOOB pa3phIBHBIX HAPYIICHHUH, BBIIBICHHBIX Ha KYy-

6ax ceiiCMUKH M KOTePEHTHOCTH.

Fig. 8. Result of fault tracing after mathematical transformation of the discontinuity cubes identified on the seismic and cogerence

cubes.

Kaxxoro pazioma. [loBbleHue ckopoctu oOpa-
OOTKM HEHPOHHON CEThI0 KyOOB CEHCMUYECKHUX
JaHHBIX MOXET OBITh JOCTHUTHYTO IyTeM HC-
NOJIb30BaHUs 00Jiee MOLTHBIX BBIYMCINTEIBHBIX
MPOIECCOPOB C OombIIMM 00BEMOM Tpaduye-
CKOM mamsTu. ABTOpaM yaanoch AOOUTHCA CO-
KpalleHus: BpeMeHu pacuera ¢ 54 1o 9 MuH my-
TEM HCTIOIb30BAHMS PEMUYMHBIX TpadudeCcKux
MPOLIECCOPOB BMECTO CTaH/IaPTHBIX.

BbiBoabl

B pesymbrare amantanuMu apXUTEKTYpPhI
cetu U-net K pelIeHUIO 3a/1ad TPACCUPOBKH T10-
BEPXHOCTEH pa3IoOMOB Ha Ky0ax CEHCMHUYECKUX
MaHHBIX JI0OKa3aHa CIOCOOHOCTh HelpoceTeit
pacno3HaBarh pas3yiombl. HecMOTpst Ha HCIOJNb-
30BaHUE CHHTETUYECKHUX KyOOB JIJIsi TPEHUPOBKHU
HEUPOHHOW CETH, OHA YCIEIIHO CIpaBHJIACh C
3a/1a4eil pacro3HaBaHHs Pa3lIOMOB Ha pasnny-
HBIX TI0 Ka9€CTBY U yCIIOBUSIM MPOBEACHUS Te0-
¢u3nUecKux HUcciel0BaHUM Ha KyDOax celcMu-
YECKHUX JTAaHHBIX.

ABTOpaMu BBISIBJICHA MPoOIeMa TPaCCUPOB-
KU Pa3JIOMOB HEHPOCEThIO HA CEHCMHUYECKUX JIaH-
HBIX, MIOJYYCHHBIX B pe3yibraTe reopu3nuecKux
pabot Ha cymie. Takue paboThI SBISIIOTCS OoJiee
CJIOKHBIMHU JUJIs IPOBEJICHUS, YeM Ha 1ienbde, 13-
3a reoMop(OJIOTHH, TPAHCIIOPTHOM JOCTYITHOCTH,
MCXOJIHBIC TAHHBIE TIOABEPIKEHBI OOJIBIIIEMY KOJIU-
YECTBY TEXHOTCHHBIX U €CTECTBEHHBIX MTOMEX, KO-
TOpBIE HE BCET/Ia B MIOJIHOM Mepe yAaeTCs yAaluTh
B pe3yJbTaTe MoCleAyoIe 00paboTKy.

TEOUH®OPMATUKA. [EOPU3UKA

[IpeanoxkeHbl MyTH peLIeHUs MPOOIEMBI:
YMEHBILIEHUE IMalla30Ha aMIUIUTY/L JUIs [TOBBIILIE-
HUSl KOHTpacTa M300pakeHUs U HUCIOJIb30BaHHE
KyOOB aTpuOyTOB, € MOCIEAYIOIIUMU MaTeMaru-
4eCKUMU IIPeo0pa3oBaHUsIMU KyOOB pa3IOMOB.

Hamiune nononHuTeNnbHbIX KyOOB paciupsieT
ZMana3oH BO3MOMKHOCTEM HMHTEpIpeTaropa, KOTo-
PBIil MOXET BbIOpaTh KyO pa3inoMoB, HanboIee To4-
HO OTPAXKAIOILHUH CYIIECTBYIOLINE TU3bIOHKTHBHbIE
HapyUIEHUs], UM POBECTH JaJIbHENIIHE Ipeolpa-
30BaHMs, B 3aBUCMOCTH OT LIeJIeH HCCIIeIOBaHUSL.
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CopepxaHue MUKPOSNEMEHTOB B MbILLIEYHOW TKaHU
HEKOTOPbIX BUAOB rMMapPOOGUOHTOB M3 OXOTOMOPCKNX BO/,
ceBepo-BocTo4HOro CaxanvHa

0. H. Ilonmes™, T. I Kopenesa, B. E. Mapuvioxcuxun, U. B. Coipoy
*E-mail: y.poltev@sakhniro.ru

Caxanunckuii punuan Bcepoccuiickoeo HayuHO-UCCIe008AMENbCKO20 UHCIUMYMA PblOHO20 XO3SLCMEa
u oxeanoepaguu (CaxHHUPO), FOxcno-Caxanunck, Poccus

Pe3rome. [Iposenena onenka conepkanus Fe, As, Cu, Mn, Cr, Ni, Pb u Cd B MbIIII[ax HEKOTOPBIX BUIAOB THAPOOH-
OHTOB U3 OXOTOMOPCKHUX BOJ ceBepo-BocTounoro Caxanuna: MmuHrtas (Gadus chalcogrammus Pallas, 1814), kambabt
x000THOW (Limanda proboscidea Gilbert, 1896) u xambainbl ceBepHOU nantycoBuaHou (Hippoglossoides robustus
Gill&Townsend, 1897), xpaba-ctpuryna ommnmo (Chionoecetes opilio (O.Fabricius, 1788)). YV kpaba-crpuryHa,
B OTJIMYHE OT PBIO, TOCTOBEPHO BbIle KoHIeHTpauuu Fe u Cu, a y peib oTHOcUTeNnbHO Kpaba-cTpuryHa — Pb. C kam-
Oanmamu y Kpaba-CTPUTyHA M0 COAEPKAHUIO MUKPOIIIEMEHTOB PAa3IM4Uil HE BBISIBICHO, a 110 OTHOIIECHHIO K MUHTAIO0
y HEro J0CTOBepHO Bhiiie koHneHTpanuu Fe, Cu u Hg u Hmke — Pb. Y kambai e 10 CpaBHEHHUIO C MHHTAEM BBIIIIE
conepxanue Fe. Kornentpauuu Pb, Cd, As n Hg sBisrorcs 6e30macHBIMHA IO THTHEHHYECKIM TPEOOBAHUAM K TTH-
IIEBBIM MPOIYKTaM M MOT'YT KOCBEHHO yKa3bIBaTh Ha OIArOMPHUATHYIO YKOJIOTHYECKYIO 00CTAHOBKY IO COACPIKAHUIO
HOPMHPYEMBIX TOKCHUYHBIX JJIEMEHTOB B BOJIaX CeBepo-BoCTOuHOro CaxasnHa.

KnrouyeBble cnoBa: MUKPO3JIEMEHThI, aTOMHAst a0COpOIUs, THAPOOHOHTHI, MBIIIIIEI, OXOTCKOE MOpE

The content of trace elements in the muscle tissue of some
species of aquatic organisms from the Sea of Okhotsk waters
of Northeastern Sakhalin

Yury N. Poltev*, Tatyana G. Koreneva, Vsevolod E. Maryzhikhin, Irina V. Syrbu
*E-mail: y.poltev@sakhniro.ru

Sakhalin Branch, Russian Federal Research Institute of Fisheries and Oceanography (SakhNIRO),
Yuzhno-Sakhalinsk, Russia

Abstract. The content of Fe, As, Cu, Mn, Cr, Ni, Pb and Cd in the muscles of some aquatic organism species from the
Sea of Okhotsk waters of Northeastern Sakhalin was estimated: walleye pollack (Gadus chalcogrammus Pallas, 1814),
longhead dab (Limanda proboscidea Gilbert, 1896) and Bering flounder (Hippoglossoides robustus Gill & Townsend,
1897), snow crab (Chionoecetes opilio (O.Fabricius, 1788)). The concentrations of Fe and Cu are reliably higher in the
snow crab, in contrast to fish, and Pb concentration is higher in fish relative to the snow crab. There was no difference in
the content of trace elements between the flounders and snow crab, and in relation to the walleye pollock, the snow crab
has reliably higher concentrations of Fe, Cu, and Hg and lower ones of Pb. The content of Fe is higher in the flounders
compared to the walleye pollack. The concentrations of Pb, Cd, As and Hg are safe according to the hygienic require-
ments for food products and may indirectly indicate a favorable environmental situation in terms of the content of regu-
lated toxic elements in the waters of northeastern Sakhalin

Keywords: trace elements, atomic absorption, aquatic organisms, muscles, Sea of Okhotsk
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BnarogapHocTu

ABTOpLI 6naroaap;1T YBaXXaceMbIX PCIICH3CHTOB 3a KOHCTPYK-
THUBHBIC 3aMCUYaHuA, CHOCO6CTBy10HII/Ie YIY4IICHUIO I[aHHOﬁ
MyOJIMKaWY U TTOJIE3HBIE JUIsl TAIbHEHIIed paboThI.

BBepeHue

CeBepo-BocTouHblii menabdp o. CaxanuH —
TPaJULMOHHBIN paiioH MpOMBICIA IEJIOr0 psja
00BCKTOB, Takux Kak wmuHtail Gadus chalco-
grammus, OproxoHorue moiocku Gastropoda,
rpeHsianjickas kpeBetka Lebbeus groenlandicus,
konmouuit kpad Paralithodes brevipes n kpal-
ctpuryH onuiuo Chionoecetes opilio. Kpome Hux
00bEKTaMU MPOMBIIIJICHHOTO H JIFOOUTEIHCKOTO
JIOBa SIBIISIIOTCS M IPYTUE BH[BI, TTOJIB3YIOMINECS
Ha pBIHKE cripocoM. Bompock! 6e30macHOCTH TH-
IpOOMOHTOB, HCITOB3YEMBIX YEJIOBEKOM B ITHIILY,
B YaCTHOCTU OTHOCUTENIBHO COJEp)KaHUS TOK-
CHYHBIX DJIEMEHTOB, SIBISIFOTCS AaKTyaJbHBIMH,
TaK KaK MMEIOIIMeCs JaHHBIEe 10 3TOMY paiioHy
OTPaHUYMBAIOTCS CBEACHUSMH IO IOXKHOM Jajib-
HEBOCTOYHOW IMMpoKoIoOke Megalocottus plat-
ycephalus taeniopterus, TalbHEBOCTOYHON HaBare
Eleginus gracilis n 38e3q4atoit kam6ane Platich-
thys stellatus Heriickoro 3amuBa [1, 2, 3]. Brep-
BbI€ MOJIyYE€HHBIE HAMH JTaHHBIE TIO COJIEPIKAHUIO
MHUKPOAJIEMEHTOB B OTJICIIbHBIX BHaX MOYKHO HC-
M10J1b30BAaTh B JAJIbHEHIINX MOHUTOPUHTOBBIX HC-
CIICZIOBAHHSX.

Llens pencTaBIeHHOM PaOOTHI — ONIPEACIUTD
YPOBHHU COAEPKaHUSI MUKPOIJIEMEHTOB B MbIIIICY-
HOW TKaHW WCCJIECJOBaHHBIX TMPOMBICIOBBIX TH-
JIpOOMOHTOB, a TaKXe JaTh CAaHUTAPHO-TMTHEHU-
YECKYIO0 OIEHKY MX KaueCTBa OTHOCHTEIBHO CO-
JepkaHNsl HOPMHUPYEMBIX TOKCHYHBIX SJIEMEHTOB.

MaTtepuanbl u metoabl

MartepuanaoM sl HACTOSIIETO HCCIEI0Ba-
HUS CITY)KHJIa MBIIICYHAs TKaHb THIPOOHOHTOB,
OTJIOBJICHHBIX B X0Jl¢ Hay4yHOU cbeMku Ha HUC
«Amutpuii IleckoB» B utone 2020 r. B oxoro-
MOPCKHX BoOJax ceBepo-BocTouHoro CaxanamHa
(cM. pucyHOK). OpyaueM JioBa ObUT TOHHBIH Tpadl.
Y xambanel xo0otHOU Limanda proboscidea
Gilbert, 1896 orobpanu aBe MpoObI MBIIIEYHOM
tTkaHu (1 oT omHOM ocobu, camiia, 1 0OBETUHEH-
HYIO TI0 TPEM caMKaM), KamOaJibl CeBEPHOM Taj-
tycoBungHou Hippoglossoides robustus Gill &

Acknowledgments
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comments allowed to improve the text of this article.

Townsend, 1897 — oany mpoOy (0O0BeIUHEHHYIO
0 4eTblpeM 0co0siM, camkam), MuHTass Gadus
chalcogrammus Pallas, 1814 — ueTbipe mpoOBI
(1 or omHO# ocobu, | OOBEAMHEHHYIO OT Tpex
caMOK, 2 OOBeAMHEHHBIE OT YETBIPEX O0COoO0eH
(4 camioB U 4 camoK), Kpaba-CTpUr'yHa OIUJINO
Chionoecetes opilio (O.Fabricius, 1788) — nBe
(o omHOM 0cOOM U3 IByX pa3HbIX YIOBOB B JIaH-
HOM paiioHe, camubl). Jmuny peiO, FL, n3Mepsiu
no CmuTy (OT BEpIIMHBI phljia A0 KOHIIA CPETHUX
Jy4ei XBOCTOBOTO IJIaBHUKA). Y Kpaba-cTpuryHa
OIMWJIMO MBIIIICYHYI0 TKaHb OTOMpaiu U3 (anaHr
XOJIMJIBHBIX HOT, Y PbIO — M3 y4acTKa, PacroIoKeH-
HOTO y OCHOBaHHS CIMHHOTO IUIaBHUKA. TKaHH
0TOMpaIN U U3METBYAIU IPU MOMOIIN KepamMmHuye-
CKOro HOXka. B cimyyae oObelMHEHHBIX TPOO paB-
HBIE JI0JIM W3MENTFYCHHBIX TKaHEH OT OTIENbHBIX
0oco0eil TOMOTeHH3UPOBAIM C HCIIOIB30BaHHUEM
dapdopoBEIX CTYIKHA U TIECTHKA IO OIXHOPOTHON
Macchl. JIo orbopa TkaHel THAPOOUOHTHI XPaHUITH
B MOpO3WIbHOU Kamepe npu Temmneparype —20 °C.

Jns MuHepanu3anuu u3 mpod oTOupaiu Ha-
BecKky Maccoi 1 r ¢ Tounoctsto a0 0.01 r s
ompeneneHuss Hg B TKaHSAX HMCIONB30BAIN «3a-
KPBITBII» COCO0 Pa3/ioKeHUsI HABECOK CMECHIO
KHUCTIOT (CepHOM M a30THOI) W MepMaHTraHara Ka-
musi*. Jlna onpenenenns Fe, Pb, Cd, Cu, Cr, Mn,
Ni u As mpuMeHsUIH CIIoco0 «MOKpOiD» MUHepa-
JU3allM HAaBECOK B MHUKPOBOJIHOBOM mieun [4].
Konnentpamuu Pb, Cd, Cu, Cr, Mn, Ni u As u3-
MepsIM aTOMHO-a0COPOIIMOHHBIM METOJIOM B pe-
KUMe deKTporepMuueckoit aromuszanuu (GFAA)
Ha criektpodoromerpe Shimadzu AA-6800 ¢ rpa-
¢uTOBOM TEUbI0 M KOppeKIHen (oHa HAa OCHOBE
apdexra 3eemana. Konnenrpamuu Fe usmeps-
JIM 9TUM K€ METOJIOM, HO B IJITAMEHHOM PEXHME
¢ nenrtepuenoil koppekuueit pona (FLAA). Co-
nepxkanue Hg onpenensiim METoIoM «XOJIOIHOTO
napa» (CVAA) c ucCnonb30BaHUEM NPHUCTABKU
MVU-1A « cnekrpodoromerpy AA-6800. Tou-
HOCTb U3MepeHui cocrasuna g Fe u Hg 20 %,
Pb u Cu 25 %, Cd 26 %, As u Mn 32 %, Cr 34 %,
Ni 36 %. [na rpanyupoBku cnekTpodoTomerpa

* MYK 4.1.1472-03. AToMHO-aGCOpOLIMOHHOE ONpE/IeICHIe MacCOBOM KOHIICHTPALUH PTYTH B OHOMaTepHalax >KHBOTHOIO ¥ PACTUTEIIEHOTO HPOUCXOXKIIE-
HU (MHUIIEBBIX MPOAYKTax, kKopMax u ap.). 2003. Toctyn uz UMC «Texakenept». https:/files.stroyinf.ru/Index2/1/4293830/4293830517.htm (nara obOpare-
Hust 04.06.2022). [MUK 4.1.1472-03. Atomic absorption determination of mass concentration of mercury in animal and plant origin biomaterials (alimentary
products, feed, etc.). Available from IRS Techexpert. https://files.stroyinf.ru/Index2/1/4293830/4293830517.htm (accessed 04.06.2022). (In Russ.)]
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Cogep}KaHl/le MUKPOJJIeMEHTOB B MbILLEYHOV TKaHu HEKOTOPbIX BUAOB I'M,qu6I/IOHTOB N3 OXOTOMOPCKUX BOA

U KOHTPOJISI TOYHOCTH PE3YyJIbTaTOB U3MEPEHMI
NPUMEHSUIM  CTaHAapTHble 00paslbl  yTBEPXK-
nennoro tuna — ['CO 7330-96 cocrtaBa pactBo-
pa nonos metamioB (Fe, Cd, Mn, Cu, Ni u Pb),
I'CO 7264-96 cocraBa pactBopa noHOB As(III),
I'CO 7781-2000 cocrasa pactBopa nonon Cr(VI),
I'CO 8004-93 cocraBa BOZHOTO pacTBOpa HOHOB
Hg. OmnepartuBHBIII KOHTPOJIb pE3yJabTaTOB W3-
MEpPEHUI MPOBOIWIN AJI KaXJ0W MapTUH 1poo,
CpaBHUBAsI PE3yJIbTAaThl U3MEPEHUM pa3IeICHHOMN
Ha JIB€ YaCcTHU KOHTPOJIBHOW MpPOOBI TUApOOHOH-
TOB C HOPMAaTUBOM ITPOMEXYTOYHON NPELU3HOH-
HocTU. KOHTPOIIb NPAaBUIIBHOCTH U3MEPEHUH OCY-
IIECTBJSUIM C MCIIOJB30BaHHEM pabodux Mpoo,
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YdacTok 0T00pa rHApOOHOHTOB B BOAAX
ceBepo-BocTouHOro CaxanmHa.

Aquatic organism sampling area in the waters
of Northeastern Sakhalin.

konorus

B KOTOPBIE BBEJICHBI H3BECTHBIE JOOABKHU 3JIEMEH-
TOB, NPH BHEIPEHUU METOIUK U OICHUBAHUU Xa-
PaKTEPUCTHK TOTPEITHOCTH M UX COCTABIISIONIHX.
[Tpo6onoAroTOBKY M aHAJIN3 KOHTPOJIBHBIX MPOO
MPOBOAMIN TApaJIENIbHO € MPOOOIOATOTOBKOM
Y aHAJIM30M peabHBIX MPo0.

JIOCTOBEPHOCTh CPAaBHHUBAEMBIX PA3IUYHNA
orieHuBaiu no t-xkpureputo Creronenta (P < 0.05)
C WCIIOJI30BaHMEM IMaKkeTa MPUKIAIHBIX MpO-
rpamM Excel.

PesynbraThbl n obcyxaeHue

Kamobana xooomnasa. Hamu wuccnenoBa-
BB camer] FL = 17.4 cm n maccort 189 r u cam-
ku FL = 22.7-27.3 cm (25.3£1.4 cm) u maccoit
134-203 1 (175£21 r). Bce pbiObl ObuUIM OTHe-
pectupmmecsi. Bo3pact peid He omnpenensiu.
CornacHo nUTEpaTypHbIM HCTOYHMKAM [5], mac-
COBOE CO3peBaHHE BUAA HAOMIOJAETCS y CaMIlOB
¢ FL = 18.7-19.7 cm, B BO3pacte 3.4—4.6 ner,
ay camok ¢ FL = 23.5-26.8 cMm, B BO3pacte
4.8-6.9 ner. KoHueHTpamum MHUKPOIIEMEHTOB
B MBIIICYHON TKaHU caMIla U CaMOK OBLIH COIIO-
cTtaBUMbl. MIX MakcUMajbHBIC 3HAYCHUS MPUXO-
nsates Ha Fe (6.5 u 5.8 MI/Kr cbIp. Macchl y camiia
U CaMOK COOTBETCTBEHHO), MUHHUMAJIbHbIC — Ha
Pb (mo 0.1 mr/kr ceip. maccel) (Tabm. 1). Panee
COZIep’)KaHNEe MHUKPOIEMEHTOB B JIaHHOM BH/JIC
Kam0aJl He UCCIIEI0BAIIOCH.

Kambana cesepnasa nanmycoeuonas. Mac-
COBO€ CO3pEBaHHE BHUA MPOUCXOJUT y CaAMIIOB
¢ FL = 15.5-20 cm, B Bo3pacte 3.4 rona, y ca-
MOK ¢ FL = 20-24.4 cm, B Bo3pacte 6.3 roxa [5].
FL wuccnenoBaHHbIX HaMu 4 HEMOJIOBO3PEIBIX
caMOK BapbHpoBana B mpexaenax 21.5-27.0 cm
(22.9+1.3), macca Tena — 86—-143 r (103+13).
MakcuMalibHbl€ 3HAUE€HUSI KOHIIEHTpALMM, Kak
1 y kKam0aiel X000THO#H, OTMe4eHb! 1yt Fe, MuHU-
manbHbie — 171 Pb (3.8 1 0.004 Mr/kr chIp. Macchl
cooTBeTCTBEHHO). ConepkaHue MUKpPOIIEMEH-
TOB B KaM0aJjie CeBEpHOI MaJITyCOBUIHON paHee
HE UCCIIEA0BAJIOCh.

Munman. Cpenusis FL m macca camiioB
B TpaJIOBBIX YyJOBax Yy ceBepo-BocTouyHoro Ca-
XanuHa cocTtaBistior 37.5 cm m 4513 1, ca-
MOK —44.5 cm u 721.9 r coorBeTcTBEeHHO. Macco-
BOE CO3PCBAHKE MUHTAS B PAiOHE TPOUCXOTUT ITPH
nocTuxkeHun Bo3pacta 4-5 net (FL 34.7-39 cwm,
Macca 284-402 1) (MO COOOIIEHUIO CTAPIIETO
cnenmanucrta «CaxHUPO» A.B. Jlyuenkoa).
FL uccnenoBanHbIX 0c00€i BapbUpoOBaja B Ipe-
nenax 21-48 cm (30.4+2.6), macca Tena — ot 56
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10 684 r (220+61). Cemb ocoOeit ObUTH HETIOJNO-
BO3pEJIble, YEThIPE — OTHEpecTUBIINeCs. FL Hero-
JIOBO3pENBbIX 0co0eit coctaBmia 21-27.5 cM, mono-
BO3peinbix — 33—48 cm. Hanbonee Beicokoe cozep-
xaHue ormedeHo /i Fe (2.3+1.0 mr/kr cbip. mac-
cel), HanbOonee Huzkoe — st Cd (0.005+0.004 mr/
KT CBIP. Macchl). JJOCTOBEpHBIX pa3iIu4uii 1Mo co-
JIEP>KaHUI0 MUKPORJIEMEHTOB MEXAY MOJI0BO3pe-
JIBIMHA ¥ HETIOJIOBO3PEIBIMUA OCOOSIMH, pasziinyaro-
UIMMHCS ATUHON TeJia, He BbIsABIEHO. BO3MOXHO,
3TO CBSA3aHO C TE€M, UTO aHAJIU3UPYEMbIE MTOJIOBO3-
penbie ocoOu ele He JOCTUIIIM BO3pacTa aKTHUB-
HOTO HAaKOIUIEHUsI MUKpo3eMeHToB. Kak mokasa-
i uccnenoBanusi B KyiObIeBckoM BOIOXpaHU-
nuie, aktuBHoe HakorueHue Cu, Cr, Pb y nemia
(Abramis brama), nnotssl (Rutilus rutilus) v cun-
ua (4. ballerus) nabmonaercsi B Bo3pacrte 7—8 JeT,
cynaka (Sander lucioperca) — 4-5 nert [7].

KoHnieHTpamm MUKpO3JIEMEHTOB Y HEMOJIO-
BO3PEIIBIX CaMIIOB U CaMOK OBLIH COIOCTaBUMBI,
YTO MOXKET OBITh OOBSICHEHO B YACTHOCTH TEM, UTO
710 HACTYTUICHUS TOJIOBO3PENOCTH (hH3HONIOrHYe-
CKHE IIPOLIECCHI Y HUX POXOJAT OAUHAKOBO. XOTH
JaXe U JJI TTOJIOBO3PEIBIX PhIO UCCIIeTI0BAHUSIMU
MOKa3bIBACTCS Pa3IMYHAs 3aBUCUMOCTh HAKOTIJIE-
HUSl METAJVIOB B UX OpPraHax M TKaHSIX OT IMOJO-
BOi mpuHamiexHoctu. Tak, B KyiiOblmeBckom
BOJIOXPAHUJIUINE Y CAaMOK Jiela ObUIO BHIIIIE, YeM
y camrioB, coaepxkanrne Fe u Cu, y cunna — Cr,
y TWIOTBEL — Pb, y cynaka reHaepHbIX pa3iuduii
yCTaHOBJIEHO He ObLIO [7].

Panee nmanHble MO conmepKaHUIO MUKpPOIJIE-
MEHTOB B MHHTAE MOJIYYSHBI 151 SIMOHCKOTO (3aJl.
[Terpa Benukoro) [8, 9] u Oxorckoro (3anagHas
Kamuarka) [ 10] mopeii, ceBepoaMepUKaHCKUX BOJ
[11]. ConmepskaHusl TSHKENBIX METAJLIOB B PhIOax
Tuxoro okeana npuBeneHsl B [12]. Kak mokazano
B Tabin. 3, MuHTall ceBepo-BocToyHOro Caxanuna
OTJIMYAETCS Ha MOPSAJO0K MEHBIINMH 3HAYEHUSIMU
KOHIIEHTpAIii AS B MBIIIEYHON TKaHU OTHOCH-
TEJIBHO 3amajHO-KaM4aTcKux Bog u Pb — oTHO-
CUTENIbHO CEBEpPOaMEPHUKAHCKUX M 3amaJHO-KaM-
yarckuX. [JIMHBI HCCIIeIOBAaHHBIX 0CO0eH MUHTAS
W3 3amajiHo-kamyarckux Bop (40—44 cm) u noso-
BO3pEJBIX CAaMIIOB pPAaccMaTpMBaeMOro panoHa
COMOCTaBUMBI, U Pa3IMYHOE COAEpkKaHHE B HUX
MBIIIIAx As HE CBS3aHO C pa3Mepamu (Bo3pac-
toMm). Ha mpumepe nococeit nokasaHa cBs3b I0O-
BBIIIIEHHOTO cojiepkanusi Pb B UX TKaHsIX ¢ Hary-
JIOM B KYPHJIO-KaMYaTCKUX BOJax, Oorarbix OHo-
TEHHOM B3BECHIO C BBICOKMM cozepkanuem Pb
[13]. 3amagHO-KaMyaTCKU MUHTAM, HATyJIHBaIO-

EcoLoGY

LIUICS B 3TOM pallOHE, OTIIMYAETCs OT BOCTOYHO-
CaxaJMHCKOro 0osiee BHICOKUMH KOHIIEHTPALIMSI-
mu Pb. Takum oOpazom, HU3KOE copepkaHUE B
MbIIax MuHTas Pb moxer ObITh 00yCIOBIECHO
TE€M, YTO BOCTOYHO-CaXaJMHCKHUH 1Ienb(d MeHee
HachIlleH OMOreHHOW B3BECHIO C BBICOKHUM CO-
nepxanuem Pb_ .

Kpao-cmpuzcyn onunuo. B TpanoBbIx yio-
BaX OTMEYAIOTCS caMilbl C IIMPUHON Kaparakca
ot 15 o 140 mm (83.4 mMm), maccoii Tena — ot 1.2
mo 1033 r (278.9 r). UccnenoBansl J1Ba cam-
11a U3 Pa3HbIX YJIOBOB C IIMPHHOM Kapamakca 81
u 75 mMm. OHM XapaKTepr30BaIiCh CONOCTABUMBI-
MU COJIEp>)KaHUSIMU MHUKPO3JIEMEHTOB, a PsAJbl UX
KOHLIEHTpaLMi 110 yObIBAaHUIO Pa3IN4aIUCh JIUIIb
nonoxerreM Ni 1 Mn. D70, 110 HallleMy MHCHHIO,
00YCIIOBIIEHO CXOKUMH pa3MepaMu 0codei u yc-
noBusiMu oouTanus (rryounst S0 u 20 m). Makcu-
MaJIbHBIE KOHIIEHTPALINH, KaK U Y PBIO, IPUILTUCH
Ha Fe, Munumansabie — Ha Pb. B npyrux uccneno-
BaHHBIX palioHaX MaKCHMaJbHbIE KOHILIEHTPALUU
OTMEYAJIUCh TaKKe U JUIsl AS, a MUHUMAJIbHbIE
— naa Cd. B mblmmax kpaba-cTpuryHa ONMIJIMO
paccMaTpuBacMoOro paiioHa Ha MOPSAOK HUXKE
conepxanue Pb orHOocuTensHO Bon bapennena
Mopst [16] u BocTouHoro modepesxbs m-oBa Kopes
[15], Cu— 1o cpaBHEHHIO C pOCCUMCKUMU BOJAMU
Snonckoro mops [14] 1 BogaMu BOCTOUYHOTO MO-
Oepexbs n-oBa Kopes, As — BoraMu BOCTOUHOTO
nobepexbs m-oBa Kopest (tabmn. 1, 2). Ormeuen-
HBIE€ Pa3IN4Msi MOTYT OBbITh CBSA3aHbl U C T€OXU-
MHUYECKHUMU OCOOCHHOCTSMHU PaiiOHOB OOWTAHMS
KpabOB-CTPUTYHOB, U C UX NUTaHUEM. M3BecTHO,
YTO MOCTYIUIEHME MUKPOJIEMEHTOB C MUIIEH SIB-
JSI€TCS OCHOBHBIM MCTOYHUKOM WX HaKOIUICHMS
B OpraHu3Me JJIsi MHOTUX BOJHBIX O€CIIO3BOHOY-
HeIx [17, 18].

CpaBHEHHE KOHIIEHTpAllMd HCCIIEI0BaH-
HBIX 0co0ell I'MIpOOMOHTOB IOKAa3bIBAET, UYTO Y
Kpaba-cTpUryHa, B OTJIMYME OT PbIO, TOCTOBEp-
HO BbIIIe KoHIeHTpamuu Fe u Cu, a y peid or-
HOCHUTENBHO Kpaba-ctpuryHa — Pb. Ilpu stom
¢ KambanamMu y KpaOOB-CTPUTYHOB IO COZEpKa-
HUIO MUKPOXJIEMEHTOB Pa3jIMuuil HE BBISBIICHO,
a [0 OTHOILLIEHUIO K MUHTAI0 y HUX JIOCTOBEPHO
Beime koHneHtpauu Fe, Cu u Hg u Hike — Pb.
VYV kam0Oan ke 1o CpaBHEHHUIO C MUHTAE€M BBIIIE
conepxanue Fe. Panee Gonee Bbicokoe cojeprxa-
Hue As u Cu B MbIIax kpaba-cCTpuryHa ornuino
OTHOCHTEJIBHO MHUHTasi U KamOasbl KeJITONepoil
Limanda aspera [8], a y kambaJl — OTHOCUTEIb-
HO MuHTas [8, 9] ObUTO OTMEdeHO IS SIMOHCKOTO
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Mops. B nenom nis 6ecro3BOHOYHBIX XapakTep-
HBI Oonee BeicOokHe KoHleHTpanuu Fe, Mn u Cu
[19] oTHOCHTENBHO PBHIO, @ JUIsI JOHHBIX BHUIIOB
ppi0 — Cd u Cu OTHOCHUTENBHO MEIaruyecKux
BunoB [20]. [IpeacrasnsieTcs, 4To Takoe pacrpe-
JIeJIEHNE 3JIEMEHTOB YaCTUYHO CBSA3aHO C 0COOEH-
HOCTSIMHM CHUCTEMaTH4YeCKUX TpyIil. Tak, BbICOKHE
KOHIIEHTpAIMN MEIU Y PAaKOOOpa3HbIX ONpeaess-
I0TCA €€ Ba)KHOM pOJIbI0 B MpOIEeccax TKaHEBOTO
JBIXaHMs — MepeHoca KUCI0poJa B COCTaBe IHI-
MEHTa KPOBH reMOllMaHuHa (aHajora reMorioou-
Ha) B YCJIOBUSIX NMOHM)XEHHOTO COJEp>KaHusl KuC-
Jopoia Ha ydacTkax ooutanus [14].

B MbI1I€4HON TKaHU HCCIETOBAHHBIX THAPO-
OMOHTOB KOJIMUYECTBEHHO MpeolnagatoT Onouiib-
uele (Fe, Cu, Mn) u ycnoBHo 6uodmibHbie (As)
MHUKpodnieMeHTsl. 13 Hux Fe He Tonpko xapakre-
pusyeTcst Haubosiee BHICOKUM COJIEpyKaHUEM B THU-
JIPOOMOHTAX, HO ¥ TIPE00IaIaeT B IOHHBIX OTIIOMKE-
Husix. ComacHO NPOBEACHHBIM HCCIIEIOBAHUSM,
B JIOHHBIX OTJIOXKEHUSIX 111eTb(a ceBepO-BOCTOYHO-
ro CaxasimHa cofiep>kaHue IEMEHTOB (MKI/T CyXo-
ro Beca IpyHTa) CHIbKaeTcs B nopsiake Fe (2567)
> Cr (4.72) > As (2.69) > Pb (2.03) > Cu (0.92) >
Cd (0.018) > Hg (0.005) [6]. Takue MUKpOdIIEMEH-
ThI, Kak Pb, Hg u Cd, cunrarorcst Tpaccepamu Tex-
HOTEHHOTO BO3AECHCTBUS HAa OKPYKAIOILIYIO CpEely
[21]. B 1OHHBIX OTJIOKEHUSAX HCCIETYEMOTO PErt-
OHa MUHHMMaJIbHbIE KOHLIEHTPAL[MH MTPUXOIATCS Ha
Hg u Cd, a B ruapoOuonTax — Ha Pb. B nienom no-
Jy4YeHHbIE JaHHbIE COMIACYIOTCSI C 00LIeH 3aKOHO-
MEPHOCTBIO /ISl OCHOBHBIX 3KOJIOTHUECKUX TPy
OMOTUYECKOTO HACEIEHUSI MOPCKUX PETMOHOB, CO-
[IACHO KOTOPOW Cpeay MHUKPO3JIEMEHTOB IPYTIIIbI
MetaiioB nomunupyer Fe, a Cd u Hg npucyrcTBy-
FOT B MUHUMAJIBHBIX KOHIIEHTpamusx [22].

B wmbimmax pei0 mpeneiabHO JIOMYCTUMOE
coJiep’KaHue HOPMHPYEMbIX TOKCHUYHBIX 3JIEMEH-
TOB cocTaBiseT: mig Pb — 1.0; Cd — 0.2; As — 5;
Hg — 0.2 mkr/r cpip. maccbr*. CortacHO OTy4Y€eH-
HbIM JIaHHBIM, KOHIIEHTPAllUU 3THX 3JIEMEHTOB
B MBIIIIIAaX MHUHTas paccMaTpUBaeMOro paioHa,
Kak u B Bogax 3ai. [lerpa Bemmxkoro [8, 9] u Oxot-
ckoro mops [10], HUXKe JOMYyCTUMBIX YPOBHEH.

B Mbimax uceneayembix 00pas3ioB CeBEpPHOI
MAJITYCOBUAHON U XOOOTHOM KaMOas IPEBBIIICHUS
JOMYCTHMBIX YPOBHEH HOPMHPYEMBIX TOKCHIHBIX
3JIEMEHTOB HaMH TaKke He oTMeueHo. B mplmiax
000MX BUIOB OTMEUYaeTCsl Haubobllee coepKa-
HHe As (1.64 MI/KT cbIp. Macchl y CEBEpHOI mai-

TycoBuHON u 0.55 — y X00OTHOW) U HaWMEHb-
miee — Pb (0.004 Mr/kr celp. Macchl y ceBepHOM
nantycoBuanou u 0.0084 — y xo6otHoit). He BbI-
SBJICHO IPEBBIIIEHUS] HOPMUPYEMBIX TOKCHUYHBIX
SJIEMEHTOB U Yy APYTHX BUJOB Kambas OXOTCKOro
u SlnoHckoro Mopei — koimogeit u3 3ai. [lerpa Be-
JIMKOTO, OCTPOTOJIOBOM M caxaJMHCKOM n3 Oxor-
CKOTO MOp#, )KenTornepoit u3 Anonckoro mops [9].
HcknroueHnem siBisieTcst mosocaras kamOana
u3 SImoHCKOro MOps, Y KOTOpOW OBLIO OTMeue-
HO mpeBblieHne As (7.7-14.0 mr/kr celp. mac-
cel) [23].

Jli1g pakooOpa3HbIX IPEAEIbHO J10IyCTUMBbIE
YPOBHU TOKCHYHBIX 3JIEMEHTOB COCTABIISIOT: JUISL
Pb—-10; Cd—2; As—5; Hg — 0.2 MKr/T CBIp. Mac-
cel*. B MpImax kpaba-cTpuryHa ONWIHO pac-
CMaTpuBaeMoOro pailoHa OHHM OBbUTH HUXKE STHUX
ypoBHe#. B MbimIax xe JaHHOTO BUJIa KpaOoB U3
Bon bapennieBa mopst [16], BocTouHoro mobepe-
xbs 1m-oBa Kopes [15] u poccuiickux Boa AnoH-
ckoro mopsi [14] conepkanue As mIpeBbIIIAET
HOpPMAaTHUBHbIE KOHIEHTPALINH.

BbiBOAbI

Takum 00pa3oMm, ONpeAENeHBl MacCOBBIE
KOHIICHTPAITUM MHKPOXJIEMEHTOB B MBIIICUHOM
Tkaau MmuHTas (Gadus chalcogrammus Pallas,
1814), kambaubl x000THOU (Limanda proboscidea
Gilbert, 1896) 1 kam0abl CEBEpHOM MAITYCOBHUI-
Hoii (Hippoglossoides robustus Gill&Townsend,
1897), xpaba-ctpuryna omunuo (Chionoecetes
opilio (O.Fabricius, 1788)) u3 0XOTOMOPCKUX BOA
ceBepo-BocTouHoro CaxanvHa. BbISBIEHO, 4TO
y Kpaba-CTpUryHa 1o CpaBHEHHUIO C phIOaMH J0-
CTOBEpHO BhIIe KoHIeHTpanuu Fe u Cu, a y peio
OTHOCHTENIbHO Kpaba-ctpuryHa — Pb. C kamba-
JaMH y Kpaba-CTpUryHa 1o COIeP>KaHUI0 MHKPO-
AIIEMEHTOB Pa3JInYMiA HE OTMEUYEHO, a I10 OTHOIIIE-
HUIO K MHHTAI0 y HEro JOCTOBEPHO BBINIE KOH-
nentpanuu Fe, Cu u Hg u Hmke — Pb. ¥V kamban
e 110 CPABHEHUIO C MUHTAEM BBIIIIE COACPKAHHE
Fe. Conepxxanne Tokcnunbix anemenToB (Pb, Cd,
As u Hg) B HuccieoBaHHBIX BHIAX HIDKE pervia-
MEHTHUPYEMBIX YPOBHEH U SBISICTCS 0€30MacHBIM
N0 TUTHEHUYECKHM TPEOOBAaHHUSM K IHUIIECBHIM
npoaykraMm. [lomydeHHBbIE JaHHBIE KOCBEHHO
YKa3bIBAIOT HA OJAroNpHATHYIO SKOJOTHYECKYIO
00CTaHOBKY I10 COACPKAHUIO HOPMHPYEMBIX TOK-
CUYHBIX 3JIEMEHTOB B BOJaX CEBEPO-BOCTOUHOTO
CaxanuHa.

* CanlluH 2.3.2.1078-01. 2002. ['iruexnyeckue TpeOoBaHMs OE30MACHOCTH M MUILIEBOI LIEHHOCTH MULIEBBIX MPoxyKToB. M.: Tockomcananuanansop, 156 c.
[SanPiN 2.3.2.1078-01. 2002. Hygienic requirements to safety and nutritive value of food products. Moscow: Goskomsanepidnadzor, 156 p.]
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4—6 noTeHuUManbHbIX peLeH3eHTOB cBoen paboTbl (MUHUMYM M3 2 pasHbIX PErMoHOB WM PasHbIX CTPaH; 3KCMepThbl
B JaHHOM obnacTu; OTCyTCTBME COTPYAHMYECTBA, B TOM YMCIe COaBTOPCTBA 3a nocneaHue 3 roaa; He YneHbl pegkonnerum
XypHana). ABTOpbI TakXXe MMeIoT NpaBo ykasaTb MMeHa TeX CneumanucToB, KoMy, MO MX MHEHWIO, He credyeT oTnpaBnAThb
paboTy B CBA3W C BO3MOXHbIM KOH(PMMKTOM MHTepecoB. [laHHasa uHdopMauns ABnseTca CTporo KoHduaeHumansHom
1 NPYHUMAaETCH BO BHMMaHWe Npu opraHm3aunm peLeH3npoBaHuns, KpOMe Crnyyaes, Korga y pegakrtopa ectb 6onee Beckune
OCHOBaHMs, YeM y aBTopa.

**Manuscript formatting and publication guidelines of the “Geosystems of Transition Zones” Journal” see http://journal.imgg.ru/author(eng).htm
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Ecnu ctaTbs He oTBeYaeT TeMaTuKe XypHara, He COAEepPXUT Npeamera HayyHOro UCCMeaoBaHusl, He COOTBETCTBYET
aTUYeckMm TpeGoBaHuAM, AybnupyeT onybrMkoBaHHbIe MaTepmarbl, TIONTMYECKM He BbICTPOEHa, U3noxeHa Heyno6oBaprMbim
A3LIKOM U T.M., PedaKLMsi MOXET apryMEeHTMPOBaHHO OTKasaTb aBTopy B Ny6Gnukauum Ha OCHOBAHWUM NEPBUYHOTO CKPUHUHIA,
[10 NMPOBEAEHUA PELIeH3NPOBaHNISA.

PelweHne o nybnukaumm npyHMMaeT pegakuMoHHas Konmnerus B TedeHme 3—4 mecsaueB co AHSA NonyvyeHust matepua-
NOB Ha OCHOBAHWM MUHUMYM 2 peLeH3nin. PelieH3nn xpaHsaTcs B pegakumm B TedeHve 5 ner.

CT1aTblo C KOMUSAMW PELIEH3UA N peAaKUNOHHBIMW 3aMeYaHMsIMU BbICbINalOT aBTopy. Bo3spalleHue pykonucu Ha go-
paboTKy elle He O3Ha4yaeT NpUHATMA ee K nybnukaumu. Bca ganbHelnwasi pabota Hag cTatber uaeT B peaakuuoHHOM
(pavine, B KOTOPOM aBTOP AopabaTbiBaeT TEKCT U NPUCLINIAET ero BMECTE C OTBETHBLIM NMMCbMOM. OTBETHOE MMCBLMO crieayeT
nucatb B ¢paiine ¢ peueH3nen nnm peaakuMoHHbIM 3aknodeHnem. B Hem HyXHO:

= OTBETUTb Ha KaXKAbli KOMMEHTapWin PELIeH3EHTOB;

* yKa3aTb KOHKPETHO, Kakne MMEeHHO N3MEHEHNSI BHECEHbI B CTaTbIO;

= HanucaTb ybeanTenbHoe, BEXNNBOE BO3paXeHNe, eCnn, N0 MHEHUIO aBTopa, PELIeH3eHT Henpas.

= nobnarogapuTb peLeH3eHTa 3a None3Hble 3aMe4aHns Y KOHCTPYKTUBHYIO KPUTHKY.

Pegkonnernsa Ha ocHoBaHMM peLeH3nii n OTBETHOW peakumn aBTopa onpeaenseT ganbHenwyo cyapby pykonucu.

rlpVIHHTyI'O Kne4yaTtu CTaTbio CHOBA YNTAET pedaKTop U CornacoBbiBAEeT C aBTOPOM NpaBKU, CBA3aHHbIE C coAep>XXaHUeM.
[oTOBbLIN K BepCTKe cpa|7|n cnenyet BHMMaTelbHO Bbl4YUTATb, MOCKOJIbKY B BEPCTKE A0NYCTUMaA TONbKO MenKaa npaBkKa.

Paboty BkntoyaloT B nnaH Homepa. CoaepxaHne HoMepa yTBepXAaeT OTBETCTBEHHbIA 3a HOMEpP W/Wnu rnaBHbIN
penakTop, 3a KOTOPbIM OCTAEeTCA MPaBO OTKIOHUTb CTATbi MO CEePbe3HbIM HAa TO OCHOBAHWUSM (KOH(PITUKT MHTEPECOB,
He[oCTaTOYHbIN YPOBEHb HOBW3HbI MCCreaoBaHus v T.n.). B cnyyae npuHATMA cTaThn K nybnukauuy aBTopy coobLuator,
B KaKkOM HOMepe oHa byaeT onybnukoBaHa.

ABTOpbI CTaTen HecyT OTBETCTBEHHOCTb 3a COAepXXaHne ctaten u akT ux ny6nw<auvw|, O 4YeM noanucbiBakOT aBTOP-
CKOe cornatieHve.

Penakuus Bnpase U3bATb ye ony6rnvMKoBaHHY CTaTbio, €CMU BbIACHUTCSA, YTO B Npoliecce ee nybnukauum 6binv
HapyLUeHbl YbK-NMBO NpaBa UK OGLLENPUHSATEIE HOPMbI Hay4HoW 3TUkK. O hakTe M3bATUA CTaTby pedakuus coobliaet
ee aBToOpy, crieunanucTam, JaBlIMM pPeKOMeHZaLMIo UM peLeH3nto, opraHusaumm, rge pabota BbiNofHsanach, M B 6asy
Hay4YHOro LMTUPOBAHWUS, B KOTOPOM XXypHamn UHAEKCUpYeTCs.

My6bnukauust ctaten becnnatHa ans asTopoB. o 3anpocy aBTOPOB pedakumsi Nocrne BbixoAda XypHana B CBET
BbicbinaeT pdf-chavin ¢ onybnmkoBaHHONW cTaTbel. [NeyaTHble 3K3EMMMAPbl N30aHUsA MOXHO NpUOBPecTU B pedakumn unm
odopMMB NOANUCKY MO UHTEpHeT-kaTanory «lpecca Poccun» (uHaekc 80882), a Takke No anekTpoHHOMY kaTtanory Moyt
Poccun (uHgekc NC539).

CTpyKTypa ocHOBHOro camnna
Temamud4eckasi py6puka 3 NpUBELEHHOTO BhILLE CMUCKA CNELMAnbHOCTEN.

UNudekc YOK no Tabnuuam YHuBepcanbHOW OECATMYHOM Knaccudukaumu, MMmerowmmcs B GubnunoTekax, wunm
C NoMoLLbI0 UHTEpPHET-pecypca hitp://teacode.com/online/udc/

3aznaeue. 10-12 cnos. KopoTtkoe, emkoe. 1o BO3MOXHOCTU u3beravite oBLUMX CIOB, Hay4HbIX »XaproHM3MoB
n abbpesunatyp. B ngeane sce cnosa Ha3BaHWUS MOTYT CNYXWTb KIHOYEBbIMU NPY HAy4YHOM MOUCKE.

WHuyuanb! u gpamunuu aemopoes (OTMETUTb 3BE304KON aBTOpa Arsl KOHTAKTOB M yKa3aTb e-mail Ans nepennckm).

lMonHble HaseaHusi yuypexdeHull (Kak OHM 3HavaTcs B YcTaBe), K KOTOpbiM adpunupoBaHbl aBTOpbl, U KX
MeCTOHaxoXaeHue (ropog, cTpaHa).

Pe3rome (pechepam, aHHomauyusi) — Abstract. O6bem 200-300 cnoB. be3 npoyTeHus Bcel cTtaTby OaeT 4eTkoe
npeacraBneHne o Lenu ctaTby, ee Hay4YHOW HOBU3HE U JOCTUIHYTbLIX pe3yrbraTax.

[nsi NHOCTPaHHbIX YY€eHbIX aﬁCTpaKT 3a4acTyio aBndaeTca eANHCTBEHHbIM NCTOYHUKOM MHdopMaLMKM O coaepaHum
pyCCKOﬂ3bI‘-IHOl7I CTaTbW N N3MNOXEHHBIX B HEN pesynbratax uccrnengoBaHuA.

ABTOpPCKUIN pedpepaT AOMKEH:

e onucaTb OCHOBHble Lenu nccnegosanus («Describe the main objective(s) of the study»);

* 00BbsACHMTB, Kak ObINo NpoBedeHo nccnegosaxve, 6e3 metoguyeckmx aeranen («Explain how the study was done,
including any model organisms used, without methodological detail»);

* cymmupoBaTb Haubonee BaxHble pe3ynbTatbl U UX BaXHOCTb («Summarize the most important results and their
significance»);

* He OOIMKEH copepXaTb CCbIIOK Ha nuTepatypy 1 abbpesumatypbl (ecnu Bo3aMoXxHO) («Abstracts should not include:
Citations; Abbreviations, if possible»).

Msberarite naccmBHbIX rmaronbHbix hopm (The study tested, Ho He It was tested in this study. Mbi Ooka3aru 3By4uT
nyduwe, yem Hamu Ooka3aHo). Knaccnyeckoe 6e3nnyHoe 6b110 npodemMoHCmpupo8aHo, onucaHo Kak 6bl NnepeBoauT Ha
BTOPOW NNaH fNMYHY0 OTBETCTBEHHOCTb.
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lpasuna oopmneHus u nyonvkaLmm pykonucen B XypHane «[eocucteMbl NepexonHbIX 30H»

Knroyeenie cnoea (He 6onee 10, 4ONyCTUMbI CMOBOCOYETaHUS U3 ABYX CIIOB) B ONTUMAarnbHOM BapuaHTe OTpaxatoT:
npeaMeT MCcCnefoBaHns, meTodbl, 06bekT, cneundurky AaHHON paboTbl. Mcnonb3yoTcs ANsS WMHOEKCUPOBAHWA M NoucKa.
Mpr3BaHbl 06nerynTb HaxoXxaeHue ctaTby B 6asax AaHHbIX.

BrnazodapHocmu u ceedeHusi 0 huHaHcoeol noddepxke paboThbl (C HOMepaMu rPaHTOB B CKOGKax).

Tekcm cmambu C BCTaBMEHHbIMU B TEKCT UnAmOCcTpauusamm n tabnuuamum B nporpamme Word ntoboin Bepcun 6e3
MCnonb3oBaHUA MakpocoB. Ecnu B ctaTbe ecTb hopmynbl, CMMBONbLI 1 T.N., Npoaybnupynte dann B pdf.

Cnucok uumupyembiIX UCMOYHUKOS.

CeedeHusi 0o ecex asmopax (B KOHLE CTaTbW): hamMunms, UMsi, OTYECTBO, y4eHasi CTENEHb, LOMKHOCTbL, NabopaTopus,
kadenpa unu oTaen ¢ NofnHbLIM 1 COoKpaLleHHbIM Ha3BaHueM (abbpesumaTtypon) yupexaeHus (kak B Yctase), ORCID (Open
Researcher and Contributor ID), no4toBbIf agpec, e-mail; TeneoH KOHTaKTHOro aBTopa.

OmadenbHbIMU ¢halinamu npunararTcs:

1) ABTOpCKOE cornalleHune (hopMy ckayaTb Ha carTe XypHana);

2) ckaH-konMusi OKCMepTHOro 3akmnoyeHus (no dopme, MNPUHATOW B OpraHM3auuyM asTopa) O BO3MOXHOCTU
onybrnmMKoBaHNsi B OTKPbITON neyaru;

3) rpaduyeckune matepuarnsi;

4) B crny4yae HeobXOAMMOCTM paspeLleHns Ha nybnukaumio oTAenbHbIX MaTepuanos (cM. ann O pa3peweHusix Ha
ucronb308aHUe Mamepuanoe mpembuUx Uy Ha caiTe XypHana).

Ha anenutickom s3bike B dbaline co cratben aybnupytorcs:
* 3arnasmue,
*  UMeHa 1 haMunIun aBTopoB.,
* HauMeHOBaHMWA opraHnsaumin (kak oHu 3HavaTtcs B YcTase),
* pedbepart u Kno4eBbIE CroBa,
*  MOAPUCYHOYHbIE MOAMUCH,
* 3arofioBKM 1 NpMMeYaHus K Tabnuuam,
* cBefeHus o dmnHaHCOBOW Noaaepxke paboTel 1 BriarogapHocTH,
* MOrHble CBEAEHNS O BCEX aBTopax.

TpaHcnuTepauusa anemeHToB (Npu HeobxoamMMocTu) npoudsoauTcs B cucteme BSI — ¢ nomouwbio canta
http://translit.ru/

CxeMy oopmneHUs cTaTby U peKOMeHOyEMbIN NepeBos 3BaHUI U LOMKHOCTEN CM. Ha canTe XypHana B davine
«Obpasey, ohopmieHns cTaTbmy.

[Ona nydwero BOCNPUATMA W LUMTUPOBAHMA CTaTbW XKenaTenbHO NPUAEPXKMBaATLCA YETKOW CTPYKTYpbl,
yuuTbiBas pekomeHpgauun AHPU (Accoumnaumm Hay4HbIX peAakTopoB U uspartenen), a Takke pekomeHgauum EASE
(European Association of Science Editors) ansa aBTopoB 1 nepeBogYUKOB Hay4YHbIX CTaTeN, KOTOPbIe AOMKHbI ObITb
ony6nvkoBaHbl Ha aHTNTUUCKOM fA3bIKe.

BeedeHue
OcBeTute cnegyrouime BonpocChbl:

+  CoBpeMeHHble B3rnsabl Ha npobnemy.

*  Yro 6bINO caenaHo paHee (0630p NUTEPaTYpbI; YKaXKUTE OpUrMHasnbHble U BaxHble paboTbl, B TOM Y/Cne nocrnegHne
0630pHble cTaTbu). M3berante CCbINOK Ha ycTapeBlUMe pesynbsTatbl. BbiaenuTe HepelleHHble BOMPOCH! B Mpegenax
obuwer npobrembl.

» KakoBa Balua runotesa, kakoBbl Baln Lenun (NoCTaHOBKAa 3a4aqv C YNOPOM Ha HOBU3HY, YETKO CAHOPMYNUpYyHTe Lenb
cTatbh).

*  Yro 6bINO NpogenaHo Bamu.

Mamepuan (06Lekm) u MemodbI uccrnedoeaHus
. OI'IVILIJVITe, KakK Bbl n3y4asnin noCtaBneHHYto np06nemy.
* He onucbiBaiite npouenypbl U MeToAbl, AaHHbIE O KOTOPbIX Fly6ﬂVIKOBaﬂI/ICb paHee.
. Ykaxunte npuMeHdaemoe oGopy,u,osaHme M onuwinTe Ncnonb3oBaHHbIe MaTepuanbl.

Pe3ynbmambi uccnedogaHus unu IKkcrnepumeHm (uccriedosaHue, ModenuposaHue U m.n.)

*  CwucrtematusmMpoBaHHbIN aBTOPCKUIA aHaNUTUYECKUIn U CTaTUCTMYECKNA MaTepunan (KrnioveBoe CroBo 34eCb — cucTema-
TU3VMPOBaHHbIN).

»  Tabnuupl, rpadumkm n TEKCT He AOMKHLI AybnuposaTtb Apyr gpyra.

*  PuvcyHkun n Tabnuubl — aTo dakTonornyeckas ncropus uccregosaHus. OHM JOMKHBI OblTb MOHATHBIMK U 6e3 TekcTa,
Tabnuubl — He Neperpy>KeHHbIMK, BCE NOAMMCaHO U Ha cBoeM mecTe. He 3abyabTe npyvBeCcTU NOAPMCYHOYHbIE NOANUCH
W 3aronosku Tabnuw NOMMMO PYCCKOrO Ha aHIUACKOM SA3bIKe.
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O6cyx0eHue pe3ybmamoe — O4eHb 8aXHbIU pa3der.

*  XenatenbHO CpaBHUTbL pes3ynbTatbl C npeabiaywymy pabotamm B 3TOM obnacTy Kak aBTopa, Tak W Opyrux
uccnegosarteneii. Cambln 04eBMAHBIN CNOCOO MOAHSATH LMTUPOBAHWE — 3TO He TONbKO NpeAcTaBWUTb CBOU AaHHbIE,
HO M COMOCTaBUTb UX C MMPOBBLIMW UMK pPernoHanbHbIMK aHanoramu. Mogens 1 BbIBOAbI AOMKHbI ObITb YHUBEPCANbHbI
C TOYKW 3pEHUsI BOCTIPUATMS YYEHbIMW He TOMbKO Ballen crneumansHocTM. Ecnv mogenb xopoluasi, ecnv BbiBOAbI
cAenatHbl 1 060CHOBaHbI NPaBUIbHO, TO OHU AOMKHbI ObITb MOHATHLI NIOOOMY.

* He crtout nrHopupoBaTb paboTbl, YbM pe3ynbTatbl NPOTMBOPEYaT BalMM — BCTYMUTE C HUMU B KOHCTPYKTUBHYIO
OVCKyCcCuio 1 ybeauTe umtaTtensi B CBOEN nNpaeBoTe.

*  Yrobbl NpeaBOCXMTUTb BO3MOXHbIE 3aMeyvaHusi peLeH3eHTOB, obcyauTe OrpaHMyeHust BalLMX pe3ynbraToB — 4TO
He yaanochb caenatb U NoYemy.

Mpn HeobxognMoCTy BBEAUTE TEMaTUYECKNe Noa3arofioBku, 06beauHuTe HekoTopele pasgensl (BBegeHune n metoapl,
Pesynbrathl u o6cyxaenne, O6cyxaeHne 1 3aknveHue, 1 T.0.).

Bbi6800bI U 3aK/TH04€HUEe — 3TO He OfHO U TO e, HO MX, KaK Npasuno, 06beMHSIIOT Nof, 3arofloBKOM 3aknioveHue.

Bbi800bI NaKOHWYHO U3MnaratoT rraBHbIe pes3ynbrartbl, XXenaTteribHO d)paaaMM, oTNIM4arWMMNCA OT BbICKa3aHHbIX B
OCHOBHOM YacTu cTaTbu.

BaHO: BbIBOObI [OMKHbI YETKO KOPPENUPOBaTh C (DOPMYNMPOBKON Lien 1 3agad paboTsl, C pesynsratamy 1 CoaepKaHnemM
aHHoTaUuK.

3aknroyeHue
+ [laeT oTBET Ha BOMPOCHI, YTO HOBOFO CTaThsl A00ABNSET K y>Ke onybrnmKoBaHHLIM pedyrbTaTtam M HacKornbko paboTta
Nno3BonsieT NPOABUHYTLCA Briepea B 4aHHON 06rnacTu 3HaHui.
» [pegnaraet 0606LLUeHNsA U pekoMeHaUMK, BbITeKatoLmne 13 paboTbl, NOAYEPKMBAET UX MPAKTUYECKYHO 3HAYMMOCTb,
onpefensieT HanpaeneHusa AN fanbHeWLWwero uccnefoBaHnst B 3ToM obnactu 1, xenatenbHO, NPOrHo3 pas3BuTrs
PaCCMOTPEHHbIX BOMPOCOB.

Cnucok numepamypbl

O6gasatenbHbl paboTbl nocnegHnx 5—-10 net. He 3abbiBanTe 0 paboTax MHOCTPaHHbIX Konner. B 0630pHbIX cTaTbsx
Hapsidy C COBPEMEHHbIMM, HOBEMLIMMMN UCTOYHMKAMU yKaxute Te, B KOTOPbIX Mccriegyemas Tematvka Obina 3aTpoHyTa
unu paspabortaHa Brnepsble. MUHUMU3NPYIATE CChINKU Ha y4eOHbIE MOCOBMS, CNIPABOYHUKM, SHLMKONEAMU U T.M., KOTOpble
He MOryT BbITb CEPbE3HOI OCHOBOW ANSt HAYYHOTO UCCreaoBaHus.

YKenartenbHo oTaaBaTtb npeanoyvTteHne ccblyikamMm Ha ny6nw<au|/|v| B XypHanax un no BO3SMOXHOCTU MUHUMU3NPOBATb
CCbIJTKM Ha MeCTHbl€ N Marno OOCTYMNHble U3gaHuA.

LintupoBaHmne cobCcTBEHHbIX paboT He AomKHO npeBbiwaTtb 15—-20 % oT obLero ymcna B Cnmcke.

HaHHble

B oTom pasgene aBTOp MOXeT pPasMecTUTb AOMOMHUTENbHYI WHMOPMAaLUUI — [OaHHble 9KCMEePUMEHTOB,
BCMOMOraTesibHbIX METOA0B UCCNENoBaHUs 1 TOMY NoAo6HbIe AaHHble, NoAaepX1BatoLLImMe BbIBOALI B cTaTbe. [1o cyliecTsy,
3TO NpUIIoKeHWe K cTaTbe. Takas MHGopMaLUsa Takke MOXET ObiTb pasmelleHa B Ka4ecTBe AOMNONHUTENBHOMO MaTepurana K
cTaTbe B 3NeKTPOHHON Bepcuu XypHana.

O6LwupHasa 6a3a faHHbIX BKyne ¢ MeTogamu nx obpaboTku, nmetoLas CaMOCTOATENbHYIO HAYy4YHYO LEHHOCTb, MOXET
6bITe onybnukoBaHa B BuAe OTAENbHOM paboTbl CO CCbINKOM Ha CODBCTBEHHO Hay4HYHO CTaTblo, B KOTOPOW obCyxaatoTcs
pesynbTaThl aHanuaa aTux AaHHbIX.

Ecnu pe3ynbratbl 3KCNepUMEHTa eLLE HE OCMbICIIEHbI HA YPOBHE 0606LLEHNS, 4OCTONHOM CTaTbW, HO NPEACTABNSOTCS
BaXHbIMU ANS peLueHust HayyHol npobnembl, ocdopmuTe MX B BuOE KpPaTKOro coobuieHus (MocTaHoBKa 3afauyu,
3KCMepUMEHTarnbHbIM MaTepuar, BblBOAbl, HEGOMbLLOW CNUCOK NUTEPATYPbI).

Ymo 06bI4HO cMOMPSIM PeueH3eHMbI?

* AHHOTauuo-pedepar npexae BCero.
*  PucyHku. PelieH3eHTbl ¢ O0MbLUMM CTaXeM BbISBUNW KOPPENALMIO: €Cr PUCYHKN NMPobrnemHble, TO CTaTbsi ckopee
BCEro TOXe BbI30BET BOMPOCHI.

Bamewm peueH3eHmMbI nposepsm:
*  HaCKONbKO TOYMHO Ha3BaHWe OTpaXkaeT CoAepKaHune cTaTbu;
*  YeTKO W KOPPENUPYHT BbIBOAbLI C (HOPMYNUPOBKOW Lienu 1 3agay paboTbl, N3MOXEHNEM pe3yrnbTaToB U coaepka-
HueMm pedeparTa;
* [OCTaTOYHO N BbIBOAbI apryMEHTUPOBaHbI NPEACTaBMNEHHbIM MaTepuarnom;
*  Ka4yecCTBO CNMUCKa NUTepaTyphbl: NPeaCcTaBUTENbHBIN CMUCOK NMTepaTypbl AEMOHCTPUPYET NPOGECCHMOHAarbHbIN KpY-
ro3op aBTOPOB W Hay4HbIN YPOBEHb NCCNENOBaHMS.
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OcCHOBHbIe TpeGoBaHUA K 0(pOPMIEHUIO CTaTbK

dopmat nucta A4

Mons no 1,5 cm co Bcex CTOpOH

Wpndp i ;imes New Roman — ans tekcra,
ymbol — ons rpeyeckux 6yks

Pasmep wpudrTa 12-13

[ecatnyHbin cumson TOYKa, a He 3anaTad

MeXcTpOoUyHbIN nHTEpBan 1,15

BbipaBHVBaHWE TekcTa no feBoMy Kpato

ABTOMaTMYeCKas paccTaHOBKa NEPEHOCOB HeT

Bce mekcmosbie anemeHmsl (B TOM yucne B Gubnvorpaduyeckux cnvckax), Kpome criyyaes, MOAYMHSIOLLMXCS
obLuenprHATEIM opdorpacdudeckum npasunam, Habuparomcesi CMpoYHbIMU (He nponucHeiMK!) BykBamu. B pycckosisbluHOM
TEKCTe NCMOMb3YITCH «KaBbl4Ku», HO He “kaBblvkn’. [laTbl B TeKCTe B hOpMe «4MCNO.MecsL.roa» HabusakTca cnegyowmum
obpasom: 02.05.1991.

Touka He cmasumcs nocne: YK, sarnaeua cTaTby, aBTOPOB, aApeCcoB, 3arofioBKOB W MOA3aroroBKOB, Ha3BaHWM
Tabnuu, pasmepHocTen (C — cekyHaa, I — rpaMM, MUH — MUHYTA, Y — Yac, CyT — CyTKM (HO MecC. — Mecsl, T. — rod), MiH —
MUMMNOH, MIPA W T.N.), B NOACTPONHLIX MHAekcax (T — TeMnepaTypa nnasneHuns).

lpoberom otaensTcsa nHuumansl ot damunum (A.A. MeaHos); paamepHocTb oT umdpsbl: 100 klMa, 77 K, 50 %, 10 %,
kpome rpagycos: 90° (Ho 20 °C); nopsgkoBble HOMepa oT ntboro obo3HadeHus: puc. 1, fig. 1, Tabn. 2; 3Hak WMPOTLI K
AonroTbl B reorpadpuyecknx koopguHartax: 56.5° N; 85.0° E.

Mexay aByms uudpamu ctaButcsa He geduc, a Tupe (ogHoBpeMeHHbIM HaxaTvem Ctrl u Tvpe Ha npaBon LudpoBon
naHenu) 6e3 npobenos ¢ 0b6enx cTopoH, Hanpumep: 1984—-1991 rr.; 6-8 m.

Mamemamuy4eckue ¢hopMysibl, ohopmrisieMble OTAENbHON CTPOKOM U CoaepKalume 3Haku, OTCYTCTBYIOLLME B
Times New Roman, gormxHbl HabupaTtbcs uennukom B pegaktope, coBmectumom ¢ Microsoft Office.

®DopMyribl 1 CUMBOJIbI, KOTOPblE MOXHO BHECTM B TEKCT, HE MCMOonb3ys crneuuanbHblli pegakTtop, HabupawoTtes
natuHuuen u/mnn yepes onuunio Betaska — CmBon. HexenaTtenbHO UCNOMNb30BaTb CUMBOSbI B pedyepaTtax Ha pycCKOM U
@HIMUACKOM A3blKaX — B UHTEPHET-CETU CUMBOIbI HE OTODpaXKatoTCs.

JlaTnHckne cnmBonbl HaGMpaiOTCH B TEKCTE KypCUBOM, rpedeckmne npamMmbiM.

Tabnuyb! fomkHb! GbITb 03arnaeneHbl, B HAX HE JOMMKHO BbiTb NYCTbIX ssueek. Mpoyepku 06s13aTenbHO NOSICHAOTCA
B npumMevaHmu. MNpu cozgannm Tabnuy ucnoneayite BoamoxHocTn Word (Becmaska — Tabnuya — [Jo6asumb mabnuyy).

UnnmrocmpamueHblie Mamepuarsibl pa3sveLlaTcs no TeKCTy cTaTbu (Yepe3 onumio Bcmaeka — PucyHok —
Ob6mekaHue — B mekcme). PUCYHKM K TEKCTY He NMpuBA3bIBaTE N HE pa3MeLlanTe nx BMecTe ¢ nognucsmmn B opme Tabnuy!
Ecnn prcyHOK COCTOWUT M3 CaMOCTOATENbHBIX YacTen, XenaTenbHO NpucnaTh Kaxaylo YacTb OTAeNbHbIM hannom, YTobbl
BepCTanbLMK MOr PacrnonoXuTb MX ONTUManbHbIM cnocobom. A 4ToObl MokasaTb Xernaemoe Ans BaC pacnoroXxeHue
PUCYHKOB U MX YacTewn, caenamnTe makeT u npeacrtasbTe ero B PDF.

[ns BEpCTKM CTaTby PUCYHKMN NPEACTaBAOTCH B BUAE OTAEMNbHbIX (DanioB B TOM BEPCUM, B KOTOPOKM OHM CO34aBasniuCh.

Paamepsbi pucyHkos, wipughmos Hagnucen Ha HUX OOIMKHbl BbiTb BbIOpaHbl C y4ETOM pa3mMepOoB NOMOChl Y KOMOHKN.
UupuHa pucyHka C y4eTOM €ro yMeHbLUEHWUS] B KHVDKHOW OpueHTauun cTpaHuubl — He 6onee 170 MM, B anbb6omHoM
opueHTauun — He G6onee 230 mMm. Bo3amoxHa nybnukauusi B SMeKTPOHHOM BUAE KapT M CXEM, He YKNaOblBaloLLMXCS
B CTaHAapTHbIN NUcT oopmata A4 (NnpunaratoTcs K ctatbe B Buae AONOMNHUTENbHbIX (hannos).

TonwuHa nUHUG CETKM KOOpAUHAT Ha pucyHke — 0.15 MM, OCHOBHbIX nHUIA — oT 0.2 MM, HO He 6onee 0.4 Mmm.
PucyHkn odbopmnsitotca 6e3 paMmok.

Bce Hadnucu B pycyHKax AOMmKHbI ObITb BbiNonHeHbl 9—10 kernem wpudta Arial (ocHoBHOW). [INsi BTOPOCTENEHHbIX,
NOAYMHEHHBIX Haanucen pasmep wpudTa MOXeT ObiTb ymMeHbleH A0 8 pt. BykBeHHas Hymepauusi YacTen PUCYHKOB
BbinonHsetcsa 10 kernem wpuda Arial (kypcus). MNopsgkoBble nuTepbl 0603HavalTca NatuHUUEn. JinTepbl N0 BOSMOXHOCTH
npegnoYTUTENbHEE CTaBMTb Ha NOMe PUCYHKAa, HEXENW BHE €ero.

Hapnucu Ha ocsix HaumMHaloTes ¢ NponucHon Byksbl: MMyGuHa, M. B AecsaTuUHbIX ApoGsx Ha pucyHKax (Kak 1 B TEKCTE)
CTaBbTe TOYKW, @ HE 3ansTble.
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>KenaTenbHo B PYCCKOA3bIYHbIX CTaTbAX HAAMNUCU Ha PUCYHKaX AaBaTb Ha aHITIMACKOM SA3blke npu ycnosuun, 4To And
PyCCKOro 4utartend a1o He 6y,qu NPensiTCTBMEM K BOCNPUATUIO MHCpopMaLmnn. ITo Tpe6OBaHI/Ie KacaeTcda BCeX PUCYHKOB K
cTartbe (He,D,OFIyCTMMO 4YacCTb PUCYHKOB NpeacTaBATb C HAANUCAMU Ha PYCCKOM, a 4YacCTb — Ha aHITIMNCKOM; UCKIHOYEHnE
COCTaBMSAOT reorpadunyeckme KaprI), T.€. HaAnNucn garTca U Ha BCEX PUCYHKaX Ha PyCCKOM, U Ha BCEX Ha aHITIMNCKOM.

B nogpucyHOYHbIX MOANUCAX cHavana ngeT obLwumiA 3arofoBOK K PUCYHKY, a 3aTeM paclumndpoBKa YacTer u nereHapl.
JInTepbl ana 0603HayYeHns YacTen pucyHKa Kak Ha pUCYHKax, Tak U B NOANUCSX CTaBATCA B ckobkax: (a), (b) n T.4.

pacbuka npepnctaensietca B hopmarax tiff, cdr (CorelDraw) Bepcun 12.0(2004) unn X4(2008), ¢ BO3MOXHOCTbIO pe-
AAKTUPOBaHUs (TpPeGoBaHNs K LUPUEDTY, TOMLLMHE NIMHWA U APYrM NapaMeTpam UNItocTpauni cM. Beiwe). MNpu akcnopre 13
Opyrux nporpamm ncnosnb3oBaTb popmat PostScript (eps) ¢ paspelieHnem He meHee 300 dpi.

®omoepacgpuu, ckaHUpoBaHHbIe Mamepuaribl NpeacTaenaTca B popmarte tiff unu jpg (coxpaHeHne B popmare jpg
HeobxoauMO NPOM3BOAMTL B MakCMMarbHOM UMM BbICOKOM KayecTBe). Pa3speweHue pacTpoBON rpadpmku AOMMKHO COCTaB-
naTte He meHee 300 dpi. To e KacaeTcs OCHOBbI Ansi NPON3BOACTBA BEKTOPHbLIX N306paxeHun.

O6bem kaxpgoro rpadumyeckoro danna — He 6onee 10 M6.
B TekcTe AomkHbl ObITb CChINKU HA BCE PUCYHKM.

Benu4uHbl U eQUHUYbI U3MEePEeHUS 0OMXKHbl COOTBETCTBOBATL CTaHAapTHLIM 0603HaYeHUAM cornacHo Mex-
JyHapogaHown cucteme eguHuy, CA.

Cnucok numepamypsbi (nogpobHee cm. Ha caiTe dain OgpopmiieHue CCbIIOK 8 CrUCKe fumepamypbl)
nomeLLaeTcs Mnocre OCHOBHOro Tekcta ctaTbuM. OH cocTaBnsieTcs B Mopsigke YNOMWHaHUS UCTOYHMKOB B TEKCTE
n HymepyeTcsi. CCbifkM Ha NUTepaTypy B TEKCTE AalTCA B KBaApaTHbIX CkoOKax ¢ ykazaHuMem NopsiikoBOro Homepa
WUCTOYHUKA B cniucke: [4—6, 2].

AsTOpbI Yncnom go 10 npuBoadaTcH BCe.

KprI/IBOM BblaendeTca npu onncaHum MOHOW3OAHWUIA Ha3BaHne pa6OTbI, a B aHanMtn4yeckom onncaHnn — HaspaHune
NCTOYHUKA.

Cnucku nnTepartypbl C y4eTOM TpeGOBaHMIZ MeXaOyHapoOHbIX CUCTEM LUUTUPOBAHUA OOJDKHbI ObITb I'IpI/ICI'IOCO6J'IeHbI
Ons aBToOMaTU4eCKon 06pa60TKM C Lenbtlo naeHTudunkaumm ceobinok. PyCCKOFl3bILIHbIe (Ha Kmpmnnmue) CCbIJTIKM MaLUWHbI HE
CUMTbIBAIOT, NO3TOMY XKypHan nomMmeLllaeT 6VI6J'IVIOFpa(bI/I‘~IECKMe CIMNCKN HEe TOJbKO Ha A3blKe opurnHana, HoO 1 B nNatuHuue.

Ha ocHoBe cnucka nutepatypbl, NPUBEOEHHOTO B PYKOMUCK, pedakumsa cocTaBnser References. HetouHoCTb B
6VI6]'IVIOFpaCbVNeCKVIX OonncaHnAax NpmeoAUT K NOTepe CCbIJI0K B 6aszax UNTUpOBaHNA 1 NO3TOMY HegonycTtumMa.

Bce MCTOYHMKM JOMKHBI Nerko obHapyXuBaTbCs cpeacTsaMm Nonckosbix cnctem (Google, Yandex u gp.).
B TekcTe AomkHbI ObITb CCbINKN Ha BCE NPMBEAEHHbIE B CMIUCKE MCTOYHUKN.

B cnucok nutepatypbl He BKNOYarTCS:

*  y4yebHuKuY;
e CTaTbM U3 HEHAy4HbIX XXYPHaros;
* HOpPMaTMBHbIE M 3aKOHOAATENbHbIE aKThbl;
e cTatucTu4yeckme cOOPHUKM 1 apXmBbl;
*  3MEeKTPOHHbIe HeoMNybrnMKoBaHHbIE pecypchl (OHNAWH-CTaTby, ra3eTHble U Nobble HOBOCTHLIE pecypchl, AoKnaabl 1
pasHble UCCrneaoBaHUs Ha canTax, CaTbl YYPEXOEHUIA U opraHn3auuin);
* crnosapw, 3HUMKNoneann, Apyrme crnpaBoOYHUKY;
*  OTYeTbl, 3aMNMCKK, panopTbl, MPOTOKONbI.
Yka3aHHble UCTOYHWMKN ODOPMASIOTCA B BMOE BHYTPUTEKCTOBBIX CChINOK B KPYrMbIX CKOOKax unu B BuAe nocrpa-
HUYHBIX CHOCOK BHU3Y CTpaHuLbI.

ABTOp [OMKEH MPUBECTW OMUCAHUA aHIMUNCKUX Bepcun nybnukaumnm unn bubnuorpaduyeckue ceefeHus Ha
aHIMUInCKOM s3bike, nMetoLmecs B opurnHane ($.1.0. aBTopoB Ha NnaTtuHULE, aHrMosI3bl4HOE Ha3BaHWe paboTbl, Ha3BaHWe
UCTOYHMKA ()KypHana) B TpaHCnuTepauuu 1 napanneribHoe aHrnos3bl4HOEe, eCclii OHO eCTb B OpWUrMHane unm Ha cante),
C yKa3aHWeM nocre BbIXOAHbIX AaHHbIX si3blka nybnukauum (Hanpumep, In Russ., In Chin., In Japan). Ecnu e aBTopbl
NnepeBOAAT CaMOCTOATENbHO Ha aHIMUNCKUIA A3bIK Ha3BaHWs cTaTel, MoHorpaduii, COOpPHUKOB cTaTel, KOHEpPeHUUn 1 T.0.,
peaakumns NPOCUT TaKkol NEpPEBO 3aknoyaTb B KBagpaTHbIe CKOOKM.

YT106bI HE TepsATb cchinkn B 6a3ax, aBTop Npv nogave pyKonucu B pefakumio OOMKEeH HacTanBaTb Ha MAEHTUYHOW,
ogHaxabl n3bpaHHon um cpopme TpaHcnmTepaumm csoen hamunum. OgHako B Cnucke nuTepaTypbl haMmunui 1 nHMLmansl
aBTOPOB Ha NaTuHWLE CreayeT NpMBOANTL TaK, Kak OHWM AaHbl B OpUrMHanbHow nybnvkaumn.

Mpasuna 6ubnunorpaduyeckoro onNnncaHnsa oaMHaKOBbI AN PYCCKOSI3bIYHbLIX Y @HMMOA3bIYHBIX UCTOYHUKOB. B Xyp-
Hane NpuHAT cTunb Gubnuorpadudecknx onucaHui, Grnmskunm k ctuno APA — American Psychological Association
(c anemeHTamu ctunsa Chicago).
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Obs3aTenbHble 3NeMeHTbI: a8mopbi (pedakmopsl), 200 u30aHUsi, MOMHOe HaUMEeHO8aHUe KHU2U Uu cmambu, Mecmo
u3daHusi, uzdamesbcmeo, HasgaHue UCMOYHUKa 8 MofHoU ghopme, mMOoM, HOMEP, KOMUYeCmeeHHasi xapakmepucmuka
(ans kHUrM — obLLee YMCNOo CTpaHuL, AN CTaTbM UMM [MaBbl — CTPAHULbI, HA KOTOPbIX OHa MomelleHa, Hanpumep: 5-10),
naeHTndukatop doi (ecnm nmeetcsa) B popmate https://doi.org/ nnu yHUdbmLMpoBaHHbIn naeHTudukatop pecypca URI
(URL) n parta obpatieHus.
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