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CTAHOBKOM PACTSKEHUS, COKATUS M YUCTOTO cBura. OTMEUCHBI BapHAIll COBPEMEHHOTO TIOJISI HAPSDKEHUH
Ha TpaHUIaX 00IacTei ¢ pa3IMIHO# reoJuHAMIYEeCKOM 00CTaHOBKOHM (DOPMHUPOBAHHNS HOBEHIIIUX Pa3IOMOB.
Cesepnbiii CaxanuH uMeeT crienupuueckre HalpaBleHUs OCell CKaThs HEOTEKTOHUYECKHUX HaIpsKEHUH,
BBIPQXXCHHBIC B CEBEPO-BOCTOYHBIX OPUEHTHPOBKAX, B OTIIMYUE OT NMPeoOIaaroux CyOIUpOTHBIX OpUCH-
THPOBOK Ha BceM ocTpose. [IpoBeeHHbIe HCcIe0BaHus TIOKa3alld, 4To Ha fore CaxannHa rpaHUIa MEeXay
Amypcroif 1 OXOTCKOH MUKPOIUTUTAMH TIPOXOIHT, CKopee, 1o 3amagHo-CaxamuHckoMy, a He 1o LlerTpansHo-
CaxanmmHCKOMY Pa3lioMy.

KaroueBsbie ciioBa: CaxanuH, 30Ha pazioMa, HEOTEKTOHUKA, HEOTEKTOHUYECKHE M COBPEMEHHBIE Harpsi-
KEHHS, OOPO3/IbI CKOJIBKEHUS, OyIMHAXK, MEXaHU3Mbl 0YaroB 3eMIICTPSICCHHUN, TEOJUHAMUYCCKUAN PEIKUM,
rpanuiia AMypckord 1 OXOTCKONH MUKPOTUIUT

New data on the latest stress state of the earth’s crust on Sakhalin Island
(based on structural and geomorphological indicators of tectonic stress)
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1Schmidt Institute of Earth Physics, RAS, Moscow, Russia
YUnstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
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Abstract. To verify the ideas about neotectonic and modern stresses of Sakhalin, we analyze structural and
geomorphological signs of the stress state of this region, discovered during field work in 2019—-2020. Along
with updated field measurements using the structural-geomorphological method, data on crustal deformation
based on GPS/GLONASS measurements are presented. Data from geophysical studies (seismological and
borehole methods) are given. The identification of three types of areas with different geodynamic regime:
transtension, transpression and strike — slip (simple shift) is confirmed. Variations of the current stress field
at the boundaries of regions with different geodynamic regime for the formation of new faults are noted.
Northern Sakhalin has specific directions of compression axes of neotectonic stresses, expressed in North-
Eastern orientations, in contrast to the prevailing sublatitudinal orientations on the entire island. Studies
have shown that in the south of Sakhalin, the border between the Amur and Okhotsk microplates runs along
the West Sakhalin fault rather than the Central Sakhalin fault.

Keywords: the Sakhalin, fault zone, neotectonics, neotectonic and modern stresses, slickenlines, boudinage,
focal mechanisms of earthquakes, geodynamic regime, Amur and Okhotsk microplates border
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BBenenue

[lenpro WCCIIEIOBaHUN SIBIISICTCS BepHUQUKa-
M TIONYYCHHBIX paHee pe3yJIbTaToB, T.€. IIO-
BTOpHAasi PEKOHCTPYKIMSI  HEOTEKTOHHYECKHUX
HaANpPsHKEHUI ¢ TIOMOIIBI0 KOMITJIEKCAa METOJIOB,
Y CPaBHEHUE C UMEIOUIUMUCS CEMCMOIOrnYeCKu-
MU ¥ Te0PU3NIECKUMU JaHHBIMU JI71s1 60Jiee mod-
HOM XapaKTEepPUCTUKU HAMPSHKEHHOTO COCTOSHHS
CaxanuHa. DTO MpeanojaraeT JIeMOHCTPALUIO
3G (GEeKTUBHBIX, HO HEIOCTaTOYHO HCIIONIb3Yye-
MBIX CTPYKTYpHO-TEKTOHO(DU3MUECKHUX METOJIOB
JUTSL U3YYEeHHUS TEKTOHHUKH OTIEIbHBIX PErHMOHOB
U pa3pabOTKH MOJIENN HAMPSHKEHHOTO COCTOSTHUS
0. Caxanus. JlaHHBIMH METOAAMU OXapaKTEPU30-
BaHO MOCTMHOIICHOBOE HAMPsKEHHOE COCTOSTHUE
ocTpoBa. BmecTe ¢ TeM MBI MOKa)keM, PUHUMAS
BO BHHMaHWE maHHble O ceiimuuHoctd u GPS/
[TIOHACC-u3MmepeHnusi, 4T0 COBPEMEHHOE IOJIe
TEKTOHMYECKHUX HaIpshDKeHUuH B 3eMHOM kope Ca-
XaJIMHA B OCHOBHOM YHAcCJI€IOBaHO OT pacrpee-
JICHUs HAIPSKEHUH B TOCTMUOIICHOBOE BPEMSI.

Hogelimee HanpsykeHHOE COCTOSTHUE OCTPOBA
U KUHEMATHYECKHE THUITBI OTJEIBHBIX Pa3IOMOB
MCCIIEIOBAJIUCH PA3IUYHBIMU  TEKTOHO(U3UYE-
CKHMHU U CTPYKTYPHBIMH MeToAaMHu. Tak, Ha ce-
BEpPHOM U LeHTpajdbHOM (CaxanuHe B paiioHax
Pa3BUTHUSL TMOYTH CIUIOIIHOTO 4YeXJia TUIMOLEH-
YETBEPTUUHBIX OTIOKEHUN HEOTEKTOHUYECKHUE
HaMpsHKeHUs BOCCTaHABIMBAIUCH CTPYKTYpPHO-
reomopgonornyeckuM (CI') MeTomoM peKoH-
CTPYKIMHU CIBUTOBBIX HampspkeHud [Cum, 1991;
PeGenkmii u ap., 2017], a Ha rookHOM CaxanuHe —
MOJIEBBIMH CTPYKTYPHBIMH U TEKTOHO(DH3UIECKU-
MU METOIaMH, KOTOPbIE BKJIFOUAIIM METO/1 aHAJIU3a
CKOJIOBBIX COMPSKEHHBIX Map TpeniuH [mo ['30B-
ckomy, 1975], MeTon KMHEMAaTUYECKOTO aHaJIn3a
TPEIIUHHBIX CTPYKTYp paspyuieHusa [no ['yieH-
K0, 1979], MmeTo 1osICOB MpHU UCCIIEIOBAHUU Tpe-
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IIMHOBATOCTH, CBA3aHHOM C pa3pbIBHBIMU CMe-
menussvMu [no Jlanunosuuy, 1961]. Kpome Toro,
B 20192020 rr. aBTOpamMu OblJIa YTOUHEHA CXeMa
HEOTEKTOHMUYECKUX HalpshKeHUH n-osa [Imuara —
OpUEHTUPOBKU ocu cxatusi B CB HampaBieHUH.
C ucnons3zoBanuem BIUIA (6ecnmnorHoro nera-
TEJIHOTO ammapara) MpoBeJeHa CheMKa Ha MOp-
CKOM Teppace (OCyIIeHHOM OeHYe B F0)KHOW 4acTH
. HeBenbck). 11 mpoBepKU yCTOMYMBOCTH paHee
IIPOBEICHHON PEKOHCTPYKIMU JIOKAJIBHBIX TEK-
TOHWYECKUX HAINPSHKEHUH ObUIM BBIIOJIHEHBI J0-
MIOJTHUTENbHBIE MOJIEBbIE U3MEPEHUS B 3 MYHKTaX
Ha TeppuTOopuu o’kHoro CaxanuHa.

Juas roxxHoro CaxanwmHa BOCCTaHOBJICHHBIC
OpPHEHTAIMH OCel JIOKAIbHBIX CTPECC-COCTOSHUM
(JICC) nmanu BO3MOXKHOCTH PEKOHCTPYHPOBATh
€IMHOE PETHOHAJIBHOE I10JI€ 3TOW YacTU OCTPOBa
1o Meroauke, n3noxennou B [Cum, 1982; Peber-
Kkuii u ap., 2017].

TexkToHOPU3MUECKHE METOAbI
PEKOHCTPYKIMH HANIPSAKEHUMN:
HOBbIE Pe3yJIbTAThI

[To Tomorpaduueckum kKapTam MacuTada
1:1 000 000 1 kocMHuYeCKUM (POTOCHUMKAM CTPYK-
TYpHO-TeOMOP(OJIOTHYECKAM METOJOM BOCCTa-
HOBJICHBI TEKTOHMUYECKHE HANpsHDKEHUs CeBep-
Horo u 1eHTpanpHoro Caxamuna (puc. 1 A, C).
PeKoHCTpYKIMST TEKTOHUYECKHX HAIpsHKEHHUH
3aKIII0YaeTCs B IeMU(DPUPOBAHUU JTMHEAMEHTOB,
BO3MOXKHBIX Pa3JIOMOB U CIELHAIbHOM Jemud-
PUPOBAHUU MEJIKHUX MPSMOJIMHEHHBIX JIEMEHTOB
penbeda, MMEHYEMBIX HaMHU MeTraTpeluHAMU.
Ecmu B3auMHBIE OTHOCHTENIFHBIE OPHUEHTHUPOB-
KA METaTpPeIIuH — JIBe CHCTEMBI CKOJIOB H OTPHI-
BbI, OPUEHTHPOBAaHHBIC TI0 OMCCEKTPHCE MEXKIY
HUMH, COOTBETCTBYIOT OPUEHTAIIUU OTEPSIFOIINX
TpPEeLMH B 30HE cABHUra (MpU 3TOM OHH HMMEIOT
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Puc. 1. Cxembl HOBelilleH TeOAMHAMUKH U celicMuYHOCTH (1o Matepuanam [Cum u ap., 2016, 2017a]).

A — HEOTEKTOHHYECKHE CTPYKTYPHI M OCH TIIABHBIX HOPMAJIBHBIX HANPSKCHHUHA. 1—3 — HEOTEKTOHUYECKUE CTPYKTYPHI:
1 — pa3moMebl, BEIICTICHHBIE MO Te€OMOP(POIOTHICCKUM JaHHBIM, 2 — TPAHUIBI CTPYKTYp 1-TO mopsaka, 3 — TpaHUIIBI
TMOMHATHN ¥ BmaguH. Pumckumu nmudpamu ob6o3HaueHsl mogasaTs: | — IlImmunrosckoe, 11 — 3amagno-CaxanmHCcKoe,
III — Bocrouno-Caxamunackoe, V — CycyHaiickoe; Bnaausbl: [V — LlentpansHo-Caxanmackas. [Ipoune ob6o3HadeHwus:
4 — ocH c)KaTusl B TOPU30HTANBHOM MJIOCKOCTH Ha CEBEPHOM U IleHTpanbHOoM Caxanune, BoccTaHoBieHHbIe CI” MeTomoM,
COMPOBOXKIaeMbIe: 4a — TPEXOCHBIM HAMPSKCHHBIM COCTOsHHEM, 4b — 00CTaHOBKOW JOMOJHUTEIBLHOTO PACTIKCHHUS,
4c — 00CTaHOBKOMW JTOTIOJIHUTEIBHOTO CKATHUs; 5 — OCH HANPsHKCHUU Ha I00kHOM CaxallmHe, BOCCTAHOBJICHHBIC 110 OaHKY
JAHHBIX O JOKAIBHBIX cTpecc-coctosHmsX (JICC): a — anreOpandeckn MUHUMANBHEIE, b — MakcuManbHble. KpymHelnmie
pasnomel (mudpsl B kpyxkax): 1 — HerrpanpHo-CaxanmnHackui, 2 — Xokkaiigo-CaxanuHckuii, 3 — BepXHeMMIBTYHCKUH,
4 — HaOumsCcKui.

B — nuHeaMeHTHO-JOMEHHAsI MOJIENb pacnpeeeHus ceicMuaHocT CaxaauHa.

C — cxeMa palloHUPOBaHHUs 00JACTEH C Pa3HON FeOAMHAMUYCCKOW 0OCTaHOBKOM. 6—8 — OCH CKaTHsl, BOCCTAHOBJICHHBIC
CI' MeToiOM B pa3HBIX IeOJMHAMHYCCKHX OOCTAHOBKAX: 6 — JOTOJHUTEIBHOTO PACTSHKEHUS, 7 — TPEXOCHOTO Hamps-
KCHHOTO COCTOSIHHS, § — JAOMONHUTEIBHOTO cxkatus, 9 — casurn; 10 — ocH ITIaBHBIX HOPMAJBHBIX HANPSKCHHUH, BOC-
CTaHOBJICHHBIE METOIOM HaXOXACHUS OOMIHX mmoel Hanpshxernid 1o ganHbM 0 JICC: 10a — pactsokenuns, 10b — cxxarus;
11 — TpaekTOpuH CyOTOPH3OHTATIBHBIX OCel CKaTHsl; 12 — rpaHUIlEI o0acTel ¢ pa3sHON TeoqUHAMIYECKOi 00CTaHOBKOM;
13 — obmacTu ¢ o6cTaHOBKOM AomONMHUTENbHOTO pacTsokeHus™: Al — Cesepnast, A2 — IMosicok; 14 — obnacTu ¢ Tpexoc-
HBIM HaNpsDKeHHBIM coctosareM™: B1 — 3amannas, B2 — FOxuno-CaxanuHckas; 15 — obnactu ¢ 00CTaHOBKOH JOMOIHU-
tenbHoro cxarusi: C — LentpanbHo-CaxannHckasl.

Figure 1. Schemes of the latest geodynamics and seismicity (by materials of [Sim et al., 2016, 2017a]).
A — neotectonic structures and axes of principal normal stresses. 1-3 — neotectonic structures: 1 — faults identified according

*B pabote [Cum u n1p., 2017a] B moamicu K puc. 7, Ha KOTOPOM ObLIa BIIEPBBIC IPHUBEICHA CXeMa PEKUMOB HOBEHUIIIEH Teo-
nuHaMuky CaxajuHa, JTOMyIIeHa oreyarka B 0003HaYeHUU 00CTaHOBKH 1BeToM: oOmact Al u A2 ¢ 00CTaHOBKO# J10TIOI-
HUTEJIBHOTO PACTSKEHHS JOJDKHBI ObITh 0003HAYEHBI FONYOBIM 1BETOM, a obsactu Bl u B2 ¢ TpeXOCHBIM HATIPSHKEHHBIM
coCTOosTHUEM — cepbIM (cM. puc. 1 C B HacTosIIEH cTaThe).
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OTpeCICHHYI0 OPUEHTAIUIO0 K TJIOCKOCTH pas-
JoMa), TO JOKa3bIBae€TCsA pa3lIOMHAs MPHPOIA
nuHeaMeHTa. Jlanmee ompenenstoTcs OpUEeHTa-
LMK OCEH CXKaTUSl U PACTSHKEHHSI B TOPU3OHTAIb-
HOW TUIOCKOCTH, 3HAaK cJBUTA (TPaBbIi/JIEBHIN)
U TeouHaMHu4ecKasi 00CTaHOBKa (DOPMUPOBAHUS
pasnoma (pactsbkeHus — ckarus). Hwkauil Bo3-
pacTHOM pyOex aKTUBHOCTH pa3jioMa ONpeaess-
€TCsl TI0 BO3PACTy MOJOJBIX TUIHOIEH-YETBEPTHY-
HBIX OTJIOKEHUH, KOTOPBIE Pa3BUTHI IPAKTUUECKH
M0 BCEU HCCIIEAYEMOW TEPPUTOPHH U Pa3OUTHI
MEraTpellMHaMi W HOBEHIIMMH  pa3IOMaMHu.
OmnpeneneHus CABUTOBBIX HEOTEKTOHUYECKHUX Ha-
MpsDKEHUH 1O pa3ioMaM, BBIIEJIEHHBIM Ha CTPYK-
TypHO-reoMOp(HOJIOTUYECKO KapTe, TOATBEPK1a-
10T CIPaBEAJIUBOCTb NMPOBEACHUS IU3bIOHKTUBOB
HA OCHOBE aHanu3a penbeda, a pasHas BBICOTA
B MPOTUBOMOJOXKHBIX KPBUIbAX paziioMa MO3BO-
JISIET OLICHUTh BEPTUKAJIbHYIO KOMIIOHEHTY Iepe-
MEIICHUH.

CrouT OTMETHTb, UTO OJHA M3 TOPU3OHTAJIb-
HBIX OCEH MOXET OBITh MPOMEKYTOYHON OCBHIO
[JIaBHBIX HOPMAlbHBIX HampspkeHuil. Casuro-
Bble KUHEMAaTUYECKUE THUIIbI Pa3JIOMOB HaIpsiKe-
HUS COIVIACYIOTCSI C OMNpENeNIEHUsIMH KUHEMaTH-
KM pa3pbhIBHBIX HApPYyIICHUH, OTKAPTHPOBAHHBIX
Ha ceBepHOoM Caxanune [PoxaectBenckui, 1982;
PoxnectBenckuii, 2008], a Takxke ¢ cecMoauc-
JoKanusMH, obpaszoBaBiumucs npu Hedterop-
ckoM 3emiieTpsicenuu 1995 r., Mw = 7.0 [Poroxxun
u gp., 2002]. BoccTraHOBIEHHBIE TEKTOHUYE-
CKHE HaIPSKEHUSI CBUICTEIBCTBYIOT O MPEUMY-
IIECTBEHHO CyOMEpUIMOHAIBPHOM PaCTKCHUH
U CyOIIMPOTHOM CXKaTUM Ha 3HAYUTEIHLHOU YacTH

OCTpPOBa; IpH MPOABUKEHUU HA CEBEP OPUEHTH-
POBKa OCH C)KaThUsi M3MEHSIETCS Ha CEBEPO-BOC-
tounyto (puc. 1 A, C). PazBopot oceil cokatust Ha
ceBepHOM CaxallMHE Ha CEBEPO-BOCTOK COMIACY-
€TCs CO CXEMOM 3JUIMIICOMIA AOMO3IHEMHUOLIEHO-
BbIX nedopmaruii Bcero CaxainHa, MpHUBEICH-
HBIX B pabore [PoxaectBenckuii, 2008]. B atoii
ke pabore, MO MHEHHIO €€ aBTOpa, JUIHIICOU]
nedopManii B TUIHMOIEH-YETBEPTHYHOE BpPEMS
pasBepHyIics, och C, WM 0Ch YKOPOUYCHHS, CTaja
LIIMPOTHOM, YTO MPHUBEJIO K U3MEHEHUIO KMHEMa-
TUYECKOTO THUIMA CIBUIOB IO MPOAOIBHBIM MEpHU-
TMOHAIbHBIM pa3ioMam (CaxanvHa Ha B30poco-
HaaBUTOBBIM. Tak Kak JeTajIbHBIE UCCIICIOBAaHUS
Pa3HOBO3PACTHBIX CKJIAMYaThIX M Pa3pbhIBHBIX
ctpykryp B.C. PoxnectBenckoro [PoxnectBen-
ckuit, 1982; PoxxnmectBenckuii, 2008] oTHOCATCS
MIPEUMYIIIECTBEHHO K CEBEPHOMY M LIEHTPAJIbHO-
My CaxanuHy, TO MOXKHO JOIIYCTUTb, UTO Ha FOXK-
HbIi CaxalliH 3TO U3MEHEHHUE TUIa HaPSyKEHHO-
TO COCTOSHUS HE pacrpoctpansercs. Tem Oonee
YTO aBTOP OTMEYAET: «...PABOMEPHOCTH MIPUMeE-
HEHUS SJUTUIICOMJIa HAMPSHKEHUN HEOMHOKPATHO
CTaBUJIACH I10JI COMHEHHUE. ..», HO UCIIOJIb30BAHNE
€ro MMeeT MPUKJIAJAHOE 3HAYCHHUE, «XOTS HaOI0-
JAIOTCSl aHOMAJbHBbIE CTPYKTYpBI, TPYAHO OO0B-
SICHUMBIE C TOYKH 3peHUs 3T0N Teopumn» [Poxe-
cTBeHCKHH, 1997, c. 96].

B ceBepHoii yactu CaxaianHa peKOHCTPYKIHS
HeOoTeKTOHNYeCKuX HanpsbkeHuit CI” Mmetomom Ha
n-oBe llIMuaTa mo3Bonuiia yTOYHUTh HEOTEKTO-
HUYECKOE HANpPsHKEHHOE COCTOSTHUE MOJIyOCTpO-
Ba. 3amajnHoe moOepekbe U camblii ceBep IMOIy-
OCTPOBa XapaKTEPHU3YIOTCS CABUTOBBIM IOJIEM

to the geomorphological data, 2 — boundaries of the first-order structures, 3 — boundaries of uplifts and depressions. Uplifts:
I — Schmidt, II — Western Sakhalin, IIT — Eastern Sakhalin, V — Susunai; Depressions: IV — Central Sakhalin depression.
Other designations: 4 —compression axes in the horizontal plane in Northern and Central Sakhalin (reconstruction by the
method of structural geology), which is accompanied by: a — triaxial stress state, b — additional extension, ¢ — additional
compression; 5 — stress axes in Southern Sakhalin which were reconstructed using the database on the local stress state
(LSS): (a) —algebraically minimal stresses, and (b) — maximal ones. Major faults (numbers in circles): 1 — Central Sakhalin,
2 — Hokkaido-Sakhalin, 3 — Verhnepiltunsky, 4 — Nabilsky.

B — The lineament domain model of seismicity distribution over Sakhalin area.

C — zoning scheme for regions with different geodynamic regime. 6-8 — compression axes reconstructed by the method
of structural geology in different geodynamic conditions: 6 — additional extension, 7 — triaxial stress state, 8 — additional
compression; 9 — strike-slip faults; 10 — axes of the principal normal stresses, reconstructed using the method of the total
stress fields detection according to the data on LSS: 10a — extension, 10b — compression; 11 — trajectories of subhorizontal
compression axes; 12 — boundaries of areas with different geodynamic conditions; 13 — areas with additional extension*:
Al —Northern, A2 — Poyasok; 14 — areas with triaxial stress state®*: B1 — Western, B2 — Yuzhno—Sakhalinsk; 15 — areas with
additional compression: C — Central-Sakhalin.

*In [Sim et al., 2017a], in the caption to Figure 7, where the diagram of the latest geodynamic regimes of Sakhalin was
first presented, there was a misprint in the designation of the conditions with color: the A1 and A2 areas with conditions
of additional tension should be highlighted in blue, and the B1 and B2 areas with a triaxial stress state should be gray (see
Fig. 1C in present article).
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GEOTECTONICS AND GEODYNAMICS

HanpspKeHUN ¢ cyOMepuAHOHAIbHOW OpHEeHTa-
LMEeN OCH CXKaTHs, a HA BOCTOYHOM 4acTH BOCCTa-
HOBJIEHbI OPHEHTALIUU OCU C)KAaTUsl CEBEPO-BOC-
To4yHOrO npoctupanus. Ha Oxunckom nepenieiike
BOCCTAHOBJICHBI CYOLIUPOTHBIE OPUEHTAIUN OCH
CKaTHsl, XapaKTepHbIE JIJIsl BCEH OCTAIbHOW YacTH
CaxanuHa.

WuTepnperanysi MolydeHHBIX JaHHBIX Clie-
nyomas. [lpu cyOmupoTHOM cxaTHH, yHacle-
JIOBAaHHOM OT CaXaJIMHCKOHM (ha3bl CKJIaI4aToCTH,
U MEPUAMOHAILHOM PACTSDKEHHH 00pa3oBaUCh
nepemieiiku [losicok u Oxunckuit (puc. 1 A, C).
Pe3koe u3MeHeHHE OPUEHTUPOBKU OCH CXKATHS
Ha MEpPUIMOHAIBHOE Ha 3alaje M CeBepe I-0Ba
IMuaTa MPOU30LLIO MPEANIOIOKUTENBHO B YET-
BepTHUyHOE Bpems. CIEeNCTBHEM 3TOrO SIBUJIOCH
oOpa3oBaHre AMYPCKOTO JIMMaHa U OTYJICHEHHE
npa-pycia AMypa, AeJIbTOBbIE OTIIOKEHHS KOTO-
poro kaptupyrorca Ha n-oe [HImuara. 3mene-
HUE TI0JI HaNpsHKEHUs 3aTPOHYJIO U CEBEp I-0Ba
[IImMuaTa, HA KOTOPOM TaKXKe ONpPEEICHbl MEpPU-
JTUOHATbHBIC OPUEHTAIIMH OCHU CXKATHsI U CyOIIu-
poTHBIE — ocu pacTskeHus. [IpennonoxxuTenbHo
3TO CBSI3aHO C pa3BUTUEM BHAIUHBI JleproruHa
B IUIMOLEH-YETBEPTUYHOE BPEMS, BbBI3BABIINM
CyOLIMPOTHOE PaCTSKEHUE.

KoMmnekcoM moJeBbIX METOAOB Ha 0KHOM
CaxanuHe W 10KHOM dYacTu IeHTpanbHOro Ca-
XaJMHa paHee ObL1 ompeneneH Habop 56 Jo-
KaJbHbIX cTpecc-coctosnuil (JICC) u npeacras-
JaeHsl ux crepeorpammsl [Cum u ap., 2017a].
CormocraBieHue crepeorpaMm (pesyibrara pe-
KOHCTPYKIIMH JIOKAJIBHOTO MOJISI TEKTOHUYECKUX
HanpspKeHUI) ¢ YIpPOILIEHHOHW CXeMOW Treosoru-
gyeckoro crpoenus no [[ono3y6oB u ap., 2012]
BBISIBUJIO 3HAYUTENIbHBIN pa30poc oceil IaBHbIX
HOPMAJIBHBIX HAIpPSHKEHUH JIOKAJIBHOTO YPOBHSI.
EnnHOoe permoHanbHOE IOJIE HANPSHKEHUH 3TOM
9acTH OCTPOBA OBLIO BOCCTAHOBJIICHO IO METO/IHU-
ke, 000cHOBaHHOH B pabotax [Cum, 1991; PeGen-
Kuii 1 11p., 2017]. Ob1ee mosie uMeeT CIIeayroIue
XapakTEePUCTUKK: OCh pacTsbkenus 6, — 35010,
NPOMEXKYTOUHast oChb 6, — 112266, och cxarus
o, — 260£20. B aTOM nose HanpsyKEHUH MaKCH-
MaJIbHO aKTUBHBIMU SIBIISIFOTCS KPYTONAJArOLIUe
JeBbIE CIABUTM C a3UuMyTOM TnajeHuss 32483
U IIpaBbl€ CABUTU C a3UMYyTOM naaeHus 125268
[Cum u ap., 2017 a, b]. bonee no3nHue moseBbIe
WCCIEAOBAHMS J1aJd BO3MOYKHOCTH JOIOJIHUTh
0a3y JaHHBIX 110 JIOKAJILHBIM CTPECC-COCTOSHUAM
Kak Ha roxHOM CaxajuHe, TaK U B I0KHOM 4acTH
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neHTpainbHoro CaxajiiHa, a TakKe MOATBEPAUIN
ycToinuuBocTh pekoHcTpykuuu JICC.

Ha ocHOBaHMM HEOTEKTOHMYECKUX HaIIpsDKe-
HUI, pEKOHCTPYUPOBAHHBIX Ha CEBEPHOM U LIEH-
TpasibHOM CaxajuHe, MPOU3BEACHO PANOHUPO-
BaHMe oOnacTeil ¢ pasHOM TIe0JMHAMUYECKOM
o0cTaHOBKOW (DOPMUPOBAHUS PA3JIOMOB B HO-
et atan (puc. 1 C). Ha roxuom Caxanune
MOKa3aHO OOIIee IMoJIe HANPSDKCHUH TOW YacTH
octpoBa. Tak kak CTpyKTypHO-reomopgosoru-
YECKUH METOJl OCHOBAaH Ha 3aKOHOMEPHOCTAX
B3aMMHON OPUEHTHUPOBKH OMEPSAIOLINX PA3IOMOB
B 30HE CJIBHIa, ITOJIYYEHHBIX TAK)KE U 110 JAHHBIM
MOJIETTUPOBAHUSA, TO OOCTAaHOBKA JIOMOJIHUTEIb-
HOTO PAaCTSDKEHUS WIHM C)KaTUsl, yCTaHOBJIEHHAs
B KaXJOM OIPEJECJICHHOM cllydae, TpeOyeTr uis
00BbsICHEHHSI IPUYHMHBI €€ BOSHUKHOBEHHUS CIIEIH-
AJIbHBIX JOTOIHUTENIbHBIX UCCIIEIOBAaHUN.

Jlnst IpoBEpKM yCTOMYUBOCTU paHee IpoBe-
JIEHHOW PEKOHCTPYKIMH JIOKAJbHBIX TEKTOHHUYE-
ckux HanpstkeHuid B 2019-2020 rr. mpoBeaeHbI
MOBTOPHBIE IOJIEBbIE M3MEpPEHUs B 3 IYHKTax
Ha Teppuropun rxkHoro Caxanuna. M3mepenus
HOATBEPWIA HaJIMYME JOKAJIbHBIX COPOCOBBIX
u casuro-copocossix JICC B HeBenbckoMm paii-
oHe (BocTOo4YHOE KpbUIO 3amnaaHo-CaxalnHCKOIo
pasznoma). Kpome TOoro, B TO4Uke C KOOpAMHATa-
mu 47°01'51.0" N u 142°30'00.4" E (B 9 xm ot
c. Enouku mo crapoxoiaMmMckod gopore, nepece-
katouieil  LlenTpanpHo-CaxamuHCKUM — pa3iom)
ObuTH OOHAPYKEHBI SIPKO BBIPAYKEHHBIE OOpPO3/IbI
ckoJbxkeHus: (puc. 2). B aToif Touke oOHa)KEHUS
MOPOABl KPACHOSIPKOBCKOW CBUTHI IIPEJICTABIICHBI
nepeciauBaHueM Ty(ONEeCYaHUKOB U alleBPOJIU-
ToB. Ha BCTaBKe 110Ka3aHbl 3epKajia CKOJIbKEHUS,
o0Opa3oBaHHbIE MIPaBbIM CABUIOM, YEPHOU CTpeI-
KO OTMEYEHO HAIpPaBJICHUE JABUKEHUS KPbLIbEB
pa3pbIBHOTO HapylleHHs. BonpmmHCTBO 60po3[
CKOJIB)KEHUS CIIBUTOBOIO THUIIA, YTO MOATBEPKIa-
eT 00U BBIBOJI O JOMUHUPOBAHUH CIBUTOBOTO
pexuma Ha 10kHOM CaxauHe.

PaccmarpuBas cOBpEMEHHYIO0 CEICMUYHOCTh
0. CaxaJMH, MOXHO OTMETUTb, YTO Ha II-OBE
[IIMuaTa OHA SIBHO MEHEE aKTUBHA, YEM HOXKHEE
(puc. 1 B). B obnactu pacTskeHUs, BbIIACICH-
Holt Hamu Ha puc. 1 C xak obnacts Al, oueBua-
HO NOHMYKEHUE COBPEMEHHON CEICMUYHOCTH KaK
10 KOJIMYECTBY, TaK M [0 MarHUTyaM COOBITHI.
OTO KOCBEHHO HOJTBEPKIAET JOCTOBEPHOCTH
BBIJICICHHBIX HAMH T€OJMHAMUYECKUX OOCTaHO-
BOK Ha 0-Be Caxa/MH, Tak KaKk B 00CTaHOBKE pac-
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TSOKCHUSI CEHCMUYHOCTB JIOJIKHA OBITh HIKE, YEM
B 00CTAHOBKE C)KAaTus U TPEXOCHOIO HalpsiKeH-
HOT'O COCTOSIHUS. DTO BUJHO I10 YUCIY COOBITHI
Ha nepemeiike [losgcok u BOmm3u OXUHCKOTO Te-
pelelika, rae UX 3aMeTHO MEHBIIIE, YeM BOKPYT.

Harnsiguble nOpu3HaKky, MOATBEPXKIArOIINE
CyOMEpUIMOHANILHOE PACTSKCHHE W CYOIIHUPOT-
HO€ C)KaTHhe, BBISBIECHbI Ha HOBOOOpPa30BaHHOM
MOPCKOH Teppace B I0KHOM yacTtu I. HeBesnbck.
OTy Teppacy, BOHUKILYIO B pe3yJbpTare KOceic-
MHUYECKOTO TOAHATHS MOpcKoro nHa mpu He-
BenbckoM 3emiierpsicenun 2.08.2007 ., M = 6.2
[Tikhonov, Kim, 2010], MO>)XHO BBIJCIHTH OCO-
060 cpean oObekTOB wuccnenoBanus. llognsTue
36eMHON TOBEPXHOCTU JocTurano 1.2 M BOMM3H
OeperoBoii nuHUK. HoBOOOpa3oBaHHas MopcKas
Teppaca (110 CyIIeCTBY, OCYIICHHbIN OeHY, puc. 3)
pacroyioxeHa Ha 3arnagHoM Kpbule 3amnajgHo-Ca-
XaJIMHCKOIO pasjioMa, Ha paccrosHun 15-20 kM
oT runoueHTpa HeBenbckoro 3emieTpscenus.

s monmydeHusi BBICOKOKa4eCTBEHHBIX (POTO-
CHUMKOB Teppackl M 0ojiee KauyeCTBEHHOW HWH-
Teprnperauuu AaHHbIX B 2020 . coTpyaHUKaMHu
UMTI'ul’ IBO PAH 6bu1 ucnions3osan BITJIA DJI
Mavic 2 pro. ChreMKa MpOU3BOAMIACH C BBICOTHI
80 M. Ha ¢oro (puc. 3) oueHb oTueminBO 0T00pa-
xaercs OynuHax. KomOuHaims Ha3eMHBIX (POTO-
rpaduii 1 KOCMOCHHMKOB, BBHITIOJIHEHHAsI paHee
[Cum u 1ip., 2017¢], HEe O3BOIIsIIa TOOUTHCS TAaKOH
CTETIeHH JIeTalu3aluu 0Toopa-
JKEHUsI 3TOr0 T€0JIOTHYECKOrO
oObeKTa.

B HWXHEMHOLIEHOBBIX pac-
CIIOEHHBIX CJIaHLAX C MPOCIIOsI-
MU KPEMHE3eMHCTBIX Mepreneit
OTYETIIMBO BBIPAKEHBI JIBE CH-
CTEMBI CKOJIOBBIX TpemuH. [1o
STUM JAHHBIM C IOMOIIBIO PO-
3bI-TUarpaMMbl  TPELIMHOBATO-
ctu (puc. 4 C) BOCCTaHOBIIEHO
MOCTMHOLIEHOBOE TI0JIE CJBU-
TOBBIX HAIIPSKEHUN C TOPU30H-
TaJbHBIMH OCSIMH PACTSDKEHHS
U ckarus. J{ns peKoHCTPYKIIUU
HaIPSOKCHUN  MCIIOJIb30BAJICA
Meton M. I'30Bckoro [1975].

bynunaxx B cioe kpemHe-
3eMHUCTBIX Meprenei (puc. 4),
a TaKKe OpHUEHTAIHs TPEIINH
OTphIBa BHYTPU OTAEIBHBIX
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OynuH (puc. 4 D) moarBepauiau co Bceil yoemu-
TEJIBHOCTBIO, YTO OCh PACTSHKEHUSI TOPU30HTAIIb-
Ha M e HampaslieHHe OJIM3KO K HAIPaBJICHHUIO Ce-
Bep—tor. JIis OLleHKM MakcUMalbHOM Aedopmariu
pacTsbkeHus: ObUTM M3MEPEHbl JUIMHA W IIUpPHUHA
Ka)/10¥ OyAMHBI, @ TAKXKE PACCTOSHHE MEXKIY CO-
cenHuMH OyTMHAMH B HAIIPABJICHUU BBITSHYTOCTH
(Tabm. 1).

VYpoBeHb Aedopmalii PacTSHKEHUS OLCHU-
BaJICS KAK OTHOLIEHUE PACCTOSIHUSL MEXAY COCEI-
HUMU OyIuHamu K noigycymme ux aiuuH. [locne
YCpEIHEHHUSI MTOJTyuYeHa OLEHKa MOCTMUOIIEHOBOM
nedopmaiun pactskenust nopsiaka 200 %. Ta-
KM 00pa3oM, Ha HOBOOOpPA30BaHHOW MOPCKOM
teppace (HeBenbckom OeHYe) MMEETCS HECKOIb-
KO MHJIUKATOPOB JIOKAJIbHBIX TEKTOHUYECKUX Ha-
npsbkeHuit. B pesynbrare uzydeHus aedopmaruit
FeOJOTHYCCKUMHU MeToJaMu, ¢ momomibio BITJIA
U HEMOCPEACTBEHHBIX TI'EOJIOTHUYECKUX HaTyp-
HBIX M3MEpEHUH, ObLIO BOCCTAHOBJIECHO MOCTMHU-
OLICHOBOE II0JIE CJIBUTOBBIX HAIPSKEHUH C TO-
PU3OHTAIIBHBIMU OCSMM PACTSDKEHHSI U CXKaTHSl.
[Ipu ycTaHOBKE CeTH pernepoB MO KpasM OyauH
U TpOMEpEe PacCTOSHUN € CYyOMWIIMMETPOBOM
TOYHOCTBIO 3TOT IYHKT MOAXOAUT ISl T€OJMHA-
MHUYECKOTO MOHUTOPHUHTA.

BoccranoBiieHHOE 1O TMOJIEBBIM JAaHHBIM H3-
YYCHUS! UHAMKATOPOB TEKTOHHUYECKUX HampsoKe-
HUH o0111ee 1mose HanpshKeHui 1kHoro CaxaanHa

Puc. 2. bopo3p! ckonbikenns B ooHaxenusx Kpacnospkosckoit cBuThI K kr.
Figure 2. A slickensides on the outcrops of the Krasnoyarkovskaya formation K kr.
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Puc. 3. [Tanopamuoe ¢oro HeBensckoro 6exya ¢ BITJIA DJI Mavic 2 pro. @omo A.B. Yoa
Figure 3. Panoramic view of the Nevelsk bench from the DJI Mavic 2 pro drone. Photo by A.V. Uba

Tabnuya 1. IlapamMeTpsl OyAH HA BHOBBL 00Pa30BaHHOI MOPCKOIi Teppace 1 OLeHKH JedopManuii pacTsizKeHHs!
Table 1. The parameters of the boudins on the newly occurred marine terrace and the estimates of tensile strain

Paccrostane .| Vimuenne
Bbynuna HmmnHa, m Ilupuna, M |10 cnenyrowmen % > [Ipumeuanue
OyIUHBI, M

bl 3.8 0.55 3 69
b2 4.8 0.95 4.6 80
b3 1.4 0.65 8.3 405
b4 10.3 1 13.2 117 1-5 unws,
b5 2.8 1.05 8.2 213 30 M BocTOUYHEH
b6 4.3 1.25 29.2 526 JIHHUK TPHOOs
b7 7.1 1.3 41 488
b8 5.1 0.95 23.5 388
b9 4.1 0.5 2.16 47
Cpeonee no 1-ii iunuu 259
b10 2.16 0.65 2.2 78 -5 UHU,
bll 1.4 0.35 0.7 40 24 M BOCTOYHEE
bl12 1.3 0.35 7.4 448 1-ii
Cpeonee no 2-ii iunuu 267
bl13 7.4 1.7 5.9 65 3-s TUHMUS,

23 M BOCTOYHEE
bl4 PasnpobieHHas 1 9acTHYHO B BOZIC 2
bl5 1.3 0.92 1.5 68 4-5 TUHUSA
bl6 >1.6 YacTH4HO 1OJ BOAOM 26 M o1 3-41

JIMHUHU
Cpeonee 217
FEOCUCTEMBI NEPEXOAHbBIX 30H 378 GEOSYSTEMS OF TRANSITION ZONES
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Puc. 4. Nnauxaropsl paHHENOCT-
MHOIICHOBBIX HaIpsDKCHUH Ha HO-
BOOOpPA30BaHHOW MOPCKOH Teppace
(ocyiieHHOM OGHYE B FOXKHOM yacTu
r. Heeensck). A — Bun Ha cesep;
B — Bun Ha tor; C — po3a-nuarpam-
Ma TpPEIIMHOBAaTOCTH Ha IIOBEPX-
HOCTH TEppachl: OCh C)KaTus, OIpe-
JensieMasi 1Mo OHCCEKTPHCE MEXIY
HalpaBICHUSAMH Ha MAaKCHMYMBI
no I'30Bckomy [1975], nampaBiena
no azuMyTy 92.5°, a och pacTsbke-
Hus — 1o asumyty 182.5°; D — Bun
Ha YeThIpe Oy/ANHBI U3 IIEPBON JIMHUH
(tabn. 1) Ha ocymieHHOM OeHue U Jie-
TaJbHBI CHUMOK OJIHON W3 OyauH
(1 na puc. 1 B). OTHOCHTENBHOE pac-
TIOJIOXKEHUE OyAMHBI, TPEX MUHH(DU-
opHoB (Mg) U TPEUMH OTphIBa (000-
3HaueHs! OykBamu T—C) B Oynune b4
u3 Tabm. 1. Ha camvkax A u B Oyk-
BOW ¢ 0003HAYEHBI TPEIIMHBI CKOJIA.

Figure 4. Indicators of post-early
Miocene stresses on the newly formed
marine terrace (dried bench in the
southern part of the town of Nevelsk).
A — northward view; B — southward
view; C —rose diagram of jointing on
the surface of the terraces: the axis
compression, defined by the bisector
between the directions of the maxima
by Gzovsky [1975], directed along
the azimuth 92.5°, and the extension

axes — bearing 182.5°; D — view over four boudins from the first line (Tab. 1) on a drained bench, and detailed image of one
of them (1 in Fig. 1B). The relative position of the boudin, three minigulfs (mg), and tension joints (indicated by the letters
T-C) in the b4 boudin from the table 1. In images A and B, the letter c indicates the shear fractures.

MpeACTaBIsSIET cO00# cBUTOBBINA TUI. OHO TIPO-
TUBOPEUYUT MPOBEACHUIO IPAHULIBI MEXIY AMYp-
ckoii m Oxorckod miuTamu Ha rokHOM Caxa-
nuHe no LlentpanbHo-CaxamuHCKOMY pa3ioMy
[Cam u np., 2016, 2017b]. Opuenramusi cyoro-
PU3OHTAJILHOM OCH cxaTus no Bcemy CaxanuHy
OnMM3Ka K MIMPOTHOM, 3TO XOPOIIO COIIIACyeTCs
C JMaHHBIMH JApyTHX wuccienoBareneit [Poxne-
crBeHckuii, 2008]. VckitoueHne cocTaBisieT ce-
BepHbI CaxalluH ¢ CeBepO-BOCTOYHOM OpHEHTa-
LUEN OCeH CKaTHSL.

CpaBHeHue pe3yJIbTATOB

0 MOCTMHOLICHOBBIX HANIPSIKEHUSIX

¢ 1anubiMu GPS/TJIOHACC-u3mepenuii
U reo(pusnvecKux MeToa0B

HecomHeHHBIX MHTEpEC NpencTaBisieT CpaB-

HCHUC MMOJTYYCHHBIX JaHHBIX 00 OpuCHTalWU IJ1aB-
HBIX OCeH C)KaTHSI U PaCTSIKCHUA C pe3yjibTaTaMU
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WCCeI0BaHu neopMaliii 3€MHOM TTOBEPXHO-
CTH B OKPECTHOCTH aKTHBHBIX pa3ioMoB o. Ca-
xanua 1o nanueiM GPS/TJIOHACC-u3mepenuii.
Cornacno pa6ore [[IpeiTkoB, Bacunenko, 2018],
reofMHaMyU4YecKue HaOIoeHUsT Ha Tpex More-
peuHbIX npouiax (Mo CEeBEpHOM, LIEHTPAIbHOMN
1 10KHOM yacTu 0. CaxajauH) 1ajau UCXOJHYIO UH-
dbopMaIuio 0 TOPU30HTAIBHBIX cKopocTsx GPS-
CMEIEHUH U TMOTPEHIHOCTAX HUX OIpeleieHHUs,
YTO MO3BOJIMJIO OLEHUTH AePopMally 3eMHOM
noBepxHoctu 0. Caxanuu. J{Jist pacueToB UCTIOb-
3oBasicsa mporpammubiii maker GRID STRAIN
[Teza et al., 2008]. Ha puc. 5 moka3aHsl pacmo-
noxenue myHkroB GPS/ITJIOHACC-u3mepenuti,
BEKTOPbI TOPU30HTAIBHBIX CPEIHETOIOBBIX CKO-
pOCTEI U Pe3yNIbTAThl pacueTa rOPU30HTAIBHBIX
nedopMaruii TOBEPXHOCTH B CEBEPHOM, IICH-
TpaJlbHOM M 10%KHOM yactax o. Caxanun. Kak
BUJIHO U3 pUC. 5 B, yKopoueHHe 3eMHON KOpBI
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CaxanvHa MPOUCXOTUT B OCHOBHOM B CyOIIH-
POTHOM HaIpaBJICHUU, NMPUUYEM OHO HECKOJIBKO
MEHSIETCS OT pailoHa K paliony. HeomHopoaHOCTh
TIOJIsl TIOBEPXHOCTHOM JeOopMaIy TPOSBISIETCS
B pacnpejeneHuu no riomaaun CaxajivHa TiiaB-
HBIX O0CEH YUTMHEHUS U YKOPOUCHUSI.
TeppuTopust ceBepHOI yacTH ocTposa (puc. 5 B,
BEpXHSS YacTh) MOJBEP)KEHA CKATUIO B FOTO-3a-
MaJHOM HamnpaplieHUH. MakcuMaibHble CKOPOCTH
nedopmanuit 10 130 x 10 B rom HpOSABIAIOTCS
B BOCTOYHOM ero 4actu (puc. 5 B). HanpaBnenus
CKopocTeil aedopmaluii B 1€JI0M COIIaCyrOTCS
C OpPUEHTHUPOBKOW OCEW CXaThsi U PaCTSLHKCHHS
B BOCCTAQHOBJICHHOM II0JI€ HEOTEKTOHUYECKHUX
HanpspkeHuit ceBepHoro Caxammua (puc. 1 A)
[Cum u ap., 2017 a, b]. Ongnako GPS/TJIOHACC-
M3MEPEHUsIMH He 00HAPYKEHO 00NacTh pacTsiKe-
HUS B 9TOM YacTU OCTPOBA, B OTIMYHE OT 30HBI
pactsbkeHusi cepepHee 53° cam. Ha puc. 1 A.
Jlnsg 1eHTpanbHOM 4YacTH OCTPOBA XapaKTEPHBI
HEBBICOKHE 3HAYECHUSI CKOPOCTEH JedopMUpOBa-
HUS 3€MHOM TIOBEPXHOCTH, HE TMPEBBIIIAONINE
~50 x 107 B rox (puc. 5 B). Xokkaiigo-CaxaauH-
CKU PA3JIOM pa3rpaHUYMBAET TEPPUTOPHUH C pas-
HOM reoiIMHaMUYeCKO OOCTAHOBKOM: HA TpaHUIIE
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Puc. 5. [opu3oHTanbHBIE CKOPOCTH
B mynkrax GPS/TJIOHACC-nabmro-
neHuit o. CaxajquH OTHOCHUTENIbHO
EBpazwmiickoii umThl (A), a Takxke
CKOPOCTH [IWJIATalMd ¥ TJIaBHBIX
ocelt nedopMaluy 3eMHOH MMOBEPX-
HoctHu (B). Bepxuss yacts — usme-
peHust B ceBepHoil yactu Caxanu-
Ha B 2003-2013 rr.; cpeansist — To
KE caMoe B IICHTPAIbHOH YacTH
B 2000-2011 rr.; HHKHSSA 9YaCTh — TO
e caMoe B IOJKHOW "acTH B 1999—
2009 rr. ITo nanasmM [IIpeiTKOB, Ba-
cuienko, 2018].

Figure 5. Horizontal velocities at
the GPS observation points of Sakha-
lin Island in relation to the Eurasian
plate (A), and velocities of dilatation
and principal axes of earth surface
deformation (B). Upper frame —
the measurements in the northern
part of Sakhalin during 2003-2013;
mid frame — the same in the central
part in 2000-2011; bottom frame —
the same in the southern part in
1999-2009, according to [Prytkov,
Vasilenko, 2018].

pa3yoMa Foro-3ama/{Hoe HalpaBJIEHUE OCEH CKATUs
CMEHSIETCS] CyOMEpHIMOHAIBHON OPUEHTAIIUEH.

B roxnHo#l wactu o. CaxanuH Hapsiay C J10-
MHUHHMPYIOLUIUM CYOIIMPOTHBIM COKpAIlEHUEM,
npeoOnagaromuM Ha OOJbIIeH YacTH TEpPpPUTO-
puu, BbIAENAETCA 001aCTh PACTSKEHMUS, JIeKaIas
BocTtouHee 143° B.n. (puc. 5 B, HWKHsIS 4acTh).
MaxkcumMasbHas CKOpocTh JiehopMaluy yKopoue-
Hus ~ 80 x 10~ Brox. B okpectHocTH LleHTpansHo-
CaxaJIMHCKOTO pa3jioMa OCU YKOPOUEHHSI MEHSIOT
CBOE€ 3alla/IHOE HalpaBJIEHHE Ha CEBEpO-3amaj-
HOE, a MpeodiaalouM pPeXUMoM aeGopMupo-
BaHUSl CTAHOBUTCS PACTSDKEHUE CEBEPO-BOCTOY-
HOTO HalpaBlIeHUs. DTa 30Ha He Oblja BbHISBICHA
IpU PEKOHCTPYKLUUH HEOTEKTOHWYECKUX Harps-
KEHHUH M3-32 HEOCTATOYHOTO KOJIMYECTBA UCXO-
HBIX JaHHBIX i onpeaenenus JICC.

B nenom, nonyuyeHHble pe3yabTaThl O Halpsi-
KEHHO-1€(OPMUPOBAHHOM COCTOSIHUHM 3E€MHOM
kopbl CaxanuHa He NMPOTHUBOpPEYAT pe3yiIbTaram
rinobanbpHOro npoekra The World Stress Map npu-
MEHMTEIBHO K CEBEPO-3amagHoN 4yacTu Tuxoo-
KEaHCKOTO pPEernoHa, T.e. okpyxeHuto CaxaianHa
[Heidbach et al., 2018]. B 3ToM npoekTe y4TeHbI
JaHHBIE 00 0YaroBBIX MEXaHU3MaX CaXaMHCKUX

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 372-383



HoBbIE JAHHBIE O HOBEHLWEM HAMPSXEHHOM COCTOSIHUMU 3EMHOM KOPbl OCTPOBA CAXANUH

3eMIIETPSACEHH, OTpa)kaloUIuX paclpeesieHue
COBPEMEHHBIX TEKTOHUYECKUX HaNpsHKeHUH
u aedopmarmii. XOTd KOJMYECTBO TaKUX Oua-
roBbIX MexaHu3MoB B pabote [Heidbach et al.,
2018] ue Benmuko: s tepputopun CaxanuHa
sto mopsaka 30 ompenereHuil, HO TMONy4YEH-
Hasi LIUTUPYEMbIMU aBTOpaMH KapTa C TpaHHIIEeH
Mexa1y AMypckod u OXOTCKOM MUKPOIUIUTaAMU
MPEJCTaBIsIeT ONpeAeNeHHbI uHTepec. B 1en-
TpPaJbHOM YaCcTU OCTPOBA ATA IPaHULA TPOXOIUT
BOmm3u  lleHTpanbHO-CaxaqMHCKOTO — pas3jiomMa
(Teimb-Iloponaiickoro pasinoma), a Ha CEBEPHOM
CaxanuHe oHa XOpOILO COINIACyeTcs C PacIoio-
xeHueM BepxuenunsryHckoro u HaOumbckoro
pa3ioMoB. B 10:KHOM ke YacTu OCTpoBa 3Ta Ipa-
HULA MPOXOAUT CYLIECTBEHHO 3amajHei 3amaj-
Ho-CaxanuHckoro paszioma. IIpoctpancrBenHoe
pacnpeneneHue ahTepIIOKOB CHIIbHBIX 3€MIICTPSI-
cennii: ['oprnozaBozackoro, 17.08.2006, M = 5.9,
u Hesenbckoro, 2.08.2007, M = 6.2, npou3soliiea-
mux BOmM3M 3anagHo-CaxaJuHCKOTO pasjiomMa
[Tikhonov, Kim, 2010], moaTBepxkaaet, 4To 3TOT
pasiioM MapKUpyeT MpeArnojaraéMyro TI'paHHUIly
BIIOJTh 3aMaIHOTO modepexbst CaxanuHa.

JeranbHbplil aHaMM3 MEXaHU3MOB OYaroB
3eMJICTPSICCHHM, TPOBEACHHBIA B 000OIICHUHN
[Heidbach et al., 2018], BbIsABHI Tpeumyiie-
CTBEHHO CYOIIMPOTHOE CXarhue B OpPUEHTALMU
COBPEMEHHBIX TEKTOHUYECKUX HAIMPSKEHUU, 4TO
COOTBETCTBYET NPEJICTABICHUAM PErHOHAIBHBIX
aBTOPOB.

YOenuTenbHbIM apryMEHTOM B TOJb3Yy Ipe-
o0nagaHusi PEKUMOB TOPU3OHTAIBHOTO CHKATHS
U CIIBUTA SIBJISIFOTCS PE3YNbTaThl, MOTyUYeHHBIE HA
OCHOBE JIaHHBIX OypeHHUs TITyOOKUX CKBAXKHH Ha
ceBepe u tore Caxanuna [Kamenes u ap., 2017].
B »T0#i pabore mMmokazaHo, YTO MaKCHMAalbHOE
CyOLIMPOTHOE CXKATHE MOXET MPEBBIIATH BEp-
TUKQJIBHOE HampsiKeHHe B cpeaHeM B 1.2—4 paza
KaK Ha ceBepe, Tak u Ha tore CaxanuHa. [laHHbIe
KaBepHOMETPHH CKBaXXUH TaKKe JEMOHCTPUPYIOT
npeobnaanue TOPU3OHTAIBHOTO HAMPSIKEHUS
(cyOmIupoTHOTO CKaTusl) HaJ BEPTUKAIBHBIM.
Bo MHOTHX BepTUKAJIBHBIX CKBRXKHMHAX CEBEPHOTO
1 10xkHOTO CaxaliHa CTEHKHU UCCIIeyEMbIX CKBa-
KUH HMMEIOT BBIPAKEHHBIE OOpPYIICHHS B JBYX
JTUaMETPaJIbHO MPOTHUBOMNOIOKHBIX YITIOBBIX CEK-
TOpaxX, YyKa3bIBAIOIIMX HAalpaBiIeHHE ICHCTBUS
MaKCUMAaJIbHOTO CIKaTUS—PACTSKEHUS.

Takum oOpa3oM, Ha CyOperuoHaIbHOM Mac-
mrabe (100 kM u Oosee) MOXKHO TOBOPHUTH
O COOTBETCTBUHU PE3YJIbTATOB, IOJYyYECHHBIX
C TIOMOIIBIO PA3HBIX METOAOB: CTPYKTYpPHO-TE€O-
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MOP(OJIOTHUECKOTO, Teopu3ndeckux (IaHHbIC
CEHCMOJIOTMM M KapoTaxka NIyOOKHX CKBayKUH),
a taxke GPS/TJIOHACC-usmepenuid. [[ns 30H
c pazmepamu nopsaka 30 KM MMEIOTCS pas3iu-
Yus, YTO OMNpPEAEINSETCS CIOKHOCTBIO pa3jioM-
HOUM cTpykTypsl CaxanuHa, HaJIMYUEM MHOXe-
CTBa JIOKaJbHBIX pa3peiBoB [BoelikoBa u 1p.,
2008; PoxxnectBeHckui, 1982; PoxxaecTBeHCKuUi
2008; XKapos, 2004], a Takxke BpeMeHEM Jecil-
CTBUS (IECATKHU JIET) U3MEPSEMBIX COBPEMEHHBIX
JIBUKCHUM, 3eMJICTPSICEHUN, MEXaHU3MbI KOTO-
PBIX BOCCTaHaBIMBAIOTCA 3a mociennue 40 ner,
u BpemMeHeM GopMHpOBaHUsA penbeda (MeHee
1.8 mMuH J1eT).

BriBOabI

Ha ocHoBe kommiekca TEKTOHO(PU3NYECKUX
MeTo/10B Ha CaxajinHe BIIEpPBbIC ITPOBEICHO palio-
HUpPOBaHUE 00J1acTel ¢ pa3HOM reoqMHAMUYECKOM
00cTaHOBKOM (hOpMUPOBaHUS HOBEHILINX pa3iio-
MOB. I'paHuibl 3THX 0ONacTeil COMpOBOXKAAIOT-
Csl U3MEHUYMBOCTBIO MapaMeTPOB COBPEMEHHOTO
noJsi HanpsbkeHui. Beibopounast mposepka JICC
U HOBBIE JaHHBIE MO CTPYKTypHO-reoMopdoo-
FMYECKUM HMHJMKaTOpaM B XOJ€ IOJIEBBIX U Ka-
MepanbHbIX pabor 2019-2020 rr. moaTBEpIUIH
ycTonuuBOCTh pekoHCTpyKmMu JICC u cxemsl
paionupoBanusi CaxaauHa 10 reoJMHaMUYECKON
oOcTaHOBKe. PEKOHCTpPYKIUS HOBEMIIUX TEKTO-
HUYeCKuX HampspkeHud CaxanuHa BBISBHIIA J10-
MUHHUPOBAHUE CABUTOBOTO THIMA HAMPSKEHHOTO
COCTOSIHUSI ¢ CyOTOPH3OHTAIBHBIMH OCSIMH CKa-
TUA U pacTskeHus. Och cxKaTus OpUEHTUPOBaHA
CyOIIMPOTHO, OCh PACTKEHHUS — CyOMepuano-
HaiabHO. CyOIIMPOTHBIE OCH CXKAaTus, BOCCTAHOB-
JICHHbIE Ha LIEHTPAJIbHOM M ceBepHOoM CaxanuHe
CTPYKTYPHO-TeMOP(OIOTrHIECKUM METOAOM, pa3-
BOPa4YMBAIOTCS HA CEBEPO-BOCTOK. PaccuntanHble
napaMmeTpbl TEKTOHUYECKUX HAMpsDKEHUH B Ie-
JIOM HaXOZSTCSI B COOTBETCTBHHM C pe3ysbTaTaMu,
MOJIYyYEHHBIMM TI0 MEXaHU3MaM O4aroB 3emJe-
TPSACEHHH, CKBaXHUHHBIM maHHBIM U GPS/TJIO-
HACC-u3mepenusim neopmManiii MOBEPXHOCTH
3emnu. Takum o0pa3oM, HEIb3s TOBOPUTH O CMe-
HE CJBUTOBOIO MOJSI HANPSHKEHUM CKJIaa4aTroro
sTarna Ha B30POCOBBIN HA OPOTEHHOM JTarle.

Pesynprarel paboT moOKa3anu HeNmpaBOMOY-
HOCTbH MPOBEACHUSI TPaHUIBI MEXIAY AMYPCKOI
u Oxorckoit mukpomnutamu no lLleHTpanbHo-
CaxanmHckoMy pasiiomy Ha rokHOM CaxanuHe.
31ech OHa MPOXOIUT, ckopee, o 3amagHo-Caxa-
JUHCKOMY pa3jioMmy.

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 372-383



FEOTEKTOHUKA U FEOAUHAMUKA GEOTECTONICS AND GEODYNAMICS

Cnucok Jureparypbl

1. BoeiikoBa O.A., HecmesinoB C.A., CepebpsikoBa JI.U. 2007. Heomexmonuxa u axmusHuvle paziomvt Ca-
xanuna. M.: Hayxka, 187 c.

2. I'30Bckuit M.B. 1975. Ocnosbr mexmonogusuxu. M.: Hayka, 535 c.

3. Tonozybos B.B., Kacarkuu C.A., I'panauk B.M., Heuatok A.E. 2012. Jledhopmanuu mo3mHEMETOBBIX
1 KalfHO30MCKUX KOMIUIEKCOB 3anaaHo-CaxalnHCKOro TeppeiHa. [ eomexkmonuxka, 5: 22—43.

4. I'ymenko O.W. 1979. MeTtoa KMHEMaTH4YeCKOTO aHAJIN3a CTPYKTYP pa3pyIIeHHUs IPH PEKOHCTPYKLIUH 110-
JIe TEeKTOHMYECKUX HanpshkeHui. B kH.: [lona nanpsiscenuii 6 aumocgepe. M.: Hayxka, 7-25.

5. Jaramnosud B.H. 1961. Memoo noscoé npu ucciedosanuu mpewuHo8amocmu, C8A3aHHOU C pA3pbl6HbIMU
cmewenuamu. Upkyrek: [legarorngeckuii ”HCTUTYT MIpKyTCKOTO roCyAapCTBEHHOTO YHUBEPCHUTETA, 47 C.

6. XKapos A.E. 2004. ['eonozuueckoe cmpoenue u Meli-naieo2eHosas 2e00uHamuxa o2o-eocmournozo Caxa-
auna. YOxua0-Caxanuuck: HOxuao-CaxaanHCcKoe KH. H31-B0o, 192 c.

7. Kamenes I1.A., boromonos JI.M., 3akynua A.C. 2017. O HanpsHKeHHOM COCTOSTHUHM 3eMHO# Kopbl Caxa-
JIMHA 110 JTAHHBIM OypeHus IIyOOKMX CKBaXXUH. Tuxookeanckas eeonoeust, 36(1): 29-38.

8. [IpeitkoB A.C., Bacunenko H.®. 2018. [dedopmarin 3eMHON moBepXHOCTH ocTpoBa CaxajuH 1o JaH-
ueM GPS-nabmonennii. Geodynamics & Tectonophysics, 9(2): 503-514. doi:10.5800/GT-2018-9-2-0358

9. Pebenkwuii 10.J1., Cum JI.A., Mapunun A.B. 2017. Om 3epkan ckonvboicenus K meKmoHudeckum Hanpsaice-
Husm. Memoowt u aneopummor. M.: TEOC, 234 c.

10. Poroxun E.A., Pelicuep I'H., beccrpamnos b.M., Ctpom A.JIL., bopucenxo JI.C. 2002. CelicMoTeKTO-
HUYeckas odctaHoBka octpoBa CaxanuH. @usuxa 3emau, 3: 1-10.

11. PoxnecrBenckuii B.C. 1982. Ponp cnBuros B GpopmupoBaHuu CTPYKTYyphl 0. CaxanuH. [ eomexmonu-
Ka, 4: 99-111.

12. PoxxnectBenckuii B.C. 1997. Ponb cnBuros B hopMupoBaHun CTpYKTypbl CaxalliHa, MECTOPOXKICHUH
YIJIEBOJJOPOZIOB M PYAOHOCHBIX 30H. B KH.: [eonoeus u eeoounamuxa Cuxoma-Anunckou u Xoxkatioo-Caxanun-
ckotl ckraduamoix oonacmeu (pen. b.H. ITuckynos). FOxuo0-Caxamumack: UMI'ul” JIBO PAH, 80-109.

13. PoxxnecrBenckuit B.C. 2008. AxtuBHblii pudTrHT B SnoHCKOM 1 OXOTCKOM MOpPSIX M TEKTOHHYECKAs
sBorONMA 30HHI LleHTpansHOo-CaxannHCKOro passioMa B KaifHo30e. Tuxooxeanckas ceonozus, 27(1): 17-28.

14. Cum JI.A. 1982. Onpesenenre peruoHaIbHOTO MOJIS O TAHHBIM O JIOKATbHBIX HAMPSHKEHUSIX Ha OTACIb-
HBIX y4acTKaX. M3gecmus 6y308. I eonoeus u pasgeoxa, 4: 35-40.

15. Cum JLLA. 1991. M3ydeHne TEKTOHUYECKUX HAMPSDKCHUN MO T€ONIOTHIECKUM MHAWKATOpaM (METOMEI,
pe3ynbTaThl, peKoMeHaaImu). Mzeecmus 6y308. I eonozus u pazeeoxa, 10: 3-22.

16. Cum JIL.A., boromonos JI.M., bpsuuesa I'B. 2016. O Bo3MokHO# rpanune Mexay Amypckoi u OxoT-
ckoit Mukporutamu Ha Caxanuue. B ku.: Yemeepmas mexmonogusuueckasn xougepenyus ¢ UO3 PAH. Tex-
MOHOpU3UKA U AKMYATbHBIE BONPOCHL HAYK 0 3emiie: Mamepuaibl O0KIA008 8CEPOCCUlicKoll Kongepenyuu, Mo-
cksa, 3—8 okmsabps 2016 2. M.: U®3 PAH, T. 1: 256-263.

17. Cum JI.A., Boromonos JI.M., bpsuauesa [.B., CaBeuues [1.A. 2017a. HeoTekToHNKa W TEKTOHUIECKHE
HanpspkeHus: octpoBa Caxanul. Geodynamics & Tectonophysics, 8(1): 181-202.

https://doi.org/10.5800/GT-2017-8-1-0237
18. Cum JL.A., bpsiauesa I['B., Caseuues I1.A., Kamenen I1.A. 2017b. OcoOCHHOCTH TEPEXOMHOW 30HBI

Mexny EBpasuiickoit 1 CeBepo-AMepHUKaHCKON TUTOCHEPHBIMH IDTUTaMHU (HA TIpUMepe HAMIPSHKEHHOTO COCTOSI-
Hus 0-Ba CaxamuH). [ eocucmemsor nepexoonwix 301, 1(1): 3-22. doi.org/10.30730/2541-8912.2017.1.1.003-022

19. Cum JI.A., Boromonos JI.M., Kyuait O.A., TaraypoBa A.A. 2017¢c. HeoTekToHNYECKHE U COBPEMEHHBIE
HanpspkeHus rora CaxannHa. Tuxookeanckas 2eonocus, 36(3): 88—101.

20. Heidbach O., Rajabi M., Cui X., Fuchs K., Miiller K., Reinecker B., Reiter J., Tingay K., Wenzel F.,
Xie F., Ziegler M., Zoback M.L., Zoback M.D. 2018. The World Stress Map database release 2016: Crustal stress
pattern across scales. Tectonophysics, 744: 484—498. https://doi.org/10.1016/j.tecto.2018.07.007

21. Seno T., Sakurai T., Stein S. 1996. Can the Okhotsk Plate be discriminated from the North American
plate? J. of Geophysical Research: Solid Earth, 101(B5): 11305-11315. http://dx.doi.org/10.1029/96JB00532

22. Teza G., Pesci A., Galgaro A. 2008. Grid strain and grid strain3: Software packages for strain field
computation in 2D and 3D environments. Computers & Geosciences, 34(9): 1142—1153.

doi:10.1016/j.cageo0.2007.07.006

23. Tikhonov I.N., Kim Ch.U. 2010. Confirmed prediction of the 2 August 2007 M, 6.2 Nevelsk earthquake
(Sakhalin Island, Russia). Tectonophysics, 485(1—4): 85-93. https://doi.org/10.1016/j.tecto.2009.12.002

References

1. Voeykova O.A., Nesmeyanov S.A., Serebryakova L.1. 2007. [ Neotectonics and active faults of Sakhalin].
Moscow: Nauka, 187 p. (In Russ.).

2. Gzovsky M.V. 1975. [Fundamentals of Tectonophysics]. Moscow: Nauka, 536 p. (In Russ.).

3. Golozubov V., Kasatkin S., Grannik V., Nechayuk A. 2012. Deformation of the Upper Cretaceous and
Cenozoic complexes of the West Sakhalin terrane. Geotectonics, 46: 333-351. doi:10.1134/S0016852112050020

FEOCUCTEMBI NEPEXOAHbBIX 30H 382 GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 372-383 2020, 4 (4): 372-383


https://doi.org/10.5800/GT-2017-8-1-0237
http://doi.org/10.30730/2541-8912.2017.1.1.003-022
https://doi.org/10.1016/j.tecto.2018.07.007
https://doi.org/10.1016/j.tecto.2009.12.002

HoBbIE JAHHBIE O HOBEHLWEM HAMPSXEHHOM COCTOSIHUMU 3EMHOM KOPbl OCTPOBA CAXANUH

4. Gushchenko O.1. 1979. [The method of kinematic analysis of destruction structures in reconstruction
of the tectonic stress fields]. In: Polya napryazheniy v litosfere [Stress fields in the lithosphere]. Moscow: Nauka,
7-25. (In Russ.).

5. Danilovich V.N. 1961. Metod poyasov pri issledovanii treshchinovatosti, svyazannoy s razryvnymi
smeshcheniyami [ The method of belts in studies of fracturing associated with shearing]. Irkutsk: Pedagogicheskiy
institut Irkutskogo gosudarstvennogo universiteta, 47 p. (In Russ.).

6. Zharov A.E. 2004. Geologicheskoe stroenie i mel-paleogenovaya geodinamika yugo-vostochnogo
Sakhalina [Geology and Cretaceous-Paleogene geodynamics of southeastern Sakhalin]. Yuzhno-Sakhalinsk:
Yuzhno-Sakhalinsk Publ., 192 p. (In Russ.).

7. Kamenev P.A., Bogomolov L.M., Zakupin A.S. 2017. On the stress state of the Sakhalin crust according to
the data of drilling deep boreholes. Russian J. of Pacific Geology, 11(1): 25-33.d0i:10.1134/S1819714017010043

8. Prytkov A.S., Vasilenko N.F. 2018. Earth surface deformation of the Sakhalin Island from GPS data.
Geodynamics & Tectonophysics, 9(2): 503-514. (In Russ.). https://doi.org/10.5800/GT-2018-9-2-0358

9. Rebetskiy Yu.L., Sim L.A., Marinin A.V. 2017. Ot zerkal skol zheniya k tektonicheskim napryazheniyam.
Metody i algoritmy [From slickensides to tectonic stresses. Methods and algorithms]. Moscow: GEOS, 234 p.
(In Russ.).

10. Rogozhin E.A., Reisner G.I., Besstrashnov V.M., Strom A.L., Borisenko L.S. 2002. Seismotectonic
settings of Sakhalin Island. Izvestiya, Physics of the Solid Earth, 38(3): 207-214.

11. Rozhdestvensky V.S. 1982. The role of strike-slip in the structure of Sakhalin. Geotectonics, 16: 323-332.

12. Rozhdestvenskiy V.S. 1997. [The role of strike-slips in formation of Sakhalin structure, hydrocarbon
deposites and ore-bearing zones]. In.: Geologiya i geodinamika Sikhote-Alinskoy i Khokkaydo-Sakhalinskoy
skladchatykh oblastey [Geology and Geodynamucs of the Sikhote-Alin and Hokkaido-Sakhalin folded regions]
(ed. B.N. Piskunov). Yuzhno-Sakhalinsk: IMGiG DVO RAN [IMGG FEB RAS], 80-109.

13. Rozhdestvensky V.S. 2008. Active rifting in the Japan and Okhotsk Seas and the tectonic evolution of the
Central Sakhalin Fault zone in the Ceinozoic. Russian J. of Pacific Geology, 2(1): 15-24.

14. Sim L.A. 1982. [Determination of the regional field by the data on the local stresses in separate areas].
Izvestiya vuzov. Geologiya i razvedka [ Geology and exploration], 4: 35—-40.

15. Sim L.A. 1991. [Studies ot tectonic stresses based on geological indicators (methods, results,
recommendations)]. Izvestiya vuzov. Geologiya i razvedka [ Geology and exploration], 10: 3-22.

16. Sim L.A., Bogomolov L.M., Bryantseva G.V. 2016. [On possible border between the Amur and Okhotsk
microplates on Sakhalin]. In.: Chetvertaya tektonofizicheskaya konferentsiya v IFZ RAN. Tektonofizika i aktual 'nye
voprosy nauk o Zemle, Moscow, 3-8 Oct. 2016 [ The 4" Tectonophysical conference in the IPE RAS. Tectonophysics
and topical problems in Earth sciences, Moscow, 3—8 October, 2016]. Moscow: IFZ RAN, vol. 1: 256-263.

17. Sim L.A., Bogomolov L.M., Bryantseva G.V., Savvichev P.A. 2017a. Neotectonics and tectonic stresses of
the Sakhalin Island. Geodynamics & Tectonophysics, 8(1): 181-202. (In Russ.).
https://doi.org/10.5800/GT-2017-8-1-0237

18. Sim L.A., Bryantseva G.V., Savvichev P.A., Kamenev P.A. 2017b. Patterns of transition zone between
Eurasian and North American plates (by example of stressed state of the Sakhalin Island). Geosistemy perehodnykh
zon = Geosystems of Transition Zones, 1(1): 3-22. (In Russ.). doi.org/10.30730/2541-8912.2017.1.1.003-022

19.SimL.A.,BogomolovL.M.,Kuchai O.A., Tataurova A.A.2017¢c. Neotectonic and modern stresses of South
Sakhalin. Russian Journal of Pacific Geology, 11(3): 223-235. https://doi.org/10.1134/s1819714017030058

20. Heidbach O., Rajabi M., Cui X., Fuchs K., Miiller K., Reinecker B., Reiter J., Tingay K., Wenzel F.,
Xie F., Ziegler M., Zoback M.L., Zoback M.D. 2018. The World Stress Map database release 2016: Crustal stress
pattern across scales. Tectonophysics, 744: 484—498. https://doi.org/10.1016/j.tecto.2018.07.007

21. Seno T., Sakurai T., Stein S. 1996. Can the Okhotsk Plate be discriminated from the North American
plate? J. of Geophysical Research: Solid Earth, 101(B5): 11305—-11315. http://dx.doi.org/10.1029/96JB00532

22. Teza G., Pesci A., Galgaro A. 2008. Grid_strain and grid_strain3: Software packages for strain field compu-
tation in 2D and 3D environments. Computers & Geosciences, 34(9): 1142—1153. doi:10.1016/j.cageo.2007.07.006

23. Tikhonov I.N., Kim Ch.U. 2010. Confirmed prediction of the 2 August 2007 M, 6.2 Nevelsk earthquake
(Sakhalin Island, Russia). Tectonophysics, 485(1—4): 85-93. https://doi.org/10.1016/j.tecto.2009.12.002

00 aBTOpax
CUM Jlugus Auapeesra (ORCID 0000-0003-0267-2241), HOKTOp Ie0I0r0-MUHEPATIOTHYECKUX HAyK, BEIyIIHI HayIHBIH
corpynauk, Uactutyt pusuku 3emuu um. O.10. HImunra PAH, sim@ifz.ru

KAMEHEB Iasen Anekcanapoud (ORCID 0000-0002-9934-5855), kaHAROAT TEXHUYSCKUX HAYK, CTAPIININ HayJIHBIH
corpynauk LIKIIL, MactutyT MOpckoii reonoruun u reopusuku JJBO PAH, FOxuo-CaxammHck, p.kamenev@imgg.ru

BOI'OMOJIOB Jleonna Muxaitnosuy (ORCID 0000-0002-9124-9797), nokTop GpHU3MKO-MaTeMaTHICCKUX HAYK, TUPEKTOP,
Huctutyt Mopckoii reonorun u reodusuku IBO PAH, FOxuHo-Caxanuuck, 1.bogomolov@imgg.ru

TEOCUCTEMbI NEPEXOAHBIX 30H 383 GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 372-383 2020, 4 (4): 372-383


http://doi.org/10.30730/2541-8912.2017.1.1.003-022
https://doi.org/10.1134/s1819714017030058
https://doi.org/10.1016/j.tecto.2018.07.007
https://doi.org/10.1016/j.tecto.2009.12.002
https://e.mail.ru/compose/?mailto=mailto%3ap.kamenev@imgg.ru

TEO®U3NKA, FEO®PU3UYECKUE METOAbI MONCKOB MOME3HbIX UCKOMAEMbIX GEOPHYSICS, GEOPHYSICAL METHODS OF MINERAL EXPLORATION

KoHTeHT gocTtyneH no nuueHsum Creative Commons Attribution Content is available under Creative Commons Attribution
License 4.0 International (CC BY 4.0) License 4.0 International (CC BY 4.0)
YK 550.8.05 (265.53) https://doi.org/10.30730/gtrz.2020.4.4.384-392

[IprMeHeHre cencMopa3BeIKH BICOKOTO Pa3pEIICHUS 1JIsl TOMCKOB
JIOKaJIbHBIX Ta30BbIX aHOManui Ha FOxHO-KupuHckom
He(Tera3oKoHAEHCATHOM MECTOPOXKICHUN

© 2020 B. K. Jlexcun
000 «PH-CaxanunHUITHmopreghmvy, FOsxcno-Caxanunck, Poccus

E-mail: lex-vasya@mail.ru

Pe3tome. [loncku nOKanbHBIX TA30BBIX AHOMAIHIT B aKBaTOPHUAX HEOOXOIMMBI JUTSI TIOBBIIIIEHS O€30TIacHO-
CTH CTPOUTEIHCTBA MOPCKUX HE(TETa30MPOMBICIOBBIX COOPYXEHNN. B cTarbe M3I0KEHBI Pe3yJabTaThl HC-
cnemoBauuii B 2010-2017 rr. reomornyecknx onacHocter Ha KOxHO-KuprHCcKOM HedTera3okoHACHCAaTHOM
MECTOPOX/ICHNH C IPUMEHEHNEM CEeHCMOpa3BEIKH BBICOKOTO paspenieHus. [IocTpoeHs HOBBIE BBICOKOKA-
YeCTBEHHBIE CEHiCMIYECKHe pa3pe3bl, MPUBENEHHBIE K IMHOMY BHY M YPOBHIO, UTO TIO3BOJIMIIO BHIITOITHUTH
KOPPETSIUI0 OTPAXKAIOIINX TOPU30HTOB M KapTHUPOBATh T€OJOTHYECKHE OMACHOCTH Ha ITEePECEKAIOIIIXCS
TUIOMIAIKAaX MCCIeN0BaHNN pa3HbIX JeT. [lo pe3ynpratam MHTEpHIpeTanuu CeHCMHUYECKHX pa3pe3oB oOHa-
PYXEHBI JIOKAJIbHBIE aHOMAJIMY B BEPXHEH 4acTh pa3pesa, CBUACTENbCTBYONINE 0 Hamnanu rasa. [1o cTpyk-
TypHBIM OCOOCHHOCTSIM HAIJIACTOBAHMS Ha CEHCMHYECKHX pa3pe3ax oOHapyKeH TypOWTUTOBBIA MOTOK Ha
mryouae 900 M oT Mopckoro nmHa ¢ mupuHoi 1000 M 1 TPOTSHKEHHOCTRIO Oosee 2.5 kM. BrisaBieHbI Koppe-
JISIITUOHHBIE 3aBUCUMOCTH MEX/Ty aMIUIUTYION Ha CEICMUYECKOM pa3pese U 3Hau€HUEM COIepKaHNsI METaHa
(C1) B IpOMBIBOYHOM KUIKOCTH Ha KapOTaXKHOM nuarpamme. MITorom paboThl CITy’KHT BIIEPBBIC TTOCTPOCH-
Has CBOAHASA KapTa BCEX T'€OJIOTMYECKUX OmacHocTer B mpenenax HOxxuHo-KupuHckoro HedrerazokoneH-
CaTHOTO MECTOPOX/ICHHS, OOHAPYKEHHBIX B PE3yJbTaTe HHTEPIIPETANN CEHCMHYECKHAX Pa3pe30B.

KiroueBble cJIoBa: re0JOTHYECKHe OMACHOCTH, CEHCMOpa3Beka BBICOKOTO pa3pellieHus], CEHCMUYECKHA
paspes, ra30Bble aHOMAITUH

Application of high resolution seismic to search for local gas
anomalies in the South Kirinskoye oil and gas condensate field
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Abstract. Searches for local gas anomalies in water areas are necessary to improve the safety of the construction
of offshore oil and gas production facilities. The article presents the results of studies of geological hazards
at the South Kirinskoye oil and gas condensate field using high resolution seismic from 2010 to 2017.
New high-quality seismic sections, reduced to a single type and level, were built, which allowed to make
a correlation of reflecting horizons and map geological hazards at intersecting research sites of different
years. Based on the results of the interpretation of seismic sections, local anomalies were found in the upper
part of the section, indicating the presence of gas. By the structural features of the bedding in the channel on
seismic sections, a turbidite flow was detected at a depth of 900 m from the seabed with a width of 1000 m
and a length of more than two and a half kilometers. Correlations between the amplitude on the seismic
section and the value of methane content (C1) in the drilling fluid on the log were revealed. The result of the
work is the first compiled consolidated map of all geological hazards within the South Kirinskoye oil and gas
condensate field, discovered as a result of the interpretation of seismic sections.
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BBenenne
CeBepo-Boctounblii menbd o. Caxanus, Te
pacrionaraercst  uccnenyemoe  FOxHo-Kupun-

CKO€ HE(TEra30KOHJICHCATHOE MECTOPOXKACHHUE
(HI'KM), xapakrepusyercss MHOrooOpasuem reo-
JIOTUYECKUX OMTACHOCTEH: pa3pbIBHbIC HAPYILICHHUS,
NaJICOBPE3bl, TypOUIUTOBBIN MTOTOK, 30HBI PAacIpo-
CTpaHEHMsI F'a30BbIX KAPMAHOB, [A30TMIPATHI, TOK-
MapKH, ONOJI3HEBBIE OTIOXKeHUs [Becenos u ap.,
2006; I'aBpunos, 2009; AxynuueB u ap., 2014;
bapanos u 1p., 2015; Kepumos u ap., 2015; boro-
saBiIeHCKUM u ap., 2016; Ilerpenko u np., 2017;
Poi6ansuenko u ap., 2017; Jlekcun u ap., 2018;
Hosukos, 2018; I'onyoun u ap., 2019; 310610
u ap., 2019]. Iloucky reonoruyeckux OMacHO-
CTe C MCIONB30BAHUEM CEHCMOAKYCTHUECKUX
METOJIOB B PA3JIMYHBIX aKBATOPHUAX MOCBSIICHBI,
Hanpumep, padotsl [MIBanos u ap., 2016; Mupo-
HIOK U Jp., 2017; JlanomoB u ap., 2019].

C 2010 r. Ha YOxHo-Kupunckom HI'KM BbI-
TIOJTHSFOTCST KOMIUIEKCHBIE H3BICKAHHSI, BKITFOUAO-
mue 0aTUMETPUYECKYI0 ChEMKY, MMIPOJIOKALUIO
O0KOBOro 0030pa, 'MIPOMAarHUTHYIO ChEMKY, He-
NPEPBIBHOE CEWCMOAKyCTHYECKOe MPOopMINpO-
BaHME, CEWCMOpa3BeIKy BBICOKOTO pa3pelIeHHs
(CBP), or6op mpo0 AOHHBIX TPYHTOB (TIITyOMHA
onpoOoBaHus 110 4 M), THIPOMETEOPOIOTHUECKHE
HAOMIOECHNUS W DKOJIOTUYECKHE HCCIICA0BaHUS
JUI TIOCTAaHOBKHU IOJIYTIOTPY>KHOM miiaBy4el Oy-
poBoii ycranoBku (IITTBY) Ha Touky nist OypeHus
MIOMCKOBO-Pa3BE/I0YHBIX CKBAYKHUH.

Exeronnbie uccienoBaHus B TeueHUE § JIeT
METOZIOM CEMCMOpPAa3BEAKU BBICOKOIO paszpelie-
Husa ¢ 2010 mo 2017 r. B mpenenax FOxuo-Ku-
punckoro HI'KM 1mo3Boiminy HaKOmUTh OONBIION
00peM celicMudecKnX HaHHBIX — cBeie 8000
MOTOHHBIX KUJIOMETPOB ISl BEIOOpa O€30MacHbIX
y4acTKOB MPU OypEeHHUH MOMCKOBO-Pa3BEIOYHBIX
CKBaXMH. EsxerogHo coOupaembie u oOpabarbl-
BaeMbl€ Pa3HBIMU UCTIONHUTENIMH adaHHble CBP
Ha Pa3HBIX TUIOMAKAX MECTOPOXKIACHHUS HOCHIIN
JIOKAJILHBIN XapakTep 0e3 MPUBSI3KU K €AMHOM CH-
cTeme. B CBSI3U ¢ 5TUM MOCTPOEHHBIE B pa3HbIC
rofibl CEHCMUYECKHUE pa3pe3bl HE AaBall BO3MOXK-
HOCTHU MPOBECTH KOPPEJSIIIUIO OTPakaroluX ro-
PHU30HTOB M T€OJIOTUUECKUX OMACHOCTEHN Ha mepe-
CEKaroIMXcs miomasakax (puc. 1).

CeiicMOpa3Beika BBICOKOTO pPa3pelICHHs] Ha
Ka)XI0H U3 TUIOIIA 0K MPOBOAMIACH IO METOAMKE
MPOAOIBHOTO MPOQHUINPOBAHUS METOIOM OTpa-
KEHHBIX BOJIH B MoAM(DUKaIUK oOuei rryouH-
Hoit Touku [Sheriff, Geldart, 1983; Yilmaz, 2001;
Tenerun, 2004] ¢ 48-KpaTHBIM TEPEKPHITHEM.
Paccrosiaue mexay oCHOBHBIMHU MPOGUIISIMHA CO-
ctaBysiio 100 M, MeXTy CEKYIIUMH TPOQHIIIMH —
500 m. CreMka IpoOBOJUIIACH TIPU CKOPOCTH CY/I-
Ha B nipeaenax 3.5—4.5 y31a OTHOCUTENBHO BOJIbI
10 CY/IOBOMY JIary.

Kparkoe onucanue rpajga o0padoTku

O6paboTka CeHCMUYECKUX JTAHHBIX BBITIOJIHS-
JIaCh C UCIIONIH30BaHUEM €IMHOTO Tpada 06padboT-

Puc. 1. O630pHas Kapra-cxeMa ¢ KOHTypaMH IUIOIIAI0K, HA KOTOPBIX MMPOBOIIIIACE CEHCMOpa3Beika BBICOKOTO Pa3pelIeHHs.

Figure 1. Overview sketch map with the contours of the sites, on which the high resolution seismic was carried out.
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ku. KpoMe 0CHOBHBIX Tporieryp ObUIH IPUMEHE-
HBbl TaKXXE JCTCPMHHUCTHYECKAs HYIb-(ha30oBast
JICKOHBOITIOIIMS [0 CUTHAType B ONMKHEH 30HE,
KOMITCHCAIIMsl alMapaTypHOl 3aJep:KKH, oOcla-
6HCHI/IG KOTCPCHTHBIX IMMOMCX OO CyMMHUPOBAaHUA,
YCTpaHCHUC BJIIMAHHA YITIOB HAKJIOHA TI'pPaHHUI]
(dacTuuHass MUrpanms), pacdeT HyJlb-(hazoBOro
(GWIbTpa M0 HAWJCHHOMY HMITYJIbCY.

Hcxonuple celicMUYecKue NaHHBIE XapaKTe-
PU3YIOTCS HaTU4MeM IIyMOB, OOYyCIOBIEHHBIX

BOJIHCHHEM MOPSI W dKpaHupyronmMm 3ddexrom
nHa. J{nst palioHa McciaenoBaHU CYIIECTBEHHOE
BIIMsIHHE HA OPMHUPOBAHKE BOIHOBOTO MOJISI OKa-
3bIBAET HAJIMYWE Ta30HACHIINICHHBIX 30H M TIPO-
IJJACTKOB B BEPXHEW YaCTH pa3pesa.

[Iponenypsi, Bxomsmue B Tpad 00pabOTKU
CEHCMUYECKUX JAHHBIX, ITO3BOJHIN PEIaKTHPO-
BaTh «IIIyMbD» B Tpaccax, IMOJaBHTh JOHHO-KpaT-
HbIE€ U MHOTOKpAaTHBIE BOJIHBI, YBEIUYUTH pazpe-
IIEHHOCTH TOJIE3HBIX BOJH (puc. 2, 3).

Puc. 2. I[Ipumep nporpaMMHOTO peAaKTHPOBAHUS JAaHHBIX.
®parment pazpesa OI'T 1o (cieBa) u nocne (crpasa) pelaKTHPOBAHUSL.

Figure 2. An example of program data editing. Fragment of the CDP section before (left) and after (right) editing.

Puc. 3. CxopoctHoii aHanmu3 10 (cieBa) u nocie (cupasa) Radon Filter.

Figure 3. Velocity analysis before (left) and after (right) Radon Filter.
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Ha BpeMmeHHBIX pa3pesax, NpelHa3HauYeHHbIX
JUIS MMIPalUH, JaHHbIe 0053aTENIbHO JIOJIKHbI
OBbITh MPUBENIEHBI K 00I1IeH TOUKE OTpaKeHUs. DTa
orepanys, KOTopas Ha3bIBaeTCsl ellle YaCTUUHOM
MUTpalyei Wik yCTpaHEHUEM BIIMSHUS YIJIOB Ha-
KJIOHa TpaHHUL, BBINOIHsUIACh mpoueaypor Dip
Move Out (DMO). Jlns Beimonaenns DMO Ob1na
BbIOpaHa mporpamMma Ensemble DMO in T-X
Domain, a Ju11 MUTpaliuy OCae CYMMHPOBAHUS —
nporpamma Steep Dip Explicit FD Time Mig.
B pesynbrare 00paboTKH CeHCMHUYECKUX TaHHBIX
MOJTYYEHbI BBICOKOKAYE€CTBEHHBIE CEHCMUYECKHE
MUTPHpPOBaHHBIE pa3pe3bl. s omeHkn (GopMmer
UMITYJIbCA 10 NOJTYYEHHOMY pa3pe3y UCIOIb30Ba-
Jach LIEHTpaJibHasl, MOJIHOKPATHAas 4yacTh pa3pes3a
u BpemeHHo# uHrepsai 500-1500 mc.

CelicMuueckue pa3pesbl C eIMHBIMU Iapame-
Tpamu 00pabOTKH, TPUBEACHHBIE K OTHOMY BHUIY
¥ YPOBHIO, TIO3BOJIWJIA BBITIOJTHHUTH KOPPEIISAIHIO
OTPaKAIOIINX TOPU30HTOB U KapTUPOBATH I'e0JI0-

Puc. 4. OparmeHT celicMUUeCKOro paspesa, WUIIOCTPUPYIO-
M TIepecedeHie OTPAKAIOIINX TOPH30HTOB M AMILTUTY/-
HOI aHOMAaJIMY Ha CEHCMUYECKUX NPOQHIISX, OTPadOTaHHBIX
B pasHsble rofpl. OcTanpHble yeiI. 0003Ha4eHUs CM. K PHC. 5.

Figure 4. Fragment of a seismic section illustrating the
intersection of reflecting horizons and amplitude anomalies
on seismic profiles worked out in different years. For other
legend see Figure 5.
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THYECKUE OIMACHOCTH Ha MEPECEKAOIINUXCS ILI0-
aJKax UCCIICOBAaHUM pa3HbIX JeT (puc. 4).

Ha ¢parmenTe celicMuueckoro paspesa Xopo-
IO MPOCIICKUBAOTCA OTPAKAIOIIUE TOPU3OHTHI
Y aMIUTUTYHAs] aHOMAJIUSI Ha Pa3HbBIX celicMuYe-
CKHX TTPOQPHUILSIX.

Brigeenne reoJJornuecKux OnacHocTen

[To pe3ynbraTam MOCTPOEHUS] CEUCMUYECKUX
pa3pe3oB Obla MpOBEEHA AeTalbHasi UHTEpIIpe-
TalMsl HA OCHOBE CEHCMOT€OIOrMYECKON MOJIENN
n3 13 celicMUYeCKNX KOMIUIEKCOB, Pa3[eICHHBIX
13-10 oTpakaronIMMu TOpU30HTaMU (puc. 5).

Taxast MoJiesib 1O3BOJIMIIA ONUCATH MOTEHIHU-
aJbHO OMAacHbIe /Ul MPOBeIeHUs OypOBBIX padoT
00BeKTHI HanboJee moapoOHo. OTpaXkarouii To-
pu3oHT Sg12 ucnonb30BaH AJsl MPOESHUPOBAHUS
Ha HEro pa3pbIBHBIX HAPYIICHUH.

Jnst o6Hapy)keHHUsI aHOMAJIBHBIX 0OBEKTOB T10
KaXXJ0MYy CEHCMUYECKOMY KOMILJIEKCY MpPOBEACH
JUHAMHYECKUI aHalu3 B CIELHUAIN3UPOBAHHOM
MIPOrpaMMHOM 00€CIEYeHUH, B pPE3YJbTaTe I10
KaXXJ0OMYy KOMIUIEKCY TMOJIy4YeHbl HaOOphl JlaH-
HBIX O MAKCUMAJIbHOM ¥ MUHUMAJIbHON MUKOBOMH
amruintyae. Jlas OUEHKH CTENeHU OIMacHOCTH
OoOHapyKeHHBbIX aHOMAaJIMH, TIOMUMO OIpenere-
HUSl aMIUTUTYZbI, 3T Y4YacTKU BHU3YyaJbHO IpO-
CMaTpUBAJINCh Ha CEWCMUYECKUX paspe3ax Jis

Puc. 5. ®OparmeHT ceilicMUYeCKOTO MUIPUPOBAHHOTO Bpe-
MEHHOTO pa3pe3a ¢ BBIICICHHBIME 13-F0 OTpayKaroIIUMH TO-
PHU30HTAMHU.

Figure 5. Fragment of a seismic migrated time section with
13 reflective horizons highlighted.
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BBISBIICHUSI TPU3HAKOB, CBHUACTEIIbCTBYIOIINX
0 BO3MOYKHOM HAJIMYMH ra3a — TaKUX KaK CMEHa
(a3pl, HATMYUE TMUTAIONIETO KaHala, CHIDKCHHE
YaCTOThI, HAIMYNE UCKAXKEHUS (JIO)KHOTO MPOTH-
OaHMsI) BCeX HIDKeNexamux rpanul [[‘aiiHaHOB,
2008; Xunrepman, 2010].

HNHTepnpeTanuss ceMCMUYECKUX JTaHHBIX I10-
3BOJIMJIA JIOCTAaTOYHO YBEPEHHO BBIACIUTH Ha
CEHCMHMUYECKUX pa3pe3ax JIOKAJTbHBIE Ta30BBIC
QHOMAJIMM, Pa3pbIBHBIC HAPYIICHUS WU TypOuIu-
TOBBIN MOTOK (puc. 6, 7).

Pacno3naBaemasi hpoHTanbHas 4acth TypOu-
auToBoro noroka mupuHo 1000 M 1 mpoTsiKeH-
HOCTBIO OoJiee 2.5 KM MOXKET MPEICTABIATH OIac-
HOCTb. JTO OOYCJIOBJIEHO T€M, YTO TIPH HAJTUIUH
TaKOTO TeJla BO3MOKHO BO3HUKHOBEHHE aHOMAJIh-
HO BBICOKHMX IUJIACTOBBIX JIaBJICHUU. A B ciy4yae
€CJIU 3TO TEJIO CIIOKEHO MEeCYaHbIMU PAa3HOCTIIMU,
OHO MOKET OBITH XOPOIIIUM KOJUIEKTOPOM IS CKO-
TJICHUS 3HAYUTEIHHOTO KOJIMUECTBA ra3a M TaKKe
MOXXET OCJIOXKHSTB MPOBEICHHE OYpOBBIX PadOT.

Puc. 6. ®parMeHTHI CEICMIUUECKOTO MUTPUPOBAHHOTO BPEMEHHOTO paspesa, Mo-
Ka3bIBaIOIIME aHOMAJIHMH, CBSI3aHHBIE C I'a30HACHIIICHHEM B MECTE 3aJIOKEHHS
IIPOEKTHON CKBaXKMHBI 6 (BEpXHUH (parMeHT) W CKBaKUHBI 1 (HwkHUi Qpar-
MEHT). Pa3HOLBETHBIC «ILTFOCHKI — MOIIEPEYHbIe ceiicMIYecKUe pa3pesbl ¢ yBsi-

3aHHBIMHU OTPaAXKAIOIUMHU TOPU30HTAMH.

Figure 6. Fragments of a seismic migrated time section showing anomalies
associated with gas saturation at the location of the planned well 6 (upper)
and well 1 (lower). Multicolored “pluses” — transverse seismic sections with

associated reflective horizons.
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HccsenoBanue aMIuIMTYAHBIX AaHOMAJHI
COBMECTHO C IAHHBIMH Ia30BOI0 KapoTaxa

Hns  FOxHO-KHpHUHCKOTO  MECTOPOKICHUS
BIIEPBHIE MCCJIEIOBAHbl aMIUIUTYIHbIE aHOMAJIUH
MO JIAaHHBIM CEHCMOPA3BEIKH BHICOKOTO pa3pelie-
HUS ¢ UACHTU(HUKAIMEH UX B IPOOYyPEHHBIX CKBa-
YKUHaX C y4eTOM JIaHHBIX I'a30BOro kapoTtaxa. s
COBMECTHOM HMHTEpHpeTaluu ObLIM HCIOJIb30Ba-
Hbl JJaHHBIE ra30BOro kaporaxa ckBaxuH FHOK-5
u FOK-6. CkBaxuna FOK-6 orinuaercs cambiM
BBICOKMM COJIEpKAaHUEM Ta3a B MPOMBIBOYHOM
xuakoctu. CormacHo celcMUYecKoMy paspesy,
CKBa)KMHA TIepeceKaeT MaKCUMAaJbHYIO aMILIH-
TYIHYIO aHOMAJIMIO Ha BpeMeHM nopsiaka 940 mc,
YTO COOTBETCTBYeT riyoune 815 M. Ha auarpam-
Me T'a30BOr0 KapoTaka B 3TOM TOUKE 3aperucTpu-
pOBaHO MHUHHMaJbHOE 3HaYeHue coaepxanus Cl
B MPOMBIBOYHOM KHUJKOCTU. ITO, BEPOSITHEN BCE-
IO, CBUAETEIBCTBYET O TOM, YTO AHOMAaJIbHBIN
00BEKT /10 oTpaxaromero ropuzonra Sgll cre-
JIyeT WHTEPIPETHUPOBATh KaK IUIACT TIIMHUCTBIX
MOpOJl C MECYaHbIMU MPOCIOM-
KaMH, KOTOpBIM IO CpaBHEHUIO
C BMEUIAIOIIUMHU TOJNILAMH XapaK-
TEPU3YeTCS MEHBIINM 00bEMOM
MOPOBOTO TMPOCTPAHCTBA M, CO-
OTBETCTBEHHO, MEHBILIUM COJIEP-
KaHUeM rasa. Takol INIMHUCTBIN
IJIACT MOXKET BBICTYIATh B POJIH
MTOKPBIIIKY, HAKAIUTMBATh MO/ CO-
OOl ra3s M OBITh MHOTEHIMAIHLHO
OIACHBIM IPHU MPOXOJKE CKBAXKH-
Hbl. KaporaxhHas rasoBas ua-
rpaMma JOMNOJHSIET CcelcMuye-
CKUI pa3pe3 B MHTEpBaJe BPEMEH
ot 730 mo 1120 mc, COOTBETCTBY-
I0IIIEM MHTEpBaTy ITyOuH ot 610
no 1000 M. 3HaueHus copepka-
Hus Cl xoneOmroTest B mpezenax
or 2,4 no 4,8 % (puc. 8). Takum
00pa3oM, COBMECTHAasi HHTEPIIPE-
Tanusl CEUCMHUYECKUX U Ta30Ka-
POTaKHBIX JAHHBIX CYIIECTBEHHO
MOBBIIIAET PE3YJILTATUBHOCTH BhI-
SIBJICHUSI T€0JIOTMYECKUX OIAaCHO-
CTEH, CBSI3aHHBIX C Ta30MpOsIBIIE-
HUSIMH TIpU OypeHUH CKBOKUH Ha
He(Tera30HOCHBIX IIOMIA/SIX.

B pesynsrare uHTEpnpera-
LUK CEICMHUYECKHUX Pa3pe30B MO-
CTpO€Ha KapTa TIeOJIOTUYECKUX
onacHocTeil B npenenax KOxHo-
Kupunckoro HI'KM (cM. kapry).

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 384-392



MPUMEHEHUE CEAICMOPA3BELKMN BbICOKOIO PA3PELEHUSA JJ151 NTOUCKOB NNOKAJIbHbIX FA30BbIX AHOMAJINIA HA KO)XXHO-KUPUHCKOM MECTOPOXAEHUN

Puc. 7. Ilpumep wmHTepIpeTanuu paspe3a, NOKa3bIBAIOUIUN TYpOHUIUTOBOE TEIO.

KpaCHBIe BCPTUKAJIbHBIC IMHUH — PAa3PbIBHbBIC HAPYLICHU.

Figure 7. An example of a section interpretation showing turbidite body.

Red vertical lines — faults.

Puc. 8. ®parment nnTepnperanuu AaHHeix CBP ¢ gaHHBIME razoBoro kaporaxa Ha
ydacTke nmpoOypenHo# ckBaxuHbl FOK-6. KpacHble BepTHKaIbHBIE IMHUN — Pa3phIBHbIC

HapyIICHUS.

Figure 8. Fragment of interpretation of high resolution seismic data with gas logging data
in the area of the drilled well SK-6. Red vertical lines — faults.

Ha xapTy reosorn4eckux ONnacHOCTEHW BbIHE-
CEHBI AHOMAJIbHBIE 30HBI KaXJI0I0 CEHCMUYECKO-
ro KOMIUIEKCA, Pa3phIBHBIC HAPYIICHHSI, TYpOUIU-
TOBBIA TMOTOK, KOTOpbIE HEOOXOAMMO YUYUTHIBATh
IIPU CTPOUTEIBCTBE CKBAXKHH.

3akjao4yeHmne

Ha ocHOBe naHHBIX CEHCMOPA3BEIKHU BBICOKO-
ro pasperieHust ObUTH HICHTU(PHUIUPOBAHBI U OT-
KapTHPOBaHbI BCE 0OOHAPYKEHHbIE T€OJIOTHUECKUE
OIAaCHOCTH, KOTOPbIE HEOOXOJUMO YUUTHIBATH MPH
cTpouTenbcTBe cKBaxkMH Ha FOxHO-Kupunckom
HeTEera3oKOHJICHCAaTHOM MecTopoXkaeHuH. [Ipo-
€KTHBIC CKBa)KMHBI B TOM WJIM MHOM CTEIIEHU «3apa-

FEOCUCTEMBI MEPEXOQHbLIX 30H
2020, 4 (4): 384-392

389

’KEHbD» Ta30BBIMU CKOILIE-
HUSIMH  PA3JIMYHOTO THIIA
u reHesuca. s uckiro-
YeHUsI pHUCKa BBIOPOCOB
IPUIIOBEPXHOCTHOIO Tasa
IIPY ITPOXOJIKE BEPXHEN Ya-
CTH pa3pe3a B MecTax aHo-
MaJIbHBIX 30H, 0003HAYEH-
HBIX Ha Kaprte, Tpedyercs
MU3MEHEHUE TOUYKH 3aJI0XKE-
HUS cKBaKMHBI. Hanbonee
OMacHBIM HpU IPOXOJIKE
CKBOKUHBI SIBIISICTCS  MH-
tepBai 0—100 M oT MOpCKO-
ro JHa NpU HAJIMYUH Taza
B pa3pese, B CBA3M C ITUM
MU3MEHEHUE TOUYKH 3aJI0XKE-
HUS IPOCKTHON CKBAYKUHBI
HEM30eXKHO TIpU  JIFOOOM
pucke. IIpu 3aneranuu so-
KaJbHBIX Ta30BbIX aHOMa-
nu# cBbiie 100 M ot Mop-
CKOIO JHa NPUMEHSIOTCS
JIOTIOJTHUTENBHBIE  TEXHO-
Joruu mpu OypeHuu, Ta-
KHe, Hampumep, Kak Hc-
MOJIb30BaHUE 1IEMEHTHBIX
pPacTBOPOB C Ta300I0KUPY-
IOLIUMHU 100aBKaMHU.

B pesynbrare coBmecT-
HOM MHTEpIIPETALUU CeHC-
MUYECKUX U ra30KapoTax-
HBIX JIaHHBIX BBISBJICHO,
YTO MUHHMAaJIbHOE 3Haye-
HUE COJEp)KaHUs MeTaHa
Ha KapoTa)KHOHN auarpam-
M€ COOTBETCTBYET MAaKCH-
MaJIbHOW aMIUIUTYJAE Ha
CECMUYECKOM pa3pese.

Pa3zBuTHe MeETONOB TNOMCKA TEOJIOTMYECKUX
OIMACHOCTEW B aKBaTOPHSIX, BKIIIOYasl yCOBEPILEH-
CTBOBAHHE TeO(PHU3MUECKOTO O0OPYAOBAHUS, MPO-
TPaMMHBIX CPEICTB 00pabOTKHU U MHTEPIPETAH
CEMCMUYECKUX JaHHBIX, TO3BOJIUT B MEPCIIEKTHBE
MIOBBICUTh Kaye€CTBO BBISBICHUSI T'E€OJIOTHUYECKUX
OIACHOCTEH U TEM CaMbIM, BO N30€KaHHE DKOJIOTH-
YeCKHUX KaracTpod), YMEHBIIUTh PUCK aBapuil pu
CTPOUTENHCTBE CKBAYKHH.

[To pe3ynmsratam ceHCMOpPa3BEAKH BBICOKOTO
paspelieHus 1 HENpEpbIBHOIO CEMCMOaKyCcTHye-
ckoro npodunmpoBanus Ha HOxHO-KupuHckoM
HI'KM 065110 yCIIEIHO BBITIOHEHO OypeHHE CEMH
MIOVMCKOBO-PA3BEI0YHbIX CKBAKUH.
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O cOpoIIEeHHBIX HAMIPSIKEHUSX
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Y IPUBEJACHHON CEMCMUYECKOU SHEPTUU

© 2020 H. A. Coiuesa', JI. M. Fozomonog™?

'Hayunas cmanyus PAH 6 2. Buwixexe, Kupausus
Uncmumym mopckoil 2eonoeuu u 2eogusuxu JJBO PAH, 2. FOxcno-Caxanunck, Poccus

*E-mail: bleom@mail.ru

Pe3rome. O6001IeHBI TaHHBIC O COPOIICHHBIX HANPSHKCHHUSX U MPUBEICHHON CEHCMUICCKON SHEPTHH JIJIS 36M-
nerpsicenuii CeBepHoil EBpasun. AHaMM3UPYIOTCS B3aUMOCBS3M 3THX NapaMETPOB ¢ CEHCMUYECKHM MOMEH-
TOoM 1 MarHuTynou. [IpoBenens! aeranuzamonHsle uccnenosanus Aasi CeseprHoro Tsaub-1lans (buikekckoro
Te0JTHaMHYECKOT'0 TIOJINTOHA), ITOYYEeHbI 3HAYEHUS IUHAMUYECKHIX MTapaMeTpoB o4aros Juisd 183 3emueTpsice-
HUH pa3HBIX dHEepPreTrdeckux KiaccoB (K = 8.7—14.8): yrimoBoi 4acTOTHI, TapaMeTpa CIIEKTPaTLHON IIIOTHO-
CTH, CKJIPHOTO CEHCMUYEeCKOTO MOMEHTA, paJinyca o4ara, ypOBHS COPOIIICHHBIX HAMTPSHKEHUH, CEHCMHUYECKOM
SHEpryM U NPUBEACHHOM celicMuuecKoii sHeprud. s pacuera paguyca odara u COpOIICHHBIX HANPSLKEHUH
KCIIOJIb30BaHbI JIB€ MOZENX — noaxoA bpioHa u ynyuiienHas moaens Magapuaru—Kanexo—Iupepa. J{ns ot-
HOCHTEIHHO CJIA0BIX COOBITHI yCTaHOBIICHA CTENICHHAS 3aBHCUMOCTH (perpeccrs) COPOIICHHBIX HAPSKSHUN
OT CKAJIIPHOTO CEHCMMYECKOTO MOMEHTa M, YTO COIIACYETCs C PE3y/IbTaTaMK O CTENEHHOH 3aBUCHMOCTH
0T M|, IpUBEICHHOM CEHCMUYECKOM SHEPTHH B psiiie Npyrux pernono CesepHoit EBpasun. OTMeueHa CBsisb
MEXy BUIOM O4aroBO# IMOABMKKH M YPOBHEM cOpOCa HapSHKEHHIH.

KuroueBble cioBa: o4ar 3eMJIeTpsCEHUs], MATHUTYAA, CEHCMUYECKHI MOMEHT, COpOC HAIpsDKEHUH, TpUBe-
JEHHAs CeHCMHUUECKas SHEPIusl, MacIiTaOHbIEe 3aBUCHMOCTHU

On the stress drop in North Eurasia earthquakes source-sites
versus specific seismic energy

Nailia A. Sycheva', Leonid M. Bogomolov*?

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

*E-mail: bleom@mail.ru

Abstract. A generalization of the results on the stress drop and the specific seismic energy for the earthquakes
in Northern Eurasia has been made. The relationship of these parameters with the seismic moment and the
magnitude has been analyzed. Detailed studies for the Northern Tien Shan (Bishkek geodynamic polygon) were
carried out, the values of the dynamic parameters of the sources for 183 earthquakes of various energy classes
(K = 8.7-14.8) were obtained: angular frequency, spectral density parameter, scalar seismic moment, source
radius, stress drop level, seismic energy and specific seismic energy. Two models have been used to compute
the source radius and the stress drop — the Brune approach and the improved Madariaga—Kaneko—Shearer
model. For relatively weak events, a power-law dependence (regression) of the stress drop on the scalar seismic
moment M, has been identified, that complies with the results on the power-law dependence of the specific
seismic energy on M, in a number of other regions of Northern Eurasia. The relationship between the type of
source movement and the stress drop level has been noted as well.

Keywords: earthquake source, magnitude, seismic moment, stress drop, specific seismic energy, scaling
dependence

TEOCUCTEMbI NEPEXOAHBIX 30H 393 GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 393-446 2020, 4 (4): 393-446


mailto:bleom@mail.ru

O CBPOWEHHBIX HAMPSIKEHUSIX B OYATAX 3EMJIETPSICEHUI CEBEPHOU EBPA3UWN U NPUBERQEHHON CEWCMUYECKOM SHEPIUN

Jna yumupoeanusa: Ceraea H.A., boromosos JI.M. O cOpomeHHBIX HapsHKEHUIX B odarax 3emierpscenuiit Cesep-
Ho¥ EBpasuu m npuBeAcHHON ceiicMuueckoi sHepruu. I eocucmemsl nepexoonuvix 30w, 2020, T. 4, Ne 4, c. 393-446.
(Ha pyc. u anrn.). https://doi.org/10.30730/gtrz.2020.4.4.393-416.417-446

For citation: Sycheva N.A., Bogomolov L.M. On the stress drop in North Eurasia earthquakes source-sites versus
specific seismic energy. Geosistemy perehodnykh zon = Geosystems of Transition Zones, 2020, vol. 4, no. 4, pp. 393-446.
(In Russ. & Engl.). https://doi.org/10.30730/gtrz.2020.4.4.393-416.417-446

baarogapnuocTu

ABTOpHI BBIpaKatoT npu3HareabHocTh 0. A. Peberkomy 3a 00CyKAeHNE U IIEHHbIE COBETHI IO XOAY paboTHI.

BBenenue

HNunamuueckue napametpsl ([II1) ouaros 3em-
JETPSACCHUMN: CKaJISIPHBIA CEHCMUYECKUH MOMEHT
M, uznyvennas cedicmuueckas sueprus Eg, pa-
nuyc odara » (paguyc bprona) u cOpoieHHbIe Ka-
catesbHbIC HanpspkeHus (stress drop, Ac) — MoryT
XapaKTepHU30BaTh PETHOHAIBHBIE OCOOCHHOCTH
reopedopmanmonHoro mpormecca. Co3ganue co-
BPEMEHHBIX CEICMUYECKHUX CETEU U pa3BUTHE ME-
TOJI0B 00paOOTKU CEHCMOTpaMM C/IeJIao BO3MOXK-
HBIM B Hacrosiuee Bpems onpeznenars I naxe
Juis ciabbix 3emuerpsicenuit [JJoopeiauna, 2009;
[TycroButenko, 2013; Parolai et al., 2007; u ap.].
JIJi1 HEKOTOPBIX PETHOHOB, B yacTHOCTH (CeBep-
Horo Tann-lllaHs, BOBIEUYEHHME OYAroB CJIA0BIX
3eMJICTPSICEHHI B pacueT TUHAMUYECKUX apame-
TPOB TMO3BOJIIO «HAKOMHUTH CTATUCTHUKY» COOBI-
TUI ¢ HalJeHHbIMU 3HadeHus MU JII1, BBISABIATH
UX KOPPENSLHMOHHBIE CBOMCTBA U 3aKOHOMEPHO-
ctu pacnpenenenuit Il [CerueBa, boromornos,
2016; Baltay et al., 2011]. IIpu dpopmupoBanuu
0aHKOB JaHHBIX MO JMHAMHYECKHM MapaMeTpam
¢ gucioMm 3anuceir 6onee 100 (dro nume B He-
CKOJIBKO pa3 MEHBIIIE MOJHOTO Yucia COOBITHIA
B TOM € JTMana3oHe MarHUTyj) MOKHO TOBOPHUTD
o MaccoBeix onpenenenusix Il [CerueBa, boro-
MoJ0B, 2016].

CoOOTHOIIIEHUAM JTUHAMHYECKUX TMapamMeTpoOB
0YaroB B Pa3JIMYHBIX PErHOHAaX, B YACTHOCTH I1O-
HCKY KOppEesUA MEXIy 3HAaYEHUsSIMU pajuyca
ogara r, MomMeHTa M, W MarHutyasl M TmOCBs-
meHo Oonpiioe yuciao pabor [Kouapsn, 2014;
Abercrombie, Leary, 1993; Allmann, Shearer,
2009; Baltay et al., 2011; Shaw et al., 2015; Pacor
et al., 2016]. Jlms pasnu4HBIX CEHCMOAKTHB-
HBIX PETMOHOB YCTAHOBJIEHBI COOTBETCTBYIOIINE
MM COOTHOIIEHUS, KOTOpBIE, KaK MPABUIIO, MPE-
CTaBJISIIOT cO00 MUHEITHBIE 3aBUCUMOCTH B JIOTa-
pudmudeckoM macimrade (cMm., Harpumep, 0030p
[Kouapsin, 2014]).

Hawubonee n3BeCTHBIME Cpeld TAKUX COOTHO-
IIEHUH MOXKHO CYUTATh CPEIHIOI KOPPEISIIUOH-
HYIO 3aBUCUMOCTH U3 [PusHuuenko, 1985] mexny
Mu M, (H-m):
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IgM, = 1.6M + 8.4 (1)

U YUCIIEHHO OJIM3KYIO K Hel 3aBucuMocTh KaHna-
mMopH [Kanamori, 1977], skBUBa€eHTHYIO BbIpa-
KeHuto (1), 1uist MOMEHTHOM MarHuTy bl M. :

IgM, = 1.5M,+ 9.1, tne M, (H-m). 2)

B nenaBneii pabore [CrrueBa, 2020] va npu-
Mepe BUIIKEKCKOro re0qMHaMUYECKOr0 TOJIUTOHA
(BI'TI), CeBepnbiii Tanp-1llanp, ObL10 MOKa3aHoO,
YTO KOPPEJSLUOHHBIE COOTHOILIEHHUS TAKOrO BUA
BBITIOJIHAIOTCS U JUIsI AMana3oHa Maraurya M > 2.7
(c noBepuTenbHOM MorpemHocThio 10 10 %).

Bonpoc o xoppemsiuuy MeXAy 3HAYCHUSMU
pamuyca odara U MarHUTYIOW COOBITHS, a TaKKe
MEXIy COpOIICHHBIMH HANpPSHKEHUSIMA M MarHu-
TyIOM W3y4YeH B MeHbLIEeH creneHu. [ia cioyyas
COpOILIECHHBIX HANPSDKEHUH J1aXKe caMo Haludyue
TaKOM KOppENSLUM HEOYEBHJIHO H3-3a OOJIBIIOTO
pa3bpoca 3HaueHU Ac 171t COOBITHH ¢ OMU3KUMU
MarHutygamu. B pse pabot, OCHOBaHHBIX Ha CO-
BpeMeHHBIX AaHHBIX [Baltay et al., 2011; Shaw et
al., 2015; u nap.], He BBIABICHO 3HAYMMBIX B3au-
MOCBSI3€ll MeX/Ty COpOIIECHHBIMU HANpPsHKCHUSIMH
U CEHCMUYECKUM MOMEHTOM (M, KaK CIIE/ICTBUE,
C MarHUTyaou 3emuierpscenusi). Pesynbrarel npy-
rux paboT MOATBEPAWIN TaKylO B3aUMOCBS3b, HO
JlaJId pa3lInuHble TPEHIbl U3MEeHeHus1 Ac (Hapac-
TAlOUIMK WK yObIBAIOIMIA) C yBenauueHuem M,
wi M. TIpuMepoM «MHTYHTHBHO» 0XKHIaEMOTO
Hapacraroumero tpenaa Ac(M,) MOKeT ObITh pe-
3yJabTar, nomydeHHbld B [Pacor et al., 2016] mis
CeiCMOaKTHBHOTO pernoHa AOpymmo (Abruzzo,
Hentpanbhas Mranus), BKIIOYAIOLIETO SIUIIECH-
TPaJIbHYIO 30HY KaracTpo(UUecKoro 3emieTps-
cenus JI'akymna 06.04.2009, M, = 6.1. B pabote
xe [Candela et al., 2011] Ha ocHOBe aHayM3a pas-
JoMHBIX 30H Bo ®paniysckux Anbnax v Hesa-
ne, CHIA, apryMeHTHpOBaHO, YTO IO KpanHEH
Mepe B 3THX PErMOHAX yCPEIHEHHAs! 3aBUCMOCTb
Ac(M,) cnabocnanaromas (Ac ~ M "), a ne Ha-
pacraromast. Takum 00pa3om, ke XapakTep 3aBH-
cumoctu Ac(M,)) NoKa HE YCTaHOBJIEH OJHO3HAYHO.
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B MHoOrouucieHHsIx paboTax, HOCBSILIEHHBIX
npobieMe caMomnonoOus CeCMUYECKHX O4YaroB
[6ubnuorpaduto cMm., Hampumep, B [Kouapss,
2014]), BHUMaH#e POKYCHPOBAIOCH Ha MacIITa0-
HOM 3aBUCHMOCTH IPHUBEICHHONW CEHCMUYECKOMN
SHEPIHH, e,., TNPEIACTABIANMENH CO00H OTHO-
IICHUE H3JTYYCHHOW CEHCMUYCCKOM SHepruu E
K CEHCMUYECKOMY MOMEHTY M, :

e, =E,/M;=0 /G, (3)

rae G — MOJyJIb CIIBUTA, G, — TAK HA3bIBAEMOE Ka-
JKylieecs HanmpsbkeHue (apparent stress), CMBICI
KOTOPOTO TMOSICHSIETCS HUKE.

bruto nponemonctpuposano [Kouapsin, 2016,
YTO 3aBUCUMOCTh €, OT M sBiseTCs crnaboHa-
pacTarolieid ¥ XOpOLIO ONMKUCHIBAETCS CTENEHHON
¢ynkuuen Buna (M))*, 0 < o < 1. Ho npu sToM
B3aUMOCBSI3b [IAPAMETPOB €,, U AG NPAKTUIECKU
HE aHanu3upoBaiach. B naHHON pabore Huxke
OyIeT MmoKa3aHo, YTO 3HAUYCHUS COPOIIEHHBIX Ha-
NPSOKEHU U TIPUBEICHHON CEHCMUYECKON SHEp-
MU [PONOPLUUOHAIBHBI IPYT JIPYTY, T.€. MEXKIY
STUMH BETUYMHAMU UMeeTcsl (pu3udeckas B3au-
MOCBSI3b. JTO TO3BOJISIET UCIOJIb30BATh JAaHHBIC
0 3aBUCHUMOCTH e, OT CEHCMHMYECKOI0 MOMEHTa
JUIST aHaJIM3a BOIMpoca 00 YCpeTHEHHOUW 3aBUCH-
MocTu (Tpene) Ac(M,).

Hannune nHapacraromeid CTeneHHOW 3aBU-
CUMOCTH COpOIIEHHBIX HAMNpsHKEHUH OT cefc-
MHUYECKOTO MOMEHTa TaKXe MOATBEPKICHO MpPHU
aHaJIM3e JMHAMUYECKHUX TapaMeTPOB 0UaroB 3eM-
netpscenuir [CeiueBa, boromornos, 2016], npo-
m3omenmux B CeBepHom Tsub-1llane BHYTpH
oomactu 41-43° c.i. m 73—77° B.1., Ha3bIBAEMOU
buiikekckuM reoJuHaMUYECKUM TTOJIUTOHOM.

Jannas paboTta sBISETCS MPOJOHKEHUEM
u neranm3anueit uccnenoBanus [CerueBa, 2020],
TJIe pacCMaTPUBAINCH TUHAMUYECKHUE TApaMETPhI
3eMJIETPSICEHUI Ha O0Jiee MUPOKON TEPPUTOPHH,
HazpiBaeMoii LlenTpansubiM Tsaab-1llanem. Ctout
OTMETHTb, UTO pasneneHue Ha LlenTpanbHblii, 3a-
naaubld 1 Boctounei Tsup-1llane npoBonurcs
IO JI0JITOTE, U HET MPOTUBOPEUUS IPU OTHECCHUU
tepputopuu BI'TI (vacts CeBepHoro Taub-111ans)
k Llenrpansanomy Taup-llanto. B pabote [Criue-
Ba, 2020] ObUIM paccuMTaHbl JUHAMUYECKHE T1a-
pameTpsl 11 150 3emuierpsicenunii LienTpanbsHOTrO
Tsnp-1laHd; MOCTpPOEHBI PErpecCUOHHBIE 3aBU-
CUMOCTU CKaJSIPHOTO CEHCMHUYECKOTO MOMEHTA,
paaMyca ovara ¥ COPOIICHHBIX HANpsOKEHUH OT
MarHUTY/bl, HAWICHBI KOA(PQPUIIUSHTH KOppes-
A JUHAMHUYECKHUX MapaMeTpOB M MOMEHTHOM
marauTyel M. s HentpanbHoro Tsub-Ians
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B I1€JIOM ObLIO OTMEYEHO, YTO MEXKAY MarHUTYI0M
M wn Ac naGmrofaercs Oonee cinabas Koppensuus,
deM Mexay M u M a takke mexay M u r. Ceiic-
Muueckass akTuBHOCTh CeBepHoro Tsub-Illans
BbIlIE, YeM B cpeaHeM ans LlenTpansHoro TsHb-
[[Tans. 3HaunTEeNBHBIN COPOC HATIPSKEHUHN XapaK-
TepeH Jyuis obnacTeit ¢ qedopmarnmeit mpeodnana-
HUs nipoctoro cxarusi. B pabore [Coruea, 2020]
TaKKe TMOKa3aHo, YTO, COIVIACHO PaCIpeIeIeHUIO
kod(uumnenra Jlone-Hanan u , 6Gombimas 4acth
HCCIIEyEeMOM TEPPUTOPUHN HAXOAUTCS B YCIIOBUSX
nedopmariu ¢ mpeodagaHueM MPOCTOTO CKATHS
(> 0.2), B ceBepo-3amagHOii YaCcTH BBIACISETCS
obacTs nedopMaruu ¢ mpeodIaaHueM MpoCTo-
ro pactsokenus (x4 < —0.2), nus Gonbuiel yacTy
BIIQJIUH XapaKTepHa e(opMaiiys 4uCTOro CIBUra
(-0.2<pu, <0.2).

AHanu3 CcOpOIIEHHBIX HAMPSHKCHUNW W/UIn
napamerpa e, Jist 30ub1 BI'TI ¢ BeIcOKOU TTOT-
HOCTBIO JAHHBIX MPEICTABISET UHTEPEC B CBA3U
C y>K€ YIIOMSIHYThIM BOIIPOCOM O HAJIMYUU UJIU OT-
CYTCTBUU YCPEIHEHHOM 3aBUCUMOCTH AG OT Mac-
mTaba coObiTusA. /[ o6ocHOBaHUS TecHOU (u-
3MYECKOW B3aUMOCBSI3U MEXAYy COpOIIEHHBIMH
HaIIPSDKEHUSAMU U NIPUBEIEHHON CENCMUYECKON
SHEprueil Huke MPUBEICHO KPAaTKOe H3II0KEHHE
TEOPETUUYECKUX OCHOB OLICHKHM JIUHAMHYECKUX
napaMeTpoB od4aroB 3emierpsceHuil. Cuuraem
3TO 11eJ1IecO00pa3HBIM, TOCKOJIBKY OPUTHHAILHBIE
pabotel mo meromukam oreHok JIIT [Koctpos,
1975; Puznuuenko, 1985; Boatwright, 1980] ormy-
OJMKOBaHBI JIOBOJBHO JTABHO, a CIIOCOOBI peasu-
3allMM TaKUX METOJIUK B COBPEMEHHBIX paboTax
pa3iauyaroTcs, YTO 3aTPyAHSIET CpPaBHEHHUE UX pe-
3yapTaToB. ISl WIUTIOCTpalliu MPOHOPIIMOHATb-
HOCTH MEXJy 3Ha4eHHsAMU AG W e, pacCMarpH-
BAIOTCSl MPUMEPHI SMIUPUUYECKUX ONPEACTCHUI
IIPUBEIECHHON CEHCMHUUYECKON SHEPIUM B Pa3HbBIX
perunonax CesepHoii EBpazun. O600meHue 3tux
pE3yJIbTaTOB YKa3bIBaeT HA HAJIMYKE CTEIEHHOU
(MOHOTOHHO HapacTaroUIed) 3aBUCUMOCTH €,
OT CelCMHYECKOTO MOMEHTa, T.e. OT MacuiTaba
coObITus. [Ipu MOMBITKE PacIPOCTPAHECHHUS ITOTO
BBIBOJIA HAa COPOLIECHHbBIE HANPHKEHUs, AG ~ e,
BO3HUKAET PACXOXKJEHUE C pe3ylbTaraMu 00 OT-
CYyTCTBHMH 3aBUCMMOCTH Ac(M,). leTanbHbIi
aHaJIU3 B3aUMOCBSI3U COPOILIECHHBIX HAarmpsKe-
Huil u apyrux Il B nanHoil pabore mpoBOAMT-
cs Ha npumepe Tepputopun BI'TI B CeepHom
Tsub-1llane, ¢ ucnonb3oBaHueM OaHKa JaHHBIX
0 JMHAMHUYECKHUX IMapaMeTpax U CIEKTPaJbHBIX
XapaKTEepUCTHKAaX 3EMJIETPSICEHUM, KOTOPBINA CO-
JEPKUT 3arucu 115 183 coOBITHH SHEPTeTHUECKUX
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O CBPOWEHHBIX HAMPSIKEHUSIX B OYATAX 3EMJIETPSICEHUI CEBEPHOU EBPA3UWN U NPUBERQEHHON CEWCMUYECKOM SHEPIUN

kimaccoB K = 8.7 — 14.8 (M = 2.7-6.0), 4t0 co-
craBiseT 53 % oT 0011ero yuciaa COOBITHI TOTO
JKE JIMara3oHa KJIaccoB, MPOU3OIIEIIINX B TOT Ke
nepuoa. DTOT OaHK JAaHHBIX HE MMEET aHAJIOTOB
1o oovemy maHHbIX 0 J[I1 oyaroB Ha KOMIaKTHOM
TEPPUTOPUHU, OH TO3BOJIIET NPUMEHUTh CTaTH-
CTUYECKHE METOABl aHaiu3a I 00OCHOBAaHMS
YCTOWYHMBBIX KOppelsinuii Ac u M, a Takke BbI-
ABJICHUS APYTUX 3aKOHOMEPHOCTEN, B YACTHOCTH
B3aUMOCBSI31 COPOIICHHBIX HAMPSHKEHUN C TUIIOM
¢doxanpHOrO Mexanu3ma. Ha mpumepe CeBepHoro
Taup [llang nokazaHo, Kak MOKHO HUBEIUPOBATh
HECOOTBETCTBUE PE3YJIETATOB U3 PA3IMYHBIX JIHU-
TepaTypHBIX UCTOYHUKOB O XapaKTepe 3aBUCUMO-
crti Ac(M,).

TeopeTrnyeckne 0CHOBBI OLIEHOK
AUHAMUYECKHUX MAPaMeTPOB 04aroB,
CBSI3b COPOIIEHHBIX HATIPSAKEHUH

C IPUBEICHHOU CeCMMYEeCKOM YHepruen

Ckanapuulii celicMu4ecKuil MomMeHm Olpe-
nensiercsi, coracHo [Koctpos, 1975; Axu, Pu-
yapjc, 1983], kak npousBeeHue MOIYJIS CJIBUTA
G, IIomaau paspbiBa S ¥ CpeHEro MO ITOM TII0-
magu cMenenus D:

M,=GSD )

[To Benuumue M, MOXHO OLEHUTH MArHUTYIY
semunieTpscenus M, ¢ momompo Gopmyinsl Kana-
Mopu (2). Jlis HamISIAHOTO COMOCTAaBJIEHMSI CKa-
JIAPHOW BENUYMHBI M| ¥ TEH30pa CEHCMUYECKOTO
momenTa (M, ) [KOCTpOB 1975; Keitnuc-bopoxk
u np., 1979; AKI/I Puuapnc, 1983] MIPUBOJAUM
BBIpa)XCHHE, CBS3BIBAIOIIEE KOMIIOHEHTBI 3TOTO
TEH30pa C BEKTOPOM CMEIIEHHs MO pa3pbiBy D,
¥ SIMHAIHBIM BEKTOPOM 71, (i, j=1, 2, 3), 3az[a}o-
ITUM OPHEHTAIIUIO HOBerHOCTI/I S

M), =GS(D;n+D,n)l2 (5)
Boipaskenue (5) MOXKHO nepenucarb B BUJIE
M), =M (d;n,+dn)/2=Mm,; (6)

rne d, = D,/D — KOMIIOHEHTBI €IMHMYHOTO BEK-
TOpa, HAIPaBJIEHHOTO BIOJIb BEKTOpa CMEIIEHUS,
a TCH30p M, MpPEJCTaBIACT co0oii TeH30p Mexa-
HH3Ma ovara (HampaBIAIOMINN TEH30p ceficMude-
CKOTO MOMEHTa), KOTOPBIF MOYKET OBITh TAK)KE BbI-
pakeH 4epe3 HampaBIISAIONIME BEKTOPHI Ui Ocei
pactsbkenust ¢, i = 1,2,3 n cxarus pj,j =1,2,3
C TIOMOIITBLI0 (POPMYJIBI m;= (@ L—p pl.) /2% . Kak
BUJHO U3 (6), CKAJIAPHBINA CEHCMUYECKUIT MOMEHT
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1 HanOOJIbIIIasi KOMITOHEHTA TEH30pa (MO)U. UMEIOT
OJIUH U TOT K€ MOPSIOK BETHUNHBL.

JI1s1 COBOKYITHOCTH 3€MIIETPSACEHUH, IPOU30-
niemux B o0beMe cpenbl V 3a mepuoa Bpeme-
HU 7, BBI3BAaHHAS MMM YCpEIHEHHAs HEympyras
nedopMaIusi ONHCHIBACTCS TEH30POM CKOPOCTH
pa3pbIBHOK (CEHCMOTEKTOHMYECKON) aedopma-
U, <€ > [FOnra, 1990]:

1 - o o
<= Gy M ™
a=1

IJ1€ CyMMHUPOBAHHE MIPOBOAMTCS IO CEHCMHUYE-
CKUM COOBITUSM, HYMEPOBAaHHBIM C TIOMOIIBIO
uHACKca a, N — KoinmuecTtBo coObiTHil. B ciy-
yae, Korja Mepuoj]i BPEMEHU BbIpaXeH B TOax,
TEH30p <8 > TaKXXe Ha3bIBalOT CPEIHCIOAO0BLIM
HpI/IpOCTOM CEHCMOTEKTOHUYECKOM AehopMaIim
(CTH). B pa6orax [JIlykk, IOnra, 1979; IOHnra,
1990] npennoxkeHo anmpokcumMupoBarb (7) cie-
JTYIOUIUM BBIPAKEHUEM:

< g >= GVTZ M(a) zm(a) = IZZm(a), ®)

IJie BBEJCHA CKAJIApHAs XapaKTEpPUCTUKA MPHUPO-
CTa CeMCMOTEKTOHMYECKON aedopmaiuu I;, Ha-
3pIBaeMasi ”HTeHCUBHOCTRIO CT/I.

®opmynsl (7), (8) yka3blBalOT Ha BO3MOXK-
HOCTb B3aMMOCBS3€i MEX 1y TUHAMHYECKUMHU Ta-
paMeTpaMu 04aroB (B 4aCTHOCTHU, CEHCMHUUECKUM
MOMEHTOM M) ¥ TapaMeTpaMu TEH30pa NpHupo-
cra CT/l. AHanu3 1oJ0OHBIX B3aMMOCBS3CH 110
ceficmuueckuM qaHHBIM U1 CeBepHoro u Llen-
TpanbHOro TsaHb-11laHs BXonUT B 3aa4u JaHHOU
paboThI.

Cwmemienne D B BbIpaxkeHuH (4) OMHCHIBA-
€T aCHMIITOTUYECKOE 3HAY€HHE OTHOCHUTEIbHOM
MOJIBIKKU  «OeperoBy» mpu ¢—oo [PU3HHYEHKO,
1985; Boatwright, 1980; Scholz, 2002]. CornacHo
M3BECTHBIM PEIICHUSIM BOJHOBBIX YPABHEHUM 115
chepruecku pacxosIIuxcs ceiicMoBoIH, D npo-
MOPIIMOHATIEHO HU3KOYACTOTHOMY TPECITy CIIeK-
TPAJbHOW IUIOTHOCTH CMemeHus €}, KOTopoe
PETUCTPUPYETCSI B BOJHOBOM 30HE Ha yJaJE€HUU
oT paspeiBa [Axku, Puuapac, 1983]. Ceiicmuue-
CKHH MOMEHT TaKXe MponopuuoHaneH Q  (31or
napameTp Jajiee JIsi KpaTKocTy OyJeM Ha3bIBaTh
CIEKTPAJIbHOM MIOTHOCTBIO, CJIETYSI TEPMUHOIIO-
run [Scholz, 2002, 2019] u apyrux padot. Cro-
UT OTMETUTB, YTO M cunuTaeTcs Hanbonee ajiek-
BaTHBIM I10Ka3aTeJIeM WHTEHCUBHOCTH («CHIIBD»)
semuerpsicenns [Hanks, Kanamori, 1979], on He
3aBUCHT OT JeTalleil pa3BUTHS Ipoliecca B oyare,
B YACTHOCTH OT OIMCHIBAEMBIX MapaMeTPOM BbI-
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COKOYACTOTHOM YacCTH CIIEKTpa — YIJIOBOH 4acTo-
TOl f, (4acTOTOM Ccpe3a).

BripakeHue st pacueTa ceiCMUYECKOTO MO-
MeHTa M Ha OCHOBE CIEKTPAIbHBIX apaMETPOB
3anuceiBaercss B popme [Axku, Puuapac, 1983;
Pusanuenko, 1985; Boatwright, 1980]:

M,=4npRV3Q/Y, )

rae R — pacCTOSIHEE OT ouyara CTaHIIUH WU JI0 pe-
(depeHTHOI TOYKH, TAC ONPEILIIICTCS CIIEKTP, P —
IJIOTHOCTh MOPOJL B 001aCTH 0vara, V' — CKopocTh
nonepe4HbIx BosH, V| — Gpakrop HanmpasieHHOCTH
W3ITydeHUs U3 oJara (i1 HICTOYHUKA, OTIMChIBae-
MOTO CKaYKOM CMEIIEHHS Ha IIOCKOCTH pa3phiBa,
CpeaHee 3HaYeHHE 3TOro (akTopa MPUHUMACTCS
0.64 [Pusnnuenxo, 1985]). ®akrop ¥, Masno 4ys-
CTBHUTEJICH K MOJICJIM pa3pbiBa B OYare, Tak 4To
IIOrPEMHOCTH OLeHKH M 110 popmyiie (9) He npe-
BoimaeT 10—15 % [Ruff, 1999; Scholz, 2002].

Benuuuna copowennvlx nanpasxcenuii xa-
paKTepU3yeT CpeHEE pa3Inune MKy KacaTresb-
HBIM HANps>)KEHUEM B Pa3IoMe J0 3€MJIETPSCEHUS
(o,) n mocne mero (6,) [Gibowicz, Kijko, 1994].
OTOT mapameTp ONpeeseTcs Mo CpeaHeEMY cMe-
HeHU0 [, HOPMUPOBAHHOMY Ha XapaKTEpHBII
pasMep ouara r, ¢ MOMOUILIO CJIEIYIOUIETO BbI-
paxenus [Koctpos, 1975; Kouapsn, 2014; Brune,
1970, 1971; Ruff, 1999; Mori et al., 2003]:

Ac=o,-0c=CGD/r, (10)

rae koapduuuent C ~ 1 Npu aaeKBaTHOM BbI-
0ope XapaKTepHOro pasMmepa 7, KOTOphId B CITy-
yae HEeKpYIIol (OopMBbI 04ara MOXKET OTIINYaThCs
OT YIIOMSIHYTOTO BBIIIIE pajnyca 7.

Jist monmanky pa3peiBa B popme Kpyra pau-
ycoM 7 (tiomazap S = mr?), XapakTepHbIil pa3mep
¥, MOXXHO OTOXJECTBUThH C PAJMyCOM 7, M TOTA
BBIpOKECHHE JJII COPOIICHHBIX HANPSOKEHUU AG
npumet popmy Ac = C M,/ nr’. 3nauenue kod¢-
unurenta C_ s ciydas paspbiBa-Kpyra onpese-
neno B pabore [Eshelby, 1957]: C_=7n /16 = 1.37,
u u3 (10) momyyaercs ciieayoliee BoIpakeHHe:

Ao =TM, /16 1, (11)

KoTOpoe Hamboliee YacTO WCIONb3YeTCs IS
OLICHKM BEIMYMHBI AG MO CEHCMHUYECKUM JaH-
HbIM [Brune, 1970, 1971; Scholz, 2002].

Panuyc ouara r B Belpaxkenuu (11) ompene-
nsiercss popmynoit [Scholz, 2002; Abercrombie,
Rice, 2005; Scuderi et al., 2016]:

r=kV,If, (12)
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rae k — YuciIeHHBIA KO DHUIIMESHT, 3aBUCSIIIHA OT
MOJIeNU pa3pbiBa B ouare. Bxonsmas B (12) yrio-
Bas 4acTOTa f XapakTEpHU3yeTCsl TEMU CBOKMCTBa-
MH, YTO TIPH f = f, MOJENBbHBIN CIEKTP CMEILECHHUS
S(f) [Scholz, 2002] npoxoauT Touky meperuoda,
a COOTBETCTBYIOIIUI CHEKTP CKOPOCTH HMEET
MakcumyM. [Toxcranoska (12) B (11) gaet oGrree
BBIpQ)KEHUE UTSI COPOIICHHBIX HANPSIKCHUN Ye-
pe3 CeHCMUYECKUI MOMEHT | YIJIOBYIO YacCTOTY:

(13)

KoTOpoe OyleMm jaanee UCIOJIb30BaTh ISl COIMO-
CTaBJICHUS C 3aBUCUMOCTBIO CEIICMUYECKOM 3HEP-
TYH ¥ IPUBEIEHHON CEHCMUIECKOM SHEPTUHM OT f.

[IpenBapuTensHO pacCMOTPUM BBIOOp Mojie-
Jiel pa3phiBa B oyare, ONpenessionX 3HaYeHUE
ko3 unmenta k B (12), KOTOpBIA MOXET Cy-
LIECTBEHHO IOBIUATh HA MOTPEIIHOCTh pacye-
Ta BEJIMYUHBI pajguyca oyara M, Kak CJIeJCTBUE,
COpOIIIEHHBIX HampsoKeHUW. [l ompeneneHus
JUHAMHYECKUX IapaMeTpoB odyara Io Mapame-
TpaM CIIEKTPOB Hallle IPYTUX UCHOIb3YIOTCS JBE
MOJIEJIM: CTaBIIasl MOYTH KJIACCUYECKOW MOJEINb
Bbprona [Brune, 1970, 1971] u monens Manapua-
ru [Madariaga, 1976, 1979].

IIpn ucnonb30BaHUM NPOCTEUINEH MOIEIU
bprona [Brune, 1970] k = k,= 0.37 u BoIpaxenus
(11, 13) ompenensitoT Tak Ha3bIBa€MBIM paguyc
bprona, r = r,. B o0l MOzmEM oyara cuuract-
Csl, YTO CMEILEHUE NPOUCXOAUT OJHOBPEMEHHO
U «MTHOBEHHO» IO BCEH IUIOCKOCTH pa3phiBa,
KoTopas uMeeT (popMmy Kpyra ¢ paauycom » 30Ha
ovara — cpepuuecKasi, C TEM K€ PaJnyCOM.

B coBpemennbix paborax [Boore, 2003;
Abercrombie, Rice, 2005; Lancieri et al., 2012;
Kaneko, Shearer, 2014; u np.] mozxens bprona
XapakTepu3yloT Kak ad hoc, OCKOJIbKY OHa He
BBITEKAET HENOCPEICTBEHHO W3 TEOPETUYECKUX
pacueToB, HO omupaeTrcss Ha oOmedusndeckue
MPUHIUIIBI (B CHITY KOTOPBIX MPaBUIBLHO OIHUCHI-
BAETCS U HU3KOYACTOTHBIN MPEEI CIIEKTPaIbHON
IUIOTHOCTH CMEIIEHHUS, U CNajJ 3TOM IJIOTHOCTH
CMEIIECHHUs] MPONopHuoHaNbHO 1/f 2 B 0obnacTu
BBICOKHX 4YacToT). B aTux m apyrux padorax ap-
TYMEHTUPOBAHO, 4YTO MOAeNlb bproHa (BbIpaxke-
nue (12) ¢ koadpduumentom k = k, = 0.37) naer
3aBBIIICHHOE 3HAYEHUE paJlyca odara M OlLICHKa
COpOILIEHHBIX HaNpsKeHU Ac, KoTopas moiyda-
€TCsl TIPU MOACTAaHOBKE ATOro 3HaueHus k B (13),
MOJKET OKa3aThCsl 3aHMKEHHON B HECKOJBKO pa3
[Abercrombie, Rice, 2005]. Tem He MeHee mpu-
MEHEeHue mpocreimend Moaenu bproHa Moxer
OBITH ONPABIAHO, KOTJA MPOBOAUTCS CPAaBHEHHE

Ao = (T/16K%) M, £V,
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pacyeToB JMHAMHUYECKHX MapaMeTpPOB C Mpelie-
CTBYIOLLIUMHU pe3yJIbTaTaMH JIsl TAaHHOTO PETHOHAa,
MOJTyYE€HHBIMH TIO 3aIMKCSAM CelicCMOrpaMM Ha aHa-
JIOTOBBIX CTaHITUSIX.

B wmomenn Manapuarn [Madariaga, 1976,
1979] B kauecTBe ouara paccMaTpUBaeTCs IHC-
KOBasi TpeIllMHa, PaJuajIbHO PACTYIasi CO CKOPO-
cteio V, ~ (0.7-0.9)V u ocranapimBaromasics,
KOTJla ee paJinycC JIOCTUraeT MaKCUMAaJIbHOTO 3Ha-
YEHHs1, HA3bIBAEMOTO PAJMYCOM Pa3pyIUEHHUS 7,,.
Ouar cuuTaercs UWIMHAPUYECKH CHMMETPHY-
HBIM. B 3TOM MOJ€M yIiioBast 4acToTa 3aBUCHUT HE
TOJILKO OT pajinyca 04ara, COIoCTaBIsAEMOTO C 7,
HO W OT CKOPOCTH pa3peiBa V. B GonbiumHcTBE
paboT ISt OIIEHOK pajuyca oyara mMpUHUMAETCs,
uro V= 0.9V [Abercrombie, Rice, 2005; Kaneko,
Shearer, 2014; u np.], u Torna ko3PPUIMCHT k
B (12) nns momenu Magapuaru CTaHOBUTCSI paBeH
k=k,=0.21. Ecau paguyc odara B Mmoaenu bpro-
Ha B 1.76 pa3 Oonbiie, yem B Monenu Magapua-
', TO pacxoXxaeHue Ac B 3TUX MOJAEIAX, 00paTHO
MPONOPIMOHANIEHOE KyOy paamnyca, OKa3bIBaeTCs
MATUKPATHBIM (a TouHee, B 5.5 paza).

Pacuertsl, npoBenennrsie B pabore [Kaneko,
Shearer, 2014] ¢ yderom 3ddexToB cuermieHus
(cohesion), orpaHUYHMBAIONINX 3HAYCHUE HAIPS-
KEeHHsI Ha (PpOHTE pacTylle TPEIMHBI, MO3BO-
JTWIM YTOYHUTH MOJenb Manapuaru (Kpymioi
pacimpsoneiics TpeUIMHbI) U TI0Ka3ajH, B 4acT-
HOCTH, YTO TPU TOH K€ CKOPOCTH Pa3pyIICHHS
0.9V, xosddurment B popmynax (12), (13) cue-
JlyeT NpUHATH paBHbIM k = k.~ 0.26 (Kaneko,
Shearer). Takum o6pazom, paauyc oyara OLEHEH
Ha 24 % OoJblle IO CPaBHEHHUIO ¢ MOJIENIbI0 Ma-
napuaru, a cOpoiieHHoe Hampspkenue B 1.9 pas
MEHbIIE, YeM i1 3TOM Monend, HO B 2.9 pa3
Oosblie, ueM A moaenu bproHa.

N3BecTHBI Takke u apyrue padboTel [MocKBu-
Ha, 1969 a, 6; Sato, Hirasawa, 1973; Kwiatek,
Ben-Zion, 2013], B KOTOpBIX NpeACKa3aHbl 3HaUE-
HUS paguyca oyara U cOpOIICHHBIX HaNpsHKEHUH
MPUMEPHO B CEpeIMHE MEXKTy STUMH MTapaMeTpa-
MH B moaensix bprona m Manapuaru. B wactHO-
ctH, B padote [Sato, Hirasawa, 1973] paccmarpu-
BaJach MOZIENIb KPYTOBOM TPEIIMHBI, aHAJIOTUYHAS
ciy4yaro Manapuard, ¥ yCTaHOBICHO 3HA4YCHHE
kodduumenra k = k= 0.29.

Onwupasch Ha 001edru3nIecKuii MPUHIMI CO-
OTBETCTBUS PE3YJbTATOB, MOXXHO MOATBEPIUTD,
yTo BhIpakeHue (12) ¢ koadpdunmrentom mo Ka-
nexo—upepy (k = 0.26) naet Haubonee HaaAEK-
HYIO OIIEHKY pajauyca o4ara. B rumpoamHammuke
CIUTOIITHBIX Cpel U (PU3HUECKON aKyCTHKE U3BECT-
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Ha 3a7a4a 00 M3JIyYeHUHU 3BYyKa KOJICOTIOIIUMCS
TesoM B xKuakou cpexe [Jlangay, Jlusmui, 1988].
B crniektpe Takoro usiyueHus yrioas 4acTora f
C BBICOKOM TOYHOCTBIO COOTBETCTBYET «TeoMe-
TPUYECKOMY» YCJIOBHIO: MIOJIOBUHA JITUHBI BOJIHBI
A/2 Ha MaHHOW YacTOTE paBHA rabapuTHOMY pa3-
Mepy (Iuamerpy usnyuarens), T.e. ¥ = A4. Ilepe-
XOJIS OT KHUAKOH CpeJibl K TBEPAOH 3emiie, UCTIONb-
3ysl Ul MHTEPECYIOIINX HAC IMOMEPEYHBIX BOJH
COOTHOWEHUE A= V,/f , N3 3TOro yClIOBHs JIETKO
MOJTy4uTh BhIpaskeHue (12) ¢ «obmedusndeckoin»
oueHKoH kodpduumenta k.= 0.25.

Takum  oOpa3oM, ycCOBEpILIEHCTBOBaHHAs
Mozaenb Manapuarn—Kaneko—Illupepa mMoxer
CUMTAThCS TMPEANOYTUTENBHOM MO OTHOLICHHIO
K JIpyruMm MozensiM. CoOTBETCTBYIOLIEE 3TOM
Mozienu 3Hadenue k= 0.26 (Becbma Onuskoe
K 00medu3nIeckol OIeHKE) MOXKHO HCIIONB30-
BaTh KaK «3pdexTuBHOe», k = k ., Juis nposene-
HUS MacCOBBIX pacdeToB 1o ¢opmynam (12, 13).
OTmnnuure oleHOK cOpoca HaNpsHKEHUH, MoTyJae-
MBIX JUIs IpyTuX mMojenei paspoiBa (bprona, Ma-
napuaru, Carto u 1p.), OT pe3y/bTaToB pacueTta Ac
C UCIONIb30BaHWEM 3Hauenus k. = 0.26 ne npe-
Bblaet 2.9 pas. Ilo cytu, 310 gABIsSETCS BOZMOXK-
HOM CHUCTEMATHYECKOM MOTPEIIHOCTHIO, KOTOPYIO
YMECTHO CPaBHUTH CO CIy4yasiMu 2—3-KpaTHBIX
PaCXOXKIECHUIN 3HAYEHUI CEHCMHYECKOTO MOMEH-
Ta B OINpEJEeNIeHUsIX pa3HbIX aBTopoB. CTOUT OT-
METHUTb, 4YTO MOJieJIb bproHa Bce elle nmpoaokaet
NpUMEHSTHCS B paboTax HeaBHEro BpeMeHH [lde
et al., 2003; Oth et al., 2010; Baltay et al., 2011;
Cotton et al., 2013; Pacor et al, 2016; Safonov et
al., 2017]. Pe3ynbTrarel pacueToB paaudyca odara
U COpOILIEHHBIX HAMPSHKEHUI 110 110001 U3 Moje-
JIei TIO3BOJIAIOT TIOCTPOUTH PACTIPEACICHHUS ITUX
BEJIMUMH IO TUIOIMIAAN U BO BPEMEHH. JTHU pac-
MpeeNieHNsI, a TaK)Ke OTHOCUTEIbHBIC 3HAUCHUSI
#, Ac 6onee MH(OPMATUBHEI TIO CPABHEHHUIO C UX
a0COIOTHBIMU 3HAYEHUSIMU.

Jlanee pacueT 3HaueHus pajaudyca odara u, co-
OTBETCTBEHHO, YpPOBHsS COpPOIICHHBIX Harpsbke-
HHH IPUBOAUTCS VIS IBYX Mozienei: k = k, = 0.37
(Mozens bprona); k = k. = 0.26 (Manapuaru—Ka-
nexko—Illupepa).

Ceiicnuueckan snepeus E, T.e. 4acTh HEp-
ruu 1e(pOPMHUPOBAHUS, U3TyUYEeHHAsI B BUJE Celc-
MUYECKUX KojeOaHuM, Tak ke Kak U ceilicMuye-
CKUH MOMEHT, MPONOPLHOHAIbHA CMEIIeHUI0 D
Y TUIOIIAIH pa3phiBa S:

E,;=0 SD (14)
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B Beipakenne (14) BXOOUT KaxKylieecs Hamps-
KeHue o, (cM. (3)), OHO MOKA3bIBAET, IPH KAKOM
KacaTeJIbHOM HaIpsHKeHUU padoTa Mo MOABHKKE
Ha BEIMYUHY D YMCIICHHO paBHa k.

Ceiicmuyeckasi SHEPTrUs MOXKET OBITh OICHE-
Ha M0 CNEKTPaIbHBIM mapameTpam Q) u f) ceic-
MHUYECKHMX BOJIH B pe()epeHTHOM TOUKE Ha yjalie-
Huu ot ovara [Boatwright, 1980], mpudem BkIaja
S-BosiH Haubosnee 3HaunM. KoMnakTHble BbIpake-
HUst Uit E MOTYT OBITh HOJTy4Y€HBI, €CIIU HE Y4H-
THIBaTh HAIPABICHHOCTh HU3IY4YEHUS U3 oOdvara
[Boatwright, 1980; Madariaga, 2011]. IlpuBenem
YIPOIICHHBIM BBIBOJ COOTHOUICHUS MEKAy £
¥ YIJIOBOH YacCTOTOH f , T.€. IAPAMETPOM CIIEKTPa
[Madariaga, 2011]. ITockonpKy MJIOTHOCTb MOTO-
Ka SHEPruy B BOJIHE IPONOPLIMOHAIIbHA KBaAPaTy
MacCOBOU CKOPOCTH U’

w(R, 1) =pV, W (R, 1), (15)

TO B npeHe6pe>KeHI/m HCOJHOPOAHOCTBIO HAIIpaB-
JICHHOCTH U3JTYyYCHU

E;=4n R pV,| v’ (Rf) dt=

= 4R pV(2m)' ], f2uf df, (16)
e u, — Gypbe-TapMOHMKA CMEILEHHUS, BEIPAXKEH-
Has 4yepe3 OOBIYHYI0 (HE HMHUKJIMYECKYI0) YacTo-
Ty f. IloncranoBka B (16) 4acTOTHOM 3aBHCUMO-
CTH U, COINIACHO CIIEKTPajbHOM Mozenu bproHa
[Brune, 1970]: u, = S(f)= QA1 + f */f?) naer
nocyie npeodpa3oBaHUi CIIEYyIOIIEe BbIPAKEHHE:

E, =8n*R*pV Q; f. (17)

Kak Bumno u3 (17), ceficMuueckas SHEPTHs
CHIIBHO 3aBHCHT OT T1APAMETPA /., ONIUCHIBAIOIIETO
MOBEJICHUE CIIEKTPA B TMANA30HE BHICOKUX YaCTOT
Y UMEIOIETO TOT K€ (PU3UIECKUIA CMBICIT, YTO U fo
u3 (12), (13). D10 oTpakaeT 4yBCTBUTEIBHOCTH
E K CKOPOCTH PacnpoCTpaHEHHs pa3pbiBa B OYa-
re [Hanks, Kanamori, 1979].

[Tpu o6benunennu Gopmyn (9) u (17) MoxkHO
MOJYyYUTh YA0OHOE BBIPAXKEHHE, CBS3bIBAIOIICE
CEHCMUYECKYI0 SJHEPTUI0, CEHCMUYECKUII MOMEHT
¥ YIJIOBYIO yactoty ( f,=f,) [Madariaga, 2011]:

1
Eg=smW2M2f3 pVi=2M2f3 pVe.  (18)

[TockonbKy CKOpPOCTBH S-BOJH €CTh HE 4TO
uHoe kak (G/r)"?, u3 Beipaxenus (18) cuenyer,
4TO TPHUBEICHHAS CEHCMHYECKas dHEPrHs IMpo-

3.
nopiuoHansHa gaxropy (f,/V,)’:
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e, =2 (M/G) [V, (19)

Tak kak oTHOIIEHUE V /f, XapaKTepU3yeT paauyc
ogara » [Brune, 1970, 1971], ky0 ero 3Ha4ueHus
IPONOPLMOHATIEH 00bEMY O4ara, U Mod3TOMYy e,
MOXKET OBITh BhIp@)KEHA uepe3 0O0BEMHYIO TUIOT-
HOCTb CECMHUYECKOTO MOMEHTA U MOMYJIb CIIBUTA
(mapametp cpepl).

U3 (19) BuaHO, 4yTO mpUBEIEHHAs ceiicMuue-
cKasi aHeprus, Kak 1 Ac B (11), 3aBUCUT TOIBKO OT
00BEMHON IIOTHOCTH CEHCMHUYECKOIO MOMEHTA.
N3 Beipakennit (13), (19) cienyeTr cooTHOIIEHUE
MEXIy e,, 1 Ac:

e, =32 KAc /1 7G (20)

B KOTOPOM KOA(PIUIIMEHT MPONOPIUOHATBLHOCTH
k ompenenseTcs: TOIBKO BEIOOPOM MOJENN odara
(bprona, Manapuaru u Ap.) ¥ He 3aBUCHUT OT yIJIO-
BOM 4acTOTBI U AMHAMMUYECKHUX MapameTpos. [lo-
CKOJIbKY TIapaMeTpel AG | e, IPONIOPLUOHAIbLHBI
JpyT APYTY, 110 BETUYUHE COPOILIEHHBIX HaIPsIKe-
HHH MOXKHO OLIEHMBATH €, 1 Ha0OOPOT.

OueHkn cOpOLIEHHBIX HANPSIZKEHU I
U NIPUBEICHHOH CeliCMUYECKON JHEPIuu
(0030p pe3ybTATOB)

IlpuBeneHHas celiCMUYECKast OHEPIUs e,
KaK XapaKTepUCTHUKA pa3pylIeHHs TOPHBIX IOPO/,
yn00Ha ISl COTOCTaBIIEHUs] COOBITUI pa3IUYHO-
ro macmraba [KouapsH, 2016]. B mpenmonoxe-
HUM O BBIIIOJHEHUU YCJIOBUN MOA0OUS U OAMHA-
KOBOH (DM3HMKE TPOLIECCOB B OYare, BEIMYUHA €,,
HE JIOJDKHA 3aBUCETh OT MaciuTaa.

CkeluliHT (3aBHCUMOCTh OT Macuitada, Mo-
7IeNIb) MPUBENEHHOM CEHCMHYECKON JHEpPruu
aBTOMaTHYECKU MEPEHOCHUTCS Ha COpOIICHHbIE
HaNpsDKEHUs, MOCKOJIBKY 3TH IapamMeTpbl Ipo-
MOPLUUOHANIBHEI Apyr Apyry. C yderom 3TOro
OyzneM paccMaTpHuBaTh pe3yJbTaThl Kak Mo cOpo-
LIEHHBIM HaNpsDKEHUSIM, TaK U 10 MPUBEIECHHON
CEHCMHUYECKOM SHEPrUM (WM caMoH sHepruu £,
C TIEPECUETOM Ha €, ).

OOBIYHO cyMTaeTCs, YTO M COpOLICHHBIE Ha-
NPSDKEHUS, M KaKylIMecs Hanpsokenus o, (14)
JOJDKHBI  OBITH NPUMEPHO MPONOPIMOHATIBHBI
YPOBHIO HaNpsDKEHUH, JEUCTBYIOLINX HA PA3JIOME.
IIpn 3TOM KakeTcs €CTECTBEHHBIM, YTO YBEJH-
YEHHE YPOBHS JIMTOCTAaTUUECKUX HAaNpsKEHUN
JOJDKHO B CPENHEM IPUBOJUTH K IPONOPLHO-
HaJIbHOMY poCTy Ac u o,. Hampuwmep, B pabore
[Paytnan, Xantypus, 1991] ormeden pacrymuit
TPEHJ ISl KaXKYLIMXCsl HANpsDKEHUN C yBelude-
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HUEM TIIyOMHBI KaK JUIS KOPOBBIX, TaK U VIS TITy-
OuHHBIX 3eMieTpsicenuid [lamupa. B To sxe Bpems
B apyrux wucciuenoBanuax [Choy, Boatwright,
1995; Ponxun, 2001a; Choy et al., 2006] ans xo-

POBBIX 3eMJIETPsICEHUH HE OBbLIO 00-
Hapy>KEHO CYLIECTBEHHOIO yBEJIHYe-
Husg A U G, ¢ IyOuHOM ouara. Tak,
o nanHbiM [Ponkun, 20016], xaxy-
LIMeCs] HAIPSDKEHUS B CPEJHEM BO3-
pacTatoT B 1.5 pa3a npu yBenu4eHUN
n1younsl odara ¢ 10 1o 50 kwm, T.€. po-
CTE€ JIMTOCTATUYECKOIO HAIpPSKECHUS
6osiee ueM B 5 pas.

Cyns no pesynpraram 1adbopatop-
HBIX AKcniepuMeHToB [KouapsH u ap.,
2013], panukanbHOE BIUSHUE HA aM-
IJTUTYAY CKayKa HaIMpsKEHUN OKa3bl-
BaeT M3MEHEHHUe, Jake HeOOoJblIoe,
XapaKTEepPUCTUK Marepuasa-3anoiHu-
TeNs pa3jioMa; MpU 3TOM MOA0OHOE
W3MEHEHHUE IPAKTUYECKH HE CKa3bl-
BaeTCs Ha BEJIMYMHE KYJIOHOBCKOHN
IIPOYHOCTH Pa3JIOMa.

3HaunTENBHBINA pa30poc 3HAYCHUH
Ac (M, CIIENOBATENBHO, €,,) SBISETCS
JOCTAaTOYHO IPHUBBIYHBIM PE3YNIbTa-
TOM, KOTOPBIM OTMEuascs B Pa3HbIX
paborax [Gibowicz, Kijko, 1994;
Tomic et al., 2009, Hua et al., 2013].
Ha puc. 1 a mono6HsIit pazdpoc mpo-
JEMOHCTPUPOBAaH TIpPU IOCTPOEHUU
pacnpeneneHnii  YIJIOBOM  YacCTOThI
B 3aBUCHMOCTH OT M B IBOWHOM JI0-
rapupmMuyeckoM Mmacurtade, cornac-
Ho [Hua et al., 2013]. Ilpu sTom ce-
MEUCTBO MPSMBIX JIMHUMN C 33JIaHHBIM
HAKJIOHOM COOTBETCTBYET 3HAYEHUSIM
Ac. Ha puc. 1 6 npuBeneHo aHajo-
TMYHOE NTOCTPOEHHUE JJIs JAHHBIX, IO~
JTy4eHHbIX B HACTOSIIEH paboTe u u3
JPYTUX UCTOYHHUKOB.

ITpu 0ObsicHeHUH OOJBILIOTO pas-
Opoca 3HaueHUl AG wHaie BCero
OTPaHUYMBAIOTCS OOHIMMHU CcOO0Opa-
KEHUSMHU O HEOTHOPOAHOCTH reodu-
3UYECKON Cpellbl U Pa3HOM IMPOYHO-
CTH Marepuaa.

B pa6orax M.B. Ponkuna [Ponkun, 2001 a, 0]
PacCMOTPEH Psiji IPOTUBOPEUUH B TPAJAUITUOHHBIX
MOJIENISIX Ouara M OTMEYEHa HETMOJIHOTa MOoA00-
HBIX 00BsicHEeHWI. B pamkax dmromnmomeramop-

Puc. 1. YmoBagd 4acTora B 3aBHCUMOCTH OT CEHCMHYECKOTO MOMEHTA!
a — rpaduk u3 [Hua et al., 2013]. [IyHKTHpHBIC THHIH TTOKa3bIBAIOT COPO-
mennsle Hanpsoxernust 0.001, 0.01, 0.1, 1, 10 u 100 MIla. BeprukanpHas
MYHKTHPHAS JUHUSA 0003HA4aeT OTrpaHWYCHHE MaKCHMAaJbHOM MarHWTY/IBI
Jutst nanubix [Hua al., 2013]. Po3oBble Kpy»KKH — JaHHBIE HAaBEICHHOM ceiic-
MHYHOCTH, BO3HHKIIEH IpW 3aloJIHEHNH BojoxpaHmwmina Longtan (okomo
1.5 TBIC. COOBITHII Ha TTyOHUHE OT 4 10 10 KM); IPyruMy CUMBOJIaMH 0003Ha-
yeHbl gaHHble U3 [Allmann, Shearer, 2009]; 6 — qanHbIe 115 perrnoHoB: BI'TI
(bumkekckuii reoguHaMUYecknii moymron) o [CeraeBa, boromonos, 2016];
BI'TI (KUC, Keipremckuiit uHCTHTYT ceiicmonorun) — (I'pun u ap., 2002,
KanemerbeBa u ap., 2003%); Llenrpansusiii Taap-11lans — [Coraesa, 2020];
BP3 (baiikanbckast pudrosas 30Ha) — [[Joopsanna, 2009]; Kpem — [ITycro-
BUTEHKO U Ap., 2013]. KpacHpIMU NTHHUSMH OTMEYEHBI TPAHULIBI COITIACHO
puc. 1 a.

! TlosicHUTeNTbHAS 3AMMCKA K aKTYy BIMOIHEHHBIX pador 3a I, IV kBapran 2001 . u I kBapran 2002 r. Aropsr: ['pun T.I1.,
KanemerseBa 3.A., Uexosckas P.A. OneiTHO-MeTOoMnuecKas cericmonorndeckas sxcreanus HAH KP, 2002, 66 c.

2 TlosicHUTENBHAS 3aIMCKa K aKTy BBIMOIHEHHBIX paboT mo o0pabotke u ucnons3oBanuio gaHHeix KNET 3a III kBapran
2002 r, I, 11T, TV xBapran 2003 r. ABTopsr: Kanemersera 3.A., Monmob6exoBa C.K., Uexorckas P.A. OnbITHO-MeTOnMYECKAas
cericmonornueckas sxkcneauiusgs HAH KP, 2003, 124 c.
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(hOreHHOW MOJIENIM CeMCMOTreHe3a UM TIPEeIJIoKe-
Ha aJbTEPHATUBHAS WHTEPIIPETAlMs PA3TUUYHBIX
pe3ynbpTaToB, 0TOOpaKEHHBIX Ha puc. 1 a.

OpanM u3 HakTOpoB, KOTOPHII BHOCUT BKIIA]
B pa3Opoc 3HaueHUU AG, TUIOTETUYECKU SIBIIS-
eTcsl crenu(uKka 04aroB TEXHOTEHHBIX CEHCMU-
yecKux coOwITHii. B psnme pabor panee mory-
CKaJIOCh, YTO JJISi TAKMX OYaroB CpeAHuil cOpoc
HaANPSOKEHUI HIDKE, YeM ISl IPUPOAHBIX 3eMIle-
tpsicenuit [Fehler, Phillips, 1991; Abercrombie,
Leary, 1993; McGarr, 1993; u np.]. [Ipeanonoxe-
HUS OMUPATIUCH HA CTATUCTUKY TSI OOJIBIIIOTO KO-
JNYECTBA CEUCMUYECKUX COOBITUH, IO KOTOPOH y
TEXHOT€HHBIX 3€MJIETPSICEHUI 3HAYEHUS YIIIOBOU
94acTOTHI HUXKE 110 CPABHEHUIO C OOBIYHBIMU, TEK-
ToHMYecKknuMH. Huke, oka3piBaeTcs, U cOpoIIeH-
HBIC HAMPSDKEHUS IPU COMIOCTABUMBIX 3HAUEHUSX
M, nockonbky, cornacto (13), Ac ~ M, f*. Oto
000011ICHIE OTHOCUTCS MPEXKE BCEro K CIa0bIiM
CEHCMUYECKUM COOBITUSIM, JUIsI KOTOPBIX JTWHA-
MUYECKHE MapaMeTpbl PAaCCUUTHIBAIIUCH HE IO
Mozenu bprona. /[ CUIBHBIX TEXHOT€HHBIX 3€M-
neTpsiceHuid (mpeumyiecTBeHHo ¢ M > 4.5) npu
WCIIOJIb30BaHUU Mojienu bproHa pa3nuuus B O1eH-
Kax f, CTAHOBATCs HE3HAYUTEILHBIMU WM BOBCE
He HaOmomarotTcs [Tomic et al., 2009; Hua et al.,
2013]. BasxHO OTMETHUTD, YTO JIJIsi TAKUX COOBITHI
XapaKTepeH YUCTHIN CIIBUT, TAK K€ KaK U JUIsl IPU-
POIHBIX TEKTOHUYECKHUX 3eMIICTPSCEHUI.

Jns  mexmiuTHeIX (inferplate) 3emiuerps-
CEeHUH BeJWYMHA COPOLIEHHOTO HAaMpsKEHUS
B cpeaHeM npumepHo 3 Mlla, a 1151 BHyTpUILIU-
ToBBIX (intraplate) — npumepno 10 MIla. Dtomy
COOTBETCTBYIOT 3HAaYEHUS MPUBEJIEHHOMN ceiicMu-

ueckol sHepruu, cornacHo (20): e, ~0.2-10* uns
MEKIUIMTHBIX 3emyeTpsicenuii u e,, ~ 0.8-107*
IUI BHYTPUILTUTHBIX. [1o pe3ynbraram pacueros,
npoBeneHHbIX B [ChiueBa, 2020] 1 HIKe B JaH-
HOH pabore (cMm. Tabmumy B IlpunoxeHun, na-
nee [11), 119 BHyTPUIUIUTHBIX 3€MJIETPSICEHUI Ha
tepputopun BI'TI u [enrpansHoro Tsaub-lllans
CpelHssl BEJIMYMHA COPOILIEHHOTO HAMpPsKEHUS
cocrapiset 10.8 u 10.5 Mlla, a mequanHoe cpen-
Hee Ac — 1.7 u 3.5 MIla cooTBETCTBEHHO.

[lepeiinem k 0630py pe3y/IbTaToOB IO MpHUBE-
JIEHHOW CEUCMUYECKOW JHEPTUH, WIN MU3JIy4YEH-
HOM SHEpPruu E, KOTOpas JIETKO MEPECUUTHIBACT-
cs1 Ha e,, OOpalaror Ha ceOs1 BHUMaHUE JIAHHBIE
o ES U e, Il CEHCMUYECKHUX COOBITUN BOJIHU3HU
TOPHOMOOBIBAIONIUX TPEINPUITHN, THE 1O TeX-
HOJIOTUHU paboT pa3BepHYTHI IJIOTHBIE CecMOIIOo-
rudeckue cetd. C ITUMU TaHHBIMU €CTECTBEHHO
CpPaBHMBAThH PE3YJbTAThl MACCOBBIX OIpEIEICHHIA
€,p» A B CeBeprom u Llentpansuom Taup-Ilane
(o manubM cetu KNET).

Ha puc. 2 a mokaszansl mpuMepbl H3Mepe-
HUW CEMCMHYECKOW SHEPIMH M CEHCMUYECKOTO
MOMEHTA, TIOJTYYCHHBIE HAa TOPHOMO0OBIBAIOIIUX
npeanpusatusx B [loneiie (mraxra Pynna) u @un-
nsHauu (pynauk Pyhédsalmi). B paiione memnHoi
maxThl PyHa rccnenoBainch COOBITUS C MOMEHT-
HeIMH MarHutynamu ot 1.4 no 3.5 [Domanski,
Gibowicz, 2008]. JluHamMuYecKHe TMapaMeTphI
ObUTH orpeneneHbl mpuMepHo st 600 coOBITHIA,
MpUYEeM BCE UX OYaru UMeIu MeXaHU3M TOpU30H-
TanpHOTO ciasura. M3 pesympratoB [Domanski,
Gibowicz, 2008] ciaemyeT, 4TO 3aBUCUMOCTD TTPH-
BEJICHHON CEHCMHMYECKON SHEPIMM OT BEJIIMYUHBI
M, onuChIBAETCS MOZIENBIO

Puc. 2. 3aBucHMOCTD H3ITy4eHHON JHEPTUM E OT BEIMYMHBI CEHCMUYECKOTO MOMEHTA M. a — IIs COOBITHH Ha MIaxTe
Pynna (1) u pynuuke Pyhdsalmi (2); 6 — s coObiTrii Ha maxte Strathcona mecropoxaenus Canoepu (1) u B moa3eMHoOM
obcepBaropun Manuro6a, Kanana (2). 3nechb u 1ajiee CUMBOJIBI — Pe3YJIbTaThl U3MEPEHUH, IMHUU — HAWITyYIliee IPHOIIHKe-
Hue. Pucynok u3 [beceauna u ap., 2015].
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e, = 3.8:10710 M 02, 1)

KOTOPOW COOTBETCTBYET CIUIOIIHAs JMHUSA Ha
puc. 2 a (rpaduk 1). CootHomenue (21) mokasbl-
BAET, YTO BEJHYMHA €,,, KaK U NPONOPIHOHAIb-
HbIe €il cOpOoIIeHHbIE HANpPsHKEHUs, YBEINYHUBa-
€TCcsl IO Mepe pocTa CEHCMHYECKOr0o MOMEHTa,
T.€. YCJIOBHE 000U HE BBITIOIHAETCS.

Ha puc. 2 a (rpaduk 2) Takxke nNpuBeCHBI pe-
3yJbTaThl H3MepeHui £, u M 1 cnabbix ceic-
MHUYECKHX COOBITUH, BOBMOXHO BBI3BAaHHBIX TOp-
HBIMU paboTamu, Ha pyaHuke Pyhdsalmi [Oye et
al., 2005]. dns pynuuka Pyhdsalmi, rie rmy6una
no0wrun nocturaer 1400 M (Oomblie, yeM B mpe-
JBIAYIIEM MPUMEpE), MPH J0BOJIBHO 3HAUYUTEIIb-
HOM YPOBHE TEKTOHHUYECKUX HaNpsDKEHUH 3aBU-
CUMOCTb e, (M) nonyckaer onucanue B popme

e, =3.6:107 M0, (22)

IJe CTEeleHHas 3aBUCUMOCTb OT CEHCMHUYECKOro
MOMEHTa TaKas ke, Kak B (21), Ho ko puuneHT
Ha MOPAIO0K OoJIbIIe.

B o6GcepBaropun Manutoba, Kanama, peru-
CTPUPOBAJIMCH CEMCMHMYECKUE COOBITUS TpH Oy-
POB3PBIBHOM IPOXOIKE BEPTHKAIBHOIO CTBOJIA
auamerpoM 4.6 M B c1abOTPEIMHOBATOM IPAaHUTE
Ha nryOuse okono 400 m [Gibowicz et al., 1991].
Iocne kaXkmoro B3pbiBa B TEUEHUE 2 4 KOIUYECTBO
COOBITHI1 OBICTPO HAPACTAJIO, OCIIE YETO CIIEA0BAT
SKCIIOHEHIIMAIbHBIN craj 10 (POHOBOTO YpPOBHSI.
N3 pesynbratoB [Gibowicz et al., 1991] crnenyer,
YTO MOJIEJIBHOE COOTHOILIEHHE (perpeccuro, Mmoka-
3aHHYIO Ha pHc. 2 0, rpaduk 2) Ui NpUBEICHHOM
CeiCMUYECKOI SHEPIUU MOKHO 3arucarh B hopme

e, =3.1-107 MO, (23)

JU1a MUKpOcelcMUUYECKUX COOBITHI, CBSI3aH-
HBIX C Tpoxonkod B maxrte Strathcona mecTto-
poxaenus Canbepu (Kanaga) Ha rimyOuHE OKOJIO
700 m [Urbancic, Young, 1993], 3aBUCHUMOCTb,
MOCTPOEHHAsT TI0 PE3y/IbTaTaM H3MEpEHUH kg
u M, (puc. 2 6, rpaduk 1), SKBUBAJIICHTHA CIIETY-
FOIIEH MOJIENH JUIS €,

e, = 1.24:1070 M 07, (24)

DTa MOoJeNb yKa3bIBaeT Ha OTKJIOHEHHE OT 3aKOHA
nogo6us 6osee CylecCTBEHHOE, YeM B MpPEAbIAY-
KX TPUMEpaXx.

Jns celCMUYHOCTH, HABEAEHHOW 3arloiHe-
HueM Bojnoxpanunuia B Kurae (1616 3emnerps-
cenudl B nuanasone maruutyq M, 0.1-4.2 [Hua
et al., 2013]), Obuta ycTaHOBJICHA CTENEHHAs 3a-
BUCHMOCTb e, ~ M *® ¢ mokasarenem creneHu
Onmu3KkuM K (24).

Jnst ceiCMUYHOCTH, MHULMUPOBAHHOM Mac-
COBBIMH B3pbhIBaMHU Ha TaIlTarolbCkoM pyIHUKE,
B pabote [ManoBuuko A., Manosuuko /1., 2010]
MOJTyYeHbl JIB€ MOJETbHBIE 3aBUCUMOCTH (pe-
rpeccun) E (M) ¢ nokasarensiMu CTENEHH, CyIIie-
CTBEHHO MPEBBIIAIONIMMU eauHULy (puc. 3 a).
W3mepenus nposomwiuck B 2006 (rpaguk 1)
u 2008 . (rpaduk 2) B OTHOM U TOM K€ MECTE 110
U TIOCJIE TIPOBENICHUS CEPHI B3PHIBOB C OJIM3KOM
Maccoi 3apsna. 3aBUCUMOCTH e,, Ul JABYyX Ipa-
(UKOB puC. 3 a ONUCHIBAIOTCS BHIPAKCHUAMU:

ey = 4.6 105M %, e, =2.6-10"M9  (25)

Bripaxenus (25) u puc. 3 a mokas3pIBarOT, 4TO
y coObIThid, iponsomenamux B 2008 1., Benuyu-

Puc. 3. 3aBMCHMOCTD H3Ty4€HHOH SHEPTHH £ OT BEIMYHHBI CEHCMMYECKOTO MOMeHTa M : a — 11 coObITHH Ha TarTaross-
CKOM MecTopokaeHus npu mmMeperusx 2006 (1) u 2008 (2) mo manaeM [ManoBudako A., Mamoswako /., 2010]; 6 — ms
coObITHI Ha TiTyOOKMX pynHuKax FOxxHOM Adprkn mo nanHeM 1 — [McGarr, 1994], 2 — [Yamada et al., 2007]; 3 — [Kwiatek

et al., 2011]. Pucynok u3 [Kouapsin, 2016].
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Ha W3JIyYCeHHOM SHEPIHH B CPEIHEM Ha IMOPSI0K
BbIllle, 4YeM y coObiTuii 2006 I, HO MOKa3arenib
CTEneHH Npu M| BO BTOPOM CIIy4ae MEHBIIE, YeEM
B [IEPBOM.

Ha puc. 4 npexacrasnena oleHKa NMpPUBEICH-
HOM CEUCMMYECKON SHEPruu IO JAHHBIM O IU-
HaMHUYECKUX TapaMeTpax O4aroB CEHCMHUYECKUX
coOBITHI Ha Kapbepax W maxrtax I. Bopkyra [be-
ceauHa u ap., 2015]. Bennuuna €,y JICKHUT B JTHA-
nazoHe ~ 107—107, a Hany4IIee CTENeHHOE MPHU-
ObKEeHHE MOXKHO 3aImucarh B popme

e,, =5.6:107 M *'°. (26)

B 0600mmennn [Kouapsia, 2016] mokazano, 94To
YCPEIHEHHE 10 BCEM OMyOIIMKOBAHHBIM JTAHHBIM
10 M3JIyYEHHOM CEMCMUYECKOW SHEPTHH INPHUBO-
JIUT K 3aBUCUMOCTH E (M) BecbMa OIM3KOH K Ju-
HeiiHoi. CoOTBETCTByIOIAs €d perpeccust st
IIPUBEICHHON CEUCMUYECKOW DHEPIUM ONMUCHIBA-
€TCs1 BBIPAXKEHHEM

€, = 2.3 10750 004, 27)

B KOTOPOM OJIM3KOE K HYJIIO 3HAYCHHE ITOKA3aTEIIs
CTEINEHU MOXKET CBUJETEIHCTBOBATh O BBHITMOJIHE-
HUH 3aKOHA TeoMeTpuiecKoro moaoous [Kouapsa
u ap., 2016]. DTot pe3ynbrar, B CUITy IpOMOPIHO-
HAJIbHOCTH BEJIMYUHBI €,, U COPOIICHHBIX HAIPs-
skeHnit Ac (20), HaXOAUTCS B COOTBETCTBUHU C BbI-
Bonmamu [Baltay et al., 2011; Shaw et al., 2015]
U JApyTux paboT O CTaTUCTHYECKOW HE3aBUCHUMO-

Puc. 4. 3aBucUMOCTh IPUBEAECHHON CEWCMUYECKON 3HEp-
THH OT MaciiTaba coOBITHS B paifoHe TOpHOIOOBIBAIOLINX
npennpusTHii BopkyTel, TMHUS — perpeccust ¢ Ko3hdunu-
ernTom aerepmuHanuu R = 0.89, mo [Becenmna u np., 2015].

3 TlosicHuTE IBHAS 3aIIKCKa. .. , 2002
4 TTosicHUTENBHAS 3amucKa. .. , 2003
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CTH AG OT CEeHCMUYECKOr0 MOMEHTA JIN0O MarHu-
Tyasl. CornacHo [KouapsiH u ap., 2016], cootHo-
[IeHHs] TTOAO0US BBHITIOIHSIIOTCS HAUOOJIee TOUHO
IUIsL 3eMJIETPSACEHUH CpeHero mMaciirada: B aua-
nasone 10" < M < 10 Hm (3.9 <M, < 7.3).
Jnst cnaboif CeHCMUYHOCTH, TIPEXKIE BCETO TeX-
HOT€HHOM, OTMEYEH 3HAYMTENIbHBINH pazOpoc mo-
KaszaTesiei CTENEHHOM 3aBUCHMOCTH e, OT Ceiic-
MHUYECKOTO MOMEHTA. /{151 pacCMOTpPEHHBIX BbIIIE
IIPUMEPOB PErPECCUOHHBIX 3aBUcUMOcTed (21)—
(27) nuama3oH W3MEHEHHWM STUX IOKa3aTesen
ot —0.2 1o 0.97, 4yTo yKa3pIBacT Ha OTKJIOHCHHE
oT camononaobusi ouaroB 3emuierpsicennii [Koua-
psAH U 1p., 2016]. YUem BbIIIE OKa3aTesb CTENEHU
B 3aBUCHMOCTH e, (M), TEM CHIIbHEE BBIPAKEHO
OTJINYHE OT CAMOIIOA0OHS.

Hanuume Hapacraromeit 3aBucumMocTtu (pe-
IPECCUH) TPUBEACHHOW CEMCMHYECKOM SHEPTHH
oT M, MOXHO TIOATBEPANTH, UCIIONbL3Ysl PE3yIIbTa-
Thl ONPEIETICHUS YIJIOBOM 4acTOTHI f, MOIyY€eH-
Hble B padorax (['pun u np., 2002°; KanemerbeBa
u 1p., 2003%; [[1oopsinuna, 2009; ITycTOBUTEHKO
u nap., 2013; CerueBa, boromosnos, 2016; Corue-
Ba, 2020]) (puc. 1 6). Jns xaxxaoro coObITHS 110
JTAHHBIM O €r0 YIJIOBOM 4acTOTE U CEHCMHYECKOM
MOMEHTE MOKHO BBIYMCIIUTH BEIMYMHY €, C 0~
Motnbto Beipaxenus (19). Ha puc. 5 nmoka3zansi pe-
3yJIBTaThl pacyeTa MPUBEICHHONU CEHCMUYECKON
SHEPTUU 3EMJICTPSICEHUN B TEX KE PETUOHAX, UTO
npejcTaBieHbl Ha puc 1 O (1o JaHHBIM U3 LIUTH-
POBaHHBIX MCTOYHUKOB). Ha sTOM pucyHke mo-
Ka3aHbl TAK)KE 3HAYEHUS e, Ul COOBITHH B 30HE
BOKpyT FOxHbIXx Kypuibckux ocTpoBOB, onpese-
JICHHBIC 110 3HAYCHUSAM CCUCMUYCCKON SHEpTHu £
U ceiicMuueckoro Mmomenra M, u3 karanora JII1
3eMJIETPSACEHUIN CeBepOo-3amaaHol yactu Tuxoro
okeaHa 3a 1969—-1996 rr. [bypsimckast, 2001].

CornacHo puc. 5, OCHOBHOM J1Mara30H 3Haye-
HUU IIPUBEJCHHON CEHCMUYECKON JHEPruu Je-
xuT or 107 no 107, npu 3HaueHHAX cericMHuYe-
ckoro momenTa M, ot 10" no 10" H-m. Bennunna
e,, MEHAETCs B HanOOJIEe MIMPOKMX MPEENax st
baiikansckoit pudtoBoii 30HBI U LleHTpaabHOTO
Tsup-1lansa. ns Cesepuoro Tsub-Illans (BI'TI)
Anana3oH U3MEHEHUH e, Oonee y3kuii, ot 2-10°°
10 3-10*. PucyHOK 5 moOKa3bIBaeT, 4TO BO BCEX
paccMaTpuBaeMbIX PETHOHAX paclpeneiacHUs
3HaY€HMH e,, B JBOMHOM JIOrapu(pMUYECKOM
MacmTabe JIOMyCKaroT JIMHEHHYI0 PperpeccHio
(HelnyI0 3aBUCUMOCTS 1g e, oT Ig M). Takas
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Puc. S. 3HaueHus npuBefeHHON CeHCMMYECKON »HEepPruu
B 3aBUCUMOCTH OT CEHCMHMUYECKOTO MOMEHTa IS 3eMIIETPsI-
CEHHUH B TeX K& pPEeruoHax, 4rto W Ha puc 1 0, a Taxke A
30HBI FOxHBIX Kypuisckux ocTpoBoB (1o Marepuanam [by-
peivckasi, 2001; boromonos u ap., 2015]).

perpeccusi 3KBUBaJICHTHA CTETIEHHOM 3aBHCHMO-
CTH e,,(M,). PopmMa 3aBUCUMOCTH TIPUBEIEHHOM
CECMHUUYECKON SHEPIMH OT CEHCMUYECKOTO MO-
MEHTA JUJISl KaXKJO0ro U3 pacCMaTPUBAEMbIX PErH-
OHOB IpHBe/eHa B Ta0. 1.

CormmacHo Ta0ma. 1, mokasaTey CTENEHU B BbI-
PKEHUSIX, ONIUCHIBAIOIIKX CBI3b MEXKIY €,, U M,
BappupyroT oT 0.39 no 0.81. HauGomnee BhICOKMIT

M0Ka3aTellb, CBUJIETEIbCTBYIONINI 00 OTKIIOHEHUH
0T camonon06us, oTMedeH A baiikanbckoit pud-
TOBOM 30HBI, CaMbIil HU3KUW — 1151 LleHTpaibHOTrO
Taup-1lans.

B 3aBepuienue oOcykaeHHs pe3yJlbTaToB
O TIPHUBEJCHHOW CEMCMUYECKOM SHEPrUU CTOUT
OTMETHUTH, YTO B CHJIY MPONOPUUOHAIBHOCTH BE-
JIMYMH e, U AG CTCNICHHBIE PETPECCHU JUIA €,
MOTYT OBITh IIEPEHECEHBI HAa COPOIIICHHBIE HaIIPsI-
JKEHUS B TE€X )K€ peruoHax. Bo3Mo)kHbIEe IPUUNHBI
OTKJIOHCHHsSI OT 3aKOHA IMOmo0Ws JJis celicMuyY-
HOCTH, JIOKQJM30BaHHOM B T€X WJIM UHBIX paio-
Hax, moApoOHO paccMmoTpensl B [KowapsH, 2012],
rIe OTMEYEHO, YTO IS CJIA0bIX COOBLITHH INIaB-
HYIO POJIb UTPAET 3aBUCUMOCTD YIIPYTUX MOLYJIEH
TOPHOW MOPOABI OT MaciiTada. ITo 0ObICHEHHE,
110 BCEW BUAMMOCTH, MOKHO OTHeCTH U K CeBep-
HoMmy U LlentpansHomy Tanb-1llaHro.

MaccoBbie OLIeHKH

cOpOLIEHHBIX HANPSIZKEHU

U APYIruX TMHAMHUYECKHUX IAPpaAMETPOB
04aroB 3eMJIeTPsICeHU

B CesepHoM Tsanb-1llane

B maHHOM pa3jmene TPHUBOMSTCS PE3YJIBTAThI
WCCIICIOBAHUS JTUHAMHYECKUAX MapaMeTpoB Oua-
roB 183 zemuerpsicennii (K = 8.7—14.8), npouzo-
menmux B CeBepHoM Tsub-lllane (Ha Teppuro-

Tabruya 1. PerpeccioHHbIe 3aBUCUMOCTH NMPHUBEIEHHON celiCMUYEeCKOi IHEPTUH
OT ceilicMHYeCcKOro MOMeHTA LISl Pa3HbIX peruoHoB v 30H CeBepHoii EBpa3uu u npujieraommx TeppuTopuii

Konuuectso

Pernon Hcrounnk onpeneneru, N ePR(MO)
BI'TI (10 naunueiM KUC) [Tpus u mp., 20025, 30 3.3-1010 M ¥
Kanemersesa u nip.,
2003¢]
Lenrpanbubiii Taup-11Ians [Chruera, 2020] 150 5102 M
Baiikanbsckas pudrosas 30Ha [Aobpsiauna, 2009] 62 2.7-107 M >
HOxubIe Kypuitst [Bypbimckas, 2001] 171 1.6:107"2 M *%
Kpbim [[MycToBuTEHKO U IP., 58 2.1-102 M Y7
2013]
[laxra Pyaua, [Tonbma [Domanski, Gibowicz, ~ 600 3.8:101° M 0
2008]
Pynnuk Pyhdsalmi, ®unnsaans | [Oye et al., 2005] He mpuseneno 3.6:107° M0
TamraronbCKuii pyaHuK, [ManoBuuko A., » 4.6:10"° M *°7 (2006 .)
ropHas [Hlopus Mamnosuuko ., 2010] 6-10"1 M7 (2008 r.)
Kapbepsr u miaxtsel, . Bopkyra | [Becenuna u ap., 2015] » 5.6:107 M 016
[posunnms FOHEHAHE, KuTaii [Hua et al., 2013] 1616 ~M 0%
5 [losicHuTEIBHAS 3alUCKa. .. , 2002
¢ TTosicHMTEIIbHAS 3amucKa. .. , 2003
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puu BI'TI) B mepuon 1998-2017 rr. Ha nmpumepe
3TOTO0 pPErvoHa JEeTalbHO HCCIEAOBAH BOIPOC
0 B3aUMOCBSI3H COPOUICHHBIX HAIPSHKEHUN C Be-
JUYUHOM CEHCMHUUYECKOTO0 MOMEHTA, C TUIIOM (po-
KaJIbHOTO MEXaHW3Ma U JIPyTHMMH IapameTpamu.
s paccmarpuBaembix 183 coObITHII TOCTpOE-
Hbl OYaroBbI€ CIIEKTPbI CEHCMOIPaMM M OIpese-
JIEHBbI CIIEAYIOUIME AMHAMUYECKHE MapaMeTphl:
CKaJISIPHBIA CEHCMUYECKUIE MOMEHT M, paauyc
oyara 7, COpOIlIEHHbIE KacaTelbHbIe HAMPSDKECHUS
Ao, ceiicMuYecKasi sHeprus E, ¥ NpUBEACHHAS
ceficMuyYECKas SHEPruu e,,. Meromuka pacuera
JI1 mo mapameTpam 04aroBbIX CHEKTPOB, a1aIlTH-
pOBaHHasl JUIsl CEHCMOIPaMM, PErMCTPUPYEMBIX
cetbto KNET [Crruesa, 2016], moapoOHO omwca-
Ha B IpeAuecTByonumx padorax [Ceiuesa, boro-
MmosioB, 2014, 2016]. Pesynsrarsl pacueros JII
npencrasiensl B tadn. [11 (cm. [punoxenue).
Jns OGonpIIMHCTBA paccMaTpUBAEMbIX 3eMJle-
Tpsicenui (158 coOwiTuit u3 183) onpeneneH Tun
¢dboKanbHOro MeXaHu3Ma Mo 3HaKaM MEPBBIX BCTY-
TieHui P-BoJH (TI0 TOH ke MeToauke, 4yTo B [ChI-
yesa u jp., 2005]).

B ta6m. [11 (cTon61m 9, 10) yka3aHbl 3HAYSHUS
CIIEKTPAJIbHBIX IIAPAMETPOB: YIIIOBOW 9acTOTHI f
¥ CHEKTPAIbHOU IUIOTHOCTH (), KOTOpbIC SBIISI-
FOTCSL UCXOAHBIMU [ pacuetoB 11, [[ns pacema-
TpHUBaeMbIX CoObITHH (M = 2.7-6.0) Q MenseTcs
or 2.6:10° 10 9.5-10°m¢c, af,—or 1.7 10 6.0 't
(4TO COOTBETCTBYET BPEMEHHM pa3pblBa B Ouare
0.6-0.17 c). Jlannpie 0 Q W f, MO3BOISAIOT pac-
CUMTaTh 3HAYEHUS JAUHAMUYECKHX IapameTpoB
3emuieTpsiceHuil Ha Tepputopuu CeBepHOro TsHb-
[Tans. IIpu pacuere CKaaspHOrO CEMCMUYECKOTO
MomeHTa M, paauyca odara 7, COpOLIEHHBIX Ha-
NpsDKEHUN AG, N3IIy4€HHON CEHCMMYECKON dHEp-
ruu £ v IPUBEICHHON CEHCMUYECKON SHEPTHH €,
o hopmynam (9), (11)—(13), (17), (18) 3nauenust
IJIOTHOCTH MOPOJ B O4Yare U CKOpOCTU MONepey-
HBIX BOJIH NMPUHHUMAIINCh PaBHBIMU p = 2.6 T/cM’
[Uenus, 1986] n V, = 3.5 km/c [Roecker et al.,
1993]. Pe3ynbraThl pacuera 3TUX JUHAMUAYECKUX
napaMmeTpoB npuseneHsl B Tabn. I11 B cronbuax
11-17.

B Tabin. 2 npencraBneHbl KOG GOUITMEHTHI KOP-
peIALMNA MEXIY AUHAMMYECKMMM IapaMeTpamu
04aroB 3eMJIETPACEHUHN U UX MarHUTYI0M, MEXKIY
CKaJISIPHBIM CEICMHUYECKUM MOMEHTOM U IPYTUMHU
I, a Takyke HEKOTOPBIE PErPECCUOHHBIE 3aBUCH-
mMocTH. Hanbonpmmii ko3 puument koppensiuuu
MEX]ly CEMCMUYECKUM MOMEHTOM M0 U cercMu-
ueckor sHepruen £ (k = 0.98), nanmenbmmii —
Mexy M, v yrnoBor yactotoit (k = 0.59).
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Tabnuya 2. PerpeccnOHHbIE 3aBUCUMOCTH

U KO3 PUIHEHTHI KOPPeasiiiMi AUHAMHYEeCKUX
NapaMeTPoOB 0YaroB 3eMJeTPSACEHHIT ¢ MX MarHUTYAO0i
H ceficMMYeCKHM MOMEHTOM

IMapameTpsl k Mognens
e, M, 0.74 e,, = 61074 M %
Ac & M, 0.74 Ac=3.0-10° M >
JoelgM, 0.85 |f,=-1.161gM +21.0
1gQ)) & M 0.89 lgQ =111 M-8.27
IgM, — M 0.89 lg M, =111 M+10.1
Ig B, < 1g M, 0.98 lgE,=1.591g M, —13.2
Ige,, < 1gM, 0.92 lge,=0591gM ~13.2
lge,, & M 0.78 lge,, =0.63 M —7.1
ry < lgM, 0.84 ry=81.01g M —9264

IIpumeuanue. PerpeccHOHHBIC 3aBUCUMOCTHU Ul pajiyca ouyara
U COPOLICHHBIX HANPSDKEHUIT IPUBEACHBI TSl MOJISIIH
Manapuaru—Kanexo—I1llupepa.

Paccmotpum ocoOeHHOCTH pacnpeiesieHrH a-
PaMETPOB CNEKTPAILHBIX XapaKTEPUCTUK €2, f;
U TUHAMUYECKUX mapameTpoB ais 183 coObITHii
n3 tadm. I11.

Cnexmpanvhas ni10mMHOCHb U CKAIAPHBLIL
celicMuYecKuil MOMeHm

Pacnipenenenne napamerpa €2 (B jorapud-
MHUYECKOM MaciuTade) B 3aBUCUMOCTU OT MarHu-
TyAbl MPEACTABIEHO Ha pHC. 6 a, pacupeaeneHue
CKaJIIPHOTO CEHCMHUECKOT0 MOMEHTA JJIS TEeX XKe
coOwITHi (M, ~ Q) — Ha puc. 6 6. DTn norapud-
MHUYECKHE PacTIpeIeIIeHHUs XOPOIIIO OMUCHIBAIOTCS
MOJIEJIBIO JINHEWHOTO HapacTaHus. J{s ckaspHo-
ro celicMMYEeCKOro MOMEHTa PErpecCUOHHYIO 3a-
BUCHMOCThH OT MarHUTY/Ibl (HAUIYUIIYIO MOJEIH)
MOXHO 3amnucarh B (hopme

lg M,=1.1 M+10.1. (28)

Koadpdunment xoppemsiiiuu Mexay 3Hade-
Husmu g M v marnutynoit M cocrasnser 0.89.
OTKJIOHEHUE 3HAYE€HUN OTHOCUTEIBHO JIMHEHHOU
Mozienu (JIMHUU perpeccud Ha puc. 6 0) umeer
PaBHOMEPHBIN XapakTep Ha BCEM JIHUAaIa30HEe pac-
CMaTPHUBAEMBIX MarHUTY]I.

Jns  paccmarpuBaeMbIX COOBITHH  JTHaria-
30H M3MEHEHUs MarHutyasl — 2.2 < M < 6.0,
a 3HayeHus M nexar B mpeaenaax ot 6.2-10'
10 2.2-10'7 H-m. CTOUT OTMETUTH, YTO M3-3a Ha-
Tuaus pa3dpoca U CPaBHUTEIHHO HEIIMPOKOTO
JMaria3’oHa MarHuTya pacrpenenenue g M rak-
e coracyercs (¢ TouHocThlo 10 10 %) ¢ u3Becr-
HbIM BeIpakenueM (1) [Pusandenko, 1985].
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Puc. 6. Jlorapudmudeckue pacrpesesieHus CIEeKTPaIbHON IIIOTHOCTH (@) M CKAJISIPHOTO ceficMIYecKkoro MoMeHTa (0)

B 3aBUCUMOCTH OT MarHuTy/bl.

C yueToM BBICOKOTO 3HaueHUS KOAPPUIMeHTa
KOPPEJSIIMUA MEXTy MArHUTYIOW Y 3HAaUSHHUEM JIO-
rapudma ceiiCMUYECKOro MOMEHTA B AallbHEHUIIIEM
B psilie ciiy4aeB OyaeM paccMaTpuBaTh pacipese-
nenust I B 3aBucumoctw ot Ig M.

Yenoeasn wacmoma u paouyc ouaza

Ha puc. 7 mokazano pacnpeneneHue f, B 3a-
BUCUMOCTH OT lg M. Jlns yrioBol 4acTOThI Xa-
pakTepHo yObiBaHue ¢ pocToM Ig M, ninn Maruu-
Tyzsl (puc. 7a). [1o 3HaYeHUAM yIIIOBOH YacTOTHI
OTIpefesIsiyICs paiyc odara ¢ OMOIIbI0 GopMy-
ael (12). B Tabn. I11 mis ynobctBa cpaBHEHHS
C JIpyruMu paboTamu MPUBEAEHbI 3HAYEHUs pa-
auyca odara mo moxenu bprona, r,, ¢ x03dhu-
nueHtoM B (12), paBueiM k = 0.37 (cronberr 12),
u uia moaenn Manapuarn—Kanexo—Illupepa, 7, ,
c k=0.26 (cTonber 14). Pactipenenenre 3HAYCHUIA

¥, B 3aBUCHMOCTH OT Jiorapudma ceHcMUIECKOTo
MOMEHTa NpeAcTaBlIeHo Ha puc. 7 0. /luanazon
M3MEHEHHS pajidyca 7,, COCTABISAET NPUMEPHO
150-450 M. Bennuuna paguyca bprona Gomnbiie
ry B 1.42 paza, v 3Ha4€HUS F, JIEXKAT B MHTEPBAJIE
npubnusuTensHo ot 210 10 640 M.

Pacnipenenenue panuycoB o4aro Ha puc. 7 0
JIOTIYCKAeT JIMHEHHYIO anMpoKCUMAalMI0 I0 Be-
maaune Ig M2 r, = 81-1g M, — 926 = 98M — 135.
OTKJIOHEHUS 3HAYECHUI ry OT JIMHEHHOU MOJIEeIn
U1t coobiTuid ¢ 1g M. < 14.5 okazanuch MEHBIIIE,
YeM JIJISl COOBITHIA C ?g M, > 14.5. Kospdumuent
KOppEISIMA MEKIy 3HadeHusmu ry, u lg M co-
crasisieT okoio 0.84.

Ceiicmuueckasn snepzus

U NPUGEOCHHAA CEUCMUUECKAA IHEPIUS

Jlorapudmuueckoe pacnpeieneHie cencmmuye-
CKO¥ dHepruu £ U MPUBEICHHOU CEHCMUYCCKOM

Puc. 7. 3nadeHus ynioBoit yacToTsl (a) U paauyca odara (6) (mo monenu Manapuarn—Kanexo-1llupepa) B conocraBieHnn

clgM,

FEOCUCTEMBI NEPEXOAHbBIX 30H 406

2020, 4 (4): 393-446

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 393-446



TEO®U3UKA, CEHCMONOruns

GEOPHYSICS, SEISMOLOGY

SHEPIUM €,, B CONOCTABIECHUM CO 3HAYCHUAMU
lg M, npencrasneno Ha puc. 8. CelicMudeckas
SHeprusi Bapbupyer B nuanasone ot 1.0-107 mo
7.6:10"2 Ix (cm. Tadn. I11, cronben 16). Jlnnei-
Has MOJIENb, ONMMCHIBAIONIAS pacrpenencuue k£,
umeet Bua 1g £,=1.59 Ig M — 13.2, a koopdunu-
CHT KOPPENSUU MEXAY CEeHCMHUYECKOW IHEepru-
eil U CKaJIsipHBIM MOMEHTOM cocTaBisieT k = 0.98
(puc 8 a). [lna paccmarpuBaeMbIX COOBITHI mHa-
pameTp e,, umeeT nopsanok or 0.2-10° go ~107
(em Ttabm. II1, cromben 17). Pacmpenencume
g €, TAKKE ONHUCHIBACTCS JIMHEWHOM MOIENbIO
(puc. 8 6), XOTs 1151 HETO pa3dpOC 3HAYCHHUH OT-
HOCHUTENILHO JTMHUH PErpeccuu OOIbIIIe MO CpaB-
HEHMIO CO CiIy4aeM puc. 8 a. BelpaskeHue ais Ju-
HEWHON Mojenu (PerpecCHOHHON 3aBHUCUMOCTH)
umeet hopmy

Ige,, =059 1gM —132=0.64 M-17.1,
M, (H-wm),

npudeM Kod(PQPHUIMEHT KOPPESIIUA MEXIy 3Ha-
ueHueM lg e,, u marnutymoi cocrasiser 0.78.
3aBUCHMOCTD (29) MOXKHO 3amucaTh TaK)Xe B CTe-
neHHoi popme: e, .= 7-107"*M **, ykaspiBaromieit
MoKa3aTellb CTeTIeHU, KOTOPBIA BaXKEH IPU COTIO-
ctaBienuu /11 B pa3nuuHbIX peTHOHAX U B CBS3U
C BOIIPOCOM O MOJOOHMH 0YaroB 3eMJIETPSICEHUH.
Puc. 8 6 MokasbIBa€T, 4TO 3HAYEHUS €, JIOKa-
JU3YIOTCSL B TIOJIOCE, TPAHUIBI KOTOPOW Mapall-
JIETIbHBI  ANMPOKCUMUPYIOIIEH MPSMOW: BHYTPb
TaKMX IOJIOC TOoMajgaeT okoino 95 % 3Havyammx
To4eK. [ paHuIIbl OJOCHI IOKATU3AIMH 3HAYCHU I
Ig e,, Ha puc 8 6 ONMPENENAIOTCS COOTHOIEHHEM:
0.591gM,-13.6<lge,, <0.591g M —12.9.

(29)

PR —

Copouwennvle nanpajicenusn
U ux annpoxkcumayuu (pezpeccuu)

3HadyeHusi cOPOIIECHHBIX HAMPSKEHUM, Orpe-
JeNneHHbIX 1o Mozxenu Manapuarn—Kaneko—I1Iu-
pepa, nexar B nuamnazone ot 0.6 mo ~120 Mlla
(cm. Tabm. I11), kxpome OgHOTO 3eMIIETPSICEHUS —
Kouxkopckoro, 25.12.2006, napameTpbl KOTOPOTO
M0 ~2-10" H-M u Ac ~ 630 MIla pagukaabHO OT-
JTUYAI0TCS OT MapaMeTpoB Ipyrux coObrTwid. [Ipu
CTaTUCTUYECKON 00paboTKe MaHHBIX OHO OBLIO
UCKJIIOYEHO U3 Pacy€eToB.

Hns mogenu bproHa, KoTOopasi 1aeT 3HAYEHUS
paguyca oudara B 1.42 pasa Oosbliie, 4eM MOJIEIb
Manapuarun—Kaneko—Illupepa, 3HaueHust Ac B co-
oTBeTcTBUU ¢ BhIpaxkeHusmu (11), (12) momyyqa-
10T B 2.9 pa3 MeHbllE BbILIENPUBEICHHBIX. Pac-
npezeneHre COPOIICHHBIX HaNpsHKEHUH BMeECTe
O 3HaueHuAMH lg M mpencrasneHo Ha puc. 9 a.
Haunyumeld annmpokcumanuei pacnpenesieHus
AG SBISETCA CTENEHHAss 3aBUCMMOCTH OT M.
[Tosicaum 310 0OCTOsITENHCTBO. COITIACHO BBI-
paxenusm (13), (19), (20), 3nauenust cOpoieH-
HBIX HaIIPSKEHUH U IPUBEICHHON CEHCMUYECKON
SHEPrUH NMPONOPUUOHANBHBL: AG ~ ¢,.. Crenosa-
TENBLHO, pacrnpenenenue lg Ac OyaeT oTiyaThes
oT pacnpenenenus Ig e, (puc. 8 0) TUIIb CABMIOM
10 BEPTUKAJIM Ha HEKOTOPYIO KOHCTaHTy. [l pe-
3yAbTaToB pacyeToB Ac (tadn. I11) momyuena cie-
pyromas annpokcumanusa: Ac = 3.0-107%-M %%,
Koaddunment koppensimn Mexay cOpOoIIeHHbI-
MU HalpsOKEHUSIMU U CEHCMUYECKUM MOMEHTOM
coctasisieT k = 0.74 (Tabm. 2).

ITo puc. 9 a BuaHO, 4TO pa3dpoc 3HayeHuil Ac
OTHOCHTEJIBHO JIMHUU PErpecCUM yBEIUYMBAECTCA
st coObIThid ¢ 1g M, > 14.5 (marauTyas M > 4.0

Puc. 8. Pacnipenenenne ceficMmdaeckoit (a) u puBeIeHHON ceificMrdaeckoi (0) PHEpruu B 3aBUCUMOCTH OT CelicMuye-

CKOTO MOMEHTA B JIBOMHOM JIOTapu(PMHUIECKOM MaciiTabe.
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Puc. 9. Pactipenenenue copomeHHbIX HanpspkeHn# (Moaens Manapuarn—Kanexo—upepa) ms 182 cobprtuii 3 tabdm. I11
B COTIOCTABIIEHUH CO 3HaueHusAMH Ig M (a) u pesynbrar knactepusaiuu (0) 3Ha4ammMx To4ek Ha rpapure Ac(M) no npu-
3HaKy Ac > 10 MIla (xpacHble Toukn) uiau Ac < 10 MIla (uepHsrie).

B cooTBeTCcTBHH C (28)). C yyeTom 3TOro BOIpoc
0 Koppenstiuax Mexay Ac u lg M ananmsupo-
Basicsi OoJiee JIeTaibHO, A7 4yero Obuio copmu-
POBAaHO HECKOIBKO BBIOOPOK cOObITHH (Tabm. 3),
Y TSl K&XKIO0W U3 HUX OINpPENesuiuch KodhhuIiu-
eHTbl Koppemsiuuu. [lepBpie 1Be BHIOOpKH cle-
JaHBl 110 3HAYEHHAM lg M|, XapaKTepu3yIOmero
MacmTad 3eMJeTpsiceHuid: coobiTust u3 Taom. 111
¢ lg M, < 14.5 cocraBund NEPBYIO BHIOOPKY,
a cobwitus ¢ lg M > 14.5 — Bropyro. Eme nse
BBIOOpKH OBLTM C(OPMHUPOBAHBI IO MPUZHAKY
COpOIIICHHBIX HANPSOKEHUH: B TPETHIO BBIOOPKY
Bonu coObITHs ¢ Ac < 10 MIla, a B ueTBepTyto —
Ac > 10 MIla. Pazrpannuenue no npusHaky Ac
C XOpoIlel TOYHOCThIO COOTBETCTBYET BblieJe-

HUIO JBYX KJIaCTEPOB B paCHpeNeIeHUH 3Haua-
IIMX TOYEK Ha pHc. 9 O ¢ MOMOIIBIO ANTOPUTMA
knacrepusann GDBSCAN [Ling, 1972; Sander
et al., 1998]. Pacnpenenenue cOpoIIEHHBIX Ha-
NPsDKEHUN 1151 IEPBBIX ABYX BBIOOPOK Mpe/cTaB-
neHo Ha puc. 10 a, mocnexanux — Ha puc. 10 6.

B Tabn. 3 npuBeneHsl 3HaUYEHUS KOIPPU-
[IUCHTOB KOPPEJSIIUA  MEXIy COpOIICHHBIM
HalpspDKEHUEM M JIorapugmom  ceiicMuyecKo-
IO MOMEHTa /Ui BBIIIEONHCAHHBIX BBIOOPOK, a
TaKXe Ui TeHepaibHOM BbIOOpkM u3 182. Jlns
BBIOOPOK ¢ Ig M > 14.5 u ¢ Ac > 10 koapdunu-
€HTBI KOppPEeSILUNA HUXKe, YeM Ul TeHepalbHOM
BbIOOpKH, W HaOMIOgaeTcsl 3HAYUTENbHBIM pas-
OpoC 3HaueHWI OTHOCHUTENBHO JIMHHUU perpec-

Puc. 10. Pacnipenenenne cOponIeHHBIX HaNpsHDKEHUH B 3aBUCHMMOCTH OT Jiorapu(Ma CKasIpHOTO MOMEHTa: a — ISt
cobpithii ¢ lg M, < 14.5 — uepnsiid, Ig M, > 14.5 — ManuHOBBIHA 1BET; 6 — JA COOBITHH ¢ Ac < 10 — YepHBIH, JIA

Ac > 10 MIla — ManWHOBBIHM IIBET.
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Tabnuya 3. PerpeccnoHHbIE 3aBHCUMOCTH

U K03(pGHIHEHTbI KOPPEJSHA MeKAY COPOIIEHHBIMHU
HANPSKEHNUSIMH H CeliCMU4YeCKUM MOMEHTOM

JJIS1 Pa3JIMYHBIX BBIOOPOK cOOBLITHI

Bribopka s Ac k Mogenb
Bce Ao 0.74 Ac =3-10% M
lg M,<14.5 0.89 Ac=4-10" M ¢
lg M,>14.5 0.65 Ac =6:107 M >
Ac <10 MIla 0.57 Ac =410 M *8
Ac > 10 MIla 0.67 Ac =810 M

cun. BpiCOKHH KOA(OUIMEHT KOPPETsSuu IS
cobpIthii ¢ 1g M, < 14.5 orpaxaercs Ha rpadu-
K€ TEM, YTO TOYKHM 3HaueHui Ac Ha puc. 10 a B
OoJblIel CTENEeH!U JIOKAIU30BaHbl BOIM3H JTUHUU
perpeccuu, 4eM TOYKU IJi APYroil BEIOOPKH CO-
ObITui (MamuHOBOTO 11BeTa). s Ac < 10 MIla
KO((UIIMEHT KOPPETSALMM HHU3KUM, 4YTO 00B-
SICHSETCS MaJIbIM W3MEHEHHEM 3HaueHWil cOpo-
[ICHHBIX HANpPSOKEHUH IS paccMaTpUBaeMOM
BBIOOPKH COOBITHH (YepHbIe TOUKU Ha puc. 10 0).

[TonmyueHHbIe pErpecCHOHHBIE 3aBHCHUMOCTH,
B KOTOPBIX TIOKa3arejib CTENEHU y M, HE MeHee
0.37, a Takxe puc. 10 yka3pIBaloT Ha OTCYTCTBUE

camMonozo0Ms. 04aroB 3eMJICTPSACEHHH Ha Tep-
puropuu BI'TI mo cOpolIeHHBIM HanpsKEHUSIM
U IIPUBEACHHON CECMUYECKOU SHEPI M.

Copouwennvle HanpaxceHus
u poxanvHvle MexaHu3 Mol

Jns uccnenoBaHus JaHHOM 3aBUCUMOCTH
3HaueHnid u3 Tabn. I11 Obuim BBIOpaHBI COOBI-
THSI, IPU KOTOPBIX COPOIIIEHHOE HATIPSHKEHHUE CO-
craBisuio 6onee 29 Mlla (mo monmenu Manapu-
arn—Kanexo—IIupepa, cronben 15 B Tabmn. I11).
Yucio Takux coobrTuii — 20. U3 1ol ke TadIuIb!
ObuTi BbIOpaHbl 20 COOBITHI C MHUHUMAJIbHBIM
3HaYeHUEM COpOILEHHBIX HampsokeHuid. Hamowm-
HUM, 4TO B Tabnwuie [11 B cronbue 13 ykazaHsbl
3HaueHuss Ac o moaenu bproHa, koTopbie pac-
CMaTpPUBAIMCh B TPEANICCTBYIOMHMUX padoTax
[CerueBa, boromonos, 2014, 2016]. Ha puc. 11
MPEACTABICHBl  SMUIEHTPAIBHOE IOJOKEHHE
1 (QoKaTbHBIE MEXaHH3MBI 3EMIICTPSCCHHUHN U3
3TUX JAByX KBaHTWiIeH. [lonmoxeHue coObITHIT
MEePBO TPYIIBI OTMEYEHO YEPHBIM LIBETOM, BTO-
pOii — cepbIM, U X (POKATBLHBIE MEXaHU3MBI TTPE/I-
CTaBJICHbl B BEPXHEH M HWKHEH YaCTU PUCYHKa

Puc. 11. DnuneHTpanbHOe pacHONIOKEHHE COOBITHIA U3 ABYX BBIOOPOK MO AG U (hOKaJIbHBIE MEXaHU3MBI 3TUX COOBITHI.
UYepHnslie Kpyru — codbiThs ¢ Ac > 29 Mlla, cepbie — ¢ MUHUMAaNBbHBIMU 3Ha4eHUAME Ao (110 [CrrueBa, boromosos, 2016]).
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COOTBETCTBEHHO. [IpocTpaHCcTBEHHOE MOJI0KEHHE
COOBITUH JBYX KJIacCOB COBIAJAaeT TOJbKO 4Ya-
ctuyHo. OCHOBHAsI 4acTh COOBITHIA IMEPBON BHI-
OOpKHM MMeeT 4ucTo B30pocoBbeii (3, 4, 7, 8, 9,
11, 12, 13, 17, 18, 19) unu B306pOCO-CIBUTOBBIMA
MEXaHH3M C MUHUMaJIbHOU CIBUTOBOI COCTaBIIs-
romeit (1, 2, 5, 6, 14, 20). [{nsa BTOpoii BHIOOpKH
OCHOBHYIO YacCTh COOBITHH COCTABIISIFOT B30POCO-
CABHUTY WJIU CABUTH, K YHCTHIM B30pOCaM MOKHO
otHectu 10, 11, 12, 15, 17, 18 coOsiTus. HaGmro-
JaeMo€ paclipe/ie]IeHHe MEXaHU3MOB MOXKET Jie-
MOHCTPUPOBATh HAJIMYHE CBS3U MEXIY Xapakre-
POM MOJBUXKKU U COPOCOM HANPSIKEHUIA.

Jly1a Gonee A€TambHOTO aHAJIN3a B3aMMOCBSI3U
COpOILICHHBIX HANpPSKEHUH U TUIIOB (POKAIBLHOTO
MexaHu3Mma 1o tadun. [11 Beigesnenbl BBIOOPKU ISt
Haubosee paclpoOCTPaHEHHBIX THUIIOB OYaroBBIX
nonBkek: B30pocoB (B3, 57 cobwiTHii), B30pO-
co-cnBuroB (B3-C, 38 coObITHii) 1 TOPU30OHTATIb-
Hbix casuroB (CI, 46 coObiTuii). [lns B3OpocoB
3HaYeHHE MEIMAHHOTO CpPelHero AG cOoCTaBiseT
4.9 Mlla, ansa B36poco-casuroB — 6.1 MlIla, mis
TOpU30HTANBHBIX cABUTOB — 3.7 MIla. Jlns kax-
JOW BBIOOPKH OMNpEENICHbl IMPOLIEHTHBIE OJIH
COOBITUI C ONMpENeICHHBIMH 3HAYCHUSIMH COPO-
IIEHHBIX HanpspkeHuid. Mudopmamms o pacrpe-
JIEJICHUH YKciia COOBITUH Tpex Haubosee pacpo-
CTPaHEHHBIX TUTIOB (hOKATbHBIX MeXaHU3MOB (B3,
B3-C, u CI') npencrasnena B Tadi. 4 1 Ha puc. 12
C IIBETOBBIMH MapKepamu Kak B Tab:m. I11.

W3 taba. 4 suaHo, uro 6onee 70 % coObITHI
casuroBoro tumna (CI') mpuxoauTcs Ha Tuana3oH
cOopomeHHbIx Hanpspkeruit 1-9 MIla. J1ist B36po-
COB M B30pOCO-CIBHTOB pacmpeneicHus Oosee
mupokue, u npu Ac > 9 Mlla qis Bcex uHTEp-
BaJIOB COPOIICHHBIX HANpPSOKEHUN a0COIIOTHOE
1 OTHOCHUTEIBHOE KOJIMYECTBO coObITHI B3-THNa
oounbine, yeM CI'-Tuna.

g cratucTUYeckoro OOOCHOBaHHUS TOTO,
YTO Cpelld COOBITHI CO COPOIIIEHHBIMU HaMpsKe-
HUSIMH, IpeBbIIatoIMMU BennuuHy 9-10 Mlla,
npeoOnanaoT B30pOCH U B30POCO-CABUTH, MPO-
BE/ICHO HECKOJIBKO MHOE MOCTPOCHUE BBIOOPOK.
[Tockonbky cpennee menuaHHoe AG Uil BCETO
katanora (tabn. II1) paBro 4.9 Mlla, MoxHO
c(hopMHpOBAThH JBE BHIOOPKH C PABHBIM YHCIIOM
coObiTuii ¢ u3BectHbIMU [I1 u Tunom ¢okans-
HOTO MEXaHHW3Ma. JTO BBHIOOpPKAa MEHBIINX COpO-
IIEHHBIX HanpspkeHuit, Ac < 5 MIla, u BeIOOpKa
cobpiTuii ¢ Ac > 5 MIla. Jlna kaxmoit BeIOOP-
KU ONpeensiach NPOIEHTHAsl 0N B30pPOCOB,
B30pPOCO-CABUIOB, CJBHUIOB TOPU30HTAJIBHBIX
Y C/IBUTOB BEPTUKAIBHBIX (B3PE3bI), a TAKKE COPO-
COB M cOpPOCO-C/BHIOB, T.€. BCEX pPeaTM30BaHHBIX
TUIIOB OYaroBbIX MOJBMKEK IO M3BECTHOM Kiac-
cuduxanuu [FOnra, 1990; CerueBa u np., 2005].
[Tonmy4yeHHbIe pe3ynbTaThl IPUBEACHBI B TAOM. 5.

Kax BuaHO 13 T26:1. 5, COOBITHA-B30POCHI TT0Y-
TH TIOPOBHY paclpeAeuINCh MEeXAy BbIOOpKaMU

Tabnuya 4. Pacnpenesenue 1o HHTepBajiaM cOPOLIeHHBIX
HANPSKEHUH cOObITHII ¢ pa3HBIMU THIAMH (POKATIBHBIX
Mexanu3MoB Ha Tepputopuu BI'TI (o manaemM Tabm. I11)

WHrepBan B3 cr
Ao, MIla N (%) N (%) N (%)
0-1 - - 1(2.2)
1-3 15(25.4)  |9(23.7) 16 (33.3)
3-9 21(364) |14(36.8) |18 (40)
9-27 11 (20) 11(28.9) |8(17.8)
27-81 9 (16.4) 3(7.9) 2 (4.4)

> 81 1(1.8) 1(2.6) 1(2.2)
Bce Ao 57 46

Puc. 12. ['ucrorpaMMsbl pactpeaeICHUs YUCIa 3eMIICTPSCCHUN ¢ Pa3IUNYHBIMU TUIIAMH (HOKATBHBIX MEXaHU3MOB 10 HHTEP-
BaJiaM cOponIeHHbIX HanpspkeHuil. B3 — B36poc, B3-C — B30poco-casur, CI” — cABUT TOPU30HTAIBHBIN.
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Tabnuya 5. Pacnpenenenue co0bITHIA M0 THIY (hOKATBLHOTO MeXaHU3Ma 151 Pa3HBIX AHaNa30HOB Ac (10 qaHHEM Tabm. [11)

Tenepaneias |, sMITa | Ac>5MIla
Bun nonsuxkek BBIOOpKA

N (%) N (%) N (%)
Cnpuru ropusoHTanbusie, CI° 46 (29.3) 30 (37.5) 16 (20.8)
Bsbpoco-casuru, B3-C 38 (24.2) 16 (20) 22 (28.6)
B36pocsl, B3 57 (35.7) 28 (35) 28 (36.4)
Copocsr (CB) u copoco-cauru (Ch-C) 11(7) 4(5) 70.1)
Cnsuru BepTukansHbie, CB 6 (3.8) 2 (2.5) 4(5.2)
Bce dokanbHble MEXaHH3MBI 158 80 77

MeHBIINX U 00bIuX Ac. 11 BBIOOPKH COOBITHI
¢ Ac > 5 MlIla nonst B30pOCO-CABUTOB OOJIBIIIE,
a nons CI'-coObITHil MEHbINE, YeM B CIy4yae BbI-
6opku ¢ Ac < 5 Mlla. IlosToMy mpu NOBBIIICH-
HBIX 3HAUEHHMSX COPOIIEHHBIX HANPSKEHUH CO-
ObITHA ¢ okanpHBIMU MexaHu3sMamu B3 u B3-C
TUIOB MPeo0IaJaloT, YTO BUJIHO U Ha puc. 12.

Copowennvle nanpsacenus
U UHMEHCUBHOCHIb
celicMOmeKmonuueckou oegropmayuu

[Ipu npoBeneHUM pacyeToOB HANPaBICHHOCTH
Y MIHTEHCUBHOCTH CEHCMOTEKTOHHYECKOH Jieop-
maiun (CTH) wuccnenyemast teppuropust BITI
Oblla pasleneHa Ha 3JEMEHTApHbIE KPYroBbIE
30HBI ¢ paauycom 0.2°, ¢ HEeHTpaMu B Y3JIOBBIX
TOYKaX CIeUHaIbHO BhIOpaHHOM ceTku. [l pac-
yeta CT/I B cooTBeTCTBUH C (8) MPOBOAMIOCH CyM-
MHUpPOBaHUE MATPULl UHIUBUAYAJIbHBIX MEXaHU3-
MOB /1 B TIpefienax KaKJI0M ssuerku. s Ton xe
AYEHKU onpenensiack uuTeHcuBnocts CT, I,
HEMOCPEACTBEHHBIM CYMMHUPOBAHUEM CKAJSIPHBIX
ceficMmuueckux MoMeHTOB 1o (opmyne (8). [loa-
pobOHO MeTommka pacdera uHTeHCUBHOCTH CT]]
m3noxena B [CerueBa u ap., 2009]. [ns cpaBHe-
HUSl pacrpeiesieHNil cOPOILIEHHBIX HampsKeHUH
u uHteHcuBHocTH CT/I ucnonb3yeMm pe3yabTaThbl
u3 [CeiueBa, Mancypos, 2017].

Tabnuya 6. Ilnana3oHbl cOPOLIEHHBIX HANIPSIKEHUI
Jis1 3emuierpsicennii Ha Tepputopum BI'TI (eMm. puc. 13)

qHCHOU Ac Ao o moae MKIII
coOpITHii | 1O Mopenu Bpiona
20 Ac > 10 MIla Ac > 29 MIla
113 1 <Ac <10 MITa 2.9 < Ac <29 MIla
50 Ao <1 Mlla Ao <2.9 MIla
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Pacnipenenenne unrencuBHoctu CTJl mpen-
CTaBJIEHO Ha puc. 13. Makcumym [ cocraBis-
er 0.18-10° rox!. Ha 3Ty xe KapTy BBIHECEHO
pacIoioKEeHNUe SMULEHTPOB 3EMIIETPSICEHUN U3
tabn. II1 c 1BeToBON MapKUPOBKOW 3HAYEHUH
cOpOILIEHHBIX HanpshKeHHi (Tabi. 6).

Bonp1ias 4acTh 3eJ€HBIX M KPAaCHBIX 3HAYKOB
cOOBITHI TOTanu B 00JacTH, KOTOPBIE XapaKTe-
PHU3YIOTCSI MHTEHCUBHOCTBIO AehopManuu 00Jb-
me 0.1-10” rox!, — ceBepHBIE CKIOHBI BOCTOY-
Hoit yactu Kuprusckoro xpe0ra, xp. Kapamoiinok
u ropbl Canapik. «CHHHE» COOBITHS MAJIOYUCIIECH-
HBl U PacIojlaratoTcsi B 3TUX 001acTAX U BHE UX
PaBHOMEPHO.

OTcyTCTBHE «KPAaCHBIX» COOBITUH B 30HE
MakcuMaabHON nHTeHCHBHOCTH (0.18-107° rox!)
MOYHO IOTBITAThCS OOBSICHUTH C MO3UIUNA TPHT-
TEpHOrO BIUSHUS AJIEKTPOMArHUTHBIX 30HIUPO-
BaHUM KOPBI C IPUMEHEHUEM MOIIHOTO UCTOYHHKA
Toka OPI'Y-600 (snexTpopa3BenoyHOe TeHepa-
TOPHOE YCTPOMCTBO, PacHOI0KEHHOE Ha Teppu-
topun HC PAH) [Bogomolov et al., 2003; CeI-
4yeB u Ap., 2010, 2012]. B uutupyemsbix padborax
ObUIO OTMEYEHO YMEHBIIEHUE KOJIUYECTBA CO-
OBITHII YMEPEHHOW CWJIBI M BO3pacTaHue ciaaloii
CEHCMUYHOCTH B OKPECTHOCTH PaCIOJIOKEHHS
NEPBUYHOTO JIUNONS (CM. MAaJMHOBBIA KBaJpaT
Ha puc. 13). Benuka BeposSTHOCTb, YTO B 30HE
MakcuMmanbHON uHTeHcuBHOCTH CTJI cOpoc Ha-
NpsOKEHUHA TPOMCXOIUT 3a cueT Ooree cinaboii
CECMUYHOCTH, U TMO3TOMY 3/1€Ch HET YCIOBH
JUI. KOHLIEHTPALMU HaNpsOKeHUH OT MOBEPXHO-
ctu a0 myoun 15 kM. Bompoc o celicMuueckux
HPOSIBICHUSIX 3JIEKTPOMArHUTHBIX 30HAXPOBAHUM
Ha teppurtopun bI'Tl neranpHO paccmarpuBaics
B [ChrueB u ap., 2010, 2012; boromosnos, 2013],
HO B 3THUX paboTax HE MCMOJIb30BAINCH JJAHHBIC
0 COpOIIEHHBIX HAIPSDKEHUSAX B oyarax.
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Puc. 13. I1osie MHTEHCUBHOCTH CEHCMOTEKTOHNYECKOH Jle(opManiy (HACHIIEHHOCTD [[BETa KBa[paTa COOTBETCTBYET 3Ha-
YCHHIO [ B Y3/I0BOI TOUKE COMIACHO JITCH/E) M PACIIONOKEHIE HCCIIEyeMbIX 3eMICTPSCCHUH (0003HAUCHbI KPYKKAMH).
Enmunnna namepenns — 10~ B rox . Pasmep kpy»KKa 3aBHCUT OT SJHEPTeTUYECKOTO KJIacca COOBITHS, LIBET 3HAYKA — OT YPOB-
Hs Ao (Tabm. 6). KBagparsl: )KeNThIH — MOIOKEeHHE T. buiikek, MaarnHOBHIN — monokenue Hayunoit cranmm PAH. Kpacusie

JIUHAH — aKTUBHBIE pa3ioMsl (o [Pebernkuii, Ky3ukos, 2016]).

3akjiroueHue

JUid aHain3a BeCcbMa 3aIlyTaHHOIO BOIpOCa
0 HaJM4MU{ WIM OTCYTCTBUU KOPPEIALMI MEKIY
cOpocoM HampspKEHUR B odarax 3emiierpsice-
Huii CeBepHOM EBpazum M MX JHEPreTHUECKOU
XapaKTEePUCTUKON (CEMCMHUYECKUM MOMEHTOM)
UCIONb30BaH OaHK [aHHBIX O JWHAMHYECKUX
IapaMeTpax O4aroB 3€MJIETPACEHUN C HEPreTu-
yeckuM kiaccoM K = 8.7-14.8, npouszomeamunx
Ha TEPPUTOPUN BUIIKEKCKOrO re0JuHaMHY€CKOTO
nonurona 3a 1998-2017 rr. Ilocne nononHeHus
pelIeHNsIMA 3TOT OaHK JAMHAMHUYECKUX IapamMe-
TPOB BKJIFOUAET 3HAUYEHUs YIJIOBOM 4acTOTHI, Ia-
pameTpa CHEeKTpPajJbHOW MJIOTHOCTH, CKaJSIPHOTO
CENCMHUYECKOTO MOMEHTA, paJinyca o4ara, ypoBHs
COpOIICHHBIX HANpPsHKEHUH, CEHCMIUECKON YHEp-
TUW U MPUBEIACHHON CEHCMUYECKON YHEPTUM ISt
183 coObITHii, YTO caenaso BO3MOXKHBIM IpUMe-
HEHUE CTAaTUCTUYECKUX METOJIOB.

Jlia pacdera paguyca odyara HMCIOJIb30BAaHbI
JIB€ MOJIeNIN — oaxo bpioHa u ynyuiienHas mMo-
nens Manapuarn—Kanexo—Illupepa. [lo BTOpoi
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MO/JIEJIM OLIEHKA pajinyca oyara comiacyercs ¢ 00-
medu3nyecKuMi OLIEHKaMH, OCHOBAaHHBIMHU Ha
MOJIO’KEHUSIX T€0aKyCTUKH. YPOBEHb COPOIIEHHO-
rO HaIpsDKeHUs B 3TOW Mozenu B 2.9 pa3 Oorblie,
4yeM B OPIOHOBCKOIA.

Jlns o4aroB 3eMIIETPSCEHUN HA TEPPUTOPUHU
BI'TI (CeBepnsiii Tanb-11lans) ycTraHoBiaeHa pe-
rpeccus — CTENeHHas 3aBHUCHMOCThH COpOIIeH-
HBIX HaNpsKEHUH OT CKaJIpHOrO celcMuye-
CKOTO MOMEHTa € KOY(PPHUIIMEHTOM KOPPEISAIIH
0.74. OcHOBHOW BKJaJ B KOPPEISALUIO AT
ceiicmuyeckue cobpitus ¢ M, < 3-10'* Hm
(Ig M, < 14.5). J1ns Gosee CHIIBLHBIX 3€MIIETPSA-
cenui ¢ Ig M > 14.5 koo puuuent koppensnuu
MEXy 3Ha4eHUusMHU Ac u M| He Gonee 2/3, u 910
MO3BOJISIET MOHATH PE3YJIbTaThl paboT, B KOTOPHIX
He ObUIO OOHApPYKEHO 3HAYUMBIX KOPPEIALMii
MEXJly COpOIIEHHBIM HalpsKeHHUEM U CeHCMHU-
YECKMM MOMEHTOM (B HUX HE paccMaTpUBAJIUChH
OTHOCHUTENbHO ciabble coObiTHs). Hannune Ha-
pacTaromieil 3aBUCUMOCTH COpOIIEHHBIX Hampsi-
JKEHUM YW NPUBEJICHHOW CEMCMUYECKON SHEPTUU
OT CEMCMHYECKOr0 MOMEHTAa, YCTaHOBJIEHHOE
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i BI'TL, cornacyercs ¢ pe3ysbraramu O CTEIEH-
HOM 3aBUCHMOCTH €, (M) B psijie IPyruX PEruo-
HoB CeBepHoli EBpaszun.

ComnocraBienue COpOIICHHBIX HANpPHKEHUN
B OYarax 3eMJICTPSICEHUH Ha UCCIIEAYEMOM TeppH-
TOPUU U TUINOB (HOKATbHBIX MEXaHU3MOB IOKa3a-
J10, YTO 7151 COOBITUIM OHOTO KJAacca, UMEIOIINX
B30pOCOBBIN MEXaHU3M, CPEJHUNA YpOBEHb cOpO-
IIEHHBIX HaNpsDKEHUH BBIIIE, YeM JUIsl COOBITHIM
TOTO e Kjacca ¢ JpyruMu (hOKaJIbHBIMU MeXa-
HU3MaMH.

Ha cnenyromem sTame ucciemnoBanuii coOpo-
IIEHHBIX HAMPSHKEHUM U IPUBEICHHOM celicMuye-
CKOM SHEpPruu MpPEACTABISIETCS MEPCHEKTUBHBIM
pPaccMOTPETh 3aBUCUMOCTH 3THX MapaMeTpoB OT
BPEMEHHU, COMOCTABUTh UX BapHallMU C U3MEHE-
HUEM CEHCMHMYECKON aKTUBHOCTH U YCPEIHEHHOMN
WHTEHCUBHOCTH CEHCMOTEKTOHUYECKUX nedop-
Manui. [pyroit pemaemMoil 3a1a4eil MOKET CTaTh
OLIEHKA TMHAMUYEeCKOro cOpoca HanpsHKeHHH, T.€.
3aBUCHUMOCTU Ac(t), B XoJe CEeHCMUYECKOW Mo-
JBUKKH 110 TJIOCKOCTH pa3phiBa.

B npusoxxeHnn K crarbe (1ociie aHIMICKOM BEPCUU CTaThH ) IPUBEICH KATAJIOT TMHAMHYECKHX
napametpoB 183 3emuerpsicennii Ha Tepputopun CesepHoro Tanb-lllans (1998-2017 rr.).
B Hewm npencraBieHsl: qata, BpeMst COOBITHS, KOOPIUHATHI TUTIOLIEHTPA, TITyOHHA, SJHEPTeTUIECKUN
KJIaCC, MAarHUTY/IA, YIJIOBAs YaCTOTA, CHEKTPAJIbHAS TUIOTHOCTb, CKAJISIPHBIN CEHCMUYECKHI MOMEHT,
paaryc ouara, COpOIICHHBIC HAMPsHKCHUsS, CEHCMUYECKas YHEPTUs, NMPUBEICHHAs CeHCMUYecKast

SHeprus 1 TUI (HOKaJIbLHOTO MEXaHHU3Ma.

B snexTponHo# Bepcum Ha caiite xypHana (http:/journal.imgg.ru/archive) karanor Oyaer pas-
mertieH B popmare Excel.x1sx, mo3BomstomieM cocTaBisTh paboure BHIOOPKHU MO TF0O0MY KPUTEPHIO.
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Abstract. A generalization of the results on the stress drop and the specific seismic energy for the earthquakes
in Northern Eurasia has been made. The relationship of these parameters with the seismic moment and the
magnitude has been analyzed. Detailed studies for the Northern Tien Shan (Bishkek geodynamic polygon) were
carried out, the values of the dynamic parameters of the sources for 183 earthquakes of various energy classes
(K = 8.7-14.8) were obtained: angular frequency, spectral density parameter, scalar seismic moment, source
radius, stress drop level, seismic energy and specific seismic energy. Two models have been used to compute
the source radius and the stress drop — the Brune approach and the improved Madariaga—Kaneko—Shearer
model. For relatively weak events, a power-law dependence (regression) of the stress drop on the scalar seismic
moment M, has been identified, that complies with the results on the power-law dependence of the specific
seismic energy on M, in a number of other regions of Northern Eurasia. The relationship between the type of
source movement and the stress drop level has been noted as well.
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Introduction

The dynamic parameters (DP) of the earth-
quake sources such as the scalar seismic moment
MO, emitted seismic energy E, source radius r
(Brune radius), and shear stress drop (stress drop,
Ac) can characterize the regional features of the
geostraining process. Establishment of modern
seismic networks and the development of seismo-
gram processing methods made it possible to cur-
rently determine the DP even for weak earthquakes
[Dobrynina, 2009; Pustovitenko, 2013; Parolai et
al., 2007; etc.]. For some regions, in particular the
Northern Tien Shan, the involvement of the sourc-
es of weak earthquakes in the computation of dy-
namic parameters allowed to “accumulate statis-

tical data” on the events with determined values
of DP, to reveal their correlation properties and
stable DP distributions [Sycheva, Bogomolov,
2016; Baltay et al., 2011]. When forming the da-
tabanks by dynamic parameters with more than
100 records (which is only several times less than
the total number of events in the same magnitude
range), we can talk about a massive determination
of DP [Sycheva, Bogomolov, 2016].

A large number of works are devoted to the re-
lations of the source dynamic parameters in differ-
ent regions, in particular, to the search for correla-
tions between the values of the source radius 7,
moment M, and magnitude M [Kocharyan, 2014;
Abercrombie, Leary, 1993; Allmann, Shearer,

Translation of the article published in the present issue of the Journal: boromonos JI.M., CerueBa H.A. O cOpoOIICHHBIX HAPSDKEHUSX B
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2009; Baltay et al., 2011; Shaw et al., 2015; Pacor
et al., 2016]. The regressions have been identi-
fied for several seismically active regions. Usu-
ally they have a form of linear dependence on a
logarithmic scale (for example, see the review
[Kocharyan, 2014]).

The best known average regression between M
and M, (N-m) is as follows [Riznichenko, 1985]:

lg M, =1.6M + 8.4, (1)

and the regression between M and the moment
magnitude M, which is close numerically close
to expression‘tpl):

lg M, =1.5M,+9.1, where M (N-m). (2)

It was shown in a recent work [Sycheva,
2020], by the example of the Bishkek geodynamic
polygon (BGP), Northern Tien Shan, that the cor-
relations of this type were shown to be are also
valid for the magnitude range M > 2.7 (with a con-
fidence error of up to 10 %).

The correlation between the values of the
source radius and the magnitude of the event, as
well as between the stress drop and the magni-
tude, is studied to a lesser extent. For the case of
the stress drop, even the very existence of such
a correlation itself is not obvious due to the broad
scatter of values of Ac for the events with simi-
lar magnitudes. In a number of works based on
the recent data [Baltay et al., 2011; Shaw et al.,
2015; et al.], no significant relationship was found
between the stress drop and the seismic moment
(and, as a result, with the earthquake magnitude).
The results of other works confirmed such a rela-
tionship, but provided various trends in Ac chang-
es (increasing or decreasing) with an increase of
M, or M, . The result obtained in [Pacor et al.,
2016] for the seismically active region of Abruzzo
(Abruzzo, Central Italy), including the epicentral
zone of the catastrophic L’Aquila earthquake on
April 6, 2009, M, = 6.1 may serve as an exam-
ple of the “intuitively” expected incremental trend
in Ac(M,). However, in the work [Candela et al.,
2011] based on the analysis of fault zones in the
French Alps and Nevada, USA, it is reasoned that,
at least in these regions, the averaged dependence
Ac(M,) is weakly decreasing (Ac ~ M "), not
growing. Thus, even the character of the Ac(M)
dependence has not yet been unambiguously de-
termined.

In numerous works devoted to the problem of
self-similarity of seismic sources (see, for exam-
ple, [Kocharyan, 2014] for a bibliography), atten-
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tion was focused on the scaling dependence of the
specific seismic energy, e,., which represents the
ratio of the emitted seismic energy E; to the seis-
mic moment M,:

e = E /M, =0 /G 3)

where G — shear modulus, 6, — so-called apparent
stress, which meaning is explained below.

The dependence of e,, on M, was shown
[Kocharyan, 2016] to be weakly increasing and
well described by the (M), 0 < a < 1 power
function. However, the relationship between e,
and Ac parameters was practically not analyzed.
It will be shown below in this work that the values
of the stress drop and the specific seismic energy
are proportional to each other, i.e. there is a physi-
cal relationship between these values. It allows us-
ing the data on the dependence of e, on the seis-
mic moment to analyze the aspect of the averaged
dependence (trend) Ac(M).

The presence of an increasing power-law de-
pendence of the stress drop on the seismic moment
was also confirmed when analyzing the dynamic
parameters of the source earthquake [Sycheva,
Bogomolov, 2016] occurred in the Northern Tien
Shan within the area of 41-43° N and 73-77° E,
called the Bishkek geodynamic polygon (test site).

This work is a continuation and detailing of
the study [Sycheva, 2020], which considered the
earthquake dynamic parameters in a wider area
called the Central Tien Shan. It should be noted
that the classification of the Central, Western, and
Eastern Tien Shan is carried out in terms of longi-
tude, and there is no any contradiction in assign-
ing the territory of the BGP (part of the Northern
Tien Shan) to the Central Tien Shan. In [Sycheva,
2020], the dynamic parameters were computed for
150 earthquakes in the Central Tien Shan; the re-
gressions for the scalar seismic moment, the source
radius, and the stress drop on the magnitude were
constructed, the correlation coefficients of the dy-
namic parameters and the moment magnitude M,
were found. It was noted for the Central Tien Shan
as a whole that a correlation between the magni-
tude M and Ao is weaker than correlation between
M and M, as well as between M and r. The aver-
aged seismic activity of the Northern Tien Shan
is higher than that of the Central Tien Shan. The
significant stress drop is typical to the areas with
a predominance of deformation of simple com-
pression. It is also shown in [Sycheva, 2020] that,
according to the distribution of the Lode—Nadai
factor x4, most of the studied area is under defor-

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 393-446



GEOPHYSICS, SEISMOLOGY

TEO®U3UKA, CEHCMONOruns

mation conditions with a predominance of simple
compression (x> 0.2), a deformation area with a
predominance of simple tension (u_<-0.2) is dis-
tinguished in the northwestern part, most of the
depressions are characterized with a pure shift de-
formation (0.2 <u_<0.2).

The analysis of the stress drop and/or the e,
parameter for the BGP zone with a high data den-
sity is of interest due to the already mentioned as-
pect of the presence or absence of the averaged de-
pendence of Ac on the event energy scale. A brief
summary of the theoretical foundations for assess-
ing the dynamic parameters of earthquake sources
is given below to substantiate the close physical
association between the stress drop and specific
seismic energy. We consider this to be reasonable,
since the original works on the methods of the DP
estimation [Kostrov, 1975; Riznichenko, 1985;
Boatwright, 1980] were published a long time
ago. Moreover, the methods for the implementa-
tion of such techniques in modern works differ,
so the comparison of their results is complicated.
To demonstrate the proportionality between the
values of Ac and e, the examples of empirical
determinations of the specific seismic energy in
different regions of Northern Eurasia are consid-
ered. Generalization of these results indicates the
presence of a power-law (monotonically increas-
ing) dependence of e, on the seismic moment,
i.e. on the energy scale of the event. However, a
discrepancy with the results on the absence of the
Ac (M) dependence appears, when trying to ex-
tend this conclusion to the stress drop, Ac ~ e,,.
A detailed analysis of the relationship between
the stress drop and other DP is carried out in this
work on the example of the BGP territory in the
Northern Tien Shan. The databank of the dynam-
ic parameters and spectral characteristics of the
earthquakes is used for the analysis, which con-
tains the records for 183 events of K = 8.7-14.8
(M = 2.7-6.0) energy classes, amounting near
53 % of the total number of events in the same
class range that occurred in the same period. This
databank has no analogue in terms of the data vol-
ume on DP of the sources in a compact territory; it
allows to apply the statistical methods of analysis
to substantiate stable correlations of Ac and M, as
well as to reveal other regularities, in particular,
the relationship between the stress drop and the
type of focal mechanism. It is shown on the exam-
ple of the Northern Tien Shan how to mitigate the
discrepancy between the results from various bib-
liographic sources about the kind of the Ac (M)
dependence.
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Theoretical bases for estimates

of the source dynamic parameters,
relationship between the stress drop
and the specific seismic energy

The scalar seismic moment is defined as the
product of the shear modulus G, the rupture area
S, and the average displacement over this area D:

M,=GSD 4)

The magnitude of the earthquake M, can be esti-
mated by the value of M using the Kanamori for-
mula (2). For a clear comparison of the scalar value
M, and the seismic moment tensor (M, ) [Kostrov,
1975 Keylis-Borok et al., 1979; Akl Rlchards
1983], we give an expression connecting the com-
ponents of this tensor with the displacement vector
D, and the unit vector n.(i, j = 1, 2, 3), which speci-
fies the orientation of the surface S:

M), =GS(D;n+Dn)/2 (5)
Expression (5) can be rewritten as:
M), =M;(d;n+dn)2=Mm, (6)

where d, = D, /D is a component of the unit vector,
oriented along the displacement vector, and the
tensor m,, is a tensor of source focal mechanism
(seismic moment directional tensor), which could
be also expressed via directional vectors for the
tension axes #,, i = 1,2,3 and compression axes p,,

j= 123usmgthe formula m = (¢, 1. — p, p)/2/2
As seen from (6), the scalar seismic moment and
the maximal tensor component (M, ) have the
same order of magnitude.

For a set of earthquakes occurred in the volume
of the medium ¥ over a period of time 7, the av-
eraged inelastic deformation caused by them is
described by the tensor of rate of seismotectonic
(fractural) deformation, <g,> [Yunga, 1990]:

N

1 zMéa)ml‘('a)
GVT v

a=1

< & >= (7)
where the summation is performed over seismic
events numbered using the index a, N is the num-
ber of events. In the case when the time period is
expressed in years, the tensor <¢, > is also called

the average annual increment of seismotectonic
deformation (STD). In the works [Lukk, Yunga,
1979; Yunga, 1990], it was proposed to approxi-
mate (7) with the following expression:

<y s GVTZM(Q) Qm =1 ) mi, )
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where the scalar characteristic of the seismotec-
tonic deformation increment 12’ called the STD
intensity, is introduced.

Formulas (7) and (8) indicate the possibility of
relationship between the dynamic parameters of
the sources (in particular, the seismic moment M)
and the parameters of the tensor of STD incre-
ment. The targets of this work involve the analysis
of such relationships, with the use of the seismic
data for the Northern and Central Tien Shan.

The displacement D in expression (4) de-
scribes the asymptotic value of the relative move-
ment of the break sides at t — o [Riznichenko,
1985; Boatwright, 1980; Scholz, 2002]. Accord-
ing to the known solutions of the wave equations
for spherically diverging seismic waves, D is pro-
portional to the low-frequency limit of the spec-
tral displacement density €2, which is registered
in the wave zone, remote from the break [Aki,
Richards, 1983]. The seismic moment is also pro-
portional to Q (hereinafter, we will call this pa-
rameter the spectral density for brevity, following
the terminology of [Scholz, 2002, 2019] and other
works). It should be noted that M is considered
the most adequate indicator of an earthquake in-
tensity (“strength” of the event) [Hanks, Kanamo-
ri, 1979], it does not depend on the details of the
process development in the source, in particular,
on those described by the parameter of the high-
frequency part of spectral density — the angular
frequency f, (cutoff frequency).

The expression for computation of the seismic
moment M on the basis of spectral parameters
is written as [Aki, Richards, 1983; Riznichenko,
1985; Boatwright, 1980]:

M,=4npRV:Q/ ¥, )

where R is a distance from the source to a sta-
tion or to a reference point, where the spectrum is
determined, p — rocks density in the source area,
V, — shear waves velocity, ¥ — factor of radiation
directivity from the source (its averaged value is
taken as 0.64 for the source, described as a jump-
ing offset on the nodal plane [Riznichenko, 1985]).
The factor | is insensitive to the break model in
a source, therefore the estimation error for M by
the formula (9) does not exceed 10—-15 % [Ruff,
1999; Scholz, 2002].

Value of the stress drop characterizes the av-
erage difference between the shear stress in the
fault prior the earthquake (o)) and after it (o))
[Gibowicz, Kijko, 1994]. This parameter is deter-
mined by the average displacement D, normalized
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to the characteristic size of the source 7, using the
following expression [Kostrov, 1975; Kocharyan,
2014; Brune 1970, 1971; Ruff 1999; Mori et al.,
2003]:

Ac =06, =CGDIr, (10)

where coefficient C_ ~ 1 by adequate choice of
characteristic size r, which may differ from the
mentioned above radius 7 in the case of the non-
circular source.

For the circular zone of break of a radius r
(area S = m?), the characteristic size r, can be
identified with the radius 7, and then the expres-
sion for the stress drop Ac would take the form
Ac = C_M,/ nr. Coefficient C_ for the case of a
circular rupture is determined in [Eshelby, 1957]:
C_=7n/16 = 1.37, and the following expression
may be obtained from (10):

Ac=7M,/16 7, (11)

which is most often used to estimate the Ac from
the seismic data [Brune, 1970, 1971; Scholz,
2002].

The source radius 7 in the expression (11) is
determined by the formula [Scholz, 2002; Aber-
crombie, Rice, 2005; Scuderi et al., 2016]:

r=kV/f,, (12)

where k — a numerical coefficient depending on
the break model in the source. Angular frequency
f, in (12) is characterized by the properties, that
the model displacement spectrum S ( 1) [Scholz,
2002] passes the crossing point, and the corre-
sponding velocity spectrum has a maximum in
this point. Substitution (12) into (11) gives a gen-
eral expression for the stress drop in terms of the
seismic moment and angular frequency:

Ao =(T/16K) M, £/ V3, (13)

which will be used below for comparison with de-
pendence of the seismic energy and the specific
seismic energy on f.

Beforehand, let us consider the choice of rup-
ture models in the source determining the value of
the coefficient £ in (12), which can significantly
affect the error in computation of the source ra-
dius and, hence, the stress drop. Two models are
most often used to determine the dynamic param-
eters of the source from the spectra parameters:
the almost classical Brune model [Brune, 1970,
1971] and the Madariaga model [Madariaga,
1976, 1979].
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When using the simplest Brune model [Brune,
1970], k = k, = 0.37 and expressions (11, 13)
determine the so-called Brune radius, r = r,.
In this source model, it is assumed that the dis-
placement occurs simultaneously and “instantly”
over the entire discontinuity plane, which has the
form of a circle with a radius 7. The source zone is
spherical with the same radius.

In modern works [Boore, 2003; Abercrombie,
Rice, 2005; Lancieri et al., 2012; Kaneko, Shear-
er, 2014; et al.], the Brune model is characterized
as ad hoc, because it does not follow directly from
theoretical calculations. Meanwhile, it is based
on general physical principles (due to which the
low-frequency limit of the spectral displacement
density is correctly described, and the decrease of
this displacement density is proportional to 1 / 12
in the high-frequency region). In these and other
works, it is argued that the Brune model (expres-
sion (12) with the coefficient k£ = k, = 0.37) gives
an overestimated value of the source radius. So
the estimation of the stress drop Ac, which is ob-
tained by substituting this value of k£ in (13), may
be underestimated several times [Abercrombie,
Rice, 2005]. Nevertheless, the use of the simplest
Brune model can be justified when comparing the
computations of dynamic parameters with previ-
ous results for a given region, obtained by seismo-
gram records at analog stations.

In the Madariaga model [Madariaga,
1976, 1979], a disk-shaped crack is consid-
ered as a source; it grows radially with a veloc-
ity V, ~ (0.7-0.9)V and stops, when its radius
reaches the maximum value, called the radius of
rupture r,,. The source is considered to be cylin-
drically symmetrical. In this model, the angular
frequency depends not only on the source radius,
compared with 7, , but also on the rupture velocity
V.. In most studies, for estimating the focal ra-
dius it is assumed that ¥, = 0.9 V_ [Abercrombie,
Rice, 2005; Kaneko, Shearer, 2014; etc.], and then
the coefficient & in (12) for the Madariaga model
becomes equal to k = k,, = 0.21. Since the source
radius in the Brune model is 1.76 times larger than
in the Madariaga model, and the value of stress
drop is inversely proportional to the cube of the
radius, the discrepancy in Ac in these models,
turns out to be fivefold (or rather, 5.5 times).

The computations carried out in [Kaneko,
Shearer, 2014], which involved the cohesion ef-
fects (the limit of the stress value at the front of the
growing crack) allowed to improve the Madaria-
ga model (circular expanding crack) and showed,
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in particular, that at the same rupture velocity of
0.9 V, the coefficient in formulas (12), (13) should
be taken equal to k= k= 0.26 (Kaneko, Shearer).
Thus, the source radius is estimated to be 24 %
larger in comparison with the Madariaga model,
and the stress drop is 1.9 times less than for this
one, but 2.9 times larger than for the Brune model.

Other works are also well known [Moskvina,
1969 a, b; Sato, Hirasawa, 1973; Kwiatek, Ben-
Zion, 2013], in which the values of the source
radius and the stress drop are predicted approxi-
mately in the middle between the values of these
parameters in the Brune and Madariaga models.
In particular, in [Sato, Hirasawa, 1973], a circu-
lar rupture model similar to the Madariaga case
was considered, and the value of the coefficient
k= kg = 0.29 was identified.

Based on the general physical principle of re-
sults conformity, it can be confirmed that expres-
sion (12) with the Kaneko—Shearer coefficient
(k = 0.26) gives the most reliable estimation of
the source radius. In the hydrodynamics of con-
tinuous media and physical acoustics, the prob-
lem of acoustic radiation by an oscillating body
in a liquid medium is known and solved [Landau,
Livshits, 1988]. The angular frequency f in the
spectrum of such radiation is highly correspond-
ent with the “geometric” condition, that half of
the wavelength A/2 at a given frequency is equal
to the overall size (diameter of the radiator), i.e.
r = /4. Turning from a liquid medium to a solid
earth, one can easily obtain expression (12) with
a “general physical” estimation of the coefficient
k.. = 0.25 from the condition that A = V_/f, for the
shear-waves concerned.

Thus, the improved Madariaga—Kaneko—
Shearer model appears to be preferred to other
models. The value of &k, = 0.26 corresponding
to this model (very close to the general physical
estimation) may be implied as “effective”, k =k,
for mass computations with the formulas (12, 13).
The difference with estimates of the stress drop
obtained for other rupture models (Brune, Madar-
iaga, Sato, etc.) from the results of the Ac compu-
tation using k. = 0.26 does not exceed 2.9 times.
In fact, this is a possible systematic error, which is
appropriate to be compared with the cases of 2—-3-
fold discrepancies in the values of the seismic
moment in the definitions by different authors.
It should be noted, that the Brune model is still
being applied in recent works [Ide et al., 2003;
Oth et al., 2010; Baltay et al., 2011; Cotton et al.,
2013; Pacor et al, 2016; Safonov et al., 2017].
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The results of computation of the source radius
and the stress drop using any model allow to con-
struct the distribution of these values over the area
and in time. These distributions, as well as the
relative values of » and Ao, are more informative
than their absolute values.

Further, the computation of the source radius
and, accordingly, the level of the stress drop is
given for two models: k= k, = 0.37 (Brune’s mod-
el); k= k= 0.26 (Madariaga-Kaneko—Shearer).

Seismic energy E, i.c. a part of the deforma-
tion energy, emitted in the form of seismic waves,
is also proportional to displacement D and rupture
area S, like the seismic moment (4):

E;=0,SD (14)

Expression (14) includes apparent stress o,
(see (3)). It shows the value of shear stress, for
which the work done during the displacement on
D value.

Seismic energy can be estimated by the spec-
tral parameters of seismic waves € and f in a ref-
erence point at a distance from the source [Boat-
wright, 1980], with the contribution of S-waves
being the most significant. Compact expressions
for E can be obtained if the radiation directivity
from the source is not taken into account [Boat-
wright, 1980; Madariaga, 2011]. Here is a simpli-
fied derivation of the relationship between E and
angular frequency f, i.e. the spectrum parameter
[Madariaga, 2011]. Since the energy flux density
in the wave is proportional to the square of the
mass velocity u*:

w (R, 1) =pV 0’ (R, 1), (15)
then neglecting the inhomogeneity mentioned
E=4nRpV [~ wR, t)dt=

= 4R pV (2n) | fud df, (16)

where u_, — Fourier harmonic of displacement,
expressed in terms of simple (non-cyclical) fre-
quency f. Substitution of the frequency depend-
ence u, in (16) according to the spectral Brune
model [Brune, 1970]: u, = S(f)=Q, /(1 +f2/f?)
provides the following expression after transfor-
mations:

E,=8n*R*pV, Q. f. (17)

As seen from (17), seismic energy depends
heavily on the parameter f,, which describes the
spectrum behavior in the high-frequency range
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and has the same physical meaning as f, from
(12), (13). This may display the sensitivity of £
to the rupture velocity in a source [Hanks, Kan-
amori, 1979].

By combining (9) and (17), one can obtain a
convenient expression for relationship between
the seismic energy, the seismic moment and the
angular frequency ( f =/f,) [Madariaga, 2011]:

1
Eg=3m W2 M2f 2 pVe=2M2f 3 pVs. (18)

Since the S-waves velocity is nothing other
than (G/p)'?, the expression (18) can be simplified,
and it followed from (18), that the specific seismic
energy is proportional to the factor (f, / V)*:

e =2 (M,/G) f3 IV (19)

Since the V,/f, ratio characterizes the source
radius 7 [Brune, 1970, 1971], the cube of its value
is proportional to the source volume, and there-
fore e, can be expressed in terms of the volume
density of the seismic moment and the shear mod-
ulus (average parameter).

One can see from (19) that the specific seismic
energy, quite like Ac in (11), depends on the vol-
ume density of the seismic moment only. Expres-
sions (13), (19) provide the relation between e,
and Ac:

R

e, =32KAc/7G, (20)

where coefficient of proportionality & is deter-
mined by the choice of the source model only
(Brune, Madariaga etc.) and does not depend on
the angular frequency and the dynamic param-
eters. Since Ac and e,, are proportional to each
other, e, can be estimated by Ac value and con-
versely.

Estimates of the stress drop
and the specific seismic energy
(review of the results)

Specific seismic energy e, ., as a characteris-
tics of rock destruction, is convenient for com-
parison of events of various scales [Kocharyan,
2016]. Under the assumption that the similarity
conditions are satisfied and the source zone phys-
ics is unified, the value of e, should not depend
on the scale.

Scaling (scaling dependence, model) of the
specific seismic energy is automatically extended
to the stress drop, because these parameters are
proportional to each other. With this in mind, we
will consider the results both for the stress drop
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and for the specific seismic energy (or the energy
E itself, recalculated to e, ).

It is generally believed, that both the stress
drop and the apparent stress o, (14) should be
roughly proportional to the level of stresses acting
on the fault. So, it seems natural that an increase

eral considerations about the heterogeneity of the
geophysical medium and the different strength of
the material.

In the works of M.V. Rodkin [Rodkin, 2001
a, b], a number of contradictions in traditional
models of source domain is considered, and the

in the level of lithostatic stresses should,
on average, bring to a proportional in-
crease in Ac and o_. For example, in
[Rautian, Khalturin, 1991], a growing
trend was noted for apparent stress with
increasing depth for both crustal and
deep earthquakes in the Pamir. At the
same time, other studies [Choy, Boat-
wright, 1995; Rodkin, 2001a; Choy et
al., 2006] for crustal earthquakes did not
found any significant increases in Ac
and o, with the source depth. Thus, ac-
cording to the data of [Rodkin, 2001b],
the apparent stress, on average, increases
by 1.5 times with a growth of the source
depth from 10 to 50 km, i.e. an increase
in lithostatic stress by more than 5 times.

Reviewing the results of laboratory
experiments [Kocharyan et al., 2013],
one can conclude that even a small
change in the characteristics of the fault
filler has a radical effect on the stress
jump amplitude; at this, such a change
does not practically affect the value of
the Coulomb fracture strength.

A significant scatter of the values
of Ac (and, accordingly, e,.) is a fairly
common result, which has been noted in
various works [Gibowicz, Kijko, 1994;
Tomic et al., 2009, Hua et al., 2013].
Figure 1 a demonstrates a similar scat-
ter when plotting the distributions of the
angular frequency as a function of M on
a double logarithmic scale, according to
[Hua et al., 2013]. In this case, the fam-
ily of straight lines with a given slope
corresponds to the Ac values. Figure 1 b
shows a similar construction for the data
obtained in this work, as well as from
other sources.

Explanations of a wide scatter of the
Ao values are most often limited by gen-

Figure 1. Angular frequency depending on the seismic moment: a — graph
from [Hua et al., 2013]. Dashed lines show the stress drop 0.001, 0.01,
0.1, 1, 10 and 100 MPa. Vertical dashed line designates the limit of maxi-
mum amplitude for the data [Hua et al., 2013]. Pink circles are the data
on induced seismicity appeared when the Longtan reservoir filling (about
15 thous. of events at the depth from 4 to 10 km); Other symbols des-
ignate the data from [Allmann, Shearer, 2009]; b — the data for regions:
BGP (Bishkek geodynamic polygon) according to [Sycheva, Bogomolov,
2016]; BGP (KIS, Kyrgyz Institute of Seismology) — (Grin et al., 2002;
Kal’met’eva et al., 2003%); Central Tien Shan — [Sycheva, 2020]; BRZ
(Baikal rift zone) — [Dobrynina, 2009]; Crimea — [Pustovitenko et al.,
2013]. Boundaries are marked with red lines according to the Figure 1 a.

! [Explanatory note to the completion protocol for III, IV quarters of 2001 and I quarter of 2002]. Authors: Grin T.P.,
Kal’met’eva Z.A., Chekhovskaya R.A. [Experimental and methodical expedition of the NAS of KR], 2002, 66 p.

2 [Explanatory note to the completion protocol of the works on processing and using the data of KNET for III quarter
0f2002, I, 11, IIT quarters of 2003]. Authors: Kal’met’eva Z.A., Moldobekova S.K., Chekhovskaya R.A. [Experimental and
methodical expedition of the NAS of KR], 2003, 124 p
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incompleteness of such explanations is noted.
Within the framework of the fluidmetamorpho-
genic model of seismogenesis, he proposed an
alternative interpretation of the different results
shown in Figure 1 a.

Hypothetically, one of the factors, contrib-
uting to the scatter of Ac values, is the peculiar
properties of technogenic earthquakes sources.
In a number of works, it was previously assumed
that for such sources the average stress drop is low-
er than for natural earthquakes [Fehler, Phillips,
1991; Abercrombie, Leary, 1993; McGarr, 1993;
etc.]. The assumptions leaned upon the statistics
for a large number of seismic events, according
to which the values of the angular frequency of
technogenic earthquakes are lower, when com-
pared to ordinary tectonic ones. The stress drop
turns out to be lower too, at close values of M,
since, according to (13), Ac ~ M, f;*. This gener-
alization applies primarily to weak seismic events
for which the dynamic parameters were not com-
puted using the Brune model. For strong techno-
genic earthquakes (mainly with M > 4.5), when
using the Brune model, the estimated differences
in f estimates become insignificant or are not ob-
served at all [Tomic et al., 2009; Hua et al., 2013].
It is important to note that such events are char-
acterized by pure shift, as well as natural tectonic
earthquakes.

Value of the stress drop is on average about
3 MPa for interplate earthquakes, and for intra-
plate ones it is about 10 MPa. This complies with
the specific seismic energy values according to
(20): e,, ~0.2-10™* for interplate earthquakes and

e,, ~ 0.8-10 for intraplate ones. According to the
results of computations carried out in [Sycheva,
2020] and in this work below (see the table in the
Appendix, hereinafter A1, and in web of the Jour-
nal in format Excel), for intraplate earthquakes on
the territory of BGP and the Central Tien Shan,
the average value of the stress drop is 10.8 and
10.5 MPa, and the median averaged values of Ac
are 1.7 and 3.5 MPa respectively.

We now turn to a review of the results for the
specific seismic energy, or the emitted energy £,
which can be converted to e,, by simple calcu-
lation. Noteworthy is the £  and e, data for the
seismic events near mining plants, where dense
seismological networks have been deployed ac-
cording to the technology. It is natural to compare
the results of mass determinations of ¢, and Ac in
the Northern and Central Tien Shan (according to
the KNET network) with these data.

Figure 2 a shows the examples of measure-
ments of the seismic energy and the seismic mo-
ment obtained at the mines in Poland (Rudna
mine) and Finland (Pyhédsalmi mine). In the area
of the Rudna copper mine, the events with the
moment magnitudes from 1.4 to 3.5 were stud-
ied [Domanski, Gibowicz, 2008]. The dynamic
parameters were determined for approximately
600 events, and all their sources had a mechanism
of the horizontal shift. It follows from the results
[Domanski, Gibowicz, 2008] that the dependence
of the specific seismic energy on the value of M
is described by the model:

e, =3.8:10710 M 02, Q1)

Figure 2. Emitted energy £ dependence on the value of the seismic moment M_: a — for the events at the Rudna (1) and
Pyhésalmi (2) mines; b — for the events at the Strathcona mine, Sudbury field (1) and at the underground observatory in
Manitoba, Canada (2). Hereinafter the symbols are measurements results, lines — the best approximation. The figure is from
[Besedina et al., 2015].
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which corresponds to the solid line in Figure 2 a
(graph 1). The correlation (21) shows that the val-
ue of e,., as well as the proportional parameter
Ac (Ao ~ e,.), increases with the growth of the
seismic moment. Thus, the similarity condition is
not met.

Figure 2 a (graph 2) also presents the results
of E, and M, measurements for weak seismic
events probably caused by mining activity at the
Pyhdsalmi mine [Oye et al., 2005]. For the Py-
hisalmi mine, where the mining depth reaches
1400 m (more than that in the previous example),
at a fairly significant level of tectonic stresses, the
e,.(M,) dependence can be described in the fol-
lowing form:

€, = 3.610° MO, (22)

where the power-law dependence on the seismic
moment is the same as in (21), but the coefficient
is an order of magnitude greater.

At the observatory in Manitoba, Canada, the
seismic events were recorded during the drilling
and blasting drivage of vertical shaft 4.6 m in di-
ameter in weakly fractured granite at a depth of
about 400 m [Gibowicz et al., 1991]. After each
blast, the number of events was increasing rapidly
during 2 h, followed by an exponential decay to
the background level. It follows from the results
of [Gibowicz et al., 1991], that the model relation-
ship (regression shown in Figure 2 b, graph 2) for
the specific seismic energy can be written in the
form:

e, =3.1-107 M3, (23)

For microseismic events associated with
a drivage in the Strathcona mine of the Sudbury
field (Canada) at a depth of about 700 m [Urban-
cic, Young, 1993], the dependence constructed
from the results of £ and M measurements (Fig-
ure 2 b, graph 2) is equivalent to the following
model for e,

e, =1.24-10710 M7, (24)

This model indicates a deviation from the sim-
ilarity law more significant than in the previous
examples.

For seismicity, induced by reservoir filling in
China (1616 earthquakes in the range of magni-
tude M, 0.1-4.2 [Hua et al., 2013]), the power-
law dependence e,, ~ M % was identified with an
exponent close to (24).

Two model relationships (regressions) E (M)
with exponents significantly exceeding unity were
obtained. For the seismicity initiated by massive
explosions at the Tashtagol mine (Figure 3 a) [Mal-
ovichko A., Malovichko D., 2010]. The measure-
ments were carried out in 2006 (graph 1) and 2008
(graph 2) in the same place before and after a se-
ries of blasts with similar mass of charge. The e,
dependences for two graphs in Figure 3 a are de-
scribed by the expressions:

€y =4.6-1075M 07, e =2.6:101 ML (25)

Expressions (25) and Figure3 a show, that for
the events occurred in 2008 the value of emitted
energy is, on average, in order of magnitude higher
than for events of 2006, but the power at M, in the
second case 1s lower than in the first one.

Figure 3. Dependence of the emitted energy E¢ on the value of seismic moment M: a — for the events at Tashtagol field
during measurements of 2006 (1) and 2008 (2) according to the data of [Malovichko A., Malovichko D., 2010]; b — for
the events at the deep mines of South Africa according to the data of: 1 — [McGarr, 1994], 2 — [Yamada et al., 2007];
3 — [Kwiatek et al., 2011]. The figure is from [Kocharyan, 2016].
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Figure 4 presents an estimate of the specific
seismic energy according to the data on the dy-
namic parameters of the sources of seismic events
at quarries and mines of Vorcuta [Besedina et al.,
2015]. The value of e, is in the range ~ 107-107,
and the best power-law approximation can be
written in a form:

e, = 5.6107 MO, (26)

A generalization [Kocharyan, 2016] shows
that averaging over all published data on the
emitted seismic energy brings to the dependence
E(M,) very close to linear. The corresponding
regression for the specific seismic energy is de-
scribed by expression:

e, = 2.310°9M 0%, 27)

in which the near — zero power of M may indi-
cate the realization of the geometric similarity
[Kocharyan et al., 2016]. This result is in accord-
ance with the conclusions [Baltay et al., 2011;
Shaw et al., 2015] and other works on the statis-
tical independence of Ac from the seismic mo-
ment or magnitude, due to the proportionality of
the values of e, and the stress drop Ac (20). Ac-
cording to [Kocharyan et al., 2016], the similarity
relations are the most accurate for medium-scale
earthquakes: in the range of 10" <M < 10** N-m
(3.9 <M, <7.3). For weak seismicity, primarily
technogenic, a significant scatter of the exponents
of the power-law dependence of e, on the seismic

Figure 4. Dependence of the specific seismic energy on the
event scale in the vicinity of Vorcuta mining plants, the line
is a regression with a determination factor R = 0.89, accord-
ing to [Besedina et al., 2015].

3 Explanatory note... , 2002.
* Explanatory note... , 2003.
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moment is noted. For the above examples of re-
gressions (21)—(27), the range of changes in these
exponents is from —0.2 to 0.97, which indicates
a deviation from self-similarity of earthquake
sources [Kocharyan et al., 2016]. The higher the
exponent in the e, (M) dependence, the more
pronounced the difference from self-similarity.

The presence of an increasing dependence
(regression) of the specific seismic energy on M
can be confirmed using the results of the angular
frequency f, determination, obtained in (Grin et
al., 2002%; Kalmetyeva et al., 2003*; [Dobrynina,
2009; Pustovitenko et al. others, 2013; Sycheva,
Bogomolov, 2016; Sycheva, 2020]) (Figure 1 b).
Using expression (19) it is possible to compute
the value of e,, for each event by the data on
the angular frequency and the seismic moment.
Figure 5 shows the results of computation of the
specific seismic energy of earthquakes in the
same regions as shown in Figure 1 b (according
to the data from the cited sources). This figure
also shows the e, values for the events in a zone
around the South Kuril Islands, determined from
the values of the seismic energy £ and the seis-
mic moment M from the catalog of earthquakes
DP in the northwestern Pacific for 1969-1996
[Burymskaya, 2001].

According to Figure 5, main range of values
of the specific seismic energy is from 10 to 103,
when the range of seismic moment A, is from 10"

Figure 5. The specific seismic energy depending on the seis-
mic moment for the earthquakes in the same regions as shown
in Figure 1 b, as well for the South Kuril Islands (according to
the materials [Burymskaya, 2001; Bogomolov et al., 2015]).
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to 10" N-m. The value of e,, varies within the
widest range for the Baikal rift zone and the Cen-
tral Tien Shan. For the Northern Tien Shan (BGP),
the variation range of e, is narrower, from 2-10°
to 3-10* Figure 5 shows, that the distributions
of e, values on a double logarithmic scale admit
a linear regression (linear dependence of In e, on
In M) in all studied regions. This regression is
equivalent to the power-law dependence e, (M).
The form of the dependence of the specific seis-
mic energy on the seismic moment for each of the
studied regions is given in the Table 1.
According to the Table 1, the power of M in
the expressions describing the relationship be-
tween e,, and M vary from 0.39 to 0.81. The high-
est value of exponent, indicating a deviation from
self-similarity, was noted for the Baikal rift zone,
and the lowest one — for the Central Tien Shan.
Concluding the discussion of the results on
specific seismic energy, noting again the propor-
tionality of the e, and Ac values. Due to this,
the power regressions for e, can be extended to
the stress drop in the same regions. Possible rea-
sons for the deviation from the similarity law for
seismicity localized in certain regions are detail
discussed in [Kocharyan, 2012], where it is noted
that the dependence of the elastic modulus of the
rock on the scale plays the main role for the weak
events. This explanation, most likely, may be re-
ferred to the Northern and Central Tien Shan.

Mass estimates of the stress drop
and other dynamic parameters
of the earthquake sources

in the Northern Tien Shan

This section presents the results of a study
of the dynamic parameters of the sources of 183
earthquakes (K = 8.7-14.8) occurred in the North-
ern Tien Shan (on the territory of BGP) during the
period 1998-2017. On the example of this region,
the relationship between the stress drop and the
value of the seismic moment, the type of focal
mechanism, and other parameters has been stud-
ied in detail. For the 183 considered events, focal
spectra of seismograms were constructed and the
following dynamic parameters were determined:
scalar seismic moment M, focal radius r, val-
ues of shear stress drop Ac, seismic energy E|
and specific seismic energy e, were determined.
Computation technique of the DP by the param-
eters of focal spectra, adapted for the seismo-
grams recorded by the KNET network [Sycheva,
2016], was described in detail in previous works
[Sycheva, Bogomolov, 2014, 2016]. The results
of the DP computation are presented in the table
Al (see the Appendix). For most part of the con-
sidered earthquakes (158 out of 183 events), the
type of focal mechanism was determined by the
signs of the P-waves first arrivals (using the same
technique as in [Sycheva et al., 2005]).

Table 1. Regression dependences of the specific seismic energy on the seismic moment for various regions and zones

of Northern Eurasia and adjacent areas

. Determinations
Region Source quantity, N e(M,)
BGP (by the data .
. [Grin et al., 20023; 1010 14039
of Kyfgyz Institute Kal’met’eva et al.. 2003¢] 30 3.3-10" M,
of Seismology)
Central Tien Shan [Sycheva, 2020] 150 5107 MO0
Baikal rift zone [Dobrynina, 2009] 62 2.7-1077 M 0¥
Southern Kurils [Burymskaya, 2001] 171 1.6:107'2 M 0+
Crimea [Pustovitenko et al., 2013] 58 2.1-107" M 47
Rudna mine, Poland [Domanski, Gibowicz, 2008] ~600 3.8:10710 M %
Pyhédsalmi mine, Finland [Oye et al., 2005] No data available 3.6:10° M >
Tashtagol mine, [Malovichko A., Malovichko D., « 4.6:10°7 M, (2006)
mountain Shoriya 2010] 6-1011 M 057 (2008)
Quarries and mines, Vorcuta | [Besedina et al., 2015] « 5.6:107 M 016
Yunnan province, China [Hua et al., 2013] 1616 ~M

5 Explanatory note... , 2002.
¢ Explanatory note... , 2003.
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The values of the spectral parameters: the
angular frequency f; and the spectral density Q,
which are the initial values for the DP computa-
tion are given in the Table 1 (columns 9, 10). For
the considered events (M = 2.7-6.0), € varies
from 2.6-10°to 9.5-10* m-s, and f, varies from
1.7 to 6.0 Hz (that corresponds to a rupture time
in the source of 0.6-0.17 s). The data on Q and f
allow to compute the values of the earthquake dy-
namic parameters in the Northern Tien Shan. The
values of rock density in the source and the shear
wave velocities were taken respectively equal
tor=2.6 g/cm’ [Chediya, 1986] and V= 3.5 km/s
[Roecker et al., 1993] for computation of the sca-
lar seismic moment M, source radius r, stress
drop Ao, emitted seismic energy E, and specific
seismic energy e, according to the expressions
(9), (11)—~(13), (17), (18). The results of computa-
tion of these dynamic parameters are presented in
the Table A1 in the columns 11-17.

Table 2 shows the correlation coefficients
between the dynamic parameters of earthquake
sources and their magnitude, between the scalar
seismic moment and other DP, as well as some
regression dependences. The highest correlation
coefficient is between the seismic moment M and
the seismic energy E, (k= 0.98), the lowest one is
between M and the angular frequency (k = 0.59).

Consider the features of the distributions of
the parameters of the spectral characteristics Q,
J, and dynamic parameters for 183 events from the

Table A1l.

Table 2. Regression dependences and correlation
coefficients between the dynamic parameters

of earthquake sources and their magnitude

and the seismic moment

Parameters k Model
e, & M, 0.74 e, = 61071 M >
Ac M, 0.74 Ac=3.0-10"° M >
fo e lgM, 085 |f,=-1.161gM +21.0
1gQ, & M 0.89 lgQ =111 M-827
IgM, — M 0.89 lgM,=1.11 M+10.1
Ig Eg <> 1g M, 0.98 lgE,=1.591g M, —13.2
Ige,, < 1gM, 0.92 lge,=0.591g M —13.2
lge,, & M 0.78 lge,,=0.63 M, 7.1
7y, e 1gM, 0.84 r,=81.01g M —926.4

Note. Regression dependences for the source radius and the stress
drop are given for the Madariaga—Kaneko—Shearer model.

The spectral density
and the scalar seismic moment

The distribution of the parameter €, (on
a logarithmic scale) depending on the magnitude
is shown in Figure 6 a, the distribution of the sca-
lar seismic moment for the same events (M, ~ Q)
is shown in Figure 6 b. These logarithmic dis-
tributions are well described by the ramping up
trend. For the scalar seismic moment, the regres-
sion of Ig M and M (the best model) can be writ-
ten in the form:

lgM,=1.1M+10.1, (28)

Figure 6. Logarithmic distributions of the spectral density (a) and the scalar seismic moment (b) depending on the magnitude.
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The correlation coefficient between the val-
ues of Ig M and M is 0.89. The deviation rela-
tive to the linear model (regression lines in Fig-
ure 6 b) has a uniform character over the entire
range of the considered magnitudes.

For the considered events, the magnitude
range is — 2.2 < M < 6.0, and the values of M
are in the range from 2-10'> 50 2.2-10"7 N-m. Due
to the presence of scatter and a relatively narrow
range of magnitudes, the distribution of 1gM| also
complies (with the accuracy of 10 %) with the
well-known expression (1) [Riznichenko, 1985].

Taking into account the high value of the cor-
relation coefficient between the magnitude and the
logarithm of the seismic moment, below we will
consider the DP distribution depending on g M,
in some cases.

The angular frequency and the source radius

Figure 7 shows the distribution of f, depend-
ing on Ig M. The values of angular frequency are
typically fall with increasing of Ig M or the mag-
nitude (Figure 7a). The source radius was deter-
mined by the values of the angular frequency using
the expression (12). To ease the comparison with
the other works, the table A1 provides the values
of the source radius according to the Brune model,
1y, With a factor in (12) equal to £ = 0.37 (column
12), and for the Madariaga—Kaneko—Shearer mod-
el, r,, with k£ = 0.26 (column 14). The distribution
of r,, values depending on the logarithm of the seis-
mic moment is shown in Figure 7 b. Range of the
radius r,, is approximately 150-450 m. The value
of the Brune radius is 1.42 times greater than

and the r values belong the interval from approx-
imately 210 to 640 m.

Distribution of the source radiuses in Fig-
ure 7 b admits a linear approximation in value of
lg M. r,, =81 1g M, — 926 = 98M — 135. Devia-
tions of 7, from the linear model for the events with
lg M, < 14.5 were lower than that for the events
with Ig M > 14.5. The correlation coefficient be-
tween values of the r,, and 1g M, is about 0.84.

The seismic energy
and the specific seismic energy

Logarithmic distribution of the seismic energy
E and the specific seismic energy e, versus the
values of Ig M is shown in Figure 8. The seis-
mic energy varies in the range from 1.0-107 to
7.6-10'% J (see the Table A1, column 16). The lin-
ear model describing the E distribution has the
form of Ig E.= 1.59 1g M — 13.2, and the corre-
lation coefficient between the seismic energy and
the scalar moment is k£ = 0.98 (Figure 8 a). The e,
parameter for the considered events is of the order
from 0.2-107 to ~107 (see the Table A1, column
17). The distribution of Ig e, is also described by
a linear model (Figure 8 b), although, in this case,
scatter of values relative to the regression line is
greater in comparison with the case in Figure § a.
The expression for the linear model (regressional
dependence) has a form

Ig e, =0.59 1gM, — 132 =0.64 M—7.1,

M;(N'm), (29)
and the correlation coefficient between the val-

ue of Ig e, and the magnitude is 0.78. Depend-
ence (29) can also be written in a power-law

Figure 7. The values of the angular frequency (a) and the source radius (b) (according to the Madariaga—Kaneko—Shearer

model) in comparison with Ig M.
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Figure 8. Distribution of the seismic (a) and the specific seismic (b) energy depending on the seismic moment on a double

logarithmic scale.

form: e, .= 7 -10"* M *** indicating the power of
M, which is important for comparison of the DP
in different regions. This exponent is also signifi-
cant in relevance to the similarity of earthquake
sources.

Figure 8 b shows, that the ¢, values are lo-
calized in a band, which boundaries are parallel
to the approximating straight line: about 95 %
of significant points fall within such bands. The
boundaries of the localization band of the Ig e,,
values in Figure 8 b are determined by the rela-
tion: 0.591gM —13.6<Ige,, <0.591gM —12.9.

The stress drop and their approximations
(regressions)

The values of the stress drop determined
by the Madariaga—Kaneko—Shearer model, lie
in the range from 0.6 to ~120 MPa (see the Ta-
ble Al), except for one event — Kochkor earth-
quake, December 25, 2006, which parameters are
M, ~2-10" N-m and Ac ~ 630 MPa, that radically
differs from the parameters of other events. Dur-
ing the statistical data processing, it was excluded
from the computations.

In accordance with the expressions (11), (12)
the values of Ac for the Brune model (describing
the values of the source radius 1.42 times greater
than the Madariaga—Kaneko—Shearer model) are
2.9 times less than that given above. Distribution
of the stress drop along with the values of Ig M
is shown in Figure 9 a. The best approximation of
the Ao distribution is a power-law dependence on
M,. Let us explain this circumstance. According
to the expressions (13), (19), (20), the values of
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the stress drop and the specific seismic energy are
proportional to each other: Ac ~ e, . Therefore,
the distribution of g Ac may differ from the distri-
bution of Ig e, (Figure 8 b) only by a vertical shift
by some constant. For the computation results Ac
(Table A1), the following approximation was ob-
tained: Ac = 3.0-10°®* M ¥. The correlation co-
efficient between the stress drop and the seismic
moment is k = 0.74 (Table 2).

One can see in Figure 9 a, that scatter of Ac
values relative to the regression line increases for
the events with 1g M > 14.5 (magnitudes M > 4.0
according to (28)). Taking this into account, the
issue of correlations between Ac and Ig M were
analyzed in more details. For this purpose, several
samples of the events were formed (Table 3), and
the correlation coefficients were determined for
each of them. The first two samples were speci-
fied in accordance with the values of Ig M, the
energy scale of the earthquakes: the first sam-
ple was formed by the events from Table Al

Table 3. Regressions dependences and correlation
coefficient between the stress drop and the seismic
moment for various samples of the events

Sample for Ac k Model
All Ao 0.74 Ac =310 M %
lgM, < 14.5 0.89 Ac=4-10" M ¥
lgM,>14.5 0.65 Ac =6-107 M >
Ac <10 MPa 0.57 Ac =410 M **®
Ac > 10 MPa 0.67 Ac =810 MY
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Figure 9. The stress drop distribution (the Madariaga—Kaneko—Shearer model) for 182 events from the Table A1 compared
with the values of g M| (a), and the result of the significant points clustering (b) in the Ac(M) graph according to the fol-

lowing criteria: Ac > 10 MPa (red dots) and Ac < 10 MPa (black dots).

with 1g M, < 14.5, and the second sample — by
ones with Ig M > 14.5. Two more samples were
formed on the basis of the stress drop: the third
sample included events with Ac < 10 MPa, and
the fourth one — Ac > 10 MPa. A distinction based
on the Ao criterion closely matches the selection
of two clusters in the distribution of significant
points in Figure 9 b resulted from application of
the GDBSCAN clustering algorithm [Ling, 1972;
Sander et al., 1998]. The distribution of the stress
drop for the first two samples is shown in Fig-
ure 10 a, for the latter ones — in Figure 10 b.
Table 3 presents the values of correlation coef-
ficients between the stress drop and the logarithm
of the seismic moment for the samples described

above, as well as for the general sample from 182
events. For the samples with g M > 14.5 and
Ac > 10, the correlation coefficients are lower
than that for the general sample, and a significant
scatter of values in relation to the regression line
is observed. A high correlation coefficient for the
events with Ig M) < 14.5 becomes evident in the
graph in Figure 10 a, since the points of the values
of Ac in this figure are localized closer to the re-
gression line to a greater extent than the points for
another sample of events (in crimson). The cor-
relation coefficient is low for Ac <10 MPa is low,
that is explained by a small change in the values
of the stress drop for the considered sample of the
events (black dots in Figure 10 b).

Figure 10. The stress drop distribution depending on a logarithm of the scalar seismic moment: a — for the events with
lg M < 14.5 — highlighted in black, lg M, > 14.5 — highlighted in crimson; b — for the events with Ac < 10 — highlighted in
black, for Ac > 10 MPa — highlighted in crimson.
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Obtained regressions, in which the power of
M, exceeds 0.37, as well as Figure 10, point to
the absence of self-similarity for the earthquakes’
sources on the BGP territory in terms of the stress
drop and the specific seismic energy.

Stress drop and focal mechanisms

To study this dependence of the values from
the Table A1, we selected the events, in which the
stress drop was more than 29 MPa (according to
the Madariaga—Kaneko—Shearer model, column
15 in the Table A1). The number of such events
is 20. We also selected 20 events with the mini-
mum value of the stress drop. It is worth to re-
mind, that the column 13 in the Table A1 shows
the values of Ao according to the Brune model,
which were considered in previous works [Syche-
va, Bogomolov, 2014, 2016]. Figure 11 shows the
epicentral position and focal mechanisms of the
earthquakes from these two quantiles. The posi-
tion of the events of the first group is highlighted
in black, the second one — in gray, and their fo-
cal mechanisms are shown in the upper and lower
parts of the figure, respectively. The spatial posi-
tion of the events of the two classes coincides only

partly. Most part of the events of the first sample is
of thrust focal mechanism only (3,4, 7, 8,9, 11, 12,
13, 17, 18, 19) or thrust-shift one with a minimal
shift component (1, 2, 5, 6, 14, 20). For the second
sample, the main part of events is formed by thrust-
shifts or strike-slips; only events no. 10, 11, 12, 15,
17, 18 can be classified as thrusts. The observed
distribution of mechanisms can demonstrate the
presence of a relationship between the type of focal
motion (the mechanism) and the stress drop.

For a more detailed analysis of the relationship
between the stress drop and the types of the focal
mechanism according to the Table A1, we selected
the samples for the most common types of focal
movements: thrusts (TH, 57 events), thrust-shifts
(TH-S), 38 events, including oblique faults), and
horizontal shifts (SH, 46 events). For thrusts, the
median average of Ac is 4.9 MPa, for thrust-shifts —
6.1 MPa, and for horizontal shifts — 3.7 MPa. The
percentage of events with certain values of the
stress drop is determined for each sample. Informa-
tion on the distribution of the number of events of
the three most common types of focal mechanisms
(TH, TH-S, and SH) is presented in the Table 4 and
Figure 12 with the color markers.

Figure 11. Epicentral position of the events from two samples for Ac and focal mechanisms of these events. Black circles — the
events with Ac > 29 MPa, grey circles — the events with minimum values of Ac (according to [Sycheva, Bogomolov, 2016]).
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Table 4. The distribution of the events of different types of
focal mechanisms over the intervals of the stress drop on
the territory of BGP (according to the data of the Table A1)

Ao TH SH

interval, N (%) N (%) N (%)
0-1 - _ 122)
13 15254) | 9237 | 16(333)
3-9 21(364) | 14(368) | 18(40)
9-27 11 (20) 11(289) | 8(17.8)
27-81 9 (16.4) 3(7.9) 2(4.4)
81 1(1.8) 1(2.6) 12.2)
All Ac 57 46

It is seen from the Table 4, that more than
70 % of the events of shift type (SH) are in the
range of to the stress drop of 1-9 MPa. For thrusts
and thrust-shifts the distributions are wider, and
the absolute and relative quantity of the events
of TH-type are greater than SH-type for all stress
drop intervals in the range Ac > 9 MPa.

A somewhat different sampling was carried
out in order to validate statistically the prevalence
of thrusts and thrust-shifts (oblique faults, in par-
ticular) among the events with the stress drop ex-
ceeding 9-10 MPa, a somewhat different sampling
was carried out. Since the median average of Ac
for the entire catalog (Table A1) is 4.9 MPa, it is
possible to form two samples with an equal num-
ber of events with known DP and type of focal
mechanism. This is a sample of the lower stress
drop, Ac < 5 MPa, and a sample of the events
with Ac > 5 MPa. For each sample, we identified
the percentage of thrusts, thrust-shifts (oblique
faults), horizontal shifts and vertical shifts (inci-
sions), as well as normal faults and normal faults
with the strike-slip component, 1.e. of all realized
types of focal movements according to the well-
known classification [Yunga, 1990; Sycheva et
al., 2005]. The results are shown in Table 5.

As it is seen from the Table 5, the thrust events
were almost equally distributed between the

Table 5. The events distribution over the type of focal mechanism for various ranges of Ac

(according to the data in Table A1)

General sample Ac < 5MPa Ac > 5MPa
Movement type

N (%) N (%) N (%)
Thrusts (TH) 57 (35.7) 28 (35) 28 (36.4)
Horizontal shifts (SH) 46 (29.3) 30 (37.5) 16 (20.8)
Thrust-shifts (TH-S) 38(24.2) 16 (20) 22 (28.6)
Normal faults (NF) and normal faults with
strike-slip component (NF-S) () 45 7.
Vertical shifts (SV) 6 (3.8) 2 (2.5) 4(5.2)
All focal mechanisms 158 80 77

Figure 12. Histogram of earthquakes number of different types of focal mechanisms over the stress drop intervals.

TH — thrusts, TH-S — thrust-shifts, SH — horizontal shifts.
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samples of smaller and larger Ac. The fraction
of thrust-shift events is greater for the sample of
Ac > 5 MPa than that in the case of the sample
with Ac < 5 MPa. But the fraction of SH events
in the first sample is less than that in the second.
Therefore, the events with focal mechanisms of
the TH and TH-S types prevail at increased values
of the stress drop, that is also seen in Figure 12.

The stress drop and intensity
of seismotectonic deformation

When computing the direction and intensity
of seismotectonic deformation (STD), the studied
territory of the BGP was divided into elementary
circular zones with a radius of 0.2°, with the cent-
ers at the nodal points of a specially selected grid.

Table 6. The stress drop ranges for the earthquakes
on the territory of the BGP (see Figure 13)

Number | Ac according Ao according
of events | to the Brune model to the MKS model
20 Ac > 10 MPa Ac >29 MPa
113 1 <Ac <10 MPa 2.9 < Ac <29 MPa
50 Ao <1 MPa Ao <2.9 MPa

The matrices of individual mechanisms m, were
summed within each cell to compute the STD in
accordance with (8). The STD intensity, I, in the
same cell was determined by direct summation
of the scalar seismic moments according to (8).
The method for the STD intensity computing
is described in details in [Sycheva et al., 2009].
To compare the distributions of the stress drop and
STD intensity, we use the results from [Sycheva,
Mansurov, 2017].

The STD intensity distribution is shown in
Figure 13. The maximum of 7_is 0.18-10~ year™'.
Location of the earthquake epicenters from Ta-
ble A1, with the stress drop values highlighted in
colors, is shown on the same map.

The most part of green and red marks of the
events felt into the areas, which are characterized
by deformation intensity more than 0.1-10~° year !,
northern slopes of the eastern part of the Kyrgyz
range, Karamoinok range, and Sandyk mountains.
“Blue” events are not numerous and are equally
located in these areas and outside them.

The absence of “red” events in a zone of maxi-
mum intensity (0.18-107° year™') can be explained
in terms of the trigger effect of an electromag-
netic sounding of the crust using the ERGU-600

Figure 13. Field of the seismotectonic deformation intensity (color saturation of a square corresponds to the value of /_at the

S

nodal point according to the legend) and studied earthquakes location (marked with circles). Unit is 10 per year. The size of
a circle depends on the event energy class, color of a mark depends on the level of Ac (Table 6). Squares: yellow — location of
Bishkek, crimson — location of the Research station RAS. Red lines are active faults (according to [Rebetskii, Kuzikov, 2016]).
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powerful electric current generator (a geophysical
installation for electrical exploration located on
the territory of the RS RAS) [Bogomolov et al.,
2003; Sychev et al., 2010, 2012]. A decrease in the
number of events of moderate strength and a weak
seismicity increase were noted in the cited works in
the vicinity of the primary dipole location (see the
crimson square in Figure 13). It is highly probable
that in a zone of maximum STD intensity, the stress
drop occurs due to weaker seismicity, and there-
fore there are no conditions for stress concentration
from the surface to a depth of 15 km. The issue of
seismic manifestations of electromagnetic sound-
ings on the territory of the BGP was considered in
details in [Sychev et al., 2010, 2012; Bogomolov,
2013], but these works did not use the data on the
stress drop in the earthquake sources.

Conclusion

To analyze the very knotty issue of the pres-
ence or absence of correlations between the stress
drop in the sources of earthquakes in Northern
Eurasia and their energy characteristic (the seis-
mic moment), we used a databank on the dynamic
parameters of the earthquake sources with the en-
ergy class K = 8.7-14.8, which occurred on the
territory of the Bishkek geodynamic polygon dur-
ing 1998-2017. After the updating with solutions,
this bank of dynamic parameters contains values
of the angular frequency, spectral density param-
eter, scalar seismic moment, source radius, stress
drop level, seismic energy and specific seismic
energy for 183 events. The databank allows ap-
plication of statistical methods.

Two models were used to compute the source
radius — the Brune approach and the improved
Madariaga—Kaneko—Shearer model. According to

the second model, the estimate of the source radi-
us complies with general physical estimates based
on the the geoacoustical paradigm. The level of
the stress drop in this model is 2.9 times higher
than in the Brune one.

For the earthquakes on the territory of the BGP
(Northern Tien Shan), the regression — a power-
law dependence of the stress drop on the scalar
seismic moment, the correlation coefficient being
equal 0.74. The main contribution to the correlation
is made by seismic events with M, < 3-10'* N'm
(g M, < 14.5). For major earthquakes with Ig
M, >14.5, the correlation coefficient between the
values of Ac and M is no more than 2/3, and this
makes understandable the results of works, in which
no significant correlations were found between the
stress drop and the seismic moment (they did not
consider relatively weak events). The presence of
an increasing dependence of the stress drop and
the specific seismic energy on the seismic moment,
identified for the BGP, complies with the results on
the e, (M) power-law dependence in a number of
other regions of Northern Eurasia.

Comparison of the stress drop in the earth-
quake sources in the studied area and the types of
focal mechanisms showed that for events of the
same class with a thrust mechanism, the average
level of the stress drop is higher than for events of
the same class with other focal mechanisms.

The next stage of studies of the stress drop
and the specific seismic energy is to involve con-
siderations of the temporal dependence of these
parameters on time, and comparison of their vari-
ations with the change in seismic activity and the
average intensity of seismotectonic deformations.
Another problem to be solved is the assessment of
the dynamic stress drop, 1.e. the Ac(¢) dependence
during seismic slippage along the fault plane.

The Appendix to the article contains the Catalog of dynamic parameters for 183 earth-
quakes in the Northern Tien Shan (1998-2017).

The catalog will be posted in the electronic version on the web-site of the journal (http://jour-
nal.imgg.ru/archive) in Excel.xlsx format, which allows sampling by any criterion.
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OnepaTuBHBIN IPOTHO3 JIOKAJIBHBIX IlyHAMU
O JaHHBIM OMMOKaNIIMX K o4araM IiTyOOKOBOJHBIX CTaHIIMM,
coziep KalliM ITyMbI CEICMHYECKOTO TTPOUCXOXKICHUS

© 2020 FO. I1. Kopones*, I1. IO. Kopones

Hncemumym mopckoi eeonoeuu u 2eeogpusuxu JIBO PAH, 2. FOxcno-Caxanunck, Poccust
*E-mail: Yu P_K@mail.ru

Pe3rome. JlocToBepHBIH onepaTHBHBIN MPOTHO3 IyHaMHU Ha KypHIBCKHMX OCTPOBaxX NMPH BO3HUKHOBEHHUH
3emIteTpsiceHnii B paiione Kyprmro-KaMuarckoii BaauHbI MPEACTABISIET HAMOOIBIIYIO CIIOKHOCTE. [IporHO3
TPaJWIMOHHBIM MarHUTYIHBIM METOZIOM 3a4acTyI0 MPUBOIUT K JIOXKHBIM TpeBoraMm IfyHamu. Ha nmpumepax
coobITHii 2006, 2007 1 2020 rr. Ha Kypuibckux ocTpoBax, a Takxe coObitus 2018 . Ha Ansicke mokas3aHo,
YTO 10 JAHHBIM ONMKAWIIUX K OYary IyHaMH CTaHIIMA U3MEPEHUsl YPOBHS OKeaHa, BpeMeHa mpoodera Iy-
HaMH 70 KOTOPBIX cocTaBisioT 10—20 MuH, BO3MOXEH 3a0JIarOBPEMEHHBIA aeKBaTHBIN MPOTHO3 IIyHAMHU
BONM3M MoOepexuil, HECMOTPS Ha TO YTO 3alKCH TAaKWX CTAHLMN COAepXaT HIYMbl CEMCMHUYECKOTo Mpo-
ucxoxaeHus. Pacuetsr ¢popM myHamMu BOTU3U MOOEPEKBS MO JaHHBIM, COACPKAIIUM CEHCMUYECKUN LIyM,
MIOKAa3aJIM, YTO B PE3yNbTHPYIOMHKX (JOPMaxX BOJIH MPUCYTCTBYIOT BEICOKOYACTOTHBIE KoseOanus. OIHaKo 3Th
KoJieOaHus He TIPENATCTBYIOT OIIEHKE peabHON ()OPMBI BOJHEI U CTETIEHH OTTACHOCTH 0XKHIaeMOTO ITyHaAMH.
B ommume oT METOAOB MPOTHO3a, OCHOBAHHBIX HAa MarHUTYIHOM KPHUTEpHH, MPUMEHEHHBIH CIIOCO0 orre-
PaTUBHOTO MPOTHO3a IyHaMH TMO3BOJISIET pacCYUTaTh (popMy BOJHBI: aMIUIUTYIbI IEPBOH, MaKCUMaJIbHOM
BOJIH, BpEMEHA MX MPUX0/a B 3aJJaHHYIO TOUKY U MPEAIOIaraeMyro JUINTENbHOCTh IiyHaMH. [IpennoxeHHbIi
Croco0 MOXET CTaTh HHCTPYMEHTOM, KOTOPBIH ITO3BOJIUT MOBBICUTH KAY€CTBO ONIEPATHBHOTO MPEYTIPEKIe-
HUS O I[yHaMH, CyIIECTBEHHO YMEHBIIIHB KOJMIECTBO JIOKHBIX TPEBOT.

KuroueBble coBa: 1fyHaMu, MarHuTyJa 3eMJIETpsICEHHs, TpeBora nyHamu, OHekoTaH, Kypuibsckue octpo-
Ba, CeBepo-Kypuibck, crmoco0 omepaTuBHOTO MPOTHO3a I[yHAMU, 3a01aroBpeMeHHOCTh nporHo3a, DART,
LIYMbI CEHCMHYECKOTO IPOUCXOXKICHHUS

Short-term forecast of local tsunamis based on data containing
seismic noise from deep-ocean stations closest to the sources

Yury P. Korolev*, Pavel Yu. Korolev

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

Abstract. Reliable short-term tsunami forecast on the Kuril Islands when earthquakes occur in the Kuril-
Kamchatka Trench is the most difficult. Forecasting by the traditional magnitude method often leads to
false tsunami alarms. Based on the examples of the events of 2006, 2007 and 2020 on the Kuril Islands,
as well as the event of 2018 in Alaska, it was shown that according to the data of the ocean level measuring
stations closest to the tsunami source (tsunami travel time is 10-20 minutes) it is possible to adequately
predict the tsunami near the coast. Calculations of tsunami waveforms near the coast from data contain-
ing seismic noise have shown that the resulting waveforms contain high-frequency oscillations. However,
these fluctuations do not interfere with the assessment of the real waveform and the danger of the expected
tsunami. In contrast to forecast methods based on the magnitude criterion, the applied method of short-term
tsunami forecast makes it possible to calculate the waveform: the amplitudes of the first, maximum waves,
their arrival time at a given point and the estimated duration of the tsunami. The proposed method can be-
come a tool that will improve the quality of operational tsunami warning, significantly reducing the number
of false tsunami alarms.

Keywords: tsunami, earthquake magnitude, tsunami alarm, Onekotan, Kuril Islands, Severo-Kurilsk, meth-
od of short-term tsunami forecast, forecast lead time, DART, seismic noise
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ONEPATUBHBINA NMPOrHO3 JIOKAJIbHbLIX LYHAMM 1O JAHHBIM BIVXXANLUNX K OYATAM IN1YEOKOBOAHbLIX CTAHLMH

Jna yumupoeanus: Kopones F0.I1., Kopones I1.FO. OnepaTtuBHEIi MPOrHO3 JTOKATHHBIX IIyHAMH 110 JAHHBIM OJFDKaii-
IIMX K o4araM NIyOOKOBOAHBIX CTAHIMH, COAEPIKALIMM IIYyMbI CEHCMUYECKOTO MPOUCXOXKICHUS. [ eocucmemul nepe-
x00Hwix 301, 2020, T. 4, Ne 4, c. 447-473. (Ha pyc. u annn.). https://doi.org/10.30730/gtrz.2020.4.4.447-460.461-473
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baaroapapHocTu M (pHAHCHpOBaHME

ABTOpLI 6naroz[apHLI PCUOCH3CHTAM 3a IMOJIC3HBIC 3aMCUAHUA U MPEAJIIOKCHHA, KOTOPBIC ObLIH YUYTCHBI IIpU

,uopa60TKe CTaTbH.

Paboma evinonnena 6 pamxax coczadanus UMIul” JIBO PAH Ne AAAA-A18-118012290123-8 «Hasoonenus
Ha MOPCKUX bepezax: MOHUMOPUHE, MOOETUPOSAHUE, NPOSHO3N.

BBenenune

Tpesora nynamm 25.03.2020 nmo Cesepo-
Kypunbsckomy paiiony (CaxamuHckas 0067acTh)
Obl1a oObsiBneHa B 14:00 (3mech u nanee yKasbl-
BaeTCsl CaXxaJMHCKOE BpEeMsi, pa3HHUIlA COCTAaBIIs-
eT +11 uc UTC u +8 4 ¢ MOCKOBCKMM BPEMEHEM )
HNudopmaninoHH0-00padaThIBAIONUM  IIEHTPOM
«¥Oxno-Caxanuack» CaxaluHckoro ¢uamana
OUL[ EI'C PAH Ha oCHOBaHMM MarHuTyIHO-
ro Kpurtepus. 3eMJICTPSICEHUE MarHutynou 7.3
¢ snuieHTpoM B 220 kM BoctoyHee 0. OHeko-
TaH npousouuio B 13:49. Bno-
CIECTBUM MAarHuTyiaa yTOdY-
HeHa g0 7.5 (Search Tsunami
Events of the National Centers
for Environmental Information —
https://www.ngdc.noaa.gov/
hazel/view/hazards/tsunami/
event-search)'.

TUX00KEaHCKHI LIEHTP Mpe-
ynpexaenus o nyHamu (PTWC,
lTononymy) B 13:57 BBITyCTHI
OIOJIJIETEHb C MPEAYNpPeXICHU-
€M 00 OMacHBIX BOJIHAX IIyHa-
MU 7151 TOOEpEXbsl B Iperesiax
1000 kM OT »muUIIEHTpa 3emJie-
TpsiceHUs. fIIOHCKOE MeTeopo-
jgoruyeckoe areHTcTBo (JMA)
B 14:16 Taxxe mnpexynpeauno
0 BO3MOXHBIX Pa3pyIIUTEIbHBIX
BOJIHAX LiyHamH Ha Kypuiabckux
OCTpOBax € aMIUIMTyHoH 1-3 M,
0 ueM coobmano CaxaiuHcKoe

ru/index.php/o-nas/strutura/tsentr-tsunami). Ilo-
JIOKEHHE AMUIIEHTPA 3€MJIETPSCEHUS YKa3aHO Ha
puc. 1. D10 1yHaMu 110 HAUMEHOBAHUIO OJIVKAM-
[IET0 OCTPOBa MOXKHO Ha3biBaTh OHEKOTaHCKHM
nyHamu 2020 r. Mo aHajIoOruyM ¢ HAaMMEHOBAaHHUEM
Cumymmpckoe mynamu 2006 1.

B cuy HeOoubI110ii BBICOTHI BOJIHBI, HE MIPE-
CTaBJISIIOIIEH oOmacHocTH, Tpeora 25.03.2020
OKa3anach (PaKTHUECKH JIOKHOM.

IIpuxon nynamu B CeBepo-Kypuiabsck oxu-
nancst B 15:04. DBakyanus HaceneHus B Oe3omac-
HyI0 30HY 3aBepuieHa K 14:30. DBakyupoBaHO

Puc. 1. Cxema pacueTHoil oOnacTH. 3BE3M0YKH — SIMLEHTPHI 3€MIICTPSICEHUI

C yKazaHHeM roja, poMObl — nosnoxkenue craHumii cucreMsl DART, Tpeyromnb-

YIPAaBICHUE IO THIPOMETEOPO-
JIOTUA U MOHUTOPHUHIY OKpYyXKa-

tomeit cpenst (http://sakhugms. Ha — Xanacaxu.

HUK — TIOCT m3MepeHuil ypoBHs Mops «Bomomamaas» (V), SK — Ceepo-Ky-
punbck, K — Kypunbsck, B — Bypesectank, YK — FOxu0-Kypninsck, Ku — Kycupo,

! Tlonuele CBCIACHHUA 00 UCTOYHHKAX JaHHBIX CM. B KOHIIC CTAaTbH.
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okosio 400 yenoBek. ComacHO BU3yaJbHbIM Ha-
omroneHusM ¢ conku CurranpHasi B 1.2 KM I0KHEe
nopta CeBepo-Kypuibck, nepsasi BojiHa HpuUIlLia
yepes | 4 mocne Hauama semiueTpscenus. Ha ¢pone
IITOPMOBOTO BOJIHEHHUSI BBICOTA IIyHAaMHU OLIEHU-
Bajach B 50 cMm. Ha puc. 2 npencraBiieH CHUMOK
npuOpEeKHON aKBaTOPUH B MOMEHT IPHUXOAA 11y-
Hamu B pailon CeBepo-Kypunbcka. TpeBoxHBIN
pexxum coxpansuics 10 17:57 (noutu 4 1) (http://
sakhugms.ru/index.php/o-nas/strutura/tsentr-
tsunami).

IIpuBeneHHbIE ONMUCaHUA ACHCTBUN POCCHIA-
CKOM CITy>KOBI ITpelynpexaeHUs O LlyHaMH, a TaK-
e MEXITYHApOAHBIX CIYXO0 IIyHaMH, B 4acTHO-
CTH SIMOHCKOTO METEOpPOIOTUYECKOTO areHTCTBRa,
MO3BOJISIIOT OLICHUTh HENOCTATKHU JIEHCTBYIOLIUX
pernamMeHTOB MPOTrHO3a IIyHAMH.

AHAJIOTUYHBIE CHUTyalldd HMEJIH  MECTO
B 2006 u 2007 rr. (Cumymupckue mynamu 2006
u 2007 rr.). OOBSBIAIUCH TPEBOTH I[yHAMHU
[0 MarHUTYIHOMY KpUTEPUIO Ha MOOEpexbIX
Bcex KypuibCKHX OCTPOBOB, MpOW3BEIEHA HBa-
Kyalusi HacelneHus: B 6ezonacHbie MecTa. OIHaKo
IlyHaMU JJIs HACEJICHHBIX TyHKTOB HE IMPE/ICTAaB-
JSUTA OTIAaCHOCTH. TpEeBOTH OKa3aiHch (hakThue-
CKH JIO)KHBIMH.

[Tpu cunbHBIX LyHAMH OCTAHOBKA MPOU3BOI-
CTBa, 3BaKyallus IepCOHaja, HaCeJIeHUs U3 Orac-

Puc. 2. ITogxox cepuu BonH ryHamu 25.03.2020 x o. [Tapamymup
(okoso 1.2 kM 1oxHee nopra CeBepo-Kypunbsck). @omo JI. Komenxko

(http://sakhugms.ru/index.php/o-nas/strutura/tsentr-tsunami)

HBIX 30H SBJISIOTCS onpaBAaHHbIMU. [Ipu ciabbix
e, KOrja aMIUINTyJa BOJH B HAcCEJEHHBIX IyH-
KkTax He npessimaeT 0.5 M, kak B coObrTusax 20006,
2007 u 2020 rr., 3T MEPONPUATHS COITPOBOXK 1A~
IOTCSl HEOIpaBJIAaHHBIM yIIEpOOM, CBS3aHHBIM
C OCTaHOBKOHM IMpPOW3BOACTBA, U3JIULIHUM CTpeEC-
coM 11 HaceneHus. K ToMy ke UIMTENBbHOCTb
TPEBOXKHOTO PEXKHMMA 3a4aCTyIO U3JIUIIHE BEJIHKA.
YacTble JIOKHBIE TPEBOTH MOPOXKIAIOT HEraTUB-
HOE€ K HHUM OTHOILIEHuE, Henosepue. rnopupo-
BaHHME CUTHAJIOB TPEBOTU BO BPEMs CHIIbHEHINIETO
yHamu Toxoky 2011 r. B SImoHuu oT4actu nociy-
KHUJIO MPUYMHOMN OOJIBILIOTO KOJTMYECTBA KEPTB.
ComracHO COBPEMEHHBIM IPEICTaBICHUM,
CIIy>KOBbl TIPEIYNpPEeXAECHNUs O I[yHaMH JOJIKHBI
OOBSIBIATh HE TOJIBKO OOOCHOBAaHHbBIE OOUIME
TpeBoru, HO U AudepeHIUPOBAHHBIE IO CTe-
MIEHU OMACHOCTH 11 KOHKPETHBIX YYaCTKOB I10-
Oepexuii. MneanbHO TpeBora IyHAMHU JOJDKHA
OO0BSABIATHCS C pa3yMHOM 3a0J1arOBPEMEHHOCTHIO
TOJIBKO B T€X MyHKTaX, B KOTOPBIX IlyHaAMHM IpeJi-
CTaBJISICT peaJIbHYI0 OIACHOCTb, U CONTPOBOXKAATh-
csi uH(popmanuend 0 BpeMEHHU IPHUXOAa NEepBOM
BOJIHBI, MAaKCUMAJIbHOW BOJIHBI, UX aMIUTUTYIAXx,
a Taoke 00 0XKM/1aeMOM BPEMEHHU OKOHYAHHSA I1y-
Hamu (oTOoM TpeBoru nyHamu) [Korolev, 2011].
VIMEHHO 3TH XapaKTEpUCTUKU LIyHAMHU HEpeduc-
JIEHbI B OINPEJEJIEHUH MPOTHO3a IyHaMu, cop-
MYJIMPOBAaHHOM MeXINpaBUTEIbCTBEH-
HOM okeaHorpaduyeckoil Komuccuei
(MOK) IOHECKO B 2013 r.? Ha oc-
HOBaHWUM MAarHUTYAHO-Teorpaduye-
CKOTO KpUTEpHUs TaKOW JeTaJIbHbIN
IIPOrHO3 HEBO3MOJKEH.
I'uppodusnueckue crnocoOsl mpo-
THO3MPOBAHMS IlyHaMHU HE OIUPAOTCS
Ha Mar"urtyny 3emierpsiceHus. Jlo-
CTOBEPHOM U1 OLICHKH CTEIeHHU orac-
HOCTH IIyHAMH SIBIISICTCSI MHPOPMAITUS
0 c(OPMHUPOBABIIEMCS IlyHAMH, TOTY-
yaeMasi B OKeaHe CTAHIMSIMU CUCTEMBbI
DART (Deep-ocean Assessment and
Reporting of Tsunamis — orieHka u me-
penaya JaHHBIX O I[yHAaMH B OKEaHE)
(http://nctr.pmel.noaa.gov/Dart).
OueBHIHO, YTO B CIIyYae JOKaIbHbIX
IyHaMHu (TIpU 3eMJIETPSICEHUSIX B paid-
one Kypuio-Kamuarckoil BHaauHbl)
OIIEPaTUBHOCTH, 3a0JIaTOBPEMEHHOCTh

2 Intergovernmental Oceanographic Commission. 3rd ed. Tsunami Glossary. 2016. Paris, UNESCO. IOC Technical
Series, 85. (English, French, Spanish, Arabic, Chinese) (I0C/2008/TS/85 rev.2). URL: http://legacy.ioc-unesco.org/index.
php?option=com_oe&task=viewDocumentRecord&docID=10442 (accessed 6.11.2020)
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MIPOrHO3a 3aBUCUT OT OJIM30CTU CTAaHLUHU K o4ary
yHaMmH. J[aHHBIE TAKUX CTaHIMH MOTYT COIEp-
JKaTh HAJIO)KCHHBIE Ha MOJIE3HbIA CUTHAJ IIYyMBbI
CEHCMUYECKOTO TPOUCXOXKACHUS, OOYCIIOBIICH-
HbIE IPOXOKJICHUEM T10 THY OKE€aHa MOBEPXHOCT-
HBIX BOJH (paseeBckue BosHbI). [lockonbky nuc-
KPETHOCTh 3aluCell JaHHBIX CTAHIMK paBHa |
MHH, IIIyMOBasl COCTABIISIONIAs MOXET UMETh I1e-
puozbl 4 MUH U 00JIee, UYTO COTIOCTABUMO C Xapak-
TEPHBIMU TIEpUOIaMU IIyHaMH (OKoio 15 MuH).
[IpuMeHeHne Kkputepus pas3lieieHus IOJIE3HOTO
CUTHaja M 1yma, onucanHoro B [Hypucinamosna,
Hocos, 2016], B Takoil cuTyanuu, mo-BUANMOMY,
3aTPYAHUTENIBHO MM HEBO3MOXHO. JTO 00CTOS-
TEJIbCTBO MOXKET CTaTh MPEMSATCTBUEM IJIS MOJIY-
YEeHUsl aJIeKBaTHOIO MporHo3a. B ycnoBusax one-
PaTUBHOIO peXUMa TpeOyeTcsl 3a KOPOTKOE BpeMst
OLICHUTh CTEIEHb ONACHOCTH IyHaMH, HE 3aHU-
MasiCh IPOOIEMOI pa3IeNIeHUs] CUTHAJIOB.

eab padoThI M MOCTAHOBKA
YHMCJIEHHBIX IKCIIEPUMEHTOB

Lenpto paboOThI ABISIIOCH UCCIIEIOBAaHHE BO3-
MO>XXHOCTH OIEPAaTUBHOIO IMPOTHO3a JOKAJIBHBIX
IIyHAMU 110 JAHHBIM OJIIDKaWIIuX K o4aram CTaH-
LMHA KM3MEpEHHUs] YpOBHS OKEaHa, COJAEpIKaIluM
HEYCTpaHUMbIE IIyMbl CEHCMMUYECKOIO ITpOHC-
XOXK/ICHHUSI.

PaccMoTpensl Bce M3BECTHBIE COOBITHS B Ce-
BEPHOHM M CEBEPO-3allafHON JacTax Tuxoro oxe-
aHa, BO BpeMsl KOTOPBHIX JHOO TPOHM3BOAMIACH
peructpanysi, 1100 BO3MOXKHO BOCCTaHOBJICHUE
(pexoHCTpyKIHs) (POpPMBI ITyHAMHU BOTU3HU oYara.

MogaenupoBaics mpolecc OrnepaTuBHOIO Mpo-
rHo3upoBanus Onexkoranckoro (25.03.2020), Cu-
Mymupekux (15.11.2006 u 13.01.2007) uyHamuy,
BO3HUKIIUX B pallOHaX CEBEPHBIX U LIEHTPAIbHBIX
Kypunbsckux ocTpoBoB, U AJISICKHHCKOTO IlyHAMHU
(25.03.2018) ¢ smumenTpom BOMM3M 0. Kombsik
(Kagpsix). MogenupoBaHue OCyIIECTBISIIOCH IO
PEKOHCTPYUPOBAHHBIM JAHHBIM  BUPTYaJIbHBIX
CTAHUMU H3MEpPEHMs] YPOBHSI OKeaHa, B TOYKAX
HaxOXJICHHUsl paHee CYIIEeCTBOBABUICH CTaHIMU
DART 21402, nedictByromed cranuuu DART
21419, 6mmwxkaimmx k ogaram iryaamu 2020, 2006
u 2007 rr., a Taxke MO peajbHbIM JJaHHBIM CTaH-
uun DART 46409 B 2018 . Kak peanbHble, Tak U
peKoHCTpyupoBaHHbIe naHHble cTanuuii DART co-
JeprKaIy IIyMbl CECMUYECKOTO IPOUCXOXKICHNUS.

PacueTsl (peKOHCTpPYKIIMS 3amucedl U pacdyeT
I[yHaMH) BBIOJHSIIUCH CIIOCOOOM OIIepaTuB-
HOTO MpPOrHO3a IyHaMH, ONHCAHHBIM B paboTte
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[Korolev, 2011]. Crmoco6 (skcmpecc-MeTon) 3a-
KJIIOYaeTcs B MOCTPOCHUU TepelaTouyHON (PyHK-
YU U1 KaKJIOro IyHKTa, IO3BOJISAIOLIEH IO
naHHbIM ctaHuuu DART paccuurtsiBath opmy
0KUJAEMOro IlyHamMu BOiH3U 3Toro myHkra. [lo-
CTpOEHHUE NepeJaTOYHON (DYHKIIUU TPOU3BOTUTCS
cpasy mocJje Moixy4eHus: HHPOPMAaLUU O KOOPIu-
HaTax JMMIEHTpPA 3E€MJIETPSACEHUs, BbI3BABLIETO
yHaMu. OCHOBOM /17151 €€ MMOCTPOEHUS SIBIISIOTCS
pe3yabTaThl pacuera BOJHOBBIX (OpM OT Mpo-
CTOTO aKCHAJIbHO-CUMMETPUYHOTO HCTOYHHKA
C LIEHTPOM, COBIAJAIOIIUM C SIULEHTPOM 3EM-
JETPACEHHUS, B TOUKAX PETUCTpalMM U MPOTHO3a.
JlaHHBIX O MarHuTYyze 3eMJIETPSACEHUs He Tpeldy-
ercs. Ilpu ucnonp30BaHUM TEXHOJIOTHI OBICTPO-
ro pacueTa I[yHaMd MOCTPOEHHUE MEePeaaTOuHOM
(GyHKIUM MOXKET OBITh 3aBEpIICHO A0 MOMEHTa
IpoXojia MEPBOIo MEepUojia IyHaMHU 4Yepe3 TOUKY
peructpanuu. TexHomorus OBICTPOro pacuera
pacnpocTpaHeHHs LyHamMH TMpeAcTaBlieHa, Ha-
npumep, B [Lavrentiev et al., 2019].

B 4uCIEHHBIX SKCIIEPUMEHTAX OICHUBAIUCH
3a0J1aroBpeMEHHOCTh MPOTHO3a LyHaMH (Bpemsl
MEX/y pPAacUeTHBIM BpEMEHEM IpHUXOja IlyHa-
MU — MEPBOr0 TPEOHS BOJIHBI B 33JAHHYIO TOUKY
¥ BPEMEHEM BBITIOTHEHUS MTPOTHO3a) U KaYyeCTBO
IIPOrHO3a. 3a KPUTEPHM KauecTBa MPOTrHO3a MpH-
HSITA BO3MO)KHOCTb OLIEHKU CTENEHU ONACHOCTH
0’KUAEMOT0 IIyHaMU B 33JJaHHOM ITyHKTE, 10CTa-
TOYHO TOYHOM JJIsi IPUHATHUSA pelieHus: 00 0ObsIB-
JICHUH TPEBOTH.

B nanpHelieM B YMCIEHHBIX SKCIEPUMEHTAX
pacyeT (popMbI IlyHAMU BOJIU3H MOOEPEKbsI HA3bI-
BAEeTCsl PETPOCHEKTUBHBIM MIPOrHO30M, MIIU TPO-
THO30M.

Hynamu 25.03.2020 3aperncTpupoBaHoO INy-
OOKOBOJHBIMU CTAHIMSIMH W3MEPEHUS YPOBHS
okeana DART 21415, 21416 u 21419 (puc. 1)
(https://ndbc.noaa.gov/dart.shtml). HeGomsimoe
I[yHaMHU 3apETUCTPUPOBAI IOCT U3MEPEHUS YPOB-
H1 Mopsi «Bomomamnas» (Kamuarka, Poccus)
(http://rtws.ru/sea-level/). Tlo naHHBIM CcTaHIMIA
BO3MOYKHA aJIeKBAaTHasl OLIEHKAa OIACHOCTH I1y-
HaMHU Ha MmoOepexbe ocTpoBoB. OAHAKO yaaseH-
HOCTh CTaHIUHA OT MOOEPEKbsi HE MOXKET 00e-
CHEYUTh HEOOXOIUMYIO0 3a0JaroBpeMEHHOCTb
MPOTHO3a W OOBSBIEHUS TPEBOTH B PEATbHBIX
YCIIOBUSIX.

[lonoxxenne panee (YyHKIIMOHHPOBABIIEH
poccuiickoit ctanimu DART 21402 sBnsiercs on-
TUMaJbHBIM C TOYKH 3pEHUsl 3a0larOBPEMEHHO-
CTH IPOTHO3a LIyHaMH JJIsl T0OEPEXbsi CEBEPHBIX
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Kypunbsckux octpoBoB. OrnepaTuBHBIM HPOTHO3
IlyHAMH T10 €€ JAHHBIM MOT OBITh MTOJTyY€H PaHBIIIE,
yeM 110 gJaHHeIM cTaHuid DART 21416. B uucien-
HOM SKCIIEPUMEHTE BBOJUTCS BUPTyaJIbHAsl CTaH-
Ul B MECTE HAXOXKJCHHS paHee (YHKIIMOHUPO-
BaBlIel poccuiickoir cranuuu DART 21402.

Jns MmonmenupoBaHus Mpolecca onepaTuBHO-
ro MporHo3upoBaHusi OHEKOTAHCKOTO I[yHAMH
2020 r. BEIIOJTHEHA PEKOHCTPYKIUS POPMBI IyHa-
MH B Touke HaxoxaeHus crannuu DART 21402
mo (haKTUYECKOW 3alUCH «YUCTOTO» I[yHAMH
cranuuu DART 21416. «HuctoMy» 1yHamu co-
OTBETCTBYET psAJ AaHHBIX OT 21 10 36 MUH OT Ha-
yana 3emiierpsicenust (puc. 3 a). Pexkoncrpyupo-
BaHHas (hopMa «UHUCTOTO» ITyHAMH Ha CTAHIIMH
DART 21402 npuseaena Ha puc. 3 0.

Jns aHanu3a BIUSHUA CEMCMHUYECKOTO IIymMa
Ha BO3MOXKHOCTb M Ka4€CTBO IMPOTHO3a IYHAMU
BBITIOJITHEHA PEKOHCTPYKIIMS BO3MOXHOTO Ceiic-
MHUYECKOTO IIymMa B 3amucsax craHuuun DART
21402 takxe 1o JaHHBIM O yMe ctaniuu DART
21416. K paccuntanasiM popmam I[yHaAMH JI0-
OaBJIGHbI IIIyMOBBIE COCTABISAIOIIME 3aMUCEH
craguu DART 21416 gnutensHOCThIO 21 MUH
OT MOMEHTa Hayaja 3emuerpsicenus. [Ipu pac-
YeTe 3TUX COCTABISIOIIMX YUYTEHO H3MEHEHHE
aMIUTMTY/AbI BOJIHBI Pasiest 3a cyeT nuimHapuye-
CKOHM pacxoMMOCTH C PACCTOSHHEM OT SIHIICH-
Tpa A0 TOYKH perucTpanuu. PekoHCTpynpoBaH-

Puc. 3. HMcxonHsle naHHBIE YHCIECHHOTO SKCIEPUMEHTA!
a — 3ammck cranmu DART 21416, 6 — pekoHCTpyHpOBaH-
Hast popMa «4UCTOTO» I[yHAaMH Ha BUPTYyaJIbHOW CTaHIUH
DART 21402, B — peKOHCTpyHpOBaHHasI 3allUCh C IIyMOM
Ha crauuuu DART 21402.
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Has 3anuch BUpTyanbHOU cranuuu DART 21402,
BKJIFOYAIOIIIAsl ITYMOBYIO KOMIIOHEHTY, H300paske-
Ha Ha puc. 3 B.

[Iporno3 mynamu 2020 r. Ha Kypuiabckux
OCTpPOBaX BBHITIOJHEH MO PEKOHCTPYUPOBAHHOM
3anucu cranuuu DART 21402 piutenbHOCTHIO
28 MuH.

Hynamu 2006 u 2007 rT. 3aperucTpupoBa-
Hbl HECKOJBLKUMH cTaHuusMu cuctemMbl DART,
Oommkaiimeit k ouary siBisiercst ctanmust DART
21414. Cranuusa HaXOAUTCSl B pallOHE 3araJHbIX
AneyTcKux oCTpOBOB Ha fgoirote 178° B.1., ee 1o-
JIOKEHHE BBIXOIUT 32 PAMKHU CXEMBbI, H300pakeH-
HO Ha puc. 1. Bpems npobera myHamu 10 3Toi
CTaHIIMU TIPEBBIMIACT 2 4, YTO 3aBEAOMO HE 00e-
CTIICYMBAET 3a0JarOBPEeMEHHOCTh TPOTHO3a IIy-
Hamu Ha Kypuibckux octpoBax. OnTUMaIbHBIM
JUISL 10KHBIX U CEBEPHBIX KypuIbCKHX OCTPOBOB
C TOYKH 3pCHHsI 3a0IarOBPEMEHHOCTH TPOTHO32
LlyHaMH, BO3HHUKAIOIIUX B pailOHE IEHTPAJIbHBIX
Kypunbeckux oCTpoBOB, SBISETCA IOJOKEHUE
craniuu DART 21419, ycraHoBieHHON JUIIb
B 2009 r. Jlns pemieHus 3agadyu MOJECIUPOBAHUS
Mpoliecca ONEepaTUBHOrO Mporuo3upoBanus Cu-
Mympcekux yHamu 2006 u 2007 rT. BeIOIHEHA
PEKOHCTPYKIHS (DOPMBI IIyHAMHU B TOYKE HAXOXK-
neHus B Hactosiniee Bpemst cranuuu DART 21419
o pakTuueckum gaHHbIM cTaniiuu DART 21414.
K maHHBIM 0 IlyHaMH B 3TOW TOUYKE T0OABIICHBI pe-
KOHCTPYHUPOBAHHBIEC IIYMbI CEHCMHUYECKOTO MpO-
HCXOXKJICHUS, 3apErUCTPUPOBAHHBIC CTAHIMEHN
DART 21414. Tlogpo6HO MOAenMpOBaHUE MPO-
1ecca OInepaTUBHOTO MporHo3a CHUMYHIUPCKUX
ynamu 2006 u 2007 rr. onucano B padore [Ko-
poines, 2019].

Ha puc. 4 a, 6 npencraBieHbl UCXOTHBIC JTaH-
Hble, nonyueHHble ctanuueit DART 21414 B 2006
u 2007 rr. (https://ndbc.noaa.gov/dart.shtml), pe-
KOHCTPYUPOBAHHbBIE (OPMBI IIyHAMHU («UUCTHIEN
IyHamMHu) BUpTyanbHOM cranumu DART 21419
(puc. 4 B, T), a TaK)kKe PEKOHCTPYUPOBAHHBIE 3a-
MACA DTOM CTAHIMU C JI0O0ABICHHBIM IIYMOM
(puc. 4 n, e).

UuclneHHbI SKCIIEPUMEHT IO MOJEIUPOBa-
HUIO TIpollecca ONEPATUBHOTO TMPOTrHO3a ITyHa-
MU 3aKIIOYAJICS B pacdere (OpMBbI 0XKHUIAEMOTO
LlyHaMHd B HACEJICHHbIX MyHKTax Kypuibckux
OCTPOBOB M 0. XOKKai/10 O PEKOHCTPYUPOBAH-
HBIM JaHHBIM O I[yHAMH BUPTYaJIbHOW CTAHIIMH
DART 21419.
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Puc. 4. VicxonHble naHHbIE YMCICHHOTO JKCIIEpUMeHTa: a, 0 — 3anuchk cranuun DART 21414; B, r — pekoHCTpyHpOBaH-
Hast dopMma «uucToro» yHamu Ha craHuuu DART 21419; 1, e — pekoHCTpyHpOBaHHAs 3allMCh C IIyMOM Ha CTaHIIMU

DART 21419.

AmsckuHckoe  3emuierpsicenne  23.01.2018
C OIUIEHTPOM B TOYKE C KOOPJAMHATAMH
56°02°46” c.m1., 149°04°23” 3.1. BOnmmu3u o. Ka-
nesik (anrn. Kodiak) Be3Bano ciaboe IyHamw,
3apETUCTPUPOBAHHOE PSJOM CTAHIIUH CHCTEMBI
DART (https://ndbc.noaa.gov/dart.shtml), a tax-
K€ MHOXKEeCTBOM OeperoBbix mapeorpacdosn. Ily-
HaM{ HE TPUYMHHWIO yliepOa, HO COOBITHE Tpe-
JIOCTABJISIET XOPOIIYI0 BO3MOXKHOCTH TPOBEPHUTH
Ha (akTUYEeCKOM Marepuaie CIpaBeITUBOCTh
pa3IMYHBIX MOJENEH MPSMOTO pacuera M Orle-
pPaTUBHOTO TPOTHO3a IIYHAMH.
Ha puc. 5 n3o6paxena cxema
pacueTHoii obnacTu.
bmmkaitimas kK ouary 1ryHaMu
craammsa DART 46409 maxomn-
J1aCh Ha pacCTOSTHUU OKOJI0 90 KM
OT 3MUIIEHTPA IPU BPEMEHHU PO~
6era oxono 10 muH. BBHIY 3TO-
TO JIaHHBIE CTAHIIMHM COZAEpkKar
3aMnuch Kak COOCTBEHHO IyHa-
MH, TaK U UIyM, 00yCJIOBIEHHBIN
CEUCMUYECCKUMHU  TPHYMHAMU
(Bommnamu Panest), Hanmo>KeHHBIN
Ha mone3nwrid curHan (https://
ndbc.noaa.gov/dart.shtml).
HcxonupiMu  TaHHBIMU IS
MPOrHO3a SBJISIACH 3aITUCh ITOU
CTaHIIUU, W3 KOTOPOH YHasleHbI
TOJILKO TPUJIUBHBIE COCTABJISIFO-

Center for Tsunami Research: Kodiak (https://
nctr.pmel.noaa.gov/alaska20180123), B 3amucu
craniu DART 46409 coOcTBeHHO I[yHaMu OT-
BEYAIOT JAHHbIC HauYMHAS C 7-i MUHYTBHI 3alHCH
(puc. 6). IIpenmectBytomue KojaebaHus 00yCcIoB-
JIeHbI CEICMUYECKUM IIyMOM.

UucneHHbIN SKCIIEPUMEHT 3aKJIFOYAIICA B MO-
JEIMPOBAHUN TIpOllecca ONEPaTUBHOTO MPOTHO-
supoBanusa IyHamu 23.01.2018 nnsa ceBepHOH
U CEBEpO-BOCTOYHOM wyacTted Tuxoro oxeaHa
no maHHeIM ctaHma DART 46409.

Puc. 5. Cxema pacuerHol oOnacTu. 3Be3mM0YKa — SMHIEHTP 3eMIICTPICEHUS,
poMmO — nonoxkenue cranimi cucteMbl DART, Kpy»oKk — HaceJleHHbIE TTYHKTBI:

mue. CornacHo oneHkaM NOAA Kod — Kagbsxk, Yak — SAxyrar, CC — Kpecent Cuth, PSL — [Topt Can Jlyuc.
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Puc. 6. Vcxomnas (uepHas JMHMS) 3alucCh CTaHIUH
DART 46409 na 23.01.2018 u BoccraHoBicHHas (op-
Ma myHamu (kpacHas nwmausA) (https://nctr.pmel.noaa.gov/
alaska20180123).

Pesyabrarsl

Onexomanckoe yynamu 2020 2.

Jlnist mocTpoeHus nepesaroyHol (GyHKIUH pe-
IIIEHa BCIIOMOTaTejbHas 3ajada pacdyera BOJIHO-
BbIX (DOPM B TOUKaX perucTpalyy lyHaMu U BOJIu-
31 3aJJaHHBIX HACEJICHHBIX ITYHKTOB OT KPyTOBOI'O
HAYaJIbHOTO BO3BBIIIEHUS CBOOOIHOW TMOBEpX-
HocTH auamerpoMm 100 kM u ammuurynoi 10 m
C LEHTPOM, COBMAJAIOIIUM C SMULEHTPOM 3EM-
nerpsiceHus. Pacuer BbINOMHsIICA B cpepruuecKUX
KOOpJIMHATaX C HCIIOJb30BaHUEM PpA3HOCTHOU
ceTku ¢ maroM 1 kM Ha mmpore 45°. PacuerHas
001aCcTh YUCIIEHHOTO 3KCIIEPUMEHTA MpeicTaBle-
Ha Ha puc. 1.

Pacuersl BONMM3M HaceleHHBIX MyHKTOB Ky-
PWIBCKUX OCTPOBOB, a TaKkke BOJIM3M IOCTA W3-
MepeHust ypoBHs Mops «Boponaanash BbImosHe-
Hbl B TOYKaxX, B KOTOPBIX INIyOMHBI BOJbI PaBHBI
10-20 M. DT BEIMYMHBI ONIPENETSAIOTCS BO3MOXK-
HOCTSIMM PA3HOCTHOM CETKH, a TaKXe TeM, 4YTO
Ha JTUX NIyOWHAX BOJHBI 3aBEIOMO SIBIISIOTCA
JIMHEWHBIMU.

Jlist cpaBHEHUs! pe3ylbTaToB pacyera ¢ (ak-
TUYECKHMHU JTAHHBIMH BBIIIOJHEH pacyeT (OpMBI
nyHamu Ha ctanmmu DART 21415 u y moGepe-
Kbst KamuaTku BOJIM3M TOCTa U3MEPEHUS YPOBHS
Mops «BogonagHas». PacueT BBINIOIHEH 1O J1aH-
HBIM 0 «4rcToM» IiyHamu ctanuuu DART 21402.
Pesynbrar npencrasineH Ha puc. 7.

PacuetHas u 3apeructpupoBaHHas (HOpMbI
BosHbl Ha crtaHuuu DART 21415 nocrarouHo
XOpOIIIO COOTBETCTBYIOT Jpyr npyry. KauectBo
pacyeToB CONOCTAaBUMO C MOJOOHBIMM pacueTa-
mu B (https://nctr.pmel.noaa.gov/kuril20200325).
AHaJOrM4HOe KaueCTBO COBIAJEHUS IOJIYyYEHO
B pacyeTrax I[yHaMH IO JeTaJbHONW MH(OpMAIIH
o 3emsierpsicenuu 25.03.2020 n HayanbHOMY CMe-
IIEHUIO YPOBHS OKEaHa, IPEJCTaBICHHBIX Ha caii-
te HayuHoro cosera o npoGiiemam IfyHaMH NpH
Otnenennn Hayk o 3emie PAH (http://ocean.phys.
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Puc. 7. Pesynbrarsl pacuera (GOPMbI IIyHAMH 110 JaHHBIM
0 «aructom» myHamu ctannui DART 21402 Bo Bpemst One-
KoTaHCKoro IryHamu 2020 .

msu.ru/tsunami-council/news/2020/04/200325-
namidance/).

Henuoxo cornacyrores pacuetHas popma BoJ-
HBI BOJIM3U MOCTa U3MEPEHHH ypoBHs Mops «Bo-
JI0TIaTHAs U 3alKCh, MOTYYCHHAs THM MOCTOM.
[Tpu HEoOxomuMMOCTH pacyeTHas (GopMa BOJIHBI
BIIOJIHE TIPUTOAHA TSI OI[EHKH OMACHOCTH ITyHa-
MU BOJTU3U ATOTO ITyHKTA.

Pacuer oxxmmaemoro IyHamu JUisl HacelleH-
HBIX IMyHKTOB KypHJIBCKHMX OCTPOBOB BBHITIOJTHEH
[0 PEKOHCTPYHPOBAHHBIM JAHHBIM C LIYMOM
u 6e3 myma BuptyansHoit ctaniiuu DART 21402
JUTUTEIBHOCTHIO 28 MUH OT Hayajia 3emierpsce-
Husl. Pe3ynbraT pacuera npecTaBlieH Ha puc. 8.

PaccunranHbie MO JaHHBIM C IIyMOM M 06e3
mryma ¢opmsl yHamu Uit Kypunbcka u FOxHo-
Kypuiibcka mpakTuuecku He MCKaXSHBI U XOPOIIIO
COBMAJIAIOT APYT C IPYrOM.

dopma mynamu BOMm3u CeBepo-Kypuibcka,
paccuuTaHHas MO JAHHBIM C ITyMOM, COICPIKUT
BBICOKOYACTOTHbIE Kojebanus. Herpynno mo-
HATh, JaXKe NMPU HEOOJBIIOM OMBITE 3HAKOMCTBA
C 3aperUCTPUPOBAHHBIMH (QOpMaMH IyHAMH,
YTO BBHICOKOYACTOTHBIE OCHUJLISIIUU B PACUCTHOM
¢dbopMe He UMEIOT OTHOIICHHUS K IlyHaMH. Peannb-
HYI0 ke (OopMy IIyHAMH U CTENECHb OMACHOCTH
BIIOJIHE MOXKHO OIICHHUTh, HECMOTPS HAa HAIUYHE
3THX BBICOKOYACTOTHBIX BEIOpOCOB. PacueTHast 1o
TaHHBIM Oe3 mryMa popma IfyHaMu Takxke H300pa-
JK€Ha Ha puc. 8.

Ha ocHoBaHMU MOJIy4E€HHOTO pacdyera MOXKET
OBITh clieTIaH BBIBOJI O TOM, uTo B CeBepo-Kypuiib-
CKE MPUXOJ] MEPBOM BOJIHBI C aMIUIUTYA0H OKOJIO
15 cM oxxuiaercs yepes 69 MuH rocse Hayania 3eM-
netpsiceHusi. BusyanbHas OlIeHKa BBICOTHI BOJHBI
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Puc. 8. Pesynmbrarhl peTpOCIEKTHBHOTO MOJAEINUPOBAHUS
Iporecca ONepaTuBHOTO MPOTrHO3MpoBaHus OHEKOTaHCKO-
ro myHamu 2020 T. IO peKOHCTPYHPOBAaHHEIM JaHHBIM 0€3
nryma u ¢ urymoM ctanuuu DART 21402 BOnw3u HacelIeH-
HBIX MyHKTOB Kypuibckux ocTpoBoB. BepruxamsHas uep-
Ta — MOMEHT BBIPa0OTKH IPOTHO3A.

50 cMm cnenana BOMM3M ype3a BOABI MU TIyOHHE
okono 1 M. Paccunrannas amruuryna 15 cMm mo-
JydeHa B TOYKE, e TIyOMHa Mops paBHa 17 M.
B coorBercTBUM ¢ M3BECTHBIM 3akoHOM [puHa,
COIVIACHO KOTOPOMY aMILTHTY/Ia BOJIHBI @, Ha [Ty~
Oune D, cBs3aHa C aMIUIMTYIOW @, Ha IIyOWHE
D, cootnomenuem a /a,~(D/D,)"", nepecuer am-
IIUTYABI 15 ¢M B TOUKYy, rie nryOuHa paBHa 1 M,
a BOJIHA OCTAETCs JMHEUHOM, NAET BEJIMYMHY aM-
IUTyAb! 0Ko1o 30 cM.

Pacuetnas ¢opma BonmHbl Ans BypeBecTHHKa
TaK)XE€ COAEPMKUT BBICOKOYACTOTHBIE KOJIEOAHUS.
Kak um B cimydae ¢ pacdyeTHoil (opmMoil BOJIHBI
i CeBepo-Kypunbeka, X Halu4ue HE BIUSET
Ha OLIEHKY CTETIEHU OMACHOCTH IIyHaMHU.

[IporHo3 yHamMu B NEPEUUCIEHHBIX MYHKTaX
[0 JaHHBIM O «YHCTOM)» ILYHAMH JEHCTBYIOLIEH
craniuu DART 21416 u BupTyajnbHOU CTaHIIMHU
DART 21402 npakTu4ecKu UICHTUYHBI.

3a01aroBpeMeHHOCTh IPOrHO3a OIpeaes-
eTCs CIEAYIOIIMM: MOJIydYeHUE JaHHBIX O KOOp-
JUHAaTax »SIUIEHTpAa 3€MIICTPSICEHUS — depes
11-15 muH nocne Havayia 3eMJICTPSICEHUS], BPEMSI
OT MOMEHTA MOIXy4YeHHsI HHOOPMAILIUU O KOOPIIH-
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HaTax 3MULEHTPa, HEOOXOAUMOE AJIsl HOCTPOCHMUS
nepenaroyHoit pyukmuu, — 1o 15 mua. Cymmap-
HO MOMEHT BPEMEHM TOTOBHOCTHM K BBINOJIHE-
HUIO MPOTHO3a — yepe3 26—30 MUH mocje Havya-
na 3emierpsceHus. K 3ToMy MOMEHTY BpeMeHU
craniueit DART 21419 moxer ObITh monydeHa
uH(bOpMAIHS, MTO3BOJISIIONIAS UACHTU(PUITUPOBATD
LyHaMU (B YCJIOBHSIX SKCIIEPUMEHTA JJIA pacue-
TOB BBIOMpascs MepBbId mepuon BosHbl). [Ipo-
THO3 MOT OBITh JaH cpa3y IOCJE MPOXOXKIACHUS
MepBOTO Mepuoaa myHamu yepes cranuuo DART
21402, T.e. yepe3 28 MUH MOCIIE Ha4YaIa 3eMJIETPs-
CEeHMS. DTOT MOMEHT BPEMEHH OTMEUYEH Ha puUcC. 8
BEPTUKAIBLHON YEPTOM.

3a0maroBpeMeHHOCTh TPOTHO3a COCTAaBISET
s Cesepo-Kypunscka 41 mun, s Kypunbcka
65, s bypeBectHuka (Oyxra Kacarka) 71 muH u
s FOxxno-Kypunscka 116 MuH — 3TOTO BHOJIHE
JOCTATOYHO JJIsI IPUHSATHUS PEIIeHUs: 00 00bsIBIIe-
HUM TpeBOTH. BBUAY MajbIx aMIUIUTYA OKHJae-
MBIX BOJIH B 3THUX HACEJICHHBIX IIYHKTaX TPEBOTa
MOTJIa HE OOBSBIIATHCS.

K coxanenuto, n3-3a OTCyTCTBUSI HHCTPYMEH-
TaJbHBIX HAOIIONEHUN MOATBEPAUTH WM OMIpO-
BEPIrHYTb MPEICTABICHHBIE PE3YJIbTaThl PACYETOB
HE IIPE/ICTABIIAETCS BO3MOKHBIM.

Cumywmwupckue yynamu 2006 u 2007 2z.

[Iporno3 nynamu 2006 u 2007 IT. BBINOIHEH
Uit TyHKTOB Kypunbckux ocTpoBoB M 0. XOK-
kaiino [Kopones, 2019]. Ha puc. 9 mpencraBieHst
pe3yabrarel nporuosa iyynamu 2006 u 2007 rr. no
PEKOHCTPYHUPOBAHHBIM JAHHBIM C IIIyMOM BHPTY-
anpHOU craHimu DART 21419 miuTenbHOCTBIO
32 1 35 MUH OT MOMEHTA HayaJia 3eMJIETPSICEHUS
U CPaBHEHUE C peaIbHBIMU 3aIUCSIMU.

Pe3ynbrarel MporHo30B IyHaMu B XaHAacaku
XOpOIIO COBMAAalT ¢ (opMaMu 3aperucTpUpO-
BaHHBIX ItyHamu. [y coOwrtust 2007 1. mporHo3
T10 IaHHBIM C IIYMOM OTJIMYAETCs OT MPOTHO3a [0
«YHUCTHIM» TAaHHBIM HAJTMYHEM BBICOKOYACTOTHBIX
koneOanuii mociie 180 MUH, HE UMEIOIIUX OTHO-
IIeHUs K IlyHaMd. Bripouem, Hamu4me Takux KO-
neGaHuil He MOXKET MOBJIUATH HAa MIPUHSITHE Pelle-
HUS 00 OOBSIBJICHUH TPEBOTH I[yHAMH.

Pacuernbie ¢opmbr mynamu B Kycupo s
000uX COOBITHH TOCTATOYHO XOPOIIIO COBMAIAIOT
¢ peasibHbIMU. [IpOTHO3BI, BBINOJIHEHHBIE 110 JaH-
HBIM C IITYMOM U 0€3 IITyMa, MPaKTUYECKU He pa3-
JUYALOTCSL.
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Puc. 9. Pe3ynprars! perpocnekTuBHOro nporxHosa iryHamu 2006 u 2007 IT. Mo peKOHCTPYHPOBAHHBIM JTaHHBIM C IIIyMOM
crannuu DART 21419 qmutensHOoCcThIO 32 MuH (ciieBa) u 35 mMuH (cripaBa).

Bonpeku omaceHusiM, mporHo3 s XaHaca-
k1 1 Kycupo 1o gaHHbIM, OCIIOKHEHHBIM LITYMOM
CEHCMUYECKOT0 MTPOUCXOXKICHHSI, BIOJIHE aJeKBa-
TeH. KauecTBo nporHo3a no3BossieT JOCTOBEPHO
OLIEHUTh OIIACHOCTh OKUJAEMOT0 LIyHAMH U IpU-
HATH pelieHrne 00 OOBSBICHHM TPEBOTH B ITHX
MYHKTaX.

Pe3ynprarel nporHosa A HaCEJIEHHBIX ITyH-
KTOB KypHJIbCKMX OCTPOBOB HE IIPUBEIECHBI BBUY
OTCYTCTBUS PETUCTPALMU LIyHAMHU B 3TUX TOUKaX
Y HEBO3MOXKHOCTH CPABHEHUS PACUETHBIX U (ak-
TH4eckux ¢popM yHamu. Tem He MeHee BO3MOXK-
HO OLICHUTb 3a0JIarOBPEMEHHOCTb MPOTHO3a IS
3TUX IIyHKTOB.

3a051aroBpeMEHHOCTh NPOrHO3a IO JIaHHBIM
cranuu DART 21419 (mepBblii nepuon 1yHa-
MH) JUIsl HAaCEeJIEHHBIX IYHKTOB COCTAaBISET JUIs

Xanacaku 45 mun, Kycupo — 50 mun, HOxHO-
Kypunscka — 1.5 4, bypeBectnuka (3an. Kacarka
o. Utypyn) — 34 muH, Kypunscka — okoso 20 MuH
u CeBepo-Kypunscka — okono 1 4. Takas 3a0naro-
BPEMEHHOCTh MPOTHO3a JJIsl MYHKTOB CEBEPHBIX
U HOKHBIX KypuUIIbCKHUX OCTPOBOB 0OecrmednBacT
CBOEBPEMEHHYIO MMOJauyy TPEBOTH M 3BaKyallUIO
HaceJieHHsI B Oe30I1acHBIE MECTa.

[TonoOHbIE pacyeThl MO AAHHBIM C ILIYMOM
cragimn DART 21419 BeINONHEHBI TaKXe I
TOYEK B OK€aHE, B KOTOPBIX HAXOAWINCH CTAHIIUU
cucteMbl DART. Pacuersl BeInoTHEHBI B Chepu-
YECKUX KOOpAMHATaX Ha Pa3HOCTHOM CETKE ¢ IIa-
roMm 3.83 x 3.83 kM Ha mupote 40° c.u1. CtaHuus
DART 21413 naxomutcs B 700 MOPCKHUX MUJISX
K 10ro-Boctoky ot Tokuo, cranuuu DART 46402,
46408 u 46413 pacnonoxkeHsl BIOJIb AJEYTCKUX

Puc. 10. Pesynsrars! perpocnekTHBHOr0 nporyHosa nyHamu 2006 u 2007 IT. 10 peKOHCTPYHUPOBAHHBIM JaHHBIM C IIIyMOM
craniuu DART 21419 B mecTax HaxoxxaeHus crannuii cucreMsl DART B okeane.
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octpoBoB. Ha puc. 10 mpuBeneHsl pe3ynabTarsl
pacyeToB.

B co6pitun 2006 r. Hanuyue NIryMOB B UCXOI-
HbIX naHHbIX (Ha ctaniuu DART 21419) He Bnu-
sIeT Ha Ka4eCTBO MPOTHO3a.

Jns Cumymmpcekoro myHamu 2007 r. Hanuaue
ITYMOB B MCXOJHBIX JaHHBIX BUPTYaJIbHOM CTaH-
uuu DART 21419 npuBoAUT K MOSBICHUIO IIIyMOB
B PE3yNBTUPYIOMIUX (OopMax BOJIH HA CTaHIUSIX
DART 46413, 46408 u 21413. OnmHako UX HaIU-
yne, kak u B coobituu 2020 1. (mporuo3 amns Ce-
Bepo-Kypunbcka u BypeBecTHHKa), HE BBI3BIBAET
TPYAHOCTEM C OLIEHKOH (hOpMBI COOCTBEHHO ITyHa-
MH U CTENIEHU €T0 OMacHOCTH. PacueTHbie hopMbl
BOJTH I10 JAHHBIM 0€3 IIyMa TOH e CTaHIIUH MpaK-
TUYECKH COBIAJAIOT C 3aPETUCTPUPOBAHHBIMU.

Anackunckoe uynamu 2018 2.

B uuncneHHBIX 3KCHEpUMEHTax ISl MOCTPO-
€HHUs TepeJaTouHor (PYHKIIMM HMCIOJIb30BaJICS
BCIIOMOTATEIbHBIM UCTOYHUK C LIEHTPOM, COBIIA-
JAIOIIMM C SMHIICHTPOM 3eMJIETPSICEHUS, Aruame-
TPOM 75 KM ¥ ¢ MAKCUMAJIbHON aMIUTATYION 8 M.
[TpumeHnsuch chepruyeckre KOOpAUHATHI Ha pa3-
HOCTHOM ceTke ¢ marom 3.83 X 3.83 kM Ha mHpo-
Te 40° c.i. CxeMa pacueTHO# 00JacTu IpeacTaB-
JIeHa Ha puc. 4.

[IporHO3 BBIMOJMHEH TIO JJaHHBIM CTAHIIUH
DART 46409 nnutenbHOCTBHIO 16 MHUH OT Havyaia
3eMJICTPSICCHHSI, BKITFOUAOIIUM 3aIlliCH KaK CO0-

CTBEHHO I[yHaMH, TaK M CEHCMHUYECKOro IIyma
(puc. 5). PesynbraThl MporHo3a B TOYKAX pPETH-
cTtpauuu cranuusMu cuctembl DART B oxeane
npencraBieHsl Ha puc. 11. J{ns cpaBHenus ¢ op-
MO peasibHOTO IlyHaAMH UCTIOIh30BAIUCH TaHHBIE
cranmmii cuctembl DART (https://ndbc.noaa.gov/
dart.shtml).

HecmoTtps Ha umMeromuecs BEIOPOCHI, MOTyye-
HO JIOCTAaTOYHO XOpOILEee COOTBETCTBHUE pacyerT-
HBIX U (pakTHueckux (opm. Pesynsrarel pacyera
MO3BOJISIFOT OIICHUTH CTETEHb OMAaCHOCTH IyHa-
mu. KauecTBO MporHo3a COOTBETCTBYET Kauy€CTBY
pacueroB, npexacraBneHHbIX B (https://nctr.pmel.
noaa.gov/alaska20180123).

[IporHO3 BHINMONHEH TaKXKe IS HEKOTOPBIX
MYHKTOB CEBEPO-BOCTOUHOI yacTu Tuxoro okea-
Ha. Pe3ynbrarel npeacraBneHsl Ha puc. 12. [lan-
HbIe MapeorpadoB IS CpaBHEHUS B3STH U3 Sea
Level Station Monitoring Facility (http://www.
ioc-sealevelmonitoring.org/list.php?showall=a&
output=general&order=location&dir=asc). Bnu-
SHAE CEHCMHYECKOTO IIymMa B 3allUCH CTaHLIUU
DART 46409 na paccuntanubie (GOpMBbI LlyHAMH
HE MPOSIBIIAETCA.

BBuay rpy6octu pasHOCTHOM CeTKM pacyeT-
HbIE€ TOYKH HaXOIUJIUCh Ha IOCTATOYHO OOJIBIIOM
yVAQJIEHUH OT PETHCTPUPYIONIMX Mapeorpados
(ot 3 mo 15 km). HecmoTpsi Ha 3HAYUTENIbHBIC
PacxXoXJIeHUS B MECTOMOJOXKEHHUSIX pPacueTHBIX
TOYEK W MapeorpadoB, IOIYYEHO HEIUIOXO0e

Puc. 11. Pesynbrarsl nporsosa nyHamu no gaHHbiM cTaHnuud DART 46409 B Toukax perucTpanuyl CTaHLUSMU CUCTEMBI

DART B okeane.

FEOCUCTEMBI MEPEXOQHbIX 30H
2020, 4 (4): 447-473

456 GEOSYSTEMS OF TRANSITION ZONES

2020, 4 (4): 447-473


https://ndbc.noaa.gov/dart.shtml
https://ndbc.noaa.gov/dart.shtml
https://nctr.pmel.noaa.gov/alaska20180123
https://nctr.pmel.noaa.gov/alaska20180123
http://www.ioc-sealevelmonitoring.org/list.php?showall=a&output=general&order=location&dir=asc
http://www.ioc-sealevelmonitoring.org/list.php?showall=a&output=general&order=location&dir=asc
http://www.ioc-sealevelmonitoring.org/list.php?showall=a&output=general&order=location&dir=asc

TEO®U3UKA, CEHCMONOruns

GEOPHYSICS, SEISMOLOGY

Puc. 12. Pe3ynbrarsl IporHo3a IyyHamu o JaHHbiM cTaHiud DART 46409 BOIM3M HACEIICHHBIX TYHKTOB.

COOTBETCTBUE TOJOBHBIX YacTel pPaCcUETHHIX
1 (haKTHYECKUX BOJHOBBIX (POpM.

Paccunrannbie (GOpMBI IIyHAMHU TIO3BOJISIOT
OIICHUTH CTETMEHb OMACHOCTHU IIyHaMU B HACEJICH-
HBIX MyHKTaX. Ka4ecTBO pacyeToB COMOCTaBUMO
¢ momoOoHeiMH pacuetamu B (https://nctr.pmel.
noaa.gov/alaska20180123).

AHAJIOTUYHBIH 110 Ka4eCTBY MIPOTHO3 MOJTyYCH
TaKKe 10 JAHHBIM JAPYTUX OJMMDKAWIINX K o4ary
craniuii DART — 49403 u 46410. IIporao3 BbI-
TIOJTHSIICS TIO JAHHBIM O «YHUCTOMY ITyHAMH, TIOJTY-
YEHHBIM dTHMH CTAHIIUSMHU.

Oo6cy:xknenne

JeiicTBus citykObl IpeaynpexIeHus o I[yHa-
mu B CaxanuHckoit o6mactu 25.03.2020 B pamkax
JIECTBYIOLIETO pEIrJlaMEHTa B YCJIOBHUSAX OTCYT-
CTBUSI Kakoh-1in00 mHpopMaImu 00 0KUIaeMOM
IlyHAMH SBIISIIOTCA ONpaBaaHHbIMU. Tem Oonee
YTO MEXAYHApOAHbIH THXOOKEaHCKUW UEHTpP
npenynpexnaenus o nyHamu (PTWC, T'onomymy)
1 SIMOHCKOE METEOPOIIOTHYECKOE areHTCTBO CO-
OOLIMIINA O BO3MOXKHBIX Pa3pyLIMTENbHBIX BOJTHAX
IryHaMu Ha KypriibcKHX OCTpOBax ¢ aMILIUTYI0M
1-3 M. OnHako, BBUY Majod aMIUTUTY/bI LyHa-
MU, 00BSIBJICHHAs TPEBOI'a OKa3aiach JIOXKHOM IO
MIPOTHO3aM KaK CaXaJMHCKOU, TaK U 3apyOeKHbBIX
cityx0. HeobocHOBaHHBIM SIBIISIETCS M IPOJJICHHUE
TPEBOTM I[yHAMH YK€ IOCJIE MPUXOJa MEPBBIX
BOJIH MaJoW amMIuMTyxabl. M caxammHCKkas Cityx-
0a myHamu, 1 THUXOOKEaHCKHH IIEHTP JACHCTBOBA-
JI1 Ha OCHOBaHUM MarHUTYAHO-Te€OorpapuuecKkoro

MeTofla, pa3pabOTaHHOTO B CEpPEeIUHE MPOILIOTO
BEKa, KOTOPHI C KOPPEKTUPOBKAMU B HACTOS-
1iee BpeMs BISIETCS OCHOBHBIM CIIOCOOOM TpeI-
YOpPEXKACHUs O I[yHaMU. B cuily cTaructudecko-
ro XapakTepa MarHuTYJIHOTO crocoda CiryKObl
IlyHaMH ¢ MoMeHTa co3jganus no 2009 r. mona-
7U OOJIBIIIOE KOJMMYECTBO JOXKHBIX TpeBor (75 %
OT OOIIIero Yncia), Py 3TOM MPOITYCTUB HEKOTO-
poe konmuuecTBo ItyHamu [Gusiakov, 2011]. Tpe-
BOTa OOBSBIISIIACH HA TTOOEPEXKBIX OOJIBIION MPO-
TsOKEHHOCTH 0e3 mHpopMarmuu 00 O0XUAACMBIX
BBICOTAX BOJIH.

B CIHIA rumpodwmsmueckuit cmocod SIFT
(Short-term inundation forecasting for tsunamis —
KPaTKOCPOYHBIN MPOTHO3 3aTOIUICHUS OT IIyHa-
MH) 110 HHQOPMAILIMU O IlyHAMH B OKeaHe (cucre-
Ma DART) naet 3a6maroBpeMeHHY0 YUCICHHYIO
OIICHKY aMIUIMTYIbI, BpEMEHHU Tpoldera, JAPyrux
croiictB myHamu  (https://nctr.pmel.noaa.gov/
tsunami-forecast.html; [Titov, 2009; Wei et al,
2003]). Pacuerbl BBINONHSIOTCA AJI CEBEpO-3a-
nagHoro nodepexnsi CLIA, moGepexbs Amsicku
1 AneyTckux ocTpoBoB. Jlist ceBepo-3amana Tuxo-
ro OKeaHa, BKItodas mooepexxbsi Kamuarku u Ky-
PWIBCKUX OCTPOBOB, THXOOKEAHCKUI LIEHTP Mpe-
YIPEKACHUS O I[yHaMH JaeT IMPOTHO3 Ha OCHOBE
MarHUTYTHOTO KPUTEPHSI.

SInoHCKOE METEeOPOIOrHYecKoe areHTCTBO,
OTBETCTBEHHOE 3a MPOTHO3 IIyHAMU Ha CEBEPO-
3amane Tuxoro okeaHa, JEMCTBYeT B COOTBET-
CTBHH C HOBBIM periamenTom’. [Ipu BbipaboTKe
MPOTHO3a UCTIONIb3yeTcs 0a3a JaHHBIX O BHICOTAX

3 UNESCO/IOC. 2019. Users’ guide for the Northwest Pacific Tsunami Advisory Center (NWPTAC): Enhanced Products
for the Pacific Tsunami Warning System. IOC Technical Series, 142. URL: https://unesdoc.unesco.org/ark:/48223/pf00003
665467posInSet=1&queryld=d1288da0-390e-47b1-8a51-a529b04abf93 (accessed 6.11.2020)
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IlyHaMU B OOJIBIIOM KOJMYECTBE TOYEK B OKea-
He. B wactHocTtu, mist KypuiabCkux OCTpOBOB
OJTHA M3 TOUYEK HAXOAUTCS B HECKOJIBKUX KUJIOME-
Tpax K ceBepy oT o. [lapamymup, npyras — B He-
CKOJIBKHUX KHUJIOMETpaxX K BOCTOKY OT CEBEpHOM
OKOHEYHOCTH 0. Ypyn. ba3a naHHBIX OCHOBaHa
Ha pe3yJbprarax MpelBapUTeNlbHbIX PACue€TOB BbI-
COT LIyHaMH OT CeMICMHUYECKHX UCTOYHUKOB C Hau-
0osiee BEPOSITHBIM MEXaHHU3MOM 3E€MJICTPSICEHUS
Y pa3nu4HbIMU Marautyaamu (8.5, 8.0, 7.5 u 7.0),
a TaKkKe Pa3IMYHBIMHU [TyOMHAMH THUIOLIEHTPOB
(0, 20, 40, ..., 100 xm). McTOYHUKH TOCTATOYHO
IUIOTHO TOKPBIBAIOT 00JAacTH BEPOSITHBIX IIyHa-
MUTEHHBIX 3emiieTpsiceHuid. [IpubmmxeHHo ore-
HUBAIOTCS MaKCHUMaJIbHbI€ aMIUIUTY/Abl BOJH Ha
HEKOTOPOM PAaCCTOSIHUH OT MOOEpeXbsi U BOJIU3H
Oepera Ha TyOuHaxX 1 M B COOTBETCTBUU C U3BECT-
HBIM 3aKOHOM ['prHa BHE 3aBUCUMOCTH OT aMILIHU-
Tynbl HaOerarouieil BonHbl. [Ipu 3TOM mpuHsTHE
peuieHus o0 OOBSBICHUHM TPEBOTH LyHAMH BO3-
Jaraercs Ha peruoHayibHble IeHTphl. [lomoOHbII
noxxox npemnarancs eme B 1996 r. [Whitmore,
Sokolowski, 1996] B Havyane pa3BUTHS CHUCTEMBI
ruapodu3nvYecKkux HaoOmoaeHui. Briociaenctsum
OT TaKOIo MOJX0Ja, KaK HEMepCHeKTUBHOTO, OT-
Ka3aJIMCh B MOJB3Y TUAPOGU3NYECKOro Crocooa,
OCHOBAaHHOTO Ha JJAHHBIX O C(POPMHUPOBABIIEMCS
IyHaMHu B OTKpBITOM okeane [Titov, 2009; Wei et
al, 2003].

Bce tpu npornosa mynamu 25.03.2020, ocHo-
BaHHbIE Ha MArHUTYAHOM KPHUTEPHUH, a MPOTHO3
JMA, 1o cyTH, Takxe onupaeTcsa Ha OLICHKY Mar-
HUTY/IbI, OKa3aIuch Hed(D(HEKTUBHBIMU: MIPH TIPO-
rHo3upyemMbix 1-3 M (akTuyeckas BbICOTa cOCTa-
BIa o0koJ1o 0.5 m.

[IporHo3 HY OAHOM W3 MEPEUUCICHHBIX BBILIE
CIIy>)k0 HE OTBEYaeT ONpeAeNICHUI0 MPOrHo3a IIy-
namu, ganaomy MOK FOHECKO?*, u3z-3a orcyrt-
CTBUS JACTaNbHOM MHGOpPMAIMK 00 OXHUIAEMOM
LyHAMH: HE ONpEJeNsieTcs HU CTPYKTypa BOJIHBI,
HU JJTUTEIBHOCTH TPEBOTH.

B ominume ot ceiicMOI0rHyecKux MeETOJOB,
ONMUPAIOUINXCS Ha HMHPOPMALMIO O MAarHUTy-
e 3eMJIETPSACEHHUs, THAPO(PU3UYECKUE CIOCO-
Obl MpOrHO3a ILyHaMH, UCHOJB3YIOIINUE JTaHHBIC
o chopMupoBaBIIEMCSl LIyHaMH B OKeaHe, CIIO-
coOHBI 3a0JarOBpEMEHHO JaBaTh HH(OpPMAaIHIO
00 0XHIaeMOM I[yHaMH B COOTBETCTBHH C OIIpe-
neneaneM MOK IOHECKO.

OnuH 13 Takux croco0oB, COco0 onepaTuB-
HOTO TPOTHO3a IIyHaMH, TPeOyroumi cencMmo-
JIOTUYECKYI0 MH(OPMAIUIO TOJIBKO O BPEMEHHU
Hayaja M KOOpAMHATax 3MULEHTPA 3eMIIeTpsce-
HUS1, MOXET JJaBaTh 3a0J1arOBpEMEHHbIN a/1eKBaT-
HBIM ITPOTHO3. Jlae IpU HAJIMYHUM B UCXOJHBIX
JAHHBIX IIYMOB CEHCMHUYECKOTO IMPOUCXOXKIE-
HUs pacueTHas Gopma IyHaMHU MO3BOJISET Olle-
HUBaTh CTENEHb OMACHOCTH, JIOCTATOYHYIO IS
OPUHATUS penieHuss 00 OOBSABICHUU TPEBOTH
yHamu. [IpucyTcTBHE BBICOKOYACTOTHBIX KOJ€E-
OaHuil B pacueTHOU (OpME 0KUTAEMOTO IIyHAMHU
HE BJIMSIET Ha aJIEKBaTHOCTh OILEHKHU OMACHOCTH.
Pacuer BOMHOBBIX (POpPM BBITIONHSJICS B TOYKAX,
rae niyounsl Boabl paBHbl 10-20 M, Ha pac-
CTOSIHUAX OT OeperoBoil ueptsl 1.5-3 kM. Pac-
YETHBIE aAMIUIUTYIbl CIYKaT OPUEHTUPOM ISt
OPUHATUS pelieHuss 00 OObBSABICHUU TPEBOTH
ciyx0oi mpenynpexaeHus o myHamu. Crenyer
HAIIOMHHTB, YTO B pab0Te MPUMEHSIETCS CIOC00,
T.€. IEMCTBYIOLME AJITOPUTMBI PACUETOB, HO HE
MPOrpaMMHBINA KOMIIJIEKC, TOTOBBIM K MPUMEHE-
HUIO B TIpakTH4eckoi padore. [Ipu peanuzanun
crocoba B MPOrpaMMHOM KOMIIJIEKCE BO3MOXKEH
JaTbHEHIINI pacdeT IyHaMHU BIUIOTh 10 Oepero-
BOH UepThl, €CJIH MO3BOJISIOT YCIOBUSI ONIEpaTUB-
HOTO peXHMa, a TaAKXKEe MOXKET M JOJKHA OBITH
IpUMEHEHa (QWIBTPANHS OT BBICOKOYACTOTHBIX
BBIOPOCOB, YUTEH NPUIUBHON PEKUM.

K coxanenuto, B Poccun runpodusndeckas
HOACHUCTEMA CITY>KOBI MPEeIyNpeKIeHUs O I[yHa-
MU HE BBITIOJHSET MPOTHO3 O TUAPOPU3HIECKIM
nanHbiM. Poccus siBnsieTcst eBa JId HE €IUH-
CTBEHHOM cTpaHol Oaccelina Tuxoro okeaHa, He
UMeroIel TTyOOKOBOAHBIX CTaHLUN H3MEpEeHHs
YPOBHSI OK€aHa, I03BOJIAIOIIUX OCYILIECTBIISTh
omepaTuBHBIA MPOTHO3 IfyHamu. Hazpena HeoO-
XOIUMOCTh pa3pabOTKU POCCUUCKUX TITyOOKO-
BOJIHBIX CTAHLMW U3MEPEHUSI YPOBHS OKE€aHa IS
paHHETo U TOCTOBEPHOTO OOHAPYKEHUS U Omepa-
TUBHOTO MIPOTHO32 IyHAMU".

bonee toro, Ha Kypunbckux ocTpoBax, Hau-
Oosiee TMOJBEPKEHHBIX BO3ACHCTBHIO I[yHaMH,
OTCYTCTBYET PEryJsIpHasi pErUCTpaLsi MOPCKOTO
BonHeHusi. Ha puc. 13 uzobpaxena cxema pas-
MELIEHUsI AaBTOMAaTHMYECKUX IOCTOB H3MEPEHHUS
ypoBHS Mopsi Poccuiickoli CiyObl mpeaynpek-
neHus o iyHamu. [locTel ycTaHOBIEHBI U paboTa-
10T B Kamuarckom, Xabapockom u [Iprumopckom
Kpasix, HO OTCYTCTBYIOT Ha Kypunax.

* http://legacy.ioc-unesco.org/index.php?option=com_oe&task=viewDocumentRecord&docID=10442
5 Pemenne VII Beepoccuiickoit HayuHo-TexHIUUECKOM KoHMepeHImu «[Ipo6ieMbl KOMIIIEKCHOTO T€0(H3UIECKOTO MOHHUTO-
punra [laneuero Boctoka Poccuny. 2019. URL: http://emsd.ru/conf20191ib/pdf/solution.pdf (naTa odpamenus: 6.11.2020)
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Puc. 13. IlynkTs! n3MepeHus ypoBHs Mops Ha JlansHeM BocToke (OTMEUYeHBI TPEeyroIbHUKAaMH )
(http://rtws.ru/sea-level/).

BriBoabI

BrimonHeHo MonenupoBaHHE IMpoliecca ore-
paTuBHOrO IporHo3upoBanus IyHamu 20006,
2007, 2018 u 2020 rr. Mo JaHHBIM OJIMKAHIINX
K oyaram CTaHIIMM, COJEpKallluM HEyCTpaHUMBbIE
IIYMbl CEMCMUYECKOTO MPOUCXOXKaAeHus. [ms 1y-
Hamu 2018 1. MopenupoBaHuE MPOBOIMIOCH IO
(haKTHYECKMM JaHHBIM HAXOJUBIIEHCS B HEIO-
CpeNCTBEHHOM OMM30CcTH K ouary craniuu DART
46409. 3anmcu coaepikaiu IIyMbl, 00yCIIOBJICH-
HbIe TIpoxoxaeHueM BoiH Panes. [{ns coObrThii
2006, 2007 u 2020 rr. momoOHbIe JaHHBIE OTCYT-
CTBYIOT, IO3TOMY BBINIOJIHEHA PEKOHCTPYKIHUS 3a-
nucei OIKalIIuX K oyaraM BUPTYyaJIbHBIX CTaH-
IMA W3MEpPEHUs] YPOBHS OKeaHa, BKIIIOYAIOLIUX
ceficMMYeCcKue UIyMBl, 110 JaHHBIM OoJiee yaaneH-
HBIX OT ouaroB ctanmmii DART.

Hannume HEeycTpaHUMOTO IIymMa B JIaHHBIX
OMM3KHUX K oyary CTaHIMM IPUBOAMUT K MOSBIeE-
HUIO B pe3yJbTaTax pacuyeToB BHICOKOYACTOTHBIX
KoJIeOaHWH, HAIOXKEHHBIX Ha (POpMYy COOCTBEHHO
myHamu. HecmoTpst Ha 3T0, BO3MOXKHA aJIeKBaT-
Hasi oleHka Gopmbl IyHamu. KagecTBo pacyera
JIOCTaTOYHO MJis 3a0JIarOBPEMEHHOTO MPUHSATHS
petieHust 00 0OBSBICHUN TPEBOTH B TOM ITyHKTE,
B KOTOPOM LlyHaMH IIPEJICTABIISIET PEAJIbHYIO0 YTPO-
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3y. Pe3ynbprar nogHOCTBIO COOTBETCTBYET OIpeie-
nenuto nporxHosa nynamu MOK FOHECKO.

Pesynprarel pacyeToB XOpOLIO COBMAJAIOT
C JIaHHBIMHM PErucTpaluy IIyHaMu HpHUOPEKHBI-
MU MapeorpadaMu U cTaHIusIMHu cucteMbl DART
B okeaHe. KadyecTBO MporHos3a, BBINOIHIEMOTO
NPEIOKEHHBIM CIIOCOOOM ONEpPaTuBHOTO IPO-
IHO3a LlyHaMH, COIIOCTaBUMO C Kau€CTBOM pacue-
ToB runpoduzndeckum cnocooom SIFT (CLLA).

Bonpeku mnpennonoxxeHuto, 4YTo HEyCTpaHU-
MBI CEMCMHYECKHI IIyM B 3allUCH IIyHaMH Ha
OMKHUX K OYary CTaHIMSX MOXKET MPEMnsTCTBO-
BaTh IIOJyYEHHUIO aJIeKBaTHOTO IIPOrHO3a, OIle-
PaTUBHBIN MPOTHO3 JIOKAJIbHBIX I[yHAMHU BIIOJIHE
BO3MOKEH, HECMOTPSI Ha BBICOKOUACTOTHBIE KO-
neOaHMsl, HAJIOKEHHbIE Ha (HOpMY OXKHIIAEMOTO
I[yHaMH.

[IpennoxxeHHbll cnoco® omepaTUBHOIO MpPO-
THO3a I[yHAaMHU TpPU peau3allid €ro B €IWHOM
IIPOrPaMMHOM KOMILJIEKCE MOXET CIIY)KMTh HH-
CTPYMEHTOM, KOTOPBII [MO3BOJIUT IIOBBICUTH Kade-
CTBO OIEPATUBHOTO NPEAYNPEXKICHUSA O LIyHAMH,
CYLIECTBEHHO YMEHBILIUB KOJUYECTBO JIOKHBIX
TPEBOT I[yHaMHU.
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Short-term forecast of local tsunamis based on data containing
seismic noise from deep-ocean stations closest to the sources

Yury P. Korolev*, Pavel Yu. Korolev

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

Abstract. Reliable short-term tsunami forecast on the Kuril Islands when earthquakes occur in the Kuril-
Kamchatka Trench is the most difficult. Forecasting by the traditional magnitude method often leads to false
tsunami alarms. Based on the examples of the events of 2006, 2007, and 2020 on the Kuril Islands, as well
as the event of 2018 in Alaska, it was shown that according to the data of the ocean level measuring sta-
tions closest to the tsunami source (tsunami travel time is 10-20 minutes) it is possible to adequately predict
the tsunami off the coast. Calculations of tsunami waveforms near the coast by the data containing seismic
noise has shown that the resulting waveforms contain high-frequency oscillations. However, these fluctua-
tions do not interfere with the assessment of the real waveform and the danger of the expected tsunami.
In contrast to forecast methods based on the magnitude criterion, the applied method of short-term tsunami
forecast makes it possible to calculate the waveform: the amplitudes of the first and maximum waves, their
arrival time at a given point and the expected duration of the tsunami. The proposed method can become
a tool that will improve the quality of short-term tsunami warning, significantly reducing the number of false
tsunami alarms.

Keywords: tsunami, earthquake magnitude, tsunami alarm, Onekotan, Kuril Islands, Severo-Kurilsk, meth-
od of short-term tsunami forecast, forecast lead time, DART, seismic noise
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Introduction

The tsunami alarm on 25.03.2020 for the
Severo-Kurilsk district (Sakhalin region) was an-
nounced at 14:00 (hereinafter Sakhalin time is in-
dicated, the difference is 11 hours ahead of UTC

Center United Geophysical Survey RAS on the ba-
sis of the magnitude criterion. An earthquake with
a magnitude of 7.3 with an epicenter 220 km east
of Onekotan Island occurred at 13:49. The mag-
nitude was subsequently clarified to 7.5 (Search

and 8 hours ahead of Moscow time) by the “Yuzh-
no-Sakhalinsk™ Informational Processing Center
of the Sakhalin branch of the Federal Research

Tsunami Events of the National Centers for Envi-
ronmental Information — https://www.ngdc.noaa.
gov/hazel/view/hazards/tsunami/event-search)'.

! Full information about the data sources see in the end of the article.

Translation of the article published in the present issue of the Journal: Kopones }O.I1., Koponer I1.1O. OnepatuBHBI MPOTHO3 JIO-
KaJIBHBIX I[yHaMH 10 JaHHBIM ONIMDKAHIINX K 04araM IIyOOKOBOZHBIX CTAaHIMH, COAEPIKAIINM IIYMbI CEHCMUYECKOTO IIPOHCXOKACHHUSI.

Translation by G.S. Kachesova.
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SHORT-TERM FORECAST OF LOCAL TSUNAMIS BASED ON DATA CONTAINING SEISMIC NOISE FROM DEEP-OCEAN STATIONS CLOSEST TO THE SOURCES

At 13:57, the Pacific Tsunami Warning Cent-
er (PTWC, Honolulu) issued a tsunami warn-
ing bulletin for the coastal zone within 1000 km
of the earthquake epicenter. At 14:16, the Japan
Meteorological Agency (JMA) has also warned
of possible devastating tsunami waves in the Kuril
Islands with an amplitude of 1-3
m, as reported by the Sakhalin De-
partment of Hydrometeorology and
Environmental Monitoring (http://
sakhugms.ru/index.php/o-nas/
strutura/tsentr-tsunami). The loca-
tion of the earthquake epicenter is
shown in Figure 1. By the name of
the nearest island, this tsunami can
be called the 2020 Onekotan tsu-
nami by analogy with the name of
the 2006 Simushir tsunami.

Due to the low height of the
wave, which is not dangerous, the
alarm on 25.03.2020 turned out to
be actually false.

The arrival of the tsunami in
Severo-Kurilsk was expected at
15:04. Evacuation of the popula-
tion to the safe zone was completed
by 14:30. About 400 people were
evacuated. According to visual ob-
servations from the Signalnaya hill
1.2 km south of the Severo-Kuril-
sk port, the first wave has arrived
1 hour after the earthquake begin-
ning. Against the background of the
storm waves, the tsunami height
was estimated at 50 cm. Figure 2
shows a snapshot of the coastal wa-
ters when the tsunami has arrived
at the vicinity of Severo-Kurilsk.
The alarm mode was maintai-
ned until 17:57 (almost 4 hours)
(http://sakhugms.ru/index.php/o-
nas/strutura/tsentr-tsunami).

The above descriptions of the
actions of the Russian tsunami
warning service, as well as inter-
national tsunami services, in par-
ticular the Japan Meteorological
Agency, allow us to assess the
shortcomings of the current tsu-
nami forecasting regulations.

Similar situations took place in
2006 and 2007 (Simushir tsunamis
0f 2006 and 2007). Tsunami alarms
were announced by the magnitude
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criterion on the coasts of all the Kuril Islands, and
the population was evacuated to safe places. How-
ever, these tsunamis had posed no danger to human
settlements. The alarms were actually false.

In the case of strong tsunamis, the stop
of manufacture and evacuation of personnel and

Figure 1. The scheme of the area of simulation. Asterisks — the earthquakes
epicenters, diamonds — the DART stations location, triangle — the “Vodopad-
naya” sea level measuring station (V), SK — Severo-Kurilsk, K — Kurilsk,
B — Burevestnik, YK — Yuzhno-Kurilsk, Ku — Kushiro, Ha — Hanasaki.

Figure 2. Arrival of a series of tsunami at Paramushir Island on 25.03.2020
(about 1.2 km south of the Severo-Kurilsk port). Photo by L. Kotenko
(http://sakhugms.ru/index.php/o-nas/strutura/tsentr-tsunami)
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population from hazardous areas are justified.
For weak tsunamis, when the wave amplitude
in settlements does not exceed 0.5 m, as for the
events of 2006, 2007, and 2020, these actions
are accompanied by unjustified damage associ-
ated with a stop of manufacture, an unnecessary
stress for the population. In addition, the dura-
tion of the alarm mode is often too long. Frequent
false alarms arise a negative attitude towards them
and distrust. Ignoring the alarms during the worst
2011 Tohoku, Japan tsunami was partly responsi-
ble for numerous casualties.

According to the modern concepts, tsunami
warning services should announce not only well-
grounded general alarms, but also differentiated
by the hazard degree for specific areas of the
coast. Ideally, a tsunami alarm should be an-
nounced with a reasonable lead time only at those
points where the tsunami poses a real danger, and
be accompanied with information about the ar-
rival time of the first wave, the maximum wave,
and their amplitudes, as well as the expected time
of the end of the tsunami (tsunami alarm clearing)
[Korolev, 2011]. It is these characteristics of a tsu-
nami that are listed in the definition of a tsunami
forecast formulated by the Intergovernmental
Oceanographic Commission (IOC) of UNESCO
in 20132. Such a detailed forecast is impossible on
the basis of the magnitude-geographical criterion.

Hydrophysical methods of tsunami forecast-
ing do not lean upon earthquake magnitude. In-
formation about the formed tsunami obtained
in the ocean by DART stations (Deep-ocean As-
sessment and Reporting of Tsunamis) is reliable
for assessing the degree of tsunami hazard. (http://
nctr.pmel.noaa.gov/Dart).

Obviously, in the case of local tsunamis (dur-
ing the earthquakes in the Kuril-Kamchatka de-
pression), the timeliness and lead time of the
forecast depend on the proximity of the stations
to the tsunami source. The data from such sta-
tions may contain seismic noises superimposed
on the desired signal due to the passage of surface
waves (Rayleigh waves) along the ocean floor.
Since the discreteness of the records of these sta-
tions is 1 min, the noise component can have peri-
ods of 4 min or more, which is comparable to the
characteristic periods of a tsunami (about 15 min).
The application of the criterion for useful signal
and noise separation, described in [Nurislamova,

Nosov, 2016], appears to be difficult or impossi-
ble. This circumstance can become an obstacle to
obtaining an adequate forecast. Under operational
conditions, it is required to assess the degree of
tsunami hazard in a short time without dealing
with the problem of signal separation.

Aim of the work
and numerical experiments set up

This work aimed to study the possibility of
short-term (operational) forecast of local tsunamis
based on the the data of ocean level measurement
stations closest to the sources, containing una-
voidable noise of seismic origin.

We considered all known events in the north-
ern and northwestern parts of the Pacific Ocean,
during which either the registration was made or
the restoration (reconstruction) of the tsunami
waveform near the source is possible.

The process of short-term forecasting of
the Onekotan (25.03.2020), Simushir (15.11.2006
and 13.01.2007) tsunamis, which occurred
in the regions of the northern and central Kuril
Islands, and the Alaska tsunami (25.03.2018) with
an epicenter near the Kodiak Island, was simulat-
ed. The simulation was carried out using the re-
constructed data from virtual stations of ocean
level measurement, at the locations of the previ-
ously existing DART 21402 station, the operat-
ing DART 21419 station, closest to the tsunami
foci of 2020, 2006 and 2007, as well as the real
data from the DART 46409 station in 2018. Both
the real and reconstructed data from the DART
stations contained noise of seismic origin.

Computations (reconstruction of records and
calculation of tsunamis) were carried out using
the method of short-term tsunami forecast de-
scribed in [Korolev, 2011]. This method (express
method) consists in constructing a transfer func-
tion for each point, which allows calculating the
waveform of the expected tsunami near this point
using the DART station data. The transfer func-
tion is constructed immediately after receiving
information about the coordinates of the epicenter
of the earthquake that caused the tsunami. The ba-
sis for its construction is the results of waveforms
calculation from a simple axially symmetric source
with a center, coinciding with the earthquake epi-
center, at the points of registration and forecast.

2 Intergovernmental Oceanographic Commission. 3rd ed. Tsunami Glossary. 2016. Paris, UNESCO. IOC Technical Se-
ries, 85. (English, French, Spanish, Arabic, Chinese) (IOC/2008/TS/85 rev.2). URL: http://legacy.ioc-unesco.org/index.
php?option=com_oe&task=viewDocumentRecord&docID=10442 (accessed 6.11.2020)
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No earthquake magnitude data is required. When
using the technologies for rapid tsunami calcula-
tion, the construction of a transfer function may
be completed prior the moment the first tsuna-
mi period passes through the registration point.
For example, the technology for rapid calculation
of tsunami propagation is presented in [Lavren-
tiev et al., 2019].

In numerical experiments, the lead time of the
tsunami forecast (the time between the estimated
arrival time of the tsunami (first wave crest) at a
given point and the time of the forecast execution)
and the forecast quality were estimated. The pos-
sibility of assessing the hazard degree of the ex-
pected tsunami at a given point, which is suffi-
ciently accurate to make a decision on the alert,
is taken as the criterion of the forecast quality.

Further in numerical experiments, the calcu-
lation of the tsunami waveform near the coast is
called retrospective forecast, or forecast.

Tsunami on 25.03.2020 was registered by the
DART 21415, 21416, and 21419 deep-sea stations
of ocean level measurement (Figure 1) (https://
ndbc.noaa.gov/dart.shtml). A small tsunami was
recorded by the “Vodopadnaya” sea level measur-
ing station (post) (Kamchatka, Russia) (http://rtws.
ru/sea-level/). According to the data of the DART
stations, an adequate assessment of the tsunami
hazard on the coast of the islands is possible. How-
ever, the remoteness of the stations from the coast
cannot provide the necessary lead time for forecast-
ing and announcing the alarm in real conditions.

The position of the previously functioning
Russian DART 21402 station is optimal with re-
gard to lead time of the tsunami forecast for the
coast of the northern Kuril Islands. The short-term
forecast of the tsunami by the data of this station
could be obtained earlier than by the data of the
DART 21416. In the numerical experiment, a vir-
tual station is introduced at the location of the pre-
viously functioning Russian DART 21402 station.

To simulate the process of short-term forecast-
ing of the 2020 Onekotan tsunami, the tsunami
waveform was reconstructed at the location of the
DART 21402 station based on the actual record
of the “pure” tsunami from the DART 21416
station. A “pure” tsunami corresponds to a series
of data from 21 to 36 minutes from the earthquake
origin time (Figure 3 a). The reconstructed wave-
form of the “pure” tsunami at the DART 21402
is shown in Figure 3 b.

To analyze the influence of seismic noise on
the possibility and quality of tsunami forecast, we
reconstructed the possible seismic noise in the re-
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cords of the DART 21402 station also by the data
on noise of the DART 21416 station. The noise
components of the records of the DART 21416
station with a duration of 21 min from the earth-
quake origin time were added to the calculated
tsunami waveforms. When calculating these com-
ponents, the change in the amplitude of the Ray-
leigh wave due to the cylindrical divergence with
the distance from the epicenter to the registration
point was taken into account. The reconstructed
record of the DART 21402 virtual station, includ-
ing the noise component, is shown in Figure 3 c.

The 2020 tsunami forecast for the Kuril Is-
lands was made based on the reconstructed record
of the DART 21402 station with a duration of
28 minutes.

Tsunamis of 2006 and 2007 have been record-
ed by several stations of the DART system, the
DART 21414 station is the closest to the focus. The
station is located in the western Aleutian Islands
at a longitude of 178° E, its location is beyond the
scope of the diagram shown in Figure 1. Tsunami
travel time to this station exceeds 2 hours, that
necessarily does not provide the lead time of the
tsunami forecast on the Kuril Islands. The position
of the DART 21419 station installed only in 2009
is optimal for the southern and northern Kuril Is-
lands with regard to the lead time of forecast of
tsunamis occurring in the area of the central Kuril
Islands. To solve the problem of simulation of the
process of operational forecast of the 2006 and

Figure 3. Initial data of the numerical experiment on 2020
Onekotan tsunami forecasting: a — record of the DART
21416 station, b — reconstructed waveform of a “pure” tsu-
nami at the DART 21402 station, ¢ — reconstructed record
with noise at the DART 21402 virtual station.
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Figure 4. Initial data of the numerical experiment on 2006 and 2007 Simushir tsunamis forecasting: a, b — record of the
DART 21414 station; ¢, d — reconstructed waveform of “pure” tsunami at the DART 21419 station; e, f — reconstructed

record with noise at the DART 21419 station.

2007 Simushir tsunamis, the tsunami waveform
was reconstructed at the current location of the
DART 21419 using the actual data of the DART
21414. The reconstructed noises of seismic origin
recorded by the DART 21414 station were added
to the tsunami data at this point. A detailed simu-
lation of the process of short-term forecast of the
Simushir tsunamis in 2006 and 2007 is described
in [Korolev, 2019].

Figure 4 a, b show the initial data
obtained by the DART 21414 sta-
tion in 2006 and 2007 (https://ndbc.
noaa.gov/dart.shtml), reconstructed
tsunami waveforms (“pure” tsuna-
mis) of the DART 21419 virtual sta-
tion (Figure 4 c, d), as well as the
reconstructed records of this station
with added noise (Figure 4 e, f).

A numerical experiment on sim-
ulation of the process of short-term
tsunami forecast consisted in calcu-
lating the waveform of the expected
tsunami in the human settlements
of the Kuril Islands and Hokkaido
Island using the reconstructed tsu-
nami data from the DART 21419
virtual station.

Alaskaearthquakeon23.01.2018
with an epicenter at the point with
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coordinates of 56°02°46” N, 149°04°23” W near
Kodiak Island caused a weak tsunami recorded
by a number of the DART stations (https://ndbc.
noaa.gov/dart.shtml), as well as by many coastal
tide gauges. The tsunami did not cause any dam-
age, but the event provides a good opportunity to
test the validity of various models of direct calcu-
lation and short-term tsunami forecast using the
factual material.

Figure 5. The scheme of the area of simulation. The asterisk is the epicenter
of the earthquake, the diamonds are the positions of the DART stations, the
circles are the settlements: Kod — Kodiak, Yak — Yakutat, CC — Crescent City,
PSL — Port San-Luis.
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Figure 6. Initial (black line) record of the DART 46409
station in 2018.01.23 and reconstructed tsunami waveform
(red line) (https://nctr.pmel.noaa.gov/alaska20180123).

Figure 5 shows the scheme of area of simula-
tion.

The DART 46409 station closest to the tsu-
nami source was located at a distance of about
90 km from the epicenter with a travel time of
about 10 min. Therefore, the data of this station
contain a record of both the tsunami as such and
the noise caused by seismic reasons (Rayleigh
waves) superimposed on the useful signal (https://
ndbc.noaa.gov/dart.shtml).

The initial data for the forecast was the record
of this station, from which only the tidal com-
ponents were removed. According to the NOAA
Center for Tsunami Research: Kodiak (https://
nctr.pmel.noaa.gov/alaska20180123), in the re-
cord of the DART 46409 station, the tsunami it-
self corresponds to the data starting from the 7th
minute of the record (Figure 6). The preceding os-
cillations are conditioned by seismic noise.

The numerical experiment consisted in simu-
lation of the process of short-term forecast of the
tsunami on 23.01.2018 for the northern and north-
eastern parts of the Pacific Ocean using the data
from the DART 464009 station.

Results

2020 Onekotan tsunami

To construct the transfer function, we solved
the support task of waveforms calculating at the
points of tsunami registration and near the given
settlements from the circular initial elevation of
the free surface with a diameter of 100 km and an
amplitude of 10 m with a center coinciding with
the earthquake epicenter. The calculation was car-
ried out in spherical coordinates using a difference
grid with a step of 1 km at a latitude of 45°. The
calculated area of the numerical experiment is
shown in Figure 1.

Calculations near the settlements of the Kuril
Islands, as well as near the “Vodopadnaya” sea
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level measuring station, were performed at the
points where the water depths are 10-20 m. These
values are determined by the capabilities of the
difference grid, as well as by the fact that waves at
these depths are obviously linear.

To compare the calculation results with the ac-
tual data, the tsunami waveform was calculated at
the DART 21415 station and off the coast of Kam-
chatka near the “Vodopadnaya” sea level measur-
ing station. The calculation was carried out by the
data on the “pure” tsunami of the DART 21402
station. The results are shown in Figure 7.

The calculated and recorded waveforms at the
DART 21415 station conform to each other well
enough. The quality of the calculations is com-
parable with the similar calculations in (https://
nctr.pmel.noaa.gov/kuril20200325). A similar
quality of coincidence was obtained in tsunami
calculations based on detailed information about
the earthquake of 25.03.2020 and the initial shift
of the ocean level presented on the website of
the Scientific Council on Tsunami Problems at
the Department of Earth Sciences of the Russian
Academy of Sciences (http://ocean.phys.msu.ru/
tsunami- council / news / 2020/04/200325-namid-
ance /).

The calculated waveform near the “Vodopad-
naya” sea level measuring station and the record
obtained by this station agree well. If necessary,
the calculated waveform is quite suitable for as-
sessing the tsunami hazard near this point.

The calculation of the expected tsunami for the
settlements of the Kuril Islands was carried out
on the basis of reconstructed noisy and noise-free
data from the DART 21402 virtual station with a

Figure 7. The results of the tsunami waveform calculation
using the data on the «pure» tsunami by the DART 214 02
station during the 2020 Onekotan tsunami.
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Figure 8. Results of the retrospective short-term fore-
cast of the 2020 Onekotan tsunami according to the re-
constructed noisy and noise-free data from the DART
21402 station. The vertical bar is the moment of forecast.

duration of 28 minutes from the earthquake origin
time. The calculation result is shown in Figure 8.

The tsunami waveforms for Kurilsk and Yuzh-
no-Kurilsk, calculated using the noisy and noise-
free data, are practically not distorted and coincide
well with each other.

The tsunami waveform near Severo-Kurilsk
calculated from noisy data contains high-frequen-
cy oscillations. Even having a little experience of
acquaintance with the registered tsunami wave-
forms, it is easy to understand, that high-frequen-
cy oscillations in the calculated waveform are not
related to tsunamis. The actual waveform of the
tsunami and the hazard degree can be assessed
well despite the presence of these high-frequency
emissions. The tsunami waveform calculated by
the noise-free data is also shown in Figure 8.

Based on the obtained calculation, we can
conclude that in Severo-Kurilsk the arrival of the
first wave with an amplitude of about 15 cm is
expected 69 minutes from the earthquake origin
time. A visual assessment of the wave height of 50
cm was made near the water’s edge at a depth of
about 1 m. The calculated amplitude of 15 cm was
obtained at the point where the sea depth is 17 m.
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In accordance with the well-known Green’s law,
under which the wave amplitude a, at the depth
D, is related to the amplitude a, at the depth D
by the ratio a /a, = (D/D,)", recalculation of the
15 cm amplitude to the point, where the depth is
I m and the wave remains linear, gives an ampli-
tude of about 30 cm.

The calculated waveform for the Burevestnik
also contains high-frequency oscillations. As in
the case of the calculated waveform for Severo-
Kurilsk, their presence does not affect the assess-
ment of the tsunami hazard.

The tsunami forecast for the listed points by
the data on the “pure” tsunami of the DART 21416
operating station and the DART 21402 virtual sta-
tion are practically identical.

The forecast lead time is determined by the
following: the data on the coordinates of an earth-
quake epicenter should be obtained 11-15 minutes
from the earthquake origin time, the time from the
moment of receiving information on the epicenter
coordinates, which is necessary to construct the
transfer function, is up to 15 minutes. In total, the
time of readiness for forecast execution is 2630
minutes from the earthquake origin time. By this
moment, the DART 21419 station can receive in-
formation that makes it possible to identify the
tsunami (under the experimental conditions, the
first wave period was selected for calculations).
The forecast could be given immediately after
the passage of the first tsunami period through
the DART 21402 station, i.e. 28 minutes from the
earthquake origin time. This time point is marked
in Figure 8 with a vertical bar.

The forecast lead time is 41 minutes for Seve-
ro-Kurilsk, 65 — for Kurilsk, 71 minutes — for Bu-
revestnik (Kasatka Bay), and 116 minutes — for
Yuzhno-Kurilsk. This is enough to make a deci-
sion to declare an alarm. Due to the small ampli-
tudes of the expected waves in these settlements,
the alarm could not be announced.

Unfortunately, due to the lack of instrumental
observations, it is not possible to confirm or refute
the presented calculation results.

2006 and 2007 Simushir tsunamis

Forecast of tsunamis 2006 and 2007 was ex-
ecuted for the points of the Kuril Islands and Hok-
kaido Island [Korolev, 2019]. Figure 9 shows the
results of the 2006 and 2007 tsunamis forecast ac-
cording to the reconstructed noisy data from the
DART 21419 virtual station with a duration of 32
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Figure 9. Results of the retrospective forecast of the tsunamis of 2006 and 2007 according to the reconstructed noisy data
by the DART 21419 station with duration of 32 min (left) and 35 min (right).

and 35 minutes from the earthquake origin time
and comparison with the real records.

The results of the tsunami forecasts in Hana-
saki coincide well with the waveforms of the re-
corded tsunamis. For the event of 2007, the fore-
cast based on noisy data differs from the forecast
based on “pure” data by the presence of high-fre-
quency oscillations after 180 minutes that are not
related to the tsunami. However, the presence of
such oscillations cannot affect the decision to de-
clare the tsunami alarm.

The calculated waveforms of the tsunami at
Kushiro for both events conform well to the real

ones. The forecasts made by the noisy and noise-
free data are almost the same.

Contrary to the fears, the forecast for Hana-
saki and Kushiro based on the data complicated
with noise of seismic origin is quite adequate.
The quality of the forecast makes it possible to
reliably assess the hazard of the expected tsunami
and make a decision to announce an alarm at these
points.

The forecast results for the settlements of the
Kuril Islands are not presented due to the absence
of tsunami registration at these points and the im-
possibility of comparing the calculated and actual

Figure 10. Results of the retrospective forecast of the tsunami 2006 and 2007 based on the reconstructed noisy data by the
DART 21419 station at the locations of DART stations system in the ocean.
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tsunami waveforms. Nevertheless, it is possible to
assess the forecast lead time for these points.

The forecast lead time calculated according
to the data of the DART 21419 station (the first
tsunami period) for the settlements is 45 min for
Hanasaki, 50 min — for Kushiro, 1.5 hours — for
Yuzhno-Kurilsk, 34 min — for Burevestnik (Ka-
satka Bay, Iturup Island), about 20 min — for Kuri-
Isk, and about 1 hour — for Severo-Kurilsk. Such
a forecast lead time for points in the northern and
southern Kuril Islands ensures timely alarm and
evacuation of the population to safe places.

Similar calculations based on the noisy data
from the DART 21419 station were also performed
for the points in the ocean where the DART sta-
tions were located. The calculations were per-
formed in spherical coordinates on a difference
grid with a step of 3.83 x 3.83 km at a latitude
0of' 40° N. The DART 21413 station is 700 nautical
miles southeast of Tokyo and the DART 46402,
46408 and 46413 are located along the Aleutian
Islands. Figure 10 shows the calculation results.

In the case of event of 2006, the presence of
noise in the initial data (at the DART 21419) does
not affect the forecast quality.

For the 2007 Simushir tsunami, the presence
of noise in the initial data of the DART 21419 vir-
tual station leads to the appearance of noise in the
resulting waveforms at the DART stations 46413,
46408, and 21413. However, their presence, as

in the event of 2020 (forecast for Severo-Kurilsk
and Burevestnik) does not cause the difficulties in
assessing the waveform of the tsunami itself and
its hazard degree. The calculated waveforms from
the noise-free data of the same station practically
coincide with the recorded ones.

2018 Alaska tsunami

In numerical experiments, an auxiliary source
with a center coinciding with the earthquake epi-
center, 75 km in diameter and with a maximum
amplitude of 8§ m was used to construct the trans-
fer function. Spherical coordinates were used on
a difference grid with a step of 3.83 x 3.83 km at
a latitude of 40 ° N. The diagram of the area of
simulation is shown in Figure 4.

The forecast was made using the data of the
DART 46409 station with a duration of 16 min
from the earthquake origin time, including re-
cords of both the tsunami itself and seismic noise
(Figure 5). The forecast results at the points of
registration by the DART stations in the ocean
are shown in Figure 11. We used the data from
the DART stations for comparison with the
waveform of a real tsunami (https://ndbc.noaa.
gov/dart.shtml).

Despite the existing emissions, we obtained
a good enough agreement between the calculated
and real waveforms. The calculation results al-
low us to assess the degree of tsunami hazard.

Figure 11. Results of the 2018 Alaska tsunami forecast based on the data from the DART 464009 station at registration points

by the DART stations in the ocean.
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Figure 12. Results of the 2018 Alaska tsunami forecast based on the data from the DART 46409 station near populated areas.

The quality of the forecast corresponds to the
quality of the calculations presented in (https://
nctr.pmel.noaa.gov/alaska20180123).

The forecast was also made for some points
near the coast in the northeastern part of the Pa-
cific Ocean. The results are shown in Figure 12.
Tide gauge data are taken for comparison from
the Sea Level Station Monitoring Facility (http://
www.ioc-sealevelmonitoring.org/list.php?showa
ll=a&output=general&order=location&dir=asc).
The influence of seismic noise in the record of the
DART 46409 station on the calculated tsunami
waveforms does not appear.

Due to the roughness of the difference grid,
the calculated points were located at a sufficiently
large distance from the registering tide gauges
(from 3 to 15 km). Despite significant discrepan-
cies in the locations of the calculated points and
tide gauges, a good enough correspondence of the
head parts of the calculated and actual waveforms
was obtained.

The calculated tsunami waveforms allow us to
assess the degree of tsunami hazard in populated
areas. The quality of the calculations is compa-
rable to similar calculations in (https://nctr.pmel.
noaa.gov/alaska20180123).

A forecast of a similar quality was also ob-
tained by the data of other DART stations clos-
est to the source — 49403 and 46410. The forecast
was carried out using the data on the “pure” tsu-
nami received by these stations.

Discussion

The actions of the tsunami warning service
in the Sakhalin Region on 25.03.2020 within the
framework of the current regulations in the ab-
sence of any information about the expected tsu-
nami are justified. Moreover, the International Pa-
cific Tsunami Warning Center (PTWC, Honolulu)
and the Japan Meteorological Agency reported
about possible destructive tsunami waves in the
Kuril Islands with an amplitude of 1-3 m. How-
ever, due to the small amplitude of the tsunami,
the announced alarm appeared to be false by the
forecast of both the Sakhalin service, and the for-
eign ones. The prolongation of the tsunami alarm
after the arrival of the first low-amplitude waves
was also groundless. Both the Sakhalin Tsunami
Service and the Pacific Center have operated on
the basis of the magnitude-geographic method de-
veloped in the middle of the last century, which,
with some adjustments, is currently the main
method of tsunami warning. Due to the statistical
nature of the magnitude method, the tsunami ser-
vice, since the moment of its creation until 2009,
raise a large number (75% of the total number of
alarms) of false alarms, while missing some tsu-
nami [Gusiakov, 2011]. The alarm was announced
on long coasts without information about the ex-
pected wave heights.

In the United States, the hydrophysical SIFT
method (Short-term inundation forecasting for
tsunamis) based on information about tsunami in

SUNESCO/IOC. 2019. Users’ guide for the Northwest Pacific Tsunami Advisory Center (NWPTAC): Enhanced Products
for the Pacific Tsunami Warning System. IOC Technical Series, 142. URL: https://unesdoc.unesco.org/ark:/48223/pf00003
665467posinSet=1&queryld=d1288da0-390e-47b1-8a51-a529b04abf93 (accessed 6.11.2020)
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the ocean (DART system) provides an advance
numerical estimate of the amplitude, travel time,
and other properties of tsunami (https://nctr.pmel.
noaa.gov/tsunami-forecast.html; [Titov, 2009;
Wei et al, 2003]). Calculations are performed for
the US West Coast, the coast of Alaska and the
Aleutian Islands. For the Pacific Northwest, in-
cluding the coast of Kamchatka and the Kuril Is-
lands, the Pacific Tsunami Warning Center makes
a forecast based on the magnitude criterion.

Japan Meteorological Agency in charge of
tsunami forecast for the Pacific Northwest, acting
under new regulation®’. The database of tsunami
heights at a large number of points in the ocean is
used when forecasting. In particular, for the Kuril
Islands, one of the points is located some kilom-
eters north of the Paramushir Island, the other is
a few kilometers east of the northern tip of Urup
Island. The database is based on the results of
preliminary calculations of tsunami heights from
seismic sources with the most probable earth-
quake mechanism and various magnitudes (8.5,
8.0, 7.5 and 7.0), as well as different hypocenter
depths (0, 20, 40, ..., 100 km). The sources cover
areas of probable tsunamigenic earthquakes rather
densely. The maximum wave amplitudes are es-
timated approximately at a certain distance from
the coast and near the shore at depths of 1 m in
accordance with the well-known Green’s law, re-
gardless of the incoming wave amplitude. In this
case, the decision to declare a tsunami alarm is
assigned to the regional centers. A similar ap-
proach was proposed as early as 1996 [ Whitmore,
Sokolowski, 1996] at the beginning of the devel-
opment of the hydrophysical observation system.
Subsequently, this approach, as unpromising, was
abandoned in favor of the hydrophysical method
based on the data on the formed tsunami in the
open ocean [Titov, 2009; Wei et al, 2003].

All three forecasts of the tsunami on
25.03.2020, based on the magnitude criterion, and
the JMA forecast, in fact, also relies on an esti-
mate of a magnitude, appeared to be ineffective:
with the forecasted height of 1-3 m, the actual one
was about 0.5 m.

The forecast by any of the above services does
not meet the definition of a tsunami forecast given
by the UNESCO IOC* due to the lack of detailed

information about the expected tsunami: neither
the wave structure nor the duration of the alarm
are determined.

In contrast to seismological methods based on
information on the earthquake magnitude, hydro-
physical methods for tsunami forecast using the
data on the formed tsunami in the ocean are able
to provide information about the expected tsuna-
mi in advance in accordance with the UNESCO
IOC definition.

One of these methods, the method for short-
term tsunami forecasting, that requires seismo-
logical information only about the origin time
and coordinates of the earthquake epicenter, can
provide an adequate early forecast. Even if the
initial data contains the noise of seismic origin,
the calculated tsunami waveform makes it possi-
ble to assess the hazard degree sufficient to make
a decision to declare a tsunami alarm. The pres-
ence of high-frequency oscillations in the cal-
culated waveform of the expected tsunami does
not affect the adequacy of the hazard assessment.
The calculation of waveforms was carried out at
the points where the water depths are 10-20 m,
at distances from the coastline of 1.5-3 km. The
calculated amplitudes serve as a guideline for tak-
ing a decision on alarm by the tsunami warning
service. It is recalled that the work uses the meth-
od, i.e. operating calculation algorithms, but not
a software suite ready for use in practical work.
When realizing the method in the software suite,
it is possible to further calculate the tsunami up to
the coastline, if the operating conditions allow it,
and filtering from high-frequency emissions can
and should be applied, the tidal regime should be
taken into account.

Unfortunately, the hydrophysical subsystem
of the tsunami warning service in Russia does not
perform the forecast based on hydrophysical data.
Russia is almost the only country in the Pacific
Ocean basin that does not have deep-ocean level
measuring stations allowing an short-term tsuna-
mi forecast. There is a need to develop Russian
deep-ocean level measuring stations for early and
reliable detection and short-term forecasting of
tsunamis’.

Moreover, there is no regular registration of
sea disturbance on the Kuril Islands, which are

“ http://legacy.ioc-unesco.org/index.php?option=com_oe&task=viewDocumentRecord&docID=10442
5 [Solution of VII All-Russian scientific and technical conference “Problems of complex geophysical monitoring in the Rus-
sian Far East”. 2019]. URL: http://emsd.ru/conf20191ib/pdf/solution.pdf (accessed 6.11.2020). (In Russ.).
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Figure 13. Sea level measurement posts in the Far East (marked with triangles) (http://rtws.ru/sea-level/).

most vulnerable to tsunami’s impact. Figure 13
shows the layout of automatic posts for sea level
measurement of the Russian Tsunami Warning
Service. Posts have been installed and operate in
the Kamchatka, Khabarovsk and Primorye, but
they are absent in the Kuriles.

Conclusions

We carried out the simulation of the process of
short-term forecast of the tsunami of 2006, 2007,
2018 and 2020 according to the data of the sta-
tions closest to the sources, containing unavoid-
able noise of seismic origin. For the tsunami of
2018, simulation was performed using actual data
from the DART 46409 station located in the im-
mediate vicinity of the source. The records con-
tained noise conditioned by the passage of Ray-
leigh waves. There are no such data for events
2006, 2007 and 2020; therefore, the records of the
virtual ocean level measuring stations closest to
the sources, including seismic noise, were recon-
structed from the data of the DART stations more
remote from the sources.

The presence of unavoidable noise in the data
of stations close to the source leads to the appear-
ance of high-frequency oscillations superimposed
on the waveform of the tsunami itself, in the re-
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sults of calculations. Despite this, an adequate
assessment of the tsunami waveform is possible.
The quality of the calculation is sufficient for
making an early decision to announce an alarm at
the point where the tsunami poses a real hazard.
The result is fully consistent with tsunami forecast
definition by the UNESCO IOC.

The calculation results correspond well with
the data of tsunami registration by the coastal tide
gauges and the DART stations in the ocean. The
quality of the forecast performed by the proposed
method of short-term tsunami forecast is compa-
rable to the quality of calculations using the SIFT
method.

Contrary to the assumption that unavoidable
seismic noise in a tsunami record at the stations
close to the source may prevent from obtaining an
adequate forecast, an operational forecast of local
tsunamis is quite possible, despite high-frequency
oscillations superimposed on the waveform of the
expected tsunami.

The proposed method of short-term tsunami
forecast, implemented within a single software
package, can serve as a tool that will improve
the quality of short-term tsunami warning, sig-
nificantly reducing the number of false tsunami
alarms.
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Pe3tome. 13 cenrsops 2020 1. B Yrieropckom parione CaxaanHCKOW 001acTH TPOU3OIIIIO 3eMIICTPSICCHUE
¢ MarHuTynoi Mw = 4.8, KoTopoe KUTEIH OMMKANIINX K SITUIICHTPY HACEIICHHBIX ITyHKTOB Oy THIIHA CHIION
1o 5 6amioB mo mxaie MSK-64. Beero 0b110 3aperucTpupoBaHo 62 MOBTOPHBEIX Tomdka. CelicMudecKuid
MIPOIIECC MPOIOIIKAJICS OKOJIO 2 CYyTOK, OCHOBHAsI Macca apTepiIokoB ObUIa 3apeTUCTPHUPOBAaHA B TEUEHHE
MepBBIX 7 9. DMHUIEHTPHI 3aPETUCTPUPOBAHHBIX 3eMJIETPSACEHUI MPUYPOUCHBI K CTPYKTYPE PETrHOHAIBHOTO
3anagao-CaxaimuHcKoro pazinoma. OmHaKo TOT GakT, YTO B SMUIIEHTPATBHON 30HE YTIIETOPCKOTO 3EMIICTPS-
CeHMsI BeleTcsl aKTHUBHas 100brda Oyporo yrist Ha CONHIIEBCKOM yTOJIBHOM pa3pe3e W MacCOBO MPOHM3BO-
ZSITCS B3PBIBHBIE Pa0O0THI, HE UCKITIOYAET CBA3H CEHCMUYECKOTO MPOIlecca C TEXHOTEHHOW CEeHCMUYIHOCTBIO.
B crarbe mpuBeneHBI pe3yabTaThl HAOMIOMCHUN 3a CEHCMHYECKHM IIPOIIECCOM B SIHIICHTPATHHOU 30HE
Yreropckoro 3emierpscerns B ceHTIOpe 2020 1., pacCMOTPEHBI BEPOSTHBIE IPUIUHBI €70 BOSHUKHOBECHHUS.

KiroueBble ci10Ba: celiCMUYECKHE COOBITHS, MAaKPOCEHCMHUECKHE MPOSABICHUS, HHTCHCUBHOCTh, aTep-
IIIOKH, MEXaHU3M OUara 3eMJICTPSICCHHS

Uglegorsk earthquake on September 13, 2020 (Sakhalin Island):
preconditions for the occurrence and results of observations
in the epicentral zone
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Abstract. On September 13, 2020, an earthquake with a magnitude of Mw = 4.8 occurred in the Uglegorsk
district of the Sakhalin region. Residents of the localities nearest to the epicenter felt it with a force of up
to 5 points on the MSK-64 scale. A total of 62 aftershocks were recorded. The seismic process lasted for
about two days, the major mass of aftershocks was registered during the first 7 hours. The epicenters of the
registered earthquakes are confined to the system of the regional West Sakhalin fault. However, the fact of
active mining of brown coal at the Solntsevskii quarry and massive blasting in the epicentral zone of the
Uglegorsk earthquake does not exclude the relation between the seismic process and technogenic seismicity.
The article presents the results of observations of the seismic process in the epicentral zone of the Uglegorsk
earthquake in September 2020 and considers the probable causes of its occurrence.

Keywords: seismic events, macroseismic manifestations, intensity, aftershocks, earthquake focal mechanism
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YrneropcKoE 3EMNETPSICEHUE 13 CEHTSIEPS1 2020 rogA (0. CAXANUH)

Beenenue

3eMIIeTpsICeHHUs TPEICTABISIOT cO00M MOII-
HOE€ M 4YpPE3BbIUAHO ONACHOE IPHUPOIHOE SIB-
nenue. B xoHne XX — nagane XXI B. Hacene-
Hue o. CaxanuH cMomio yOenuThCcsl B 3TOM Ha
IpUMepe KaTracTpPOPHUECKOro 3eMJIETPSICECHUS
B I. Hedreropek (1995 ., Mw = 7.2), pa3pyuiu-
TeIpHOTO 3emiieTpsicerus B I. Hepenbck (2007 1.,
Mw = 6.2). OgHO U3 CHJIBHEHIINX CaXaJIMHCKUX
3emuieTpsicennii ¢ Mw = 6.7 npounsonuio 4 aBry-
cta 2000 r. B YmeropckoM paiione, korjga Obuin
OTMEYEHbI 3HAUNTENbHbIE TIOBPEXKICHUS 3aHUM,
OTJEJIbHBIE U3 HUX CTAJIM HENPUTOJHBI IS KU-
absi. Ilo Geperam pek, B IMOJOTHE MIOCCEWHBIX
JIOPOT'  TIOSIBUWJIMCh MHOTOYHCIIEHHBIE 0OBaJIbI,
MHUKpOOIIOJI3HA M TpeuiuHsl [KoHoBanos u np.,
2014]. UccnenoBanue 3emnerpsicennii Ha Caxa-
JIMHE aKTyaJIbHO KaK JJIsl IOHUMaHUs celicMuye-
CKHX IIPOLECCOB, NIPOTEKAIOUIMX B PErHMOHE, TaK
Y JJISl OUEHKU CEMCMUYECKOM OMAaCHOCTH U PUCKA.

[Tpouzomenmee 13 centsiopsa 2020 r. B Yiye-
TOPCKOM paiiOHE 3eMJIETPSACEHUE C MarHUTYIOU
Mw = 4.8 mnpexacraBisieT HHTEPEC HE TOJBKO
B M3YYEHMM CEMCMMUYHOCTH OIHOIO U3 CETMEH-
TOB ITyOMHHBIX Pa3jIOMOB, KOTOpBIE KaK CETHIO
MOKpBbIBAIOT ocTpoB CaxainumH, HO M B BOIIPOCE
0 CeHCMMYECKON aKTHBU3ALUHU BOJIIM3U OTKPBITHIX
TOpHBIX BbIpaboTok [EmanoB u ap., 2017].

N3BecTHO, 4TO B YIIErOPpCKOM paliOHE Ha
nporsbkeHun 90 netr Bemercs IJuTeNbHas |
MHTEHCHUBHas pa3paboTKa MOJE3HBIX HCKOIa-
eMbIX. BiusHueM n00bIuM yITIEBOIOPOJOB Ha
CECMMYHOCTb paHee 3aHUMAIUCh COTPYJHUKH
UMTI'ul’ IBO PAH na npumepe HedTerazoBbix
MecropoxaeHnii CesepHoro CaxannHa. B cBoux
pabotax aBropel [Anymkul, TypyHrtaes, 2015]
OTMEYaJIl M3MEHEHHME OIHOIO W3 IapaMeTpOB
rpaguKka MOBTOPSAEMOCTH, KOTOPbIM NPUHUMAET
3HAYCHHSA, XapPAKTEPHBIE I TEXHOTCHHOW WIIH
TEXHOT€HHO-UHAYLIUPOBAHHON  CEHCMHYHOCTH.
W XoTs mpu3HAKOB OMACHOTO HapacTaHUs ceic-
MUYECKOH aKTUBHOCTH B CBS3M C pa3pabOTKOM
MECTOPOXKICHUN YIJICBOAOPOAOB Ha Ieibde
0. Caxanun BbIsiBIEeHO He O6bu10 [TypyHTaeB u ap.,
2015; Konosanos u ap., 2016], pe3koe yBenuye-
HUE B MOCJIEIHUE IO/Ibl MACIITa00B TOOBIYM YIJIS
U KOJIMYECTBA COINPOBOXKIAIOIIUX €€ B3PHIBOB
B VYIIIETOPCKOM palOHE 3aCTaBIs€T BEPHYTHCA
K MpoOseMe BIUSHUS TEXHOI'€HHOW JesTeIbHO-
CTH Ha aKTHBU3AIIHIO CEICMUYHOCTH.

B osnuueHTpanbHOM 30HE NPOM3OLIEIIIErO
13 cenTsa0ps 2020 . 3eMIETPSICEHUS] MOHUTOPUHT
IIPOBOJIUTCSL CEHCMUYECKUMHU CTAHLUSMU DPETH-
oHanbHOM cetn CaxammHckoro Quiuana Dene-
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pPaJbHOTO MCCIEA0BATENBCKOr0 LeHTpa «Enunas
reousnueckas ciayx6a PAH» (CO OUIL EI'C
PAH), xotopple o00ecneunBarOT PETUCTPAIIUIO
3eMJIETPSCEHUI HaunHas ¢ MarHuTyabl 3.2. Ceiic-
MUYECKUE COOBITUSI C MEHBIIEH YHEPTreTUUECKOM
CUJION PETHCTPUPYIOTCA TOJBKO OJHOM CEUCMU-
YECKOM CTaHLMEN B YIIIETOPCKE U HE MO3BOJISIIOT
B MOJIHOM Mepe J0CTOBEPHO JIOKAIM30BaTh Mapa-
METpPbI KX SMULEHTPOB.

B npennaraemoii ctatbe OTpakX€HbI PEe3yilb-
TaTbl OO0CJENOBAaHUS DSIHUIEHTPAIBHOW 30HBI
VYoieropckoro 3emierpsicenus 13.09.2020 wu
cOopa MaKpOCEHCMUYECKHX JIaHHBIX TPYMION
cnermanucto CO OUILl EI'C PAH u Unctury-
Ta Mopckoit reosorun u reopusuku JJBO PAH
(UMTI'ul" IBO PAH), paccMOTpeHbI BO3MOXKHBIE
MPEANOCHUIKA BO3ZHUKHOBEHUSI 3TOTO CelcMuye-
CKOTO COOBITHSI.

Pe3syabrarsl

Ilapamempul Yenezopckozo 3emnempsacenus
13 cenmaopa 2020 ..

13 centabps 2020 . B YrueropckoMm paiio-
He CaxanuHCKON 007acTé OBUIO 3aperucTpHpO-
BaHO 3€MIIETpSICEHUE C MarHuTtygoi Mw = 4.8.
B Tabn. 1 npuBeneHbl napamMeTpsl IFIaBHOTO TOTY-
ka 13.09.2020 B 13:42 UTC (00:42 14.09.2020
CaxaJMHCKOTO BPEMEHH) IO JAHHBIM MEXJyHa-
POIHBIX CEMCMOJIOTMYECKUX LIEHTPOB M PETHO-
HaJIbHOTO HMH(OPMAMOHHO-00pa0aTHIBAIOIIETO
uentpa (PUOL) «¥Oxuo-CaxanuHcky.

Ha puc. 1 npuBeneHa xapra ¢ 3IMHULEHTPOM
3emierpsicenus 13 centabpsa 2020 . B 13:42 UTC
U TMOKa3aHbl BapUaHTHI JIOKAIU3AIMK 3MULEHTPa
IJIaBHOTO TOJIYKA MO JIaHHBIM Pa3HBIX celcMoIIo-
rudeckux ciy0. Pa3dpoc B BapraHTax mnosoxe-
HUS DIHIEHTpa YIIIETOPCKOIO 3€MIIETPSACEHUS
HaxoauTcs B nuamna3zoHe Ag = 48.89-48.96° N,
AL = 142.00-142.15° E u onpezaensieTcst pa3iany-
HOM KOHQUrypauuei ceTu CeHCMUYECKUX CTaH-
LU perucTpanuu, JaHHbIE KOTOPBIX ObUIM HC-
MOJIb30BaHbl TMPHU JIOKAJIU3ALUU CEHCMHYECKOTO
COOBITHSL.

O1ieHKa 3HEPreTHYeCKON CUIIbI 3eMIIETPSACEHHS
13 cents10pst 2020 ., BHINOJHEHHAs! MO Pa3HBIM
MarHUTYAHBIM IIKajaM, MPUHATHIM B IPAKTHKE
pas3INYHBIX CEMCMOJIOTMUYECKUX LIEHTPOB, MOKa3a-
J1a CONOCTaBUMBIE 110 BEJIMYMHE 3HAYCHHUS, CPE/IHEE
oTkioHeHue coctaBmiio £0.1 equHuUIE! (TA0MI. 1).

3HaueHus] DIyOWHBI oyara /i JAHHOTO Ceic-
MHUECKOro coOBITHs KoneOmoTest oT 8 1o 10 kM
(Tabn. 1), 4TO COOTBETCTBYET COBPEMEHHBIM 3a-
KITIOUeHMsIM 0 TekToHuke 0. Caxanua [OckopOuH,
bo6kog, 1997].
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Tabnuya 1. Tlapametpsl 3emuerpsicenust 13.09.2020 13:42 UTC no gaHHbIM Pa3/IMYHbIX CeiiCMOJIOrHYeCKUX IIEHTPOB
Table 1. Parameters of the earthquake on September 13, 2020 13:42 UTC according to the data of various seismological centers

Koopaunars! snuneHTpa
Hctounmnk Bp eNfﬂ i . [myOuna h, kM Marautyna
oJare, 4Y:MHH:.C (Po N 2° E

PUOL] «¥Oxn0-CaxamuHCK» 13:42:26.2 48.89 142.14 8 ML =48

© ¢ e : : MPV(A) = 4.9
EMSC 13:42:26.3 48.95 142.06 10 mb=4.9
CCJ] EI'C PAH 13:42:26.0 48.96 142.00 10 mb=15.1
GFZ 13:42:26.8 48.93 142.15 10 mb =4.8
USGS 13:42:26.4 48.93 142.09 10 mb=15.0

Ipumeuanue. PUOLL «lOxH0-CaxaqMHCK» — PETHOHANBHBIN HHPOPMAIHOHHO-00padaThiBatomuii 1eHTp CaxanmHckoro Quimana
@®UII EI'C PAH; EMSC — EBpomneticko-CpenrsemMHOoMOpckuii cericMonornaeckuii nentp (https://www.emsc-csem.org); CCIl EI'C PAH —
Cayx0a cpounbix gonecenuit ®UL] EI'C PAH; GFZ — repmanckuii ucciienoBarenbckuii meHTp reonayk (https://www.gfz-potsdam.de);
USGS - I'eomornueckas cimyx6a CILA (https://www.usgs.gov). MPV(A) — marautyna no Boiae P (Tun anmaparypsl A), IPHHATAs B TIPaK-
tuke ['C PAH; ML — iokanbHast MarHuTyaa; mb — MarHuTyza no P-BoiHaM KOPOTKOIIEPUOAHOH 3anucH, npuHaTas B npaktike USGS/NEIS.

Note. RIPC ”Yuzhno-Sakhalinsk” — regional information processing center of the Sakhalin branch of the Federal Research Center of the
GS RAS; EMSC — Euro-Mediterranean Seismological Center (https://www.emsc-csem.org); AS GS RAS — Alert Service of the Federal
Research Center of the GS RAS; GFZ — German Research Center for Geosciences (https://www.gfz-potsdam.de); USGS — United States
Geological Survey (https://www.usgs.gov). MPV(A) — magnitude of the P-wave (type of equipment A), accepted in the practice of the GS
RAS; ML is the local magnitude; mb — P-wave magnitude of a short-period recording, accepted in the USGS / NEIS practice.

Puc. 1. CneBa — nonoxenue snuueHTpa Ymoieropckoro 3emnerpsicenuss 13.09.2020 r. 8 13:42 UTC no manneim PUOL]
«tOxHO0-Caxammack». CripaBa parMeHT ¢ pa3NUIHBIMEA BapHaHTAMH JIOKATU3AIUH SMTUICHTPA TIIABHOTO TOYKA O JTaH-
HbIM: 1 — PUOI] «tOxn0-Caxamunack»; 2 — EMSC; 3 — CCII EI'C PAH; 4 — GFZ; 5 — USGS.

Figure 1. On the left side, there is the epicenter of the September 13, 2020 Uglegorsk earthquake at 13:42 UTC by the data
of RIPC «Yuzhno-Sakhalinsk». On the right, there is a fragment with possible epicenters of the main shock according to
Table 1: 1 — RIPC «Yuzhno-Sakhalinsk»; 2 — EMSC; 3 — AS GS RAS; 4 — GFZ; 5 — USGS.
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YrneropcKoE 3EMNETPSICEHUE 13 CEHTSIEPS1 2020 rogA (0. CAXANUH)

Mexanuszm ouaza 3emnerpsiceHus 13 ceHTs-
ops 2020 1. B 13:42 UTC ¢ marautynoit Mw = 4.8
ObUT ONpENENeH C MOMOIIbI BBIUHUCIUTEIHLHOTO
monynst FOCMEC, uHTerpupoBaHHOIO B KOM-
IUIEKC celicMonoruueckux mnporpaMMm SEISAN
[Ottemoller et al., 2011]. Bcero 6pu10 Bcmonb30-
BaHO 30 3HAKOB BCTYIUUIEHUM MEPBBIX JIBHKCHUH
P-BonHBI mpHU OJHOM HECOINIACOBAHHOM 3HAKe,
3aperuCTPUPOBAHHBIX HAa BEPTUKAJIBHOW KOMIIO-
HEHTE 3amucell celicMuueckux konedanuii. B co-
OTBETCTBUH C ITOJIyUEHHBIM PEIICHUEM MOABIKKA
B OUare peajan3oBajiach B YCIOBHUIX TOPU30HTAb-
HOTO CYOIIMPOTHOTO PACTSDKEHUS W ONU3ropu-
30HTAJBHOTO CyOMEpUIUOHAILHOTO CHKaTHs, T.C.
MOXKET KBAIU(PHUITUPOBATHCSA KaK CIIBHT, JIUOO Jie-
BOCTOpPOHHUH B11oJ1b TIockocTH NP1 ceBepo-Boc-
TOYHOTO MPOCTUPAHHUA, JUOO IMPaBOCTOPOHHUI
BI0Jb I10cKoCcTH NP2 10ro-BoCTOYHOrO NpoCcTH-
panus (Tabm. 2).

B Tabn. 2 mpencraBieHO Takke pelIeHUE
MEXaHU3Ma JJi1 CHUJIBHOTO IMOBTOPHOIO TOJYKA
13 cents6psa 2020 1. B 14:09 UTC ¢ marnutynoii
Mw=4.6.3anelicTBOBaHO 26 3HAKOB I1€PBBIX BCTY-
IUIEHUH P-BOJIHBI NIpU 2 HECOIIAaCOBAHHBIX, 3ape-
TUCTPUPOBAHHBIX HA BEPTHKAIBHON KOMITIOHEHTE
3amucel celicMuueckux koneOaHuil. Tum cefic-
MOJIUCIIOKAIlMM CJIBUTOBBIM, KaK U Yy IJIABHOTO
cOOBITHSI, OZIHAKO HAKJIOH IIIAaBHBIX OCEW Harps-
KEHUHM HECKOJIBbKO M3MEHMJICS: OChb C)KaTHsl cyO-
MEpPUIMOHAJIBHOTO IPOCTUPAHMSI TOPU30HTAJIbHA,
a OCh PacTSDKEHHs CyOIIMPOTHOTO MPOCTHPAHHSA
HaKJIOHEHAa TOJl YIJIOM K 3alajy, OpUEHTAIUs U
HaIpaBJIeHUE MOJBUKKH MO HOAAIbHOM MIIOCKO-
ctu NP1 npuMepHO COOTBETCTBYET ITITaBHOMY CO-
ObITHIO, TUIOCKOCTh NP2 moMeHsi1a HanpaBJIeHHE
NaJIeHNs C I0ro-3anaJHoro Ha CeBepO-BOCTOYHOE.

Makpoceiicmuueckue nposagéieHusn
Yenezopckozo zemnempacenusn
13 cenmaopa 2020 ..

3emunerpsicenue 13 centsops 2020 r. BbI3Ba-
JIO COTPSICEHHS] CWJIONW M0 5 0a/uioB MO IIKaje
ceiicMmuyeckoi MHTeHcUBHOCTH MSK-64 B Ha-
ceneHHbIX MyHkTax Huxonsckoe, KpacHomnonbe,
Mensexnbe. [lo pesynbratam MakpoceicMuye-
CKOro 00CJ€el0BaHUs B JMUIEHTPAJIbHOU 30HE
VYraeropckoro 3eMiaeTpsiCeHHs] B 3TUX HaceJeH-
HBIX MyHKTaX ObUTH BBISIBIICHBI IOBPEXACHUS OT-
NEeNbHBIX 31aHui. B c. MeaBexbe CABUHYIICA PST
IJIAKOOJIOKOB, KOTOPBIE MOAJIEPKUBAIU KPBIITY
XO35IMCTBEHHON IPUCTPOMKU K OJHOITAXKHO-
My nomy. B cenax Kpacnononse n Huxonsckoe
HanboJiee HAMISIIHO MOBPEKIEHUS MPOSBUINCH
BHYTPH 3[IaHUM IIKOJI: MHOXECTBEHHBIE BOJOCS-
HbI€ TPELINMHBI HA CTEHAaX U MOTOJKE B IOMeLIe-
HUAX KJIACCOB, BBIMAJACHUS KYCKOB IITYKaTypKH;
B c. Hukxonbckoe CABUHYIUCH CMEXHOYKpe-
IJICHHBIE 3aHMS IIKOJBl U CIIOPTUBHOTO 3aja.
Ha puc. 2 ¢parmeHTsl MOBpEXKIECHUN 3IaHUIA
mkon cest Hukonsckoe u KpacHomnoube.

B Tabn. 3 npuBOAsTCS pe3ynbTaThl Makpo-
CEHCMHUYECKOro 00C/IeIOBaHUsI B AMUICHTPAb-
HOM 30HE Yreropckoro 3emuierpsicenus 13 cen-
T10ps 2020 1.

Ha puc. 3 npeacrasnena kapra-cxeMa UHTEH-
CHUBHOCTHM COTPSICEHUH OT JIaHHOTO 3eMJIeTpsice-
HUS 10 pe3yjibraTaM IMPOBEIECHHOTO MaKpoceic-
MHUYECKOro OOCIIeOBaHUs B OSMHULEHTPAIBHOM
30He (Tabu. 3).

CToUT OTMETUTH, YTO B HACEJIEHHBIX ITyHKTaX
Opnoso, Onbiianka u [Topeuse, pacrogoKEeHHbBIX
Ha mobepexxbe Tarapckoro MmposivBa ¢ 3amajaHou
ctoponbl KawmsbleBoro xpeOta, 3emierpsice-

Tabnuya 2. IlapameTphbl MexaHu3Ma odara 3emuierpsicennii 13.09.2020 B 13:42 UTC u B 14:09 UTC
Table 2. Parameters of the focal mechanism of earthquakes on September 13, 2020 at 13:42 UTC and at 14:09 UTC

OcH TI1aBHBIX HAPSDKEHUH HonanbHabie miockocTu Tur Crepeorpamma

HapaMeTpLI T P NP1 NP2 ceiicMo- MEXaHU3MOB
3eMJIETPSICEHUS (HYDKHSS

PL | Az | PL | Az |STK| DP |SLIP|STK | DP |SLIp | AHCIOKAMHRI | o vedepa)
13.09.2020
13:42 UTC 9 72 24 338 23 80 24 118 66 —169 Cnur
Mw =4.8
13.09.2020
14:09 UTC 41 260 3 168 41 65 33 295 60 150 Cnur
Mw =4.6
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Puc. 2. BriBneHHbIe TOBPEXKACHUS 31aHUH IIKOT B celax
Huxonbckoe (BBepxy) u KpacHononbse (BHH3Y) IO pe3yiib-
TaraM MaKpOCEHCMHYECKOTO 00CIIeIOBAaHHS ITUIICHTPAIIb-
HOW 30HBI Yrieropckoro 3emierpsicerns 13.09.2020. @omo
J1.B. Kocmoinesa

Figure 2. Identified deformations of schools in Nikolskoe
(top) and Krasnopolye (bottom) according to the results
of macroseismic studies of the epicentral zone of the
September 13, 2020 Uglegorsk earthquake. Photo by
D.V. Kostylev

Tabnuya 3. Pe3yIbTaThl MAKPOCEHCMHYECKOT0 00c/1€e10-
BaHUSl B JMHUEHTPAJBHOI 30He YIJIETOPCKOIO 3emJie-
Tpsicenus 13.09.2020

Table 3. Results of macroseismic studies in the epicentral
zone of the September 13, 2020 Uglegorsk earthquake

Hacenennsiii nynxr | D, kM | bamr mo mxane MSK-64
c. [lopeune 11 4

c. Kpacnomnonse 13 5

¢. Hukonbckoe 15 5-6

c. Onpuranka 14 4

¢. Mensexnbe 15 5

c. OnbxoBKa 19 4-5

¢. OpmoBo 16 4-5

r. Youeropck 22 4-5

c. TpynoBux 22 4

noc. [llaxrepck 32 3-4

c. AitHckoe 38 He ourytumu
c. TebHOBCKHIA 55 He omytumm
c. Jlecoropck 60 1-2

¢. Kpacuoropck 56 2

c. Unbunckoe 103 He onrytumu

IIpumeuanue. D, KM — TUIIOLICHTPAJILHOE PACCTOSIHUE OT AMHILICH-
Tpa A0 IMyHKTA HAOIFOICHUMA.

Note. D, km — hypocentral distance from the epicenter to the
observation point.
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2020, 4 (4): 474-485

HUE OUIYTWUIM cilabee. MOXXHO HPEaIOI0KHUTD,
YTO 3TO OOYCJIOBIEHO OCOOEHHOCTBHIO penbeda.
Ha Bcem mpotsbkeHun penbed ocTpoBa Xapak-
TEPU3YETCS KaK CHCTeMa CyOMepUIAHOHATHHBIX
MOJHATUN U MOHWKEHUI. Y Tpu BO3HUKHOBEHUU
3eMJICTPSCEHUN CyOMEpUINOHAIbHBIC TOMHITHS
CaxanrHa 4aCTUYHO MOMIONIAIOT SHEPIHUI0 Ceic-
Muueckux BojH [CemeHoBa u np., 2013].

[To nmaHHBIM MakpocelcMUYecKoro oocie-
JOBaHUS OBLT MOCTPOEH rpaduk 3aTyxaHus WH-
TEHCUBHOCTH COTPSACEHUA TMpU YIIIETOPCKOM
semserpsiceHuu  13.09.2020 B 3aBHCUMOCTH
OT TMIIOLEHTPAJILHOTO paccTosiHus (puc. 4), ¢ uc-
MOJIb30BAaHUEM METOZa CPEAHHMX KBaJpaTroB BhI-
yucieH kodhdunueHT 3aryxanus. [Ipu rmyOuHe
TUIIOLIEHTpa 3eMieTpsiceHus 1 = § kM ko3¢ ¢u-
LIMEHT 3aTyxaHusi coctaBuia v = 4.2, 3T0 COOT-
BETCTBYET MpuHATOMY s CaxanuHa 3HAYCHUIO

v=4.3 % 0.6 [Ockopbun, 1977b].

Puc. 3. Kapra-cxemMa HHTEHCUBHOCTH COTPSICEHUH YIyIerop-
ckoro 3emuierpsicerus 13.09.2020. Pumckue iudpsr — 6an
WHTEHCUBHOCTH (Tabi. 3).

Figure 3. Schematic map of macroseismic intensity of
the September 13, 2020 Uglegorsk earthquake. Roman
numerals — intensity values (Table 3).
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YrneropcKoE 3EMNETPSICEHUE 13 CEHTSIEPS1 2020 rogA (0. CAXANUH)
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Puc. 4. ['paduk 3aTyXxaHus] HHTCHCUBHOCTH COTPSICCHHIA B 3aBUCUMOCTH
0T TUIOLEHTPaNbHOro paccrogHus D npu 3emnerpsicenuu 13.09.2020
B 13:42 UTC. BeprukanbHast 0Cb — HHTEHCUBHOCTb COTPSCEHUI B ITyH-
KTax HaOmoneHuit. [IprBeieHbI 3aBHCHMOCTH MEXY HHTEHCHBHOCTBIO
COTPSICCHNH U TUIMOLEHTPAIBHBIM PACCTOSHUEM.

Figure 4. The graph of the intensity decrease depending on the
hypocentral distance D during the September 13, 2020 earthquake
at 13:42 UTC. The vertical axis is the intensity at the observation
points. The graph shows the relationship between the intensity and the
hypocentral distance.

Puc. 5. Kapra aprepmiokoB Yreropckoro 3emierpsicenus 13.09.2020
¢ Mw = 4.8 mo manHbsIM omnepatuBHO# 00padboTku B PUOL] «HOxHO-
CaxaniHCK».

Figure 5. Aftershock map of the September 13, 2020 Uglegorsk

earthquake with Mw = 4.8 according to the operational data processing
of RIPC «Yuzhno-Sakhalinsk».

CHUPOBAaHHOM 3HAU€HUU NTyOUHBI OYara.
[TapameTpsi emme 17 aprepiokoB 6buH
omnpeneneHsl Oonee yem 1o 3 ceicmu-
yecKUM cTaHuaM. CaMblii CHIbHBIN
adrepmoxk Mw = 4.6 mpou3omien ciy-
cTs 27 MUH 1OCJIE OCHOBHOIO TOJIYKA
Ha 1yOuHe 6 kM. Ero Takke omyTunu
JKATENIH YIJIETOPCKOTO pailoHa, HO YXkKe
C MEHBIIIEH CUJIOM.

Kak BugHO U3 puc. 5, 3ona adrep-
IIOKOB YIJIETOPCKOTO 3eMJIETPSICEHUs
13.09.2020 pactaHyTa B IIMPOTHOM
HampaBJIeHUH. Takoe pacroyioKeHHe
SIUIIEHTPOB MOBTOPHBIX TOTYKOB COOT-
BETCTBYET OJIHOHAIPABJICHHOW CyOMe-
PUAMOHANBHON KOH(UTYpaluu peruo-
HaJIbBHOW CETU CEMCMUYECKUX CTAaHLIUM,
KOTOPBIE PacCTaBICHBI BIOJIb OCTPOBA
Ha 3HAYUTETHHBIX PACCTOSIHUSIX JIPYT OT
Jpyra U He MOTYT B TIOJIHOM Mepe o0e-
CIICUUTh HAJEKHOE ONpEACNICHUE AH-
[EHTPOB BO3HUKAIOIIUX 3eMIIETpsice-
HUil. JIJ1s1 Ka4eCTBEHHOIO MOHUTOPUHTA
CEeHCMUYHOCTH TpebyeTcs yCcTaHOBKa
JOTIOJTHUTEBHBIX ITYHKTOB ~CEHCMHU-
YeCKUX HAOJIOJACHUN B LEHTPAIbHOMN
U CeBepHOU yacTsax o. CaxanuH.

CyMMapHO BBIICTUBINASICS B pe-
3yabTaTe YINIETOPCKOTO 3eMiieTpsice-
HUS ¥ ero aTepIIoKoB celicMUYecKas
sHeprus Obuta paBHa 5.64 - 102 [k,
SHEprusl IaBHOIO TOJMYKA COCTaBHUIIA
6onee 77 % (puc. 6).

Kak moxxno HaOmronmath Ha puc. 6,
WHTCHCUBHOE BBIJEJIICHUE celcMuye-
CKOW 3HEPTUHU MPOWCXOAUIIO B TEUCHUE
NepBbIX 7 4, KOrna ObLIO 3apEerucTpUpO-
BaHO 45 adrepiiokoB. Hanbomee cumb-
HBIC U3 HUX OTMEUYCHBI Ha JUarpaMmme:
B 14:09 UTC (M = 4.5), 16:12 UTC
(M=3.2),20:49UTC (M =3.2) 13 cen-
Ts10ps u B 08:24 (M = 3.2) 14 ceHTsa0ps1.

Jlnst mydiero mOHUMaHUsS TPUPOJIBI YTIIerop-

Adrepmioku

ITo pesynbraram cecMUYE€CKOr0O MOHUTOPHH-
ra C MCIO0JIb30BaHNEM JIaHHBIX PErHOHATBHON CETH
ceiicmuueckux cranmui CO OUI[ EI'C PAH
B JMULCHTPAIBHOW 30HE YIIETOPCKOIO 3eMIle-
tpsiceaust 13.09.2020 ObuTO 3aperucTpUpPOBaHO
62 MOBTOPHBIX TOJTYKA U OMPEEIICHBI UX Mapame-
Tpbl, U3 HUX 70 % — 1O aHHBIM TOJIBKO OJIHOM
CEeUCMHMYECKON CTaHIMU «YTIErOpCK» mpu (HUK-
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ckoro 3emuerpscenust 13.09.2020 BeimonHeHa
OLIEHKa crHajaHus agTepIIOKOBOM AaKTHBHOCTH
MPUMEHUTENIBHO K 3akoHYy YTcy—Owmopu [Utsu,
1961; Utsu et al., 1995] (puc. 7).

3HaueHue mokasarens creneHu p ~ —0,6 mis
apTepIIOKOB  YIIIETOPCKOTO  3eMJIETPSICEHUS
13 cents6ps 2020 r. CymECTBEHHO OTIMYASTCS
OT T0KAa3aTeseil, XapaKTEPHbIX 1JIs €CTECTBEHHOU
CEHCMUYHOCTH, IIOJYyUYEHHBIX IIPU UCCIIETOBAHUU
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Puc. 6. Pactipenenenue Bo BpeMeHH CyMMapHO BbIIENUBILEHCS celicMuye-
ckoll sHepruu E, B pesysnsrare Yieropckoro semierpsicenus 13.09.2020
¢ Mw = 4.8 u ero adrepmokos (£, B JOrapuMUYECKOM MacmTade).
KpacHBIM TpeyrolIbHUKOM BBIJEIECHBI INIABHBIN TOMYOK M HAHOOJEe CHIIb-
HbIe aTepILIOKH, 3aPETUCTPUPOBAHHBIC B SMTHLICHTPAILHOM 30HE.

Figure 6. Time distribution of released seismic energy E, as a result
of the September 13, 2020 Uglegorsk earthquake with Mw = 4.8 and its
aftershocks (E, _on alogarithmicscale). The main shock and the strongest
aftershocks are marked with a red triangles.

100~ N. KonuecTBo
cobbIMiA

T. Bpema (4ac)
0.14 L L w2y L L kgl iy
1 10 100

Puc. 7. Tpenn cnaganus adTepIIOKOBOTO TpoIecca YIIErOPCKOro 3eM-
nerpsiceaust 13.09.2020 ¢ Mw = 4.8. TopusoHTambHas 0Ch — JOTaprupM
BpPEMEHH OT MOMEHTA INIaBHOTO TOJIYKA, BEPTUKAJIbHAS — JIorapudM yucna
3aperucTpUPOBaHHBIX aTepIokoB. CHMBOIIBI — KOJIMYECTBO 3eMIIeTpsice-
HHH, 3apeTUCTPUPOBAHHBIX B SAMHUILy BpeMEHH. [laHHbIE anmpoOKCHMHUPO-
BaHBI CTETICHHOHN 3aBUCUMOCTBIO METOIOM HAMMEHBIIINX KBa[PaToB.

Figure 7. Trend of the aftershock decline process of the September 13, 2020
Uglegorsk earthquake with Mw = 4.8. The horizontal axis is the logarithm
of time from the moment of the main shock, the vertical axis is the logarithm
of number of registered aftershocks. Number of earthquakes per time unit
is marked with triangles. The data were approximated by a power law
dependence using the method of least squares.

3TUX 30H — 3amagHo-CaxaanHCKUH,
Hentpansuo-Caxanunckuii, BocTou-
Ho-CaxannHckni, Xokkaigo-Caxa-
JUHCKHN HMMEIOT CyOMepuaInOHab-
HOC HANpaBJICHHUE U SBHBIC IPU3HAKU
MIPABOCTOPOHHUX CIIBUTOBBIX CMeEIlle-
Huit [Ockop6un, bo6kos, 1997]. [1po-
TSHYBIIUKCS BIOJNb 3amajgHoro Oepe-
ra octpoBoB CaxanuHa u XOKKanio
3amagHo-CaxanuHCKU pasiaoM 00-
nee yem Ha 1000 kM cClIyXuT rpa-
HULed wmexay 3anagHo-CaxaiuH-
CKUM aHTUKIWHOpUEM U Tarapckum
CHHKJIMHOPHUEM U MPOSBIISAETCS B BUJIC
TYCTOM CeTH CBSI3aHHBIX MEXKy COOOU
cOpocoB, cOpPOCO-CABUTOB, B30OPOCOB.

N3 conocraBnenusi HaOIIONEH-
HOM CEHCMHUYHOCTU CO CTPYKTYPHO-
TeKTOHWYECKUM 1uiaHoM CaxanvHa
BbITeKaeT, uto ¢ 1906 r. mambonee
BBICOKHMI ypOBEHb pPEaM30BaHHOTO
CEeHCMOTEKTOHMYECKOTO TOTEHIIMAJIA
OTMEYaeTcs B 30HE KOHTaKTa CTPYK-
Typ CaxanuHa C CEBEpHOM 4YacTbiO
SInoHcko#l KoTioBUHBI [OcKopOuH,
bobkoB, 1997]. B 3one 3amagno-Ca-
XQJIMHCKOTO Pa3jioMa W OINEPSIONINX
€ro CTPYKTyp TMPOU3OILIN TaKue
CUJIbHBIC 3€MJICTPSICEHUSI, KaK AJIeK-
canaposckoe ¢ Mw = 6.0 B 1906 r,
VYoeropcko-Jlecoropckoe ¢ Mw = 6.8
B 1924 r, Vmieropcko-AiHCKOE
¢ Mw =6.7 82000 r., [opHO3aBOACKOE
¢ Mw = 5.7 B 2006 r., HeBeabckoe
¢ Mw = 6.2 B 2007 r. [Peruonanb-
HbIH... , 2006; IlommaBckas u 1p.,
2006; ®okuna, Cadonos, 2012; Ca-
¢donoB U 1p., 2013; Konosasnos u ap.,
2014]. JInst mMOMHOTHI KapTHHBI CTOUT

a(TEPIIIOKOBBIX MPOIECCOB CAXATHMHCKUX 3eMJIe-
TPSACEHUM Ha MHTEpBAJE Pa3HbIX 3HAYCHUM Mar-
nutyy [CemenoBa 2010; Cemenona, Konosamog,
2011], m MOXET SBIATHCS OAHUM W3 TPU3HAKOB
TEXHOTEHHOTO BJIMSIHUS HAa CEMCMUYECKHH Mpo-
necc [Anymkus, Typynraes, 2015].

TexkToHMYecKasi 00CTAHOBKA B 30He
Yraeropckoro semuerpsicenus 13.09.2020

AxTuBHBIE pa3iaomsbl 0. CaxaauH 0ObEeAUHSIOT
B X0oKKai0-CaxaJIMHCKYIO CIABUIOBYIO 30HY, KO-
TOopasi noxpasaensercs Ha 3anaaHo-CaxanuH-
ckyto U Bocrtouno-Caxanunckyto [CTpenbLos,
PoxxnectBenckuii, 1995]. Kpynueiiiue pa3iomsl
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OTMETHUTh, 4TO (POHOBASI CEHCMUYHOCTH 3amaHo-
CaxaJIMHCKOTO pa3jioMa MPOSBIISIETCS HA BCEM €ro
NPOTSKEHUH, a TPOMEXKYTOUHBIE 110 CUJIE 3eMJle-
TPSICEHUsI BO3HUKAIOT IMHU30IUYECKH, MCKITIOYast
nepemeek [losicok [Ockopbun, 1977a; Ockop-
oun, bookos, 1997].

O0cy:xneHue pe3yabTaToB

B cootBercTBUM ¢ TpuBEIEHHBIMH B pabo-
te [Ockopbun, bobkoB, 1997] xapakrepucTuka-
MU CEeHCMOTeHHBIX 30H 0. CaxaluH, SIUIEHTPHI
YIJIErOpCKuX 3emiierpsicenuit B ceHtsaope 2020 r.
TATOTCIOT K 3amanHo-CaxaanHCKON mienb(oBoit
30He, KOTOpasi pacceueHa cyOMepHIMOHAIbHBIMU
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U CyOLIUPOTHBIMU Pa3phIBHBIMU CTPYKTYpPaMH
HaJIperuoHaabHOro 3anaaHo-CaxaauHCKOro pas-
noma. HauGonpmiast celicMuyeckass akTUBHOCTh
HaOmonaeTcss Ha  Yreropcko-bomnrHskoBckoM
ydacTke 3Toi 30HBI [OckopOuH, boOkoB, 1997].
ONUIEHTP 3aperucTPUPOBAHHOIO 13 ceHTsI0ps
2020 1. 3emueTpsaceHus: ¢ MarHuTynqou Mw = 4.8
JIOKAJIM30BaH Ha CEBEpHOM (hIaHTe SMUIECHTPAIb-
HOM 30HBI YINIETOpCKO-ANHCKOTO 3€MIIETPSACEHUS
4 aBrycra 2000 1., ouar KOTOpOTo OBLI MPUYPOUECH
K cocTaBHOW 4acTu 3anagHo-CaxalnHCKOro IIy-
OuHHOTO pasznoma — KpacHOmosbckoMy pasiiomy
[[TpeiTKOB, 2006].

Takum oOpazom, YIeropckoe 3eMIIeTPSICEHHE
BO3HUKJIO BCIIEACTBHE CYOIIMPOTHBIX PaCTATH-
BAIOIUX HAMPSOKCHUH M COKUMAIOIIUX OIU3ro-
PU3OHTANIbHBIX, TUI MOABUXKU — cABUT. Pacmo-
JO)KEHUE SIUICHTPOB a(TEPIIOKOB JaKe INPH
uMmerouiemMcs 1euuuTe CTaHIUN CeTH perucrpa-
MU HE IPOTUBOPEYUT MEXaHU3MY INIABHOT'O TOJTY-
Ka B 30HE YIJIETOpCKOro 3emierpsicenus. [myou-
Hbl 04aroB YITIETOPCKOTO 3€MJIETPSICEHHSI U €ro
aTEepIIOKOB HAxXomATCA B AuanazoHe 5—14 kw,
YTO COOTBETCTBYET XapaKTEpUCTUKaM 3amnajHo-
CaxanuHckoil 1menb(GoBOM CEMCMOTeHHOM 30HBI
(MOIIHOCTDH 3eMHOU KOpbI 28—31 KM, IpaHUTHOTO
ciost 6-10 kM, 6a3anbToBOTO 1518 KM).

[Ipn nHTEpHpEeTauy NPUYUH BO3HUKHOBEHHUS
CEHTSOPbCKUX COOBITMH B YIVIETOPCKOM paiioHe
oOparraer Ha ceOsl BHUMaHUE TaKKe NMPHYpPOUYEH-
HOCTb MMLEHTPOB 3EMJIETPACEHUIN K MECTy Ipo-
BEJICHHSI aKTHBHOW JOOBIYM Oyporo M KaMeHHOTO
yros. McenenoBaHus yrojbHBIX MECTOPOXKAECHUI
B YIJIETOPCKOM paiioHe ObUIM Ha4yaThl B Hayaje
XX B. ssmoHckumu reosioramu [I'eonorust CCCP,
1970], a yxe B 20-x roznax 37€Ch BeJaCh aKTHBHAsA
MOOBIYA YIIIS KaK B IIAXTaX, TAK U OTKPBITHIM CIIO-
cobom [[pumraues, 2019]. B wactHoctH, ¢ 1928 .
paborana maxta Ne 3 (moc. ToHHaif), KoTOpast pac-
noJyiarajach B 12 KM OT pacyeTHOrO SIHUIICHTpA.
B Hactosiiee Bpemsi 100bIYa yIiisi B pailoHe Be-
JIETCS OTKPBITHIM CIOCOOOM Ha HECKOIBKUX y4acT-
KaX, HanOonee akTMBHO Ha COJNHIEBCKOM YTOJIb-
HoMm paszpe3e (CYP) Bocrounoil ropHOpynHOM
komrianuu [ComnHieBckuil paspes... , 2019]. Jo-
ObIua ymis 371eCh MPOBOIUTCS HA JIBYX Y4acTKax:

IOsxnp1i-1 n FOxHb1i-11. B pe3ynsrare nouckoBo-
pa3BeIOYHBIX PAabOT, B YACTHOCTU KAPOTAXKHBIX,
B 1979-1981 rr. Ha yuactke FOxnbIii-1 Caxanun-
CKasl TeO0JIOropa3BeOvHasl SKCIICAUIsS 00beau-
HeHHs «CaxaJMHreoIorTus BbISIBUJIA OCIIOXKHSIO-
M€ HKCIUTyaTaluio (pakTophbl, TAKHE KaK HaJIHM4ue
B pa3pese ciaaldbIX MOpOj, TPEUIMHOBATOCTh, CIO-
COOHOCTH MOPOJ] K pa3MOKaHUIO*. B manpHeimmx
reoJOrM4YeCcKuX HMCCIEAOBAHUAX paiioHa J00BIYH
TaKK€ OTMEYaJOCh HAJINYME TEKTOHUUYECKUX Ha-
PYLIEHUI, B 30HE KOTOPBIX YCTOWYMBOCTH ITOPOJ
CHWKAETCH.

O6beMbl  100b1YM  yrisi Ha CONHIIEBCKOM
YIOJIbHOM pa3pe3e B MOCIEAHHE TPHU rojga He-
YKJIOHHO YyBenunuuBaiuch. IIpu 3tom mnponop-
IIMOHAIBHO POC 00bEM BCKPBINIHBIX pabot. Tak,
ToJbKO 3a 9 Mec. 2020 1. Ha CoMHIEBCKOM yTrojib-
HOM paszpese IMepeMenieHo 75.5 MiiH KyOoMeTpoB
TOPHOM Macchl, TOAOM paHee — Oosee 55 MIIH T
(http://miner.ru/info/2733/). Tlpu upoBeneHun
MaKpOCEHCMHUYECKOro 00CIeI0BaHUsl TOCTYyIIa-
JM MHOTOYHUCIICHHBIE KaloObl OT KHUTEIEH cel
Kpacnononbs, Huxonsckoro, Mensexse VYre-
TOPCKOTO paiioHa O B3PBIBHBIX paboTax, COIpo-
BOJKJAIOIIMXCS YIAPHBIMHU BOJIHAMHU, OT KOTOPBIX
npede3xkar CTeKJIa OKOH B JOMax, CJIBIIIECH CHUJIb-
HBIH I'yJl, TyTarlui HaceJIeHHE.

C® ®UIl EI'C PAH npoBoguT MOHUTOPUHT
IIPOMBIIIUIEHHBIX B3PBIBOB, B TOM UHUCJIE U B YIie-
rOpcKoM paione. I1o pe3ynpraram 3T0ro MOHHUTO-
pHUHra MPOAHATUZUPOBAIN JUHAMUKY U3MEHEHUS
YacTOTBl M XapakTepa B3pbIBOB, 3apETrUCTPUPO-
BaHHBIX B KoopauHaTax 48.7—49.5° c.u1. u 141.7—
142.5° B.21., ¥ CONOCTaBUIIM UX C CEMCMUYHOCTBIO
B TOM k€ paifoHe (puc. 8).

Obpamaer Ha ce0st BHUMaHUE TOT (PAKT, YTO
IpY YMEHBIICHWH OOMIEro KOJIMYEeCTBa 3ape-
TUCTPUPOBAHHBIX B3pbIBOB ¢ KoHHa 2019 r mx
CyMMapHasl HHEprus NPAKTUYECKH HE H3MEHH-
Jach, 4YTO TOBOPUT O BO3POCIIEH MOIIHOCTH
Ka)X10r0 OTAEJIBHOIO B3pbIBa. Takke MOXKHO OT-
METUTh, 4TO K KoHIy 2019 1. cymmapHas sHep-
I'vsl B3pBIBOB, IPOM3BEJICHHBIX HAa y4acTKE HC-
cinenoBanust ¢ 2017 r, mpeBbicHiIa CyMMapHYIO
SHEPTUIO OT CEMCMHUYECKUX COOBITHH 3a TOT XKe
nepuoa Bpemenu. [lpu 3Tom ¢ Havana 2020 r.

*[eonocuueckuti omuem no npeosapumenvholl pazeedxe yuacmra FOxcnoeo Connyesckozo 6ypoy2oibH020 Mecmopoicoe-
nust ha Caxanune, npogedennou ¢ 1981-1982 22. 1982. Ucn.: Kupunnos E.M., I'ynsesa JI.C., Crprouxos B.B., Annpee-
Ba M.H. MunuctepctBo reosiornn PCOCP, CaxanrHCcKoe MPOU3BOACTBEHHOE reoorndeckoe oobennuenue «CaxamuHre-
onorusi»y, CaxaluHCKas reoyioropa3Benoynas skcneaunus. FOxuo-Caxamunck, 131 c. [Geological report on preliminary
exploration of the area of Southern Solntsevskoe brown coal field on the Sakhalin conducted in 1981—-1982. 1982. Authors:
Kirillov E.M., Gulyaeva L.S., Stryuchkov V.V., Andreeva M.N. Ministry of Geology of the RSFSR, “Sakhalingeology”
production association, Sakhalin geological survey expedition]. Yuzhno-Sakhalinsk: Sakhalingeologiya, 131 p. (In Russ.).

FEOCUCTEMBI MEPEXOQHbLIX 30H
2020, 4 (4): 474-485

481

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 474-485


http://miner.ru/info/2733/

TEO®U3UKA, CEMiCMONOrns

GEOPHYSICS, SEISMOLOGY

OTMEYAETCAd POCT CEUCMUYHOCTH B JAHHOM paii-
oHe (puc. 8).

Kpome ConHIileBCKOro MECTOPOXKACHUS B paid-
OHE JICHCTBYIOT JIMIIEH3UN Ha OOBIY YIS M Ha
JIPYTUX y4acTKax, IJI€ BEACTCS WU ILIaHUPYETCS
n00bI9a OTKPBITHIM criocobom — KoHCTaHTHHOB-
ckoM u CoOoneBckoM. Takxke B pailoHe HAXOAATCS
paspabarbiBaeMble JJIMTEIbHOE BpeMsi KAMEHHbIE
Kapbephbl aHJE3UTOB U 0a3albTOB — MECTOPOXKIe-
HUsL DXMUHCKoe U M3buibMeTheBckoe. Takoe Ko-
JTUYECTBO YYaCTKOB aKTHBHOW pa3pabOTKH HEnp
Ha HeOonpmoi (20 x 20 kM) MUIOmMAIN JeTacT
0Cc000 Ba)KHBIM IPOBEJIEHUE JETAJILHOTO MOHH-
TOPUHTa JAHHOTO y4YacTKa, JIJIsl 4ero HeoOXoauMo
pa3MelieHne JOMOJHUTEIbHBIX CEMCMUYECKUX
CTaHIIMI 1, BOBMOXKHO, IPUBJIEYCHHE 000PYI0Ba-
HUSL JUIsI KOMIUIEKCHOTO MOHHUTOpPUHTA (M3Mepe-
HUS ypOBHS NOATNIOYBEHHOI'O paJiOHa, CEIICMOaKy-
ctuyeckux HabOmonenuit). Ha puc. 9 npusenena
KapTa C SMHICHTPAMH CEHCMHUYECKUX COOBITHH,
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Puc. 8. Conocrapnenue KoIM4ecTBa U MOIL-
HOCTH TIPOMBIIIICHHBIX B3pPBIBOB H IIPO-
SIBIIGHUM CEUCMUYHOCTH paiioHa B MEPUON
1.2017 — IX.2020 ¢ nomyrooBbIM HHTEpBa-
JIoM (cJIeBa) ¥ HaKOMHUTEIBHOTO POCcTa 00b-
eMoB 100buu yrist Ha CYP ¢ HakomwieHueM
SHEPTUH B3PHIBOB M CCHCMHIECKUX COOBITHIA
3a TOT JXe TIeprof (crpasa).

Figure 8. Comparison of number and total
energy from industrial blasts and the regional
seismicity during the period 1.2017 —1X.2020
with a biannual interval (left) and cumulative
growth of coal production at the SCM with
the accumulation of blast energy and seismic
events during the same period (right).

y4acTKaMHu pa3pabOTKU U BO3MOXHBIM MECTOIIO-
JIO’)KEHUEM JIOTIOTHUTENBHBIX CTAHIIUH.

ITo pesynpratam HaOMOACHWI B DSIHIICH-
TpaJdbHOM 30HE YIIETOPCKOTO 3E€MIIETPSCEHUS
13 centsa6psa 2020 r ¢ Mw = 4.8 Ha 3acenanuu
Caxanunckoro ¢unmana Poccuiickoro skcnept-
HOT'O COBETA IO MPOTHO3Y 3€MJIETPSICEHUH, OLIEH-
K€ CECMUYECKON OMacHOCTH U pUcka (IIPOTOKOI
3acenanuiit CO POC Ne 1 or 06.10.2020 r.) 6110
MPUHSATO PEIICHHUE O IPOBECHUH JIE€TAILHOTO MO-
HUTOPHHTA MMPOMBIIIJICHHBIX B3PHIBOB Ha YTOJb-
HBIX MECTOPOXKIACHUSX.

3akjaoueHne

3emnerpsicenue 13 centsOpst 2020 . B 13:42
UTC c¢ marautynoii Mw = 4.8. OblI10 3aperu-
CTPUPOBAHO CEHCMHUYECKUMHU CTAaHLUUSAMH pEru-
OHAJIbHOW M MHUPOBOM CHCTEMBI CEMCMOJIOrUYe-
ckux HaOmoneHnuid. [lapamerpsl >muIeHTpa 1O

Puc. 9. VYuactkm m0OBIYM TIOJE3HBIX HCKOIIAe-
MbIx: 1 — FOxneii-1 Comuuesckoe, 2 — HOxHBIH-2
Comanesckoe (3AO «CoJHICBCKHI YTONBHBIN pa3-
pe3»); 3 — Lenrpanprbnii-ouc, 4 — LleHTpanbHBIH
(OO0 «Yrneropckyronsy); 5 — CoboneBckoe KaMeHHO-
yroibpHOe MecTopokaeHne (OO0 «YronbHbIe pecypehbl
CaxanuHay); 6 — KOHCTaHTHHOBCKOE MECTOPOXK/ICHUE
(OO0 «BamamHast yrompHas KOMIaHUS»), 7 — DOX-
MUHCKOe (aHme3uT); 8§ — V3bUIbMETheBCKOE (aHIIe3u-
To6a3ansT). Ha prcyHke HaHECEHBI AMUIIEHTPHI 3ape-
THCTPUPOBAHHBIX 3eMJIETPSCEHUH 3a mepuox ¢ 13 mo
21 centabps 2020 .

Figure 9. Mine sites: 1 — Yuzhny-1 Solntsevskoye,
2 — Yuzhny-2 Solntsevskoye (ZAO “Solntsevsky
coal mine”); 3 - Central-bis, 4 - Central
(OO0 “Uglegorskugol”); 5 — Sobolevskoe coal
deposit (OO0 “Ugolnyye resursy Sakhalina”);
6 — Konstantinovskoe deposit (OOO ‘Zapadnaya
ugolnaya kompaniya”); 7 — Ekhminskoe (andesite);
8 — Izylmetyevskoe (andesite-basalt). The figure
shows epicenters of the registered earthquakes during
the period from September 13 to 21, 2020.
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JIaHHBIM PETrMOHAJILHOW CEUCMOJIOTHYECKON CETH
C® OUILL EI'C PAH u mexnyHapoIHbIX ceicMo-
JIOTUYECKUX LEHTPOB MOKa3aiu ONHU3Kue pe3ysib-
Tathl. Hanbosmbias MHTEHCUBHOCTh COTPSICEHUI
5—6 Gamnos no mxane MSK-64 Obuna 3apukcu-
poBaHa B ONMKANUIIMX K SMULEHTPY HACEIEHHBIX
IIyHKTaX YIeropckoro paiiona o. CaxaauH.

3eMJIeTpsICeHHE BO3HUKJIO BCIIEJCTBUE CYO-
IIMPOTHBIX PACTATUBAIOLINX HAPSKEHUHN U CHKU-
MaloOUMX OMU3TOPU30OHTANBHBIX, THIT TOJIBUXK-
KU — CJIBUT.

PernonanbHON CeHCMUYECKON CEThIO OBLIO
3apErucTpUpoBaHO 62 TMOBTOPHBIX TOJIYKA, HUX
AIUIEHTPHl MpUypodeHbl K 3anaaHo-CaxanuH-
CKOW 1m1enb(oBOM 30HE, CEHCMUYHOCTh KOTOPOM
ornpezeNnseTcss aKTUBHBIMH CyOMepHIMOHAIbHbI-
MU U CyOLIMPOTHBIMU Pa3pbIBHBIMU CTPYKTypa-
MU HaJIperMOHaJIbHOTO 3anaaHo-CaxaJuHCKOro
pasnoma. B Teuenue uyTh Oonee 7 4 aKTUBHOIO
CEHCMHUYECKOr0 Ipoliecca 3aperucTpUpOBaHO
4 adrepmoka ¢ Mmarautyaod M > 3.0, HauGonee
CUJIBHBIN M3 KOTOPBIX UMENT MarHutyny M = 4.6.

[Ipu omenke cmamanusi aTEPIIOKOBOM aK-
TUBHOCTH MPUMEHHUTENIHHO K 3aKOHY YTcy—OMo-
pU TIONyYeHO 3HAYEHHE TIOKa3aress CTENeHU
p~ —0.6, HEXapaKTepHOE ISl ECTECTBEHHOM Celc-
MUYHOCTHU CaXaJIMHCKHUX 3€MJIETPSCEHUH, YTO MO-

Cnucok Jureparypsbl

M.:TEOC, 364 c.

MATb. Eorcecoonur Anonus, 48: 272-286.

44 (4): 51-62.

nusoctok: JIBHI] AH CCCP, c. 3-23.
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KET CBUJETEIIbCTBOBATHh O TEXHOT€HHOM BIIMSIHUHU
Ha CeCMMYECKHUI MpolLiecc.

CymmapHasi sHeprus 3aperucTpUpOBaHHbIX HA
CONHIIEBCKOM YTOJIbHOM pa3pe3e B3pPbIBOB, MPO-
m3BeaeHHbIX ¢ 2017 mo 2019 1., npeBbicuiia 3TOT
IOoKa3arenb JUIT CEMCMHUYECKUX COOBITHHA 3a TOT
e nepuoj Bpemenu. [Ipu stom ¢ Hayana 2020 .
OTMEYaEeTCs TEHJAEHUUS K AaKTUBU3AI[UU CEHCMUY-
HOCTHU B JaHHOM paiioHe.

Kaporaxusie paboThl Ha OJHOM U3 y4aCTKOB
CoJIHLIEBCKOTO YTOJIBHOTO pa3pesa MoKa3aju, yTo
MIPOBEICHUE BCKPBIIIHBIX pa0OT MOXKET COMPOBO-
KIAThCSI TCKTOHMYECKUMHU HapYIIEHUSMH B 30HE,
IJI€ YCTOMYUBOCTD ITOPOJ CHUKAETCS.

Caxamuackum (ummanom Poccuiickoro skc-
MIEPTHOTO COBETA MO MPOTHO3Y 3EMIIETPICEHUH,
OLIEHKE CEHCMMUYECKO OMAacHOCTU U pUcka 6 Ok-
Ts0pst 2020 T. MPUHATO pelIeHUe O MPOBEACHUHU
NETAaJTbHOTO  MOHUTOPHHTA  MPOMBIIIUICHHBIX
B3PBIBOB Ha YYaCTKax JOOBIYH YTOJBHBIX MECTO-
poxaeHul. YctaHoBka 3—4 KOPOTKONEPUOAHBIX
ceiicMOoMeTpoB B YIJIErOpCKOM paiioHe Oyaer
CHOCOOCTBOBaTh 0oJiee TOYHOW JIOKAJIHU3AINH
MPOBOIMMBIX TaM B3PBIBHBIX PabOT, OIEHKE UX
BO3JICHCTBHSl HAa CEHCMUYECKYIO aKTMBU3ALMIO,
MIPOBEJICHUIO MOJHOLIEHHOTO MOHUTOpPUHIA Clla-
00l CeICMUYHOCTH.
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Seismoacoustic observations using molecular-electronic hydrophones
on Sakhalin and the South Kuril Islands (Kunashir Island)
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Abstract. The article presents the main characteristics and studies spectral and recording capabilities of ex-
perimental samples of three types of molecular-electronic hydrophones with different sizes of electrochemi-
cal converting cells, which were installed in the central part of the south of Sakhalin Island and on Kunashir
Island (southern part of the Kuril ridge) at the end of 2018. A hydrophone on a new technological basis (with
an increased sensor sensitivity relative to previously conducted studies) was approved on Kunashir Island.
Equipment of this type was used for observations on the territory of the Sakhalin region for the first time.
As a result of continuous seismoacoustic observations on Kunashir Island, in seven cases out of 35 studied
(from May 1, 2019 to February 29, 2020) earthquakes, a low-frequency anticipatory signal (LFAS) was de-
tected, and all seven events had a depth of hypocenter of more than 80 km. In the area of the Central Sakhalin
fault, in addition to the possibility of registering the LFAS, spectral features in the recording of waveforms
were studied for different conditions of instrument installation. It is shown that the influence of such atmos-
pheric factor as wind load significantly affects hydrophones located in a shallow water body and a shallow
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open borehole. However, molecular-electronic hydrophones have demonstrated the ability to fully record
seismic events regardless of the installation conditions of the equipment.

Keywords: seismoacoustic observations, molecular-electronic hydrophone, spectral density, seismic events,
low-frequency anticipatory signal

s yumupoeanus: Kocteuie J1.B., borunckas H.B. CeficMoakycTHueckue HaONMIOACHUS ¢ MPUMEHEHHEM MOJICKY-
JISIPHO-3IIEKTPOHHBIX TupodoHoB Ha CaxanuHe U oxHBIX Kypunsckux octpoBax (0. Kynammup). Ieocucmemot nepe-
xo0omvix 30H, 2020, T. 4, Ne 4, c. 486—499. https://doi.org/10.30730/gtrz.2020.4.4.486-499

For citation: Kostylev D.V., Boginskaya N.V. Seismoacoustic observations using molecular-electronic hydrophones
on Sakhalin and the South Kuril Islands (Kunashir Island). Geosistemy perehodnykh zon = Geosystems of Transition
Zones, 2020, vol. 4, no. 4, pp. 486—499. (In Russ., abstr. in Engl.). https://doi.org/10.30730/gtrz.2020.4.4.486-499

baarogapuocTy u puHAHCHMpPOBaHME

Paboma evinonnena npu wacmuunoii noddepxcke Poccutickoeo onda ghynoamenmanbHbix ucciedo8anuil
(PODU) Ne 18-07-00966A, «Hccredosanue mpuzeephuix 0ehopmayuoHHbIX 3P Gexmos no OaHHbIM 0 ceticMut-
nocmu Caxanuna ¢ npumeHeHuem CeticMuieckux 0amuyuko8 H08020 Munay.

Acknowledgements and Funding

This work was carried out with partial support from the Russian Foundation for Basic Research (RFBR) No.
18-07-00966A4, «Study of trigger deformation effects based on the data on Sakhalin's seismicity using a new type

of seismic sensorsy.

Beenenue

CelicMOaKkyCTU4YECKHE MCCIE0BaHUS CErOJHS
BOCTpeOOBaHbI B CEiCMOpa3Be/IKe, IIPU OLIEHKE pU-
CKOB B MOPCKOM M IPUOPEKHOM CTPOUTEIHCTBE,
B CUCTEMaxX OXPaHbl AKBATOPHUI U MPOUUX OKEaHO-
rpaduyeckux HaOmoneHusx. He nocnennee mecto
B 3TOM CIMCKE 3aHHUMAET U3yUYE€HUE CEHCMHUYECKUX
IIPOLIECCOB C HCIOJIB30BAHUEM T'MJPOaKyCTHYe-
ckux cucreMm. Kak Obuio panee nokazaHo [bopu-
CoB U Jip., 2013], npuMeHeHne ManoradapuTHBIX
rUIPOGOHHBIX CHCTEM B YCJIOBUSIX MEJIKOBOAbS
MIO3BOJISIET PETUCTPUPOBATh PErMOHAJIBHBIE 3EMIIE-
TPSICEHUs1, B TOM 4HcCJIe c1a0OMarHuTyHbIE U [Ty~
00K0(pOoKyCHBIE, TOKAIbHBIE MUKPO3EMIIETPSICEHUS,
MIPOU3BOIUTH OLIEHKY [1apaMeTPOB 3eMJIETPSICEHNUH,
(UKCUPOBATH CUTHAJIBI T€0AKYCTUYECKON AIMUCCUH,
BBISIBJISITH HAINPSKEHHO-E(POPMUPOBAHHBIE COCTO-
SIHUSI TE0JIOTUUECKUX TIOPOLL.

Ha o. Caxanun u Kypuiibckux octpoBax ruipo-
aKyCTHUYECKUE O3epHbIC U celicMuueckue oepero-
Bble HaOmoaeHus nposoawinck B 2006-2012 rr
B paiioHe llentpanbHo-CaxanMHCKOIO pasjioma
0. CaxainuH, a Takxke Ha ocTpoBax Kynamp u [11u-
kotaH [bopucos u np., 2012; bopucos, bopucos,
2017]. HabGmroneHuss mpOBOAMIM TIPU TIOMOIIH
rUApOGOHHBIX ABTOHOMHBIX ~CEMCMOCTaHLUH,
pa3paboTaHHBIX M U3rOTOBJIEHHBIX B WHcTUTy-
Te Mopckoil reosnoruu u reopusuku J[BO PAH
(UMI'ul' AIBO PAH) nsis nonroBpeMEHHOro Tu-
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JIPOAKyCTUYECKOTO HAOIFOMEHMSI 32 CEHCMUYECKON
akTUBHOCTHIO [bopucos u nip., 2013].

JlanHple HaOMIONEHHS HOCWIM MpEeUMyIIe-
CTBEHHO JKCIEAMLIMOHHBIA Xxapakrep. Hecmo-
Tpsi Ha OONBIIOE KOJMMYECTBO MOMEX MPU PEru-
CTpallii TUJIPOAKyCTHUECKHX 3aIlluceH, yaanoch
yctanoBuTh [bopucoB u np., 2012], uro cnadseie
3eMJIETPSICEHUSI YBEPEHHO PETUCTPUPYIOTCS TH-
IpohOHHBIMU CTaHIUSAMU. Taxke ObUIO MOKa3a-
HO [bopucoB u np., 2012], 4yTo 711 HEKOTOPHIX
Cl1a0bIX 3eMJIETPSACEHUN XapaKTEpHO MOSBICHHE
CBEPXKpPATKOCPOYHOI'0 IpHU3HAKA CEeHCMHUYECKO-
ro COOBITHS — HU3KOYACTOTHOTO YTPEKIAIOIIETO
curHasia (HYC). UntepecHo, 4TO 3aperucrpu-
POBaHHbIE THUAPOAKYCTUYECKHUE OTKIUKHU B BUIE
HYC xopomio Buanbel Ha yactote 6 I'u, a mpo-
JOJKUTEIbHOCTh CUTHAJIA COCTABIISIET IPUMEPHO
3 % ot o01Iel MPOJOIKUTEIHLHOCTH 3alIUCH BOJI-
HOBOH (POPMBI.

B HacTosmieit paboTte ncciieioBaHbI CIIeKTpalib-
HBIE U PEruCTPALMOHHBIE BO3SMOKHOCTH TPEX THU-
OB THAPO(OHOB B 3aBHCUMOCTH OT UX KOHCTPYK-
TUBHBIX ocobeHHocTell. [mapodonsr 769 u 8§91
ObUTH YCTaHOBJIIEHBI B COBEPIIEHHO Pa3HBIX yC-
JIOBUSIX, YTO TIOMOIJIO BBISIBUTH BO3JEHCTBUE
pa3IMYHBIX aTMOC(hepHBIX (HaKTOPOB Ha paboTy
obopynoBanusi. C UCIIOIB30BaHHEM MOJIEKYIISIP-
HO-2JIEKTpOHHOTO ruapodona 770, mpemocTas-
nenHoro OOO «P-cencopc», Ha o. Kynammp
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IIPOBOJUINCH HETIPECPBIBHBIC THAPOAKYCTHUCCKUEC
HaGJIIOIleHI/ISI, KOTOPBIC IMO3BOJIMJIN IMOJTYYHUTb HC-
IIPOTUBOPECYHUBLIC JaHHBIC CPABHUTECIIBHO C Ooiee
PaHHHUMU UCCICIOBAHUAMMU.

HIupoxkomnoiocHbie rHAPOPOHBI

HAa OCHOBE MOJICKYJIAPHO-2JICKTPOHHOI0
nepeHoca AJsi MpoBeIeHUus
CeliCMOAKYCTHYECKOI0 MOHMTOPUHIA

CyIecTByOT pa3inyuHble TEXHOJIOTHH H3TO-
TOBJICHUS! TUAPOPOHOB — NATUHUKOB, U3MEPSIO-
IIMX BapUaIluy aKyCTHYECKOTO JaBneHus. Hanbo-
Jee pacmpoCTpaHeHbl THAPO(OHBI, OCHOBAHHBIE
Ha AJEKTPOTUHAMUYECKOM, TTHE303JIEKTPHUECKOM
W MarHUTOCTPHUKIIMOHHOM 3(dekrax. HezaBucu-
MO OT TEXHOJOTHH, WCIOIb30BAaHHOW TpPH CO3-
JaHUM TUAPOPOHOB, BO3MOKHOCTH H3MEPEHHUS
CJTa0BIX CUTHAJIOB C IOMOIIBIO THIPO(OHOB Orpa-
HUYEHBI YPOBHEM PETUCTPHUPYEMBIX ITIOMEX, HE OT-
HOCSIIIIMXCS K TIOJIE3HOMY CUTHATY U MPEICTABIIS-
IOLUX, C TOYKU 3PEHHs MPOIIECCOB HU3MEpPEHUs,
myM. B HacTosimeM uccieoBaHUH TpeACcTaBIIe-
HBI PE3yJIbTAThI MPAKTUUYECKOTO OIBITA UCIIOIB30-
BaHUs THIPO(OHOB, CO3AHHBIX HA OCHOBE MOJIe-
KYJISIPHO-3JIEKTPOHHOTO mepeHoca 3apsiaa (MOI])
00O «P-cencopce» B corpyaHudecTse ¢ LleHTpom
MOJICKYJISIPHOU DJIEKTPOHUKH MOCKOBCKOTO (u-
3uKo-TexHruueckoro uucruryra (MOTHN) [3aiies
u ap., 2019]. Texnonoruss M3II, ycnemHo 3ape-
KOMeHIoBaBmast ceds B 00JacTh CENCMOIOTHH

U reo(U3NYecKHX HCCIeOBaHMM, Halula MpH-
MEHEHHUE U MpHU pa3paboTKe JaTYMKOB JaBJICHUS,
OTIIMYHBIX OT TPAAMLMOHHBIX IbE30KEpaMHUUe-
CKHX, MUKPOMEXaHUYECKUX M ONTOBOJIOKOHHBIX.
OTIUYUTENEHBIME ~ OCOOEHHOCTSAMH  JaTYUKOB
Ha ocHOBe MOII SBIAIOTCS UCKIIIOYUTEIBHO BbI-
COKasi 4yBCTBUTEIBHOCTb M HHU3KHH YpPOBEHb
COOCTBEHHBIX IIYMOB B 00JIaCTH HH(PPaHU3KUX
yacToT. DyHAaMeHTaIbHble MPUHIMIBI PabOThI
cucteM Ha ocHoBe MDOII goctaroyHo moapoOHO
u3JoeHs! B tureparype [Huang et al., 2013; By-
raeB u 1p., 2018]. OcHOBy H000TO YCTpOICTBA,
paboraromiero o Texuonoruu MOII, cocTaBuser
NIEKTPOXUMHUUECKas peoOpasylolias suenka.

KoHCTpyKIIMsT M OCHOBHBIE NIPHUHLHUIIBI pa-
00TBl MOJIEKYJSIPHO-3JIEKTPOHHOTO TUAPOPOHA
C OTpHIIATETHLHON OOpaTHOW CBS3BIO IMOKA3aAHBI
Ha puc. 1 [Zaitsev et al., 2018]. Dnexrponaker,
COCTOANINI U3 HA0Opa CETYATHIX IEKTPOJIOB, 1O~
MEIIAIOT B pacTBOP MEKTPOJIUTA MEXKIY YIIPYTH-
MU PE3UHOBBIMU MEMOpaHaMU BHYTPU BHELTHETO
xopnyca ruapodona. K oqHoi u3 18yx memOpaH
NPUKPEIJICH MarHuT, KOTOPBIi MOXeT CBOOO[-
HO IepeMeniarbcsi BHYTpU KaTymku. KaTyiika
JKECTKO TMPHUKJIEEHA K BEPXHEH KpbIKe. TexHu-
YECKUH PE3YyNbTaT JOCTUTaeTcsi TeM, YTO OJHa
ynpyras MeMOpaHa HMeEET HEeNOCPEICTBEHHBIH
KOHTAKT CO CPEJOil, B KOTOPOH PacipOCTPaHSIOT-
Csl aKyCTHUYECKHE BOJHBI, @ BTOPAsi OrpaHUYHBACT
OTIpeJIeNIeHHbI 3aMKHYTBHIH 00BEM BO3/yXa IMpH
3a/laHHOM JJaBJICHUU.

Puc. 1. KoHcTpyKuus v BHEITHUN B MOJIEKYJISIPHO-3JIEKTPOHHOTO THApodoHa [Zaitsev et al., 2018]. 1 — BHewHuit Kopiyc
ruapodoHa, 2 — KaTymka, 3 — MarauT, 4 — MeMOpaHbl, 5 — BIEKTPOIAKET, 6 — AIEKTPUIECKHE KIEMMbI aHOAOB M KaTOJOB,
7 — pacTBOp IMEKTPOIINTA, 8 — BEPXHSS KPHIIIKA.

Figure 1. Construction and appearance of a molecular-electronic hydrophone [Zaitsev et al., 2018]. 1 — outer case, 2 — coil,
3 —magnet, 4 — membranes, 5 — electrical package, 6 — electrical terminals of anodes and cathodes, 7 — electrolyte solution,
8 — upper cover.
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Pa3paboTunkom, B COOTBETCTBUH C PE3YJIbTa-
TaM{ MaTeMaTH4eCKOTO MOJISTMPOBAHMSI, TTOKa3a-
HO, YTO OCHOBHBIM MapaMETPOM, BIHSIOIIUM Ha
XapaKTEePUCTUKH MOJIEKYJIIPHO-3JIEKTPOHHBIX TU-
Ipo¢OHOB, SABIAETCS pa3Mep IUIOLAau npeodpa-
3yIOLIer IEKTpoaHoU ssueliku. Kpome pasmepos
SYEHKN Ha HKCIUTyaTallMOHHBIE CBOMCTBA TUIPO-
(OHOB OKa3bIBAIOT BIUSHUE KECTKOCTh MeMOpa-
HBI ¥ BEJIMYMHA TUIPOTUHAMUIECKOTO COTIPOTHUB-
neHus [Zaitsev et al., 2019].

Jns mpoBeneHHsT CEHCMOAKYCTUYECKUX Ha-
omonenuit Ha Caxanune u Kypunbckux octpoBax
KoMIanuen «P-ceHcopc» OBLIM MpPeIoCTaBIEHBI
TPU DKCIEPUMEHTAIBHBIX oOpa3ia ruapodoHa,
pazMyaroIuyecs: paMepaMu STYErKu: 6 X 6 MM,
3 X3 MMu2 X2 MM, a TAKXKE JKECTKOCTHIO MEM-
Opan (Tabdm. 1).

B runpodonax 769 u 770 msmeHeHHE UYB-
CTBUTEJIBHOCTH TNPOUCXOJUT IVIABHBIM 00pazoM
Onarogapsi yYBEJIMUYEHHUIO JKECTKOCTH CHCTEMBI
U3-32 MOCTENEHHOrO CXKAaTHUs BO3IYIIHOTO ITy3bl-
psl, 3aKJIIOYEHHOTO MPU aTMOC(HEPHOM JIaBICHUU
B KOpITyce Nprudopa BO BPEMsI €r0 U3rOTOBJIECHMUS.
I'uapodpon 891 wumeeT npUHIMNHAIBHO ApY-
I'yI0 KOHCTPYKIHMIO — PacIIMPHUTENbHBIH 00BbeM
3aM0JIHEH CUJIMKOHOBOM JKUAKOCTBIO, KOTOpas
CXKMMaeTcs MPH BO3HUKHOBEHHUU IABIICHUS, YTO
MO3BOJISIET COXPAHATh CTaTUYECKOE JaBIICHHE
u obecreunBaTh pabOTOCIOCOOHOCTH 0 30 M.
[Ipu 5TOM XKECTKOCTh MEMOpaHbl HE OKa3bIBaeT

BIMSHUS Ha MapaMeTpbl THAPO(OHA, MOCKOIBKY
3HaueHNe 00bEMHOTO MOJYJISI YIIPYTOCTH MCTIOIb-
3yeMOU CHIIMKOHOBOMW YKUIKOCTH (ITOJMMETHIICH-
JIOKCaHa) BBIIIE 3HAYCHHUS )KECTKOCTH MEMOPAHBI.
J171s1 UI3TOTOBJIEHHBIX 00Pa3II0B pa3pabOTIYHK MPO-
BEJI SKCIEPUMEHTAJbHYIO J1a0OpaTopHYO Ipo-
BEPKY aMIUIUTYHO-9aCTOTHBIX XapaKTePUCTHUK
Y TIPEIOCTaBIII KATMOPOBOYHBIEC TAHHBIE 110 KaK-
noMy obpasiy (puc. 2).

W3 mpencraBneHHBIX MaHHBIX BUAHO, YTO
B COIJIAaCHH C TEOPETUYCCKUMH MOJENSIMU 00-
paszer; MOJEKYISIPHO-3JIEKTPOHHOTO THUAPOQOHa
C y3JI0M pa3mMepoM 2 X 2 MM B 00JIaCTH BBICOKUX
Y HU3KHUX YaCTOT UMEET MEHBINWHN CraJl aMIUId-
TYIHO-YaCTOTHOU XapaKTEPUCTUKH.

Puc. 2. AMIUIATYTHO-9aCTOTHBIE XapaKTEPUCTUKA 00pas3-
LIOB MOJICKYJISIPHO-3JIEKTPOHHBIX THUAPO(POHOB C pas3iiny-
HBIM Pa3MepOM SYCHKH.

Figure 2. Amplitude-frequency characteristics of samples
of molecular-electronic hydrophones with different cell
sizes.

Tabnuya 1. CBonHasi TAGINIA ¢ XapaKTEPUCTHKAMH IKCIEPUMEHTAIBLHBIX 06pa3oB*

Table 1. Summary table with characteristics of experimental samples*

Homep o0Opasma

XapakTepucTuka

769 770 891
[Tnomans mpeodpa3zyromiei 66 3% 3 2%x2
UIEKTPOJHON AYEHKU, MM
XKectkocth MeMOpansr, [1a/m? 34.6- 10" 13.1- 10" -
Ionoca nponyckanus, I'y 1-200 1-300 1-300
UyscTBHUTEIHHOCTH, B/I1a 0.0020 0.0020 0.0028
CobctBenHsIit myM, Ha 1 Ty (o
orHourerno k 1 MxITa/NT'r) 65 nb 65 nb >0 ab
['myOuna morpykeHus mo 10 m mo 10 m mo 30 m

*COIJIaCHO TEXHHUYECKOHN JTOKYMEHTAIMHU [TPOU3BOIAUTEIS.
*According to the technical documentation by the producer.

Tpumeuanue. T'abapuTsl Bcex THAPOQOHOB: AuaMeTp 33 MM, BeIcOTa 47 MM; uana3oH pabounx temreparyp: —40...+65 °C.
Note. All hydrophones dimensions: diameter 33 mm, height 47 mm; operating temperature range: —40...+65 °C.
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PacnosioxkeHue M ocHalieHHe MYHKTOB
HAOTI0TeHU

B xauecTBe TeppUTOpHM A HCCIENOBAHUS
BO3MOXKHOCTEH TPENOCTABICHHBIX THUAPO(POHOB
OBLITM BBIOPAHBI YYaCTOK B IEHTPAJIBHOW YacTH
tora o. Caxanus B paiione [lentpanbHo-CaxanuH-
CKOro pasinoma u o. KyHammp, pacrnonoXeHHbIH
B 10)kHOM yactu Kypuibckux octpoBoB (puc. 3).
Ha rore o. CaxanuH mpoxuBaeT OObIIasi 4acTh
Hacenenust CaxallMHCKOM 00acTH, MO3TOMY BO-
IIPOCHI CEMCMUYECKOTO MOHUTOPUHIA AJIS 3TOTO
paiiona akryanbHbsl. KOxnbie Kypunbckue ocTpo-
Ba COCTABILIIOT YacTh Kypuno-Kamuarckoit nyry,
SIBIISIOILIEHCS] KIIACCUYECKUM MPUMEPOM CYOITyK-
Ui THXOOKEeaHCKON JTUTOC(HEpHOH IUIMTHI MOA
MaTepHuK, 4YTO OOYCIIOBIMBAET YpPOBEHb Celic-
MUYHOCTH PETHOHA — OJIMH M3 CaMbIX BBICOKHUX
Ha 3emie.

Mecrta pa3mernieHuss 000pyJoBaHUs BbIOKpa-
TV UCXOJIS M3 HAIMYHS HHPPACTPYKTYPHI U TPH-
€MJIEMBIX YCIIOBUH pEerucTpaluu.

B paitone [entpanbHo-CaxaquHCKOro pas-
JoMa B KauecTBE MECT YCTaHOBKHU THUAPO(POHOB
ObuTM BBIOpaHBI KOMIUIEKCHBIH Te0(U3NYEeCKHI
nosmron UMI'ul” JIBO PAH B cene Ilerpomas-
noBckoe AnHuBCKoro paiiona [Kostylev et al.,
2019] u myHKT CcEeMCMHYECKOT0 MOHMTOpPHHIA
B cOCTaBe JIOKanpHOU cetu tora Caxanuna Ca-

Puc. 3. PaifoHBI celicMOaKyCTHYECKHX UCCIICAOBAHUN U Me-
CTa pa3MEIICHUs ITyHKTOB HAOIIOACHUH.

Figure 3. Areas of seismoacoustic research and location
of observation points.
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xanuHckoro ¢unnana deaepanibHOro HCCIENO-
Barenbckoro IneHrpa «EnuHas reopusnyeckas
cinyxx6a PAH» (CD ©UL EI'C PAH) B ypoun-
nie 3aropckoe [lomuHckoro paiiona [CemeHOBa
u ap., 2018]. B nepBom cityyae sl yCTaHOBKH
ruipooHa Ha MOJIMIOHEe ObLIa MOCTPOEHa clie-
[UaJbHasi CaMOOOBOJHSIOIIANACS CKBaXXKMHA TITy-
ounoit 3.5 M. CxBaxkuHa oOcaxeHa nephopupo-
BaHHOM TuTacTUKOBOM TpyOoii 110 MM. Bo BTOpOM
cllyyae YCTaHOBKa T'MIpo¢OHa NPOM3BOAMIACH
B OTKPBITOM Bojpoeme (mpyz pazmepoM 3 X 9 m)
Ha niryoune 0.5 M.

Ha o. KyHamup mectoM yCTaHOBKH THAPO-
(oHa MOCITYKUJI TeOAMHAMUYECKUN TOJIMTOH Ha
6a3e cericmuueckoii ctanuu «FOxxuHo-Kypunbsck»
C® OUILL EI'C PAH. Ha Tepputopun noiaurona
pacnojoxkeHa HaOnofarenbHas CKBaXHMHA THU-
nporeonedopmaniioHHOro MoHUTOpUHTa Ne 2722
000COOJICHHOTO CTPYKTYpHOTO TOJpAa3/IeICHHUS
«CaxI'PO» AO «/lansaeBoctounoe [11'O» ry6u-
Hoit 303.3 M, oOcakeHHast Ha BCro Tryouny [/e-
MEXKO U J1p., 2009]. I'mnpodoH pa3MelieH B 3TOi
CKBa)XMHE Ha TITyOuHe 25 M B 00CcaHON KOJIOHHE
auameTpom 245 mm.

Takum oOpa3om, Bce TOUKU CEHCMOaKyCcTHIe-
CKHUX HaOMIONEeHUH 00OpYIOBaHBl KaK aBTOHOM-
HbI€ MYHKTbl MHCTPYMEHTAJIbHBIX HAOIIOCHUM
(ITMH), sBastoniyecss 4acThi0 IMOJUTOHOB KOM-
IJICKCHBIX Teodu3nyeckux HaOmoneHui. Ilpu-
Mep CXEMbl OCHAILIEHUS MTOJIUTOHA, C BbIIEICHUEM
B €ro cocraBe 00OpYIOBAaHUS aBTOHOMHBIX ITyH-
KTOB CEHCMOAKyCTHUYECKUX HAONIONEHUMN, Mpe-
cTaBJieH Ha puc. 4. [TonHbIl nepedyeHb XapakTepu-
CTHK ITyHKTOB HaOJIfOIeHUI TpUBECH B TA0M. 2.

Jlnst cOopa maHHBIX HA BCEX MyHKTax HaOIIO-
JICHUI MCIIOJIBb30BaH PETUCTPATOP CEMCMUYECKUX
curHanoB NDAS-8226 (URL: http://r-sensors.
ru/ru/products/data_loggers/ndas-8226 rus/) —
24-pa3psiiHas CUCTEMa, NPEUMYILECTBEHHO OI-
TUMU3UPOBAHHAS ISl aBTOHOMHOM pEerucTparuiu
CEHCMHUYECKUX JaHHBIX B IIOJIEBBIX YCIIOBUSX.
OTnnuuTenpHble NMPU3HAKM CHCTEMBI — IMPOCTO-
Ta B UCMOJb30BAHUU U HAJIEKHOCTh B COYETAHUU
C BBICOKMMU TEXHMYECKHUMH XapaKT€PUCTHKAMH.
Jlyis mepenauv JaHHBIX U KOH(DHUTYpUPOBaHUS CH-
crembl ucnonbiytorcst USB u Wi-Fi coennnenus;
32 T'0 BHYTpEHHEH MaMsTH TO3BOJSIOT BECTH
JUTUTENIbHYI0 PErUCTPALMI0 JAaHHBIX B aBTOHOM-
HOM pexkumMe. CrcTeMa OCHallleHa BHICOKOTOUHBIM
KBAapLEBbIM T'€HEPAToOpoM C MPHUBSI3KOM K abco-
aroTHOMY Bpemenu ¢ nomoiisio GPS/TJIOHACC.
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Tabnuya 2. XapaKkTepHCTHKH MYHKTOB HAOIIOIeHHIT
Table 2. Characteristics of observation points

Peructparop
CEeCMUYECKUX CUTHAJIOB

Cucrema
AIIEKTPOTUTAHUSL

NDAS-8226 (s/n 4403)

Axxymynsatop B.B.Battery
BP 5-12 (12V; 5 Ah).
3apsiiHOE yCTPOUCTBO

NDAS-8226 (s/n 4410)

Axkymymsitop Delta DT
1265 (12V; 65 Ah)

XapaKTepucTuka «HeTp?SE?E)BCKOG» «33&08%06» «}Oxn0-Kypunsck» (YUK)
Howmep runpodona 769 891 770
Koopnunatst 46.789° N; 142.496° E 47.305° N; 142.489° E 44.035° N; 145.861° E
['myOuHa ycTaHOBKH, M 35 0.5 25

Jlata ycTaHOBKH 24.10.2018 11.06.2020 27.04.2019

NDAS-8226 (s/n 4404)

Axxymynsatop CSB GP
1272 (12V, 7Ah).
3apsAHOE yCTPOUCTBO

Conap ¥3205.01

Comnap ¥3205.01

DNeKTpONUTaHWe TYHKTOB, 3a WCKIIOYCHHEM
[IMH «3aropckoe», Ile OTCYTCTBYET MOIKIIIO-
YeHHE K DJIEKTPHUUECKON CceTH, obecreunBaeTcs
12-BOJTBTOBBIM HCTOYHUKOM MTUTAHUS C BHEITHUM
aKKyMYJISITOPOM, YTO TapaHTUPYET paboTy KOM-
IJIEKCa B CIy4yae OTKIIIOUEHHUS SJIEKTPOIHEPTHUHU.
Ha ITMH «3aropckoe» HCHOIB3yeTCsl TePMETHU3H-
POBaHHBII CBHUHIIOBO-KHCIIOTHBIN aKKyMYJSTOD
E€MKOCTBIO 65 AXd4, 00eCIIeYnBaIONINi aBTOHOM-

HOE€ DJICKTPONMUTAHUE KOMIUIEKTa (pEerucTparop—
ruzpodoH) 10 50 cyT HenpephIBHOM padOTHI.
Hacrpoiika mapameTrpoB paboTsl 000pynoBa-
HUS IPOU3BOJUTCS C UCTIONIb30BAHUEM IPUIIOXKE-
Hust NDAS, npennasHaueHHOro Ui yIpaBieHUs
peructparopamu cepurt NDAS. [Ipunoxenue no-
3BOJISIET TPOU3BOANTE HauyaJbHOE KOHPUTYypUPO-
BaHUE yCTPOWCTBA O Havyasa paboThl, KOHTPOJIb
COCTOSIHUSL CHUCTEMBI, 3alllCh CEHUCMHUYECKUX

Puc. 4. OcHamenne KOMIUTEKCHOTO Teodm3maeckoro nonmuroHa «I[lerpomasnoBckoey. KpacHoit pamkoit BbIeneHo 060py-

JTIOBAaHUE [T CEHCMOaKyCTHUECKUX HAOIIONCHUH.

Figure 4. Equipment of the “Petropavlovskoe”complex geophysical test site. Equipment for seismoacoustic observations

is shown within red frame.
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CHUTHAJIOB Ha BCTPOEHHBIA HOCUTENb — SD-KapTy,
MIPOCMOTP 3alKChIBAEMOI MH(POPMAIIUH B pealib-
HOM BPEMEHU.

B coorBercTBUM € KOHLENUIMEH CO30aHUS
ABTOHOMHBIX ITYHKTOB WHCTPYMEHTAJIbHBIX Ha-
ONMIONeHUI OpraHW30BaH YNAJICHHBIA JIOCTYM
K PErUCTPUPYEMBIM JaHHBIM, a TAKK€ KOHTPOJIb
U yrpaBieHHe paboToil yCTaHOBIEHHOTO 000pY-
nosanus. [l obecrieueHus yaaaeHHOro JoCTyna
U ympaBlieHUs] pabOTON PEerucCTPUPYIONIEro 000-
pynoBanus ucnonb3yercs Wi-Fi mapuipytuzarop
¢ noanaepxxkoil 4G, KOTOpBI MO3BOJISIET YIpaB-
JATh paboToii cuctemsl yepe3 MuTepuer. MoneMm-
MapupyTuzatop nonkiarouaercs k NDAS-8226
¢ nomonpro Wi-Fi-coequHeHus, 4To IMO3BOJISET
eMy OBITb PACHOJIOKEHHBIM HE3aBUCHMO OT Me-
CTONOJIOKEHUs peructparopa. Pabora ¢ perucrpa-
TOPOM B PEXHUME YAAJIEHHOIO J0CTyIa IPOU3BO-
mutcst 4yepe3 BeO-uHTEepdeiic NDAS, koropsbrit
NpeAHa3HAYeH /U1 KOHPUTYPHUPOBAHUS yCTPOHCTB
NDAS, B ToM uncie, u Ha cMapTdhoHaX U IJIaHIIIe-
Tax. OH 03BOJISIET IPOU3BOJAUTH TE K€ OIIEPALINHY,
y1o U nporpamma NDAS. B pexume yaaeHHOTro
J0CTyIla OCHOBHBIMHU TIPOLIEAYypaMH IpU padoTe
¢ BeO-uHTEpQEiicoM ABISAIOTCS KOHTPOJb CTaTyca
U YIPAaBJIEHUE YyCTPOWCTBOM, PEXHUM IPOCMOTpa
CUTHAJIa B PEAJIbHOM BPEMEHU U JOCTYIl K Kara-
nory FTP-cepsepa ycrpoiictBa. Joctyn k FTP-
cepBepy IMO3BOJISIET 00ECHEeYUTh MOJyYEHUE UH-
(opmaIum ¢ perucTparopa JoObIM YCTPOUCTBOM,
MMEIOIINM MOJIKJIFOUEHUE K ceTH MHTepHeT.

Ilocne BBenEeHUS KOMIUIEKTOB PETHCTPUPYIO-
LIeH anmnaparypbl B SKCILTYyaTalUI0 I KaKJI0TO
[INH 6bu10 MPOBEIEHO UCCIIETOBAHUE IITYMOBBIX
XapaKTEPUCTUK METOAOM KOPPEJSILIMOHHOIO aHa-
7132 C OCIEAYIOLUM PacyeTOM INIOTHOCTU MOIII-
HOCTEH IIIyMOBBIX CUTHAJIOB B YCIIOBUSAX, MaKCH-
MaJbHO MPUOIMKEHHBIX K 3TaIOHHBIM [ [lpOo3HUH,
Hpo3uuna, 2010]. Jnga mpoBeneHus pacyeToB
ObuIM BBIOpAHBI OTPE3KH BPEMEHU C HU3ZKHM
ypoBHeM ceiicmuueckoro (ona. [Tonydyennsie pe-
3yabTathl (pUc. 5) MOATBEPKIAI0T BBIBOABI pa3pa-
00TYMKOB 0OOPYIOBaHUS O TOM, YTO CYLIECTBEH-
HBIN BKJIAJ B ITyMbl BHOCHUT KECTKOCTh CUCTEMBI,
a pazMep y3J/1a NPUBOAUT K CHUKEHUIO LIyMa IpU
YBEJIMYEHUH TUAPOJUHAMHYECKOTO COIPOTHUBIIE-
Hus. TakuM oOpas3oM, MOATBEpXKIEHA LIEJIeco0-
Opa3HOCTb CHM)KEHUS Pa3MEpOB MaKeTa IJisi CHU-
YKEHUS LIIYMOB U PaCIIMPEHUS YaCTOTHOM MOJIOCHI
B 00JIACTH BBICOKUX U HU3KUX YaCTOT.
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Puc. 5. CrnexrpanbHasi IUNIOTHOCTh MOIIHOCTH IIIyMOBOIO
curHana (nenuberisl o oTHomeHuro K Mxlla%/T'r) ruapo-
(hOHOB ITYHKTOB MHCTPYMEHTAIBHBIX HAOIIONCHHA.

Figure 5. Power spectral density of the noise signal (decibels
in relation to puPa?’Hz) of hydrophones of instrumental
observation points.

Pe3yabTarsl Ha0MOAEeHUIT

ITHUH «IO0cno-Kypunock»
(ocmpoeé Kynawiup)

Ceiicmoakyctuueckue Habmonenus B [TMH
«}OxHO0-Kypuibck» nposoasres ¢ 2019 r. Ilpak-
TUYECKH Cpa3y B MOTOKE CEHCMOAKYCTHYECKOU
SMUCCUU YHAJNOCh BBIJCIUTH BapHUallMM, CBS3aH-
HbI€ C CYTOYHBIM, MPWJIWBHBIM, aTMOC(EpPHBIM
1 noHocdepHeiM ¢pakropamu [KocteuieB, borun-
ckas, 2019]. He mMeHee MHTEpECHBIM MPEICTAB-
JSeTCS HAMpaBlICHHE IMIOMCKAa TeOoPU3NISCKUX
CUTHAJIOB, KOTOpPbIE MOIVIM OBl HCIOJb30BaThCS
B KaueCcTBE KPAaTKOCPOUYHBIX IMPEABECTHUKOB Iie-
pen celicMu4YecKuMH coObITHsIMU Ha [lampHeM
Bocroke.

B pa6ore [bopucor u ap., 2012] 6sutn BHI-
MOJHEHbl ~ THJPOAKYCTHYECKHUE  HAOIIOACHHUS
U U3YYEHbl CBSI3U PErHCTPUPYEMBIX CHUTHAJIOB
co cnaboil celicMUYHOCTBIO B paifoHe HOxHBIX
Kypunbckux ocTpoBOB. 3aMETHOUM KOPPEIISIIIUU
MEXIy T€0aKyCTUYECKOW IMHUCCHEH U CIaObIMH
3eMJIETPSICeHUSIMU  BbIsIBIIEHO He Obu10. Ilpen-
MOJIOKEHUE O CYIIECTBOBAHWUHU Tepesa CiaadbIMu
3eMJICTPSICEHUSIMM  HM3KOYaCTOTHOTO YIIpeK/a-
romero curnana (HYC, celicmoakycTudyeckuii
OTKJIMK Ha TMOABUXXKY TI€0JIOTMYECKOr0 MAaccCH-
Ba Tepel CEHCMHYECKHUM pa3pbIBOM) HAIILIO
MOJITBEPKACHUE JIMIIb B HEKOTOPHIX CIIy4asix.

Jns mpoBeneHus MCCIEAOBaHUWA B JaHHOM
aCIeKTe aBTOpaMu OblIa BBIOpaHA MPSIMOYTOJb-
Has o0nacTh ¢ koopaunaramu ot 43.0° 10 45.0° N
u ot 145.0° no 147.0° E. Breibopka coObITHIA
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B OTOM 00JIACTH, COIVIACHO OIOJIETEHIO CEMCMMU-
gyeckoil craHimu «tOxHo-Kypuibck», coctaBuna
18 3emuerpsicenuit ¢ M > 4.0 3a nepuog ¢ 1 mas
2019 1. mo 29 dempamns 2020 r. Taxxe uccnemno-
Basiach obmacts B R = 40 KM OT MecTa YCTaHOBKH
rupo¢oHa, KOJIMUECTBO coObITHI ¢ M > 2.0 B Helt
cocTaBwiIO 17 3a aHAaJOTUYHBIN MEPUOJ BPEMEHHU.
['myOuHBI TUIIOLEHTPOB BapbUpoBaId OT 16 110
147 xm. Y13 35 3aperucTpupOBaHHBIX 3€MIIETpsICE-
HUil B 7 cimydvasax Obu1 BeisiBieH HYC. Bee 7 co-
ObITuil UMenu mTyOuHy TunoneHTpa oonee 80 kM
U pacrojarajvuch NpeuMylIecTBeHHO B HOxHO-
Kypunsckom nponuse. Ha puc. 6 mokazano pacro-
JIOKEHUE SMULIEHTPOB 3€MJIETPSICEHUH, ST U3 KO-
TOPBIX UMEIOT YETKO BBIPAXKCHHBIA aKyCTHYECKUN
cursan 4acrorod S5 I'l ¥ npoAOIKUTENIBHOCTBIO
ot 3 o 13 c. Ha aByX 3eMyeTpsiCeHUsX CUTHAJ HE
CTOJIb BBIPA)KE€H, HO €r0 YacTOoTa COBMAJaeT C ya-
CTOTON WACHTHU(PHUIUPOBAHHBIX HAMHU YIPEXKIAI0-
IIUX CUTHAJIOB.

Ha puc. 7 npencraBieHa B BHjE INpUMEpa
3alUCh BOJIHOBBIX (OPM 3eMIIETPSCEHUH, IMpo-
m3omenqmux 14.10.2019 u 18.12.2019, a Taxxke
YACTOTHBIE XapaKTEPUCTHUKU CaMHX CHTHAJIOB
U CEHCMHYECKNX COOBITHIA.

CucremaruzupyeM IMOJyYE€HHbIE HaMU Ha
0. Kynammp pesynbrarsl.

Hn3kouacTOTHBINA YIIPEKIAIONINI CUTHAJI BbI-
sBrieH Hamu B 20 % ciy4aeB OT OOIIEero Kojude-
CTBa CEHCMHUYECKUX COOBITHH W ISl MOJIOBHUHBI
guclia TTyOOKO(OKYCHBIX 3eMJIETPSCEHUN (C TIIy-
ounoit 6omee 80 km). HYC nmen mecto npakruye-

Puc. 6. Celimuueckue cOOBITHS ¢ WACHTU(HHUINPOBAHHBIM
YIPEKAAIOIINM CUTHAJIOM.

Figure 6. Secismic events with an identified anticipatory
signal.

Puc. 7. [IpumMeps! 3anmcH CEHCMUYECKIX COOBITHI C YIPEXKIAIONIMM CHUTHAIOM U CIIEKTPAbHBIA aHaIu3 (C BBIICICHH-
€M TI0 BEPTHKAJIbHOW OCH CTENEHU KOPPENALUH) YHIPEKIAIOIEr0 CUTHANIA U CEHCMHUYECKOTO COOBITHS 10 3aIHCAM, I10-
CTPOEHHBIH KaK (yHKIUsS aBTOKOppeIsiiK curHaia B nporpamMmmuoM komiuiekce JJUMAC [[lpo3uun, [po3nuna, 2010].
A-14.10.2019,B - 18.12.2019.

Figure 7. An example of seismic events recording with anticipatory signal and spectral analysis (with the degree of cor-
relation highlighted along the vertical axis) of the anticipatory signal and seismic event from the records, built as a function
of signal autocorrelation in the DIMAS software package [Droznin, Droznina, 2010]. A—14.10.2019, B — 18.12.2019.
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CKHM JJIsl KaXKIOro BTOPOTo Takoro cooniTusi. He-
cmotps Ha TO yTo HYC CBS3BIBAIOT B OCHOBHOM
C KOPOBBIMHU 3€MJIETPSICEHUSIMU, TPOUCXOSAIIUMHU
Ha JHE OKeaHa B 30HAX CyOAyKIMH, MOMOOHBIC
CUTHAJIbl B HEKOTOPBIX CIIydasX OTMEUEHBI U Te-
pen tirybokodokycHbIMU coObITUSIMU [CacopoBa,
2005].

[TapameTpbl BBIICTICHHBIX HU3KOYACTOTHBIX
KoyieOaHui (Iepuojl, aMIUIUTyda, 4acToTa CHT-
Haja, BpeMs YIPEKICHUS U CTPYKTypa CaMoro
CUTHajia) BapbHUPYIOT He3HauuTenbHO. Ilepuoa
konebanuii cocraBun 0.2 ¢, xoieOaHUS MOSBIISA-
1oTcs 3a 3—13 ¢ o npuxonga P-BOJIHBI, UX MOXK-
HO HaOMIOMATh HAa CEWCMUYECKHUX 3amucsx 0e3
npenBaputensHoro GuibTpa. CXoacTBO Mapame-
TPOB MOXKHO OOBSCHUTH TEM, YTO 3€MIICTPSICCHHUS
C ouaramH B Ipe/ieiax OJIHOTO PerhoHa XapakTe-
PHU3YIOTCSI HE3HAYUTENIbHBIM Pa30poCcoM Iapame-
tpoB HYC [CacopoBa, 2005].

IIHH «Ilemponagnoeckoe» u «3azopckoey
(paiion llenmpansno-Caxanunckozo pazioma)

Hexotopsble pe3ynbraTsl HAOMIONEHUH ¢ TOMO-
uipto runpodona [TMH «IlerponaBnoBckoey» ObLIH
npencrasieHsl paHee [Kawme-
HeB U ap., 2019]. B 2020
aHAJIOTUYHBIE  UCCIIEIOBAHUS
NPOBEICHBl JUIA  TUAPOdOHA
HOBOM MonuduKaluy, pasme-
mienHoro B IIMH «3aropckoey.
Jns anHanu3a perucTpanyroH-
HBIX BO3MO)KHOCTEH HOBOIO
runpodoHa, HX CpaBHEHUs
¢ ruapodponom ITMH «Iletpo-
MaBJIOBCKOE», a Takke s
BBISIBIICHUSI OCOOCHHOCTEH HX
paboThl B Ka4eCTBE HCTOYHU-
ka wuHpopMmamuu o ceicMu-
YECKHX COOBITUSX B paloHE
UCCIIeIOBaHUs ObUT MCIOJMB30-
BaH KAaTaJlOl 3€MIIETPACEHUI
II0 JTAaHHBIM JIOKAJBHOM ceTu
C® ®Ull EI'C PAH 3a nepu-
on ¢ 11 utons no 30 ceHTAOpPs
2020 . B kxBazgpare, OTrpaHHU-
yeHHOM 46.7-47.5° N u 142.2—
142.7° E. Karanor BkJO4aer
B cebs 31 celicmuueckoe co-
owiTue ¢ M = 1.8-3.4. Jlns Bpe-
MEHHOI'O MHTEpBaJla Ka)J0ro
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CEHCMHUYECKOro COOBITUS M3 apXuBa BOJIHOBBIX
dopMm perucTpaTopa CEHCMHUYECKHUX CHUTHAJIOB
NDAS-8226 Obuid BBIFENEHBI COOTBETCTBY-
IolllMe 3amucu, o0pabOTKy KOTOPBIX MPOBEIH
B nporpaMmmHoM komiuiekce DIMAS [/lpo3HuH,
Hpo3uuna, 2010]. s ymobctBa 00paboTKH
CElCMOJIOTMYECKUX MAaTepuajoB HCIO0JIb30Ba-
M pasnuyHble BUIBI QuibTpoB. [lo pesynbra-
TaM 00pabOTKH yCTaHOBJIEHO, 4TO U3 31 3emie-
TPSACEHMsI YeTKas 3allUCh BCTYIIEHUH HMMEETCs
y 14 coOwITHII 110 3ancsaM BOTHOBBIX hopm [TMH
«IleTponasnoBckoe» U 11 22 coObITUH IO 3a-
nucsaM [IMH «3aropckoe». Pe3ynbrarel aHanuza
peructpanoHHbix Bo3moxkHocTed [IMH mnoxka-
3aHbl Ha pUC. 8, WUIIOCTPUPYIOLIEM NIPOCTpaH-
CTBEHHOE pacIpeielIeHUE 3apEruCTPUPOBAHHBIX
KOMILIEKCAMHU COOBITMM B 3aBHCUMOCTU OT MX
MarHuTyZl U pacnoJiOKeHUs dMULeHTpoB. Ceiic-
MUYECKHE COOBITHS, YBEPEHHO 3apEerucTpHUpO-
BanHble [I11H, noka3aHbl LIBETHBIMU MapKepaMH,
a HeHJEHTU(PUIMPOBAHHBIE HA 3alUCAX TUAPO-
(OHOB — MONTYNIPO3pauHBIMH MAapPKEPAMHU.

W3 npencraBneHHOro pucyHKa BUJHO, YTO IIPU
COBMECTHOM HCIONB30BaHuU ruapodonos [TMH

Puc. 8. Perucrparionnsie Bosmoxxnoctu ruzpodonos [TMH «IlerponasioBckoe» (A)
u [TNH «3aropckoe» (B).

Figure 8. Registration capabilities of hydrophones of the “Petropavlovskoe” (A)
and “Zagorskoe” (B) instrumental observation points.
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«ITerponasnoBckoe» u IIMH «3aropckoe» pe-
ructpupytorcs 93.5 % celicMudecKkux COOBITHIA
¢ M > 1.8 B pailone uccnenoBanuil. [Ipu 3tom
[IMH «IleTponaBioBCcKOe» yBEPEHHO PErUCTPH-
pyer ceiicmudeckue coOwitus ¢ M > 2.5 B pa-
nuyce 10 30 kM OT Mecta ycraHoBku, a [IMH
«3aropckoe» — Ha pacctosHuu Oonee 50 KM,
4TO 00BSACHSETCS ropasao 00j1ee HU3KUM YPOBHEM
TEXHOT€HHBIX IMOMEX B MECTE YCTaHOBKU 000-
pynosanus [IMH «3aropckoe», a Takxke ycoBep-
LICHCTBOBAaHHOM KOHCTPYKLIMEHW MCIIOIb3yEMOTIO
ruapodoHa. Paznuuus B KOHCTPYKIMH THIPOdO-
HOB, OYEBUIHO, BHOCAT crieU(PUKY U B (HOPMBI
3anucel U XapaKTepUCTUKU PErUCTPUPYEMBIX CO-
obiTuii. Ha puc. 9 oroOpaxxeHbl THTUYHBIC BapH-
aHTBl PETUCTpAllMU Ha MPUMEpe HAuboIee CUIb-
HBIX CEMCMHYECKUX COOBITHH, MPOU3OIISIIINX 3a
HCCIIeAyEMBIN IEPUO HAa IPUMEPHO OJIMHAKOBOM
yaanenuu (10-15 kM) OT MyHKTOB HaONIOICHUN.
Hna IIMH «IletponaBinoBckoe» 3TO celcMHUe-
ckoe coopiTre 03.07.2020 (M = 3.4), a nns [TMH
«3aropckoe» — cobeitre 12.06.2020 (M = 3.2).
VYKkazaHHBIE CEMCMUYECKHE COOBITHS BBIICIICHBI
Ha puc. 8.

Bunno, uto nns ruapodoHa, pacmnonoKeHHO-
ro B oOBogHeHHOW ckBaxkuHe («IleTpomnaBios-
CKOE€»), PEeTUCTpalusi CEUCMUYECKOTO COOBITHUS
XapaKTEepHU3YyeTCsl CIIEKTPOM C 0OoJiee BBICOKUMH
yactotamu koieOanuit (20 I'm), a perucrpanus
CEeHCMUYECKUX COOBITHI TUAPO(GOHOM B OTKPHI-
TOM BOJIOEME IPU MPAKTUYECKU IOJIHOM OTCYT-
CTBUM TEXHOTEHHBIX MOMEX MPOUCXOIUT Ha dYa-
crorax go 10 I'm.

Bausinue armocgepHbIX
¢paxTopos

Ha npakruke, B ycioBusix aBtoHoMHbIX [11H,
Ha paboTy THAPOPOHOB OKA3BIBAIOT BO3JICHCTBHE
arMoc(epHbIe SIBJICHUSA, CTENEHb BIUSHUSA KO-
TOPBIX ONPENENAETCs, B TOM YHCIE, U CIIOCO0OM
yctaHoBku ruapodona. s ruapodonHa, ycra-
HOBJICHHOTO B m1yOokoi ckBaxkuHe (FOxnO-Ky-
pWIbCK), ObUla NpOBEIEHA OLIEHKA BIMSHUSA Ha
paboty ruapodoHa aTMOC(hEpHBIX MapaMeTpPOB
(TakuX Kak ypOBEHb arMOC(epHOTo JaBJICHUS
Y 3HAYCHUS YPOBHS BOJIbI B CKBOKUHE) IO CIEIY-
IO METOJUKE: JJIsS 3alUCe BOJHOBBIX (hopm
MPOJODKUTEIBHOCTBIO 7 CYT HOCTPOEHA yCpen-
HEHHas Ooruoaromiasl CUrHayia, KoTopas Obuia J10-
nojHeHa WHQpopManueld 00 YpOBHSIX JIaBICHHS
¥ ypOBHE BOJBI B CKBR)XUHE B MECTE YCTaHOBKH
runpodona. 13 puc. 10 oueBUIHO, YTO U3MEHEHHE
JIaBJIEHUS] U YPOBHS BOJbI HE OKa3bIBAIOT CyIlle-
CTBEHHOTO BIUSHUS Ha paboTy mpubopa. Ha pu-
CYHKE BBIJICIISIIOTCS TOJIBKO CyTOYHbIE N3MEHEHHS
YpOBHS CHTHaNA TUAPO(OHa, CBI3aHHBIE C TEXHO-
TeHHON aKTUBHOCTBIO B JTHEBHOE BPEMs, OCOOCH-
HO XapaKTepHBIE /ISl CEPEANHBI PabOUeii HEIeH.

st runpodoHoB, paboTarommx B 0oJee «KecT-
KHUX» YCJIOBUSX (MEIKOBOJHOM BOJIOEME U HEITy-
OOKOM OTKPBITOM CKBAKUHE ), BIMSHUE PUPOTHBIX
¢axropoB 6onee 3HaunTenpHO. B 2020 1. mpoBene-
Ha OIIEHKA BO3AECUCTBHS YPOBHS OCA/IKOB U BETPO-
BOW Harpy3kw Ha paboOTy THIPO(POHOB B OTKPHI-
tom Bogoeme (ITMH «3aropckoe») u HermyOOKOM
ckBaxxuHe (IIMH «llerponaBnoBckoe») B meprosn
MPOXOXKACHHST TaiidyHa «XarymuT» 7 aBrycra

Puc. 9. ®opma U criekTpaibHasi COCTABISIOMIAS YaCTOTHI (C BBIACICHUEM IO BEPTHKAJIBHOW OCH CTEICHH KOPPEISILIUH)
peructpupyembix ceiicMuueckux coosrtuii ast [TMH «IlerpomaBnosckoe» (A) u [TMH «3aropckoe» (B).

Figure 9. Waveform and spectral component of the frequency (with the degree of correlation highlighted along the vertical
axis) of recorded seismic events of the “Petropavlovskoe” (A) and “Zagorskoe” (B) instrumental observation points.
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Puc. 10. CooTHoeHHs1 ypoBHS arMOC(hEpHOTo IaBICHHS [0 JaHHBIM MeTeocTanuu «FOxkHo-Kypuibek» (BBEpXy) M ypOB-
HS1 BOJIBI B CKB@XHHE C YCTAHOBJICHHBIM THAPO(GOHOM (IO JaHHBIM ypoBHeMepa ruzppocrarndeckoro «Keap-AM» OCIT
«CaxI'PO», http://www.geomonitoring.ru/download/IB/2018_dfo.pdf) u orubatomeii curnana rugpodona.

Figure 10. The ratio of the atmospheric pressure level according to the Yuzhno-Kurilsk meteorological station (above) and
the water level in the well with the installed hydrophone (according to the hydrostatic level gauge Kedr-DM OSP SakhGRE,
http://www.geomonitoring.ru /download/IB/2018_dfo.pdf) and hydrophone signal envelope.
(Hdomuuckas mpaBnma, Ne 33, 14 asr. 2020 r). apodoHOB MO3BOJMT B JajibHEHIIEM BbIpaboTaTh
TaﬁQ)YH OKa3aJl CHJIBbHOC BJIMJAHHC Ha paﬁOHBI ONTUMAJIBHBIC HHKCHCPHO-KOHCTPYKTOPCKHUC PC-
yctanoBku [IMH. Tak, mo maHHBIM OMIKaWIIAX — MISHUS, TO3BOJISIIONTNE MUHUMHU3UPOBATh BO3/IEH-
K TyHKTaM HaOmtofeHuil MeteocTaHmnuii, B Jo- cTBHe okpyxaromieit cpeasl. [Ipu aToM coBmecT-
nuHackoMm pairone (ITMH «3aropckoe») 3a 12 4 HBIH aHamU3 CEHUCMOAKYCTHYECKUX M JPYTHX
BBITIAI0 73 MM 0CaJIKOB, a MOPBIBLI
BeTpa gocturaiu 15 m/c, a B AHUB-
ckom parione (IIMH «Iletpomnas-
JOBCKOe») — 51 MM ocaJkoB, TO-
puiBEI BeTpa a0 10 m/c. Pesymbrar
pacueTa MOIIHOCTH CHEKTPaTbHOM
IINIOTHOCTU CHI'HAJIOB B MOMCHT
NPOXOXKICHUS TanpyHa M uepes
ABOC CYTOK IIOCJIE €TI0 OKOHYAaHHUA
HpeJcTaBiIeH Ha puc. 11.

O4eBUHO 3HAUUTETHHOE BIIH-
STHUE BO3JICUCTBUS Tal(yHA HA TH-
npodoH B oTKpbIToM Bogoeme (b)
Ha vacrorax 1o 1 T'u. Ipn stom Puc. 11. CnexrpaspHas IJIOTHOCTh CEHCMHUYECKOTO HIyMa (JIeuOesIbI 1o OT-
BJIMSAHUC TaﬁQ)yHa Ha FI/IHPOQ)OH Hotrennto Kk MklITa*T'n) wa TTMH «Ilerponasiosckoe» (A) u ITUH «3arop-
B CKkBaxuHe (A) TposBIsieTcs B Ckoe» (B) B mepuox mpoxoxueHus TaiidyHa (kpacHslii user) — 7 aprycra 2020
MEHBIIEH CTEMEHH, HO B GONBIIEM T. ¥ ITOCJIe OKOHYAaHMUS BBIMTAACHUS 0caakoB — 9 aBrycra 2020 r. (cuHUH 1BET).
sacrornon auanasone 0.1-10 T FEAe 1 Spstl densiy o sl i sl o wltion 1

HccnenoBanne BIUAHUSA aTMOC- oints during the typhoon passage (red) — August 7, 2020 and after the end
(bepHbIX (QakTOpOB HAa pabOTy I'M- of precipitation — August 9, 2020 (blue).
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CEACMOAKYCTUYECKUE HABJIOAEHUSI C MTPUMEHEHUEM MONEKYNSAPHO-3NIEKTPOHHbIX TMAPO®OHOB

reo(pU3MYECKUX JTAHHBIX (BKIIOYasi BO3MYIICHHS,
CBSI3aHHBIC C LUPKYJIALUEH aTMoc(epbl, MarHuT-
HBIMH OYpSIMH ¥ CONTHEYHOW aKTHBHOCTBIO) MOXKET
OBbITh HaNpaBJIeH HA Pa3pabOTKy METOIUK KPaTKO-
CPOYHBIX 3aKIIOYEHHH IO PA3BUTHIO CelicMHYe-
cKoro pexxuma Ha 0. CaxayiuH U B paiione FOxHbIX
Kypuibckux ocTpoBOB.

3akJao4yenne

B crarpe npencraBieHsl pe3ynbTraThl CEHCMO-
aKyCTHYEeCKHX HaOmoneHui Ha ocTpoBax Caxa-
JvH 1 KyHammp ¢ noMoIpio0 MOJNEKYISIPHO-3JIEK-
TPOHHBIX rHIpodoHOB. HecMoTps Ha Hen30exxHOE
BIMSHME Ha PaboTy 00OpYyIOBaHUS TEXHOTCHHBIX
1 atMocepHBIX (HaKTOPOB, BBIOOP MECT U CIOCO-
00B yCTaHOBKH 000pyHIOBaHMs CIeIyeT MPU3HATh
YAaQ4YHbIM. OmnbIT OKCIUTyaTallul MOJICKYJISAPHO-
ANEKTPOHHBIX THUAPOPOHOB IOKa3al COOTBET-
CTBUEC XapaKTCPHUCTHUK, IMTOJTYYCHHBIX B PC3YyJIbTATC
NPAaKTUYECKUX HAOIIONEHUM, XapaKTepHCTUKaM,
3asIBIEHHBIM [TPOU3BOIAUTEIIEM.

B ucnonb3yembIx A ceHCMOaKyCTUYECKHX
HaOmoeHui npubopax (perucrparope U THIpoO-
(oHE) OTCYTCTBYIOT AJIEMEHTHI TOUHOW MEXaHHKH
N IBOKYIIUXCA MEXaHHUYCCKHUX T-I{:lCTGI‘/’I, 4TO rapaH-
TUPYET UX BBICOKYIO Ha/IE)KHOCTb U YCTOMYHMBOCTb
K HEXCIIAaTCJIIbHBIM BHCUIHUM BOSHGﬁCTBHﬂM.
OTO MOATBEPKIAETCS ONBITOM MPUMEHEHMS 3TUX
npubOpoB Ha MyHKTax HaOmoneHuil. Hecmorps
Ha JIOCTATOYHO JKECTKUE YCIIOBHSI SKCILTyaTalluy —

Cnucok Jureparypsbl

yeckuti gecmuux, 1(14): 18-29.

DIMAS. Ceticmuueckue npubopwi, 46(3): 22-34.
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100%-10 BaxHOCTH B JIeTHUH niepuos a1 KOxxHo-
Kypunscka u temneparypsl —5...—10 °C B 3umHui
MEPUOJ], UCIIOIb3YEMbIN KOMILIEKT 000pyAOBaHHS
MOKa3aJl, B LIEJIOM, OYE€Hb BBICOKYIO CTENE€Hb Ha-
nexkHoctu. Ilpoctom perucrpanuu CoOCTaBUIM
He 6omnee 0.01 % oT BpeMeHH pabOThl KOMILIICKCA.

AHanu3 3anucei ¢ TuaApo(OHHOM CTaHIIMK Ha
0. Kynammp BoeisiBun B 20 % ciyudaes u3 35 3ape-
TUCTPUPOBAHHBIX 3€MJIETPSICEHUI HaJIU4HUE HU3-
KOYaCTOTHOTO YHPEXKAAIOIIET0 CUTHaNa — Mepes
1y00KO(POKYCHBIMU 3eMIIETPSCCHUAMU (TITyOHHA
runoneHTpa Oosbme 80 kM). YacTOoTHBINA 1ua-
Ma30H UACHTU(ULIMPOBAHHBIX CUTHAJIOB COCTaB-
nseT B cpenHeM 4—6 I'1, a mponomKUTENbHOCTh
cUrHajua Bapeupyet ot 3 10 13 c.

HaGmronenus B 30He llentpansHo-CaxanuH-
CKOIO pas3jioMa IOKa3ajd, 4YTO MOJEKYISIPHO-
ANIEKTPOHHBIE THIPO(POHBI MO3BOJSIOT HE TOIBKO
3a(huKkcUpoBaTh Takol reo(hu3NYECcKuil mapamerp,
KaK HU3KOYACTOTHBIN YIPEKIAIOUINI CUTHAT, HO
Y BECTH MOJHOILICHHYIO PEruCcTpaluio ceiicmuye-
CKHMX COOBITHH HE3aBUCUMO OT YCIOBUN yCTaHOB-
KU IIpHUOOPOB.

N3ydeHne peakuuu MOJEKYISPHO-3JIEKTPOH-
HBIX THIPO(OHOB HA BO3/IEHCTBHE BHEIIHUX (hakK-
TOPOB MOKET OBITh MOJIE3HBIM JIJIs pa3pabOTYHKOB
IIpU CO3JIaHUM cepuiiHoro u3aenus. Tak, oOpasen
891 (ITMH «3aropckoe») NOCIy KU OCHOBOM 115t
CEpUMHOIO0 NpoayKTa KommaHuu «P-ceHcope»
(runpodor MTAS-30).
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Pesome. Bynkan D0eko, pacronokeHHblid B ceBepHO# yactu o. [lapamymup (Cesepubie Kypuis-

CKHE 0-Ba), HA CETOIHANIHUI JeHb SBJISETCA HauboJiee aKTUBHO JICUCTBYIONMM BYJIKaHOM KypuiibCkoi
ocTpoBHOU ayru: ¢ 2016 1. mpomomkaeTcsl ouepeHOe HKCITIO3UBHOE U3BEPKEHUE, MpoTeKaromiee B Gop-
M€ PeryJsipHBIX METI0-Ta30BbIX BHIOPOCOB yMepeHHOH cuibl. Beero B mepuon ¢ staBapst 2018 1o okTs0pb
2020 r. 3adukcupoBaHo He MeHee 1834 BBIOPOCOB (B CBETJIOE BPeMsl CYTOK M IIPU XOPOIIMX MOTOAHBIX YC-
noBusx). B mae—utone 2020 r. HabIIOMANOCH CYIIECTBEHHOE YCHIICHHE SPYIITUBHOM NesSTeNFHOCTH BYJIKaHa,
MIPOSIBIISIBIICECS B PE3KOM YBEIMYCHUHU YaCTOTHI M BBICOTHI BEHIOPOCOB. 3a 3TOT Iepro ObII10 3aUKCUPOBAHO
296 BBIOpOCOB, 13 KOTOPBIX 90 Ha BBICOTY 3 KM 1 Ooree.

KaroueBbie ciioBa: Kypuibckue ocTpoBa, ByJikaH DOEKo, Merell, U3BepKEHUE, MOHUTOPUHT BYJIKAHUYECKOM
AKTUBHOCTH

Activation of the Ebeko volcano in May—July, 2020
(Paramushir Island, Northern Kuril Islands)

Artem V. Degterev®, Marina V. Chibisova

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

Abstract. The Ebeko volcano located in the northern part of Paramushir Island (Northern Kuril Islands),
is currently the most active volcano of the Kuril Island arc: since 2016, next explosive eruption has continued,
proceeding in the form of regular ash-gas explosions of moderate force. In the period from January 2018
to October of 2020 a total of at least 1834 emissions were recorded (during daylight hours and under good
weather conditions). In May—July 2020, the intensification of the eruptive activity of the volcano was
observed, that manifested in a sharp increase of the emissions frequency and height. During this period,
296 emissions were recorded, 90 of which were at an altitude of 3 km or more.

Keywords: Kuril Islands, the Ebeko volcano, ash, eruption, volcanic activity monitoring
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BBenenue

Bynkan D6eko (abc. Beic. — 1156 ™), pacmo-
JIO)KEHHBI B ceBepHOM wactu o. Ilapamymmp
(puc. 1) (CeBepubie Kypuiibckue o0-Ba), Ha cero-
HSIIHUHA JIeHb SBJSETCS HanOolee aKTUBHO JICH-
CTBYIOLIUM BYJKAaHOM KypHIIBCKOM OCTpPOBHOM
nyru: ¢ 2016 r. mpogomKaeTcst ouepeaHOe IKCIUIO-
3UBHOE M3BEp)KEHUE, MpoTeKaroliee B hopme pe-
T'YJSPHBIX MEIUIO-Ta30BbIX BEIOPOCOB YMEPEHHOM
cuiibl. B 7 KM K BOCTOK-IOr0-BOCTOKY OT BYJIKaHa
pacrnionoxken 1. CeBepo-Kypuibck (puc. 1) — an-
MuHUCTpaTuBHBIM 1IeHTp CeBepo-Kypuibckoro
TOPOZICKOTO OKpPYTa, C YUCIEHHOCTHIO HACEIEHHUS
2593 4en. (mo ganaeiM Ha 01.01.2020 1. — https:/
sakhalin.gov.ru/index.php?1d=684), dyHKIIMOHU-
PYIOT 00BEKTHI HHGPACTPYKTYPHI (B T.4. MOPCKOMH
nopt, BeproapoM). Kpome toro, B Onmxaiimee
BpEMs IUIAHUPYETCS BO3BEJIEHUE B3JIETHO-IIOCA-
JIOYHOU TMOJIOCHI, KOTOpasi MO3BOJUT YIyULIUTh
TPAHCIOPTHOE COOOIIEHNE OCTPOBA C MATEPUKOM.
VYuuThiBasi ONaCHOCTh MOTEHIIMATIBHBIX U3BEpHKeE-
HUI BIIK. D0€KO JIIsl HACETICHUS M XO35IICTBEHHBIX
00BEKTOB, BAXHOM MPAKTHYECKOW 3a1a4eil siBiIs-
€TCsl TOCTOSIHHBIN OTepaTUBHBI MOHUTOPHHT €TO
AKTUBHOCTH.

Puc. 1. ['eorpaduueckoe monokeHne BIK. IOEKO.
Figure 1. Geographical location of the Ebeko volcano.
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B nactosimee Bpems CaxallMHCKOM Tpymnmoit
pearupoBaHHsT Ha BYJIKAHWYECKHC H3BEPIKCHUS
(SVERT) nnsa vabmroneHust 3a ByJIKAHOM HCTIOJb-
3ytorcs jaanHble [P-xamepsr AXIS (0526-001),
ycTaHoBieHHON B okTaA0pe 2017 1. Ha TeppuTo-
pun Cesepo-Kypunbscka Kamuarckum dunuanom
OUL[ «Enunas reodusnueckas ciyxba PAH»
COBMECTHO ¢ MHCTHTYyTOM MOPCKOW T€OJOTHH
u reopusuku JIBO PAH. N3006paxenus oOHOB-
JISFOTCSL KAKIBIE 2 MHH, YTO TP OJIarompusiTHBIX
MOTOJIHBIX YCJIOBHUSIX U B CBETIOE BpEMs CYTOK
MO3BOJISIET PETHCTPUPOBATH BCE BEIOPOCHI M CBOE-
BpEMEHHO WHGOPMHUPOBATH O HHUX 3aWHTEPECO-
BaHHBIC OpTraHU3aluy. B HOYHOE BpeMs, a TaKxkKe
MpU HEIOCTAaTOYHOM BUAMMOCTU H3-3a OOJIAYHO-
CTH, TyMaHa, UHTEHCUBHBIX OCAJKOB C BETPOM
B3pBIBBI PUKCUPOBATh HE yaaeTcsi. CIyTHUKOBBIC
JaHHBIE, KaK TTOKa3aa MPaKkTHKa, MAJIOTIPUTO THBI
IUTSL OTCJIEKUBAHUA DKCIUIO3UI BIK. DOEKO BBU-
Iy UX KpaTKOBPEMEHHOCTH, HEOOINBIION BBHICOTHI
1 HEOIAroNmpUsSTHBIX MOTOIHBIX YCIOBHIA.

B mae—wurone 2020 . HaMH YCTaHOBJIEHO CyIIIe-
CTBEHHOE YCWJICHHE SPYITUBHOHN JESITeTbHOCTH
BYyJIKaHa, MPOSBISBIIEECS B PE3KOM yBEIUYCHUH
9acTOTHl U BBICOTHI BEIOPOCOB: KOJIMYECTBO IKC-
MJI03UM Ha BBICOTY Oosiee 3 KM Haja yp. M. ObLIO
MakcuMaJabHEIM 3a 2018-2020 rr. Hacrosmiee co-
o0I1IeHHEe MOCBSIIEHO PACCMOTPEHUIO 0COOEHHO-
CTEW TaHHOW aKTUBU3ALUU.

Oo01mme cBeeHust 0 ByJKaHe J0eKo

Bynkan D6ek0 OTHOCHUTCS K BYJKaHHYECKUM
o0pa3oBaHMAM JHHEHHO-THE310Boro THna [Pe-
nopuyeHko u ap., 1989]: on cdopmupoBaH He-
CKOJIbKMMHU CIIMBILIMMHCS MEXIy CO000H pas-
HOBO3PAaCTHBIMH  KOHYCaMH,  0Opa3yroIIMMH
BBITSIHYTBI C ceBepa Ha IOI CTPAaTOBYJKaH BbI-
coroil ~200 M, Haca)KEHHBI Ha CEBEPHYIO 4acTb
xp. Bepnanckoro [IopuikoB, 1967; Mensiinos
u 1p., 1992]. BepunHa ByikaHa yBeHUaHa TPEMs
KpynHbIMH (rameTpoM oT 284 no 304 m [Walter
et al., 2020]), compukacarmUMUCI MEXKIy CO-
6ot kparepamu (CeBepHbiii, Cpenuuii, KOxHbIiT)
u cepuedl OOKOBBIX JKCIUIO3UBHBIX KpaTepoB
1 BOPOHOK B3pbIBa. B ceBep0-BOCTOYHOM CEKTOpPE
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CesepHoro kpatepa pactonioxkeH Hosblit Cesep-
HBIA Kparep nuamerpom 211 m, HauaBmmii dop-
mupoBarbesi B anpenie 2018 r. [Korenko u ap.,
2018; dupcros u np., 2020b; Walter et al., 2020].
[IpoayKThl aKTMBHOCTU BYJIKaHA IPE/ICTABIICHbI
anje3unba3anbTaMu W aHje3uTamu [l opikos,
1967; ®enopuenko u Ap., 1989]. 3a ucropuue-
ckoe BpeMs 3adukcupoBaHo He MeHee 10 wu3-
BepkeHUH BIK. D0eko: 1793, 1833-1834, 1859,
1934-1935, 1963, 1965, 1967-1971, 1987-1991,
2009, 2010-2011 rr. [Topmxkos, 1967; Koren-
Ko u Ap., 2007; Korenko u ap., 2010; Mewnsiinos
u ap., 1992]. Bce oHu ObUTH 3KCIUIO3UBHBIMH,
HMeNTM TIPEUMYIIeCTBeHHO (peaTtndeckuii (dpe-
aTo-MarMaTU4eCKuii) MeXaHU3M M MPOUCXOIUIH
W3 Pa3JIMYHBIX [EHTPOB, JIOKAJIU30BAHHBIX IIpe-
uMyIecTBeHHo B mnpenenax CesepHoro u Cpen-
HETO KpaTepos.

XapakTepHON 4YEepTOM COBPEMEHHOIO JTara
AKTUBHOCTH BJIK. DOEKO SBISICTCS 3HAUUTEIbHAS
MIPOAOJDKUTENIHPHOCTh OOJBIIMHCTBA €T0 HU3BEp-
xeHut — ot 2 1o 4 ner. Kpome Toro, Ijisi BIIK.
D06eKo, Kak U JJs MOJABIISIOIIEro Yuciia aHje-
3UTOBBIX BYJKAaHOB, XapakTEepHAa WHTEHCHUBHAs
ra3o-ruJiporepmMaibHasi akTUBHOCTb: B KpaTrepax
M Ha CKJIOHAaX BYJIKAHWUYECKOM MOCTPOMKH pac-
TOJIOXKEHO MHOXKECTBO COJNb(arap U TepMabHBIX
HMCTOYHUKOB. MIHTEHCUBHAs 3pyNTUBHAS U COJIb-
barapHo-TUAPOTEpMANIbHASA AESITENFHOCTh BYJI-
KaHa OOBSCHSETCS CYIIECTBOBAHUEM JIOJTOXKHBY-
el THAPOTEPMATIbHO-MAarMaTUYECKOW CUCTEMBI
B npezaenax xp. Bepnanckoro [Mensiinos u ap.,
1992; Poruaros u ap., 2002].

AKTHBH3anus ByJKaHa J0eko B 2020 r.

B okts16pe 2016 1. Hayanmoch oueperHOe JKC-
IUIO3UBHOE M3BEP)KEHUE BIIK. DOEKO, POAOIIHKAIO-
nieecs BIUIOTh 1O CErOJHSIIHETO IHS B BHJIE pe-
T'YJSIPHBIX TEIUIO-Ta30BbIX BBIOPOCOB YMEPEHHOM
cuiel [[lertepes, Yubucona, 2020; Kotenko u ap.,
2018; ®upcroB u np., 2020a]. Ha nporsoxenun
Bcero Bpemenu rpynna SVERT ocymectsisna
OIEpaTUBHBIL MOHUTOPUHT aKTUBHOCTH BIIK. D0e-
KO, UCIIOJIb3YSl BU3yaJIbHBIE U CITyTHUKOBBIE JaH-
Hele [PeiOuH u ap., 2018]. B nepuon ¢ stuBapst 2018
1o oktsi0ps 2020 1. (B cBETII0€ BpeMsl CYTOK U MPH
XOPOIIMX MOTOJHBIX YCJIOBHUSX), IO HAIIUM JaH-
HBIM, 3a(UKCHpOBaHO He MeHee 1834 BHIOPOCOB.
Beicora memo-razoBoro crosnba cocrasimsuia 1-3
(1o 5.5) kM Hax yp. M., IEIJIOBbIe NUIEH(BI pac-
IIpocTpaHsuIuch B cpenHeM Ha 5—10 kM [[lertepes,
Uubucona, 2020]. [Tpu stom B okpectHOCTs IX Ce-
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Bepo-Kypuiibcka HEOTHOKpaTHO HaOIIONAINCH T1e-
TUTOTIA/II ¥ PETUCTPHPOBAIOCH TIPEBBIIICHHUE TIpe-
JENBHO JIOMYCTUMBIX KOHIeHTpauid SO, u H.S
[Korenko u ap., 2018; @upcros u ap., 2020a].

B 2020 r. xapakTep 3pylNTUBHON NEATEIIBHO-
CTH BJIK. D0€KO MPUHLUUIHNAIBEHO HE U3MEHUIICS:
NPOJOJDKATH TPOUCXOJUTH YacThle MerJIo-Ta3o-
BbIE BBIOPOCHI (puc. 2) ppearndecKkor MpUpOIbI
U3 JKepi, Jokanu3oBaHHbIX B HoBom CeBepHOM
kparepe [Korenko u np., 2018; ®@upcros u np.,
2020b]. Beicora BBIOpOCOB BapbupoBaia oT 1.5
70 5 KM HaJ yp. M., JaJbHOCTh pa3zHoca IeIuio-
BBIX 00JIaKOB B cpeiHEM He TpeBbimana 10 kM.

B nepuon ¢ mast mo uronb 2020 1. 6611 3apuKCH-
pPOBaH PE3KHil pOCT OOIIEro KoJIruuecTBa HAOIIO-
JTA€MBIX DKCTUI03HH (puc. 3), 4TO 0COOEHHO OTUET-
JIMBO MPOSIBUIIOCH B paclpeieieHuH BEIOPOCOB Ha
BBICOTY Oosee 3 kM Hax yp. M. Tak, eciu B anpene
OBLTO 3aperucTpupoBaHo 21 coObITHE, TO B Mae UX
KOJIMYECTBO BBIPOCIIO YK€ 10 93, yBEIMUUBIINCS,
TakuM oOpaszom, Oonee ueM B 4.5 paza (puc. 3).
Jlanee Ha IpOTSKEHUU 3 MEC. COXPAHAIACh MAK-
CUMaJlbHas 3a paccMaTpUBaeMbIi IEPUOJ YaCTO-
Ta SKCIUIO3UI: B CpeHEM He MeHee 3 BBIOpPOCOB
B JICHB, TIPH 3TOM W3 HHUX OJHMH Ha BBICOTY 3 KM
u Oonee (puc. 3). B urone 6b110 3aUKCHPOBAHO
115 B3pBIBOB, YTO CTaJ0 MAaKCHMaJbHbIM 3Haye-
HueM s 2020 1. (pekopIHOe 3HaueHHE 3a BECh
nepuoji HaOMOIeHUH ObUIO 3aperucTPUPOBAHO
3a ceHTsI0pb 2018 1. — 133 cobbiTHs) (pHC. 4 a, b).
[leroBble o6naka pacHpoCTpPaHSUIMCh MPEUMY-
IIECTBEHHO B F0XKHOM, FOTO-BOCTOYHOM M CEBEPO-
BOCTOYHOM HAIPABIICHUSAX

Crnemyer OTMETUTD, UTO paHee B pabote [ Dup-
CTOB U Jip., 2020b] Ha OCHOBe M3y4eHHUs Hamps-
KEHHOCTH DJIEKTPUYECKOTO IOl aTMOCQEpHI
B pailoHe ByJKaHa M BU3yaJIbHbIX JaHHBIX ObLI
TaKXe CeJIaH BBIBOJ O Hauajle akTUBHU3AIMU BYII-
KaHa HauuHas ¢ 29 anpens 2020 .

CpaBHuBasi KOMYECTBECHHBIE MTOKA3aTENN BbI-
OpOCOB Ha BHICOTY 3 KM U 0oJiee B pa3HbIe IObI,
MOYKHO BUJIETh, YTO NEPHUOJ ¢ Mast 110 ntoib 2020 .
XapaKTepHU30BaJICS MaKCHUMaJbHBIMU 3HAYEHUS-
MH: Ha NMPOTSDKEHUM 3 Mec. noApss (pUKcHpoBa-
J0ch OT 26 110 35 B3pbIBOB (PEKOPAHBIM 32 BECH
repuo/T HabJTIOCHUH CTall HIOHb — 35 BEIOPOCOB).
OdeHb CXOXKH, MPUOTMHKEHHBIN MO KOJIUYECTBY
BBIOPOCOB, HO OoJiee MPOIOKUTENbHBIN TepUO
HaOmonancs B 2018 r. (puc. 4).

N3yuenne xapakrepa pacmpenesieHus KOJu-
yecTBa 3kcmio3uil 3a 2018-2020 rr. yka3bBaeT
Ha TO, YTO HaWOOJbIIIee KOJTMYECTBO B3PHIBOB Ha
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Puc. 3. Pactipenenenne xonmdecTBa KCIDIO3ui (0o1ee Ko-
JUYECTBO M BBIOPOCH! BHIIIE 3 KM HAJ yp. M.) TI0 MecsIam
3a Mepuoj ¢ sTHBaps 1o OoKTsI0ps 2020 1.

Figure 3. Distribution of the number of explosions (total
amount and emissions above 3 km a.s.l.) by months during
the period from January to October 2020.

BYJIKaHE TIPOUCXOANT B TIEPUOJT C Mas TI0 HOSIOPB,
NP ATOM MaKCHMaJIbHBIE 3HAUEHUs XapaKTep-
HBbI UIMEHHO JUJISl ISTHUX MECAIeB, 0COOEHHO Ha-
[JISITHO ATO TPOSIBIISIETCS 171l COOBITUI Ha BBICO-
Ty 3 kM u 6onee. [Ipupoaa momoOHBIX BapuaIui,
MO-BUJIMIMOMY, CBSI3aHA C CE30HHOM JIHHAMUKOMN
MOCTYTUICHUSI ¥ TIEpepacIpeieICHHs] BOJIbI B TH-
JIpOoTepMalIbHO-MarMaTuueckoi cucreme xp. Bep-
HAJICKOTO — OJIHOTO M3 BAXKHEUIIHUX KOMITOHEH-
TOB, OOECIEUMBAIOIIETO WHTEHCUBHYIO paboTy

BJIK. D0OEKO.

Puc. 2. DKCIUIO3UBHAS AKTUBHOCTH BIIK. DOEKO: Puc. 4. Pacnipenenenue mo mecsiam oOIIEro KOJIWYECTBA
(a) 04.05.2020, (b) 24.05.2020 (c) 01.07.2020 BBIOPOCOB (@) ¥ Ha BBICOTY 3 KM 1 6osiee Hajq yp. M. (b)
(d) 03.07.2020. Cuumxu ¢ IP-kameps1 AXIS (0526-001). 3a iepuog ¢ suBaps 2018 no okTa6ps 2020 1.
Figure 2. Explosive activity of the Ebeko volcano: Figure 4. Distribution of the total amount of emissions (a)
(2) 04.05.2020, (b) 24.05.2020 (c) 01.07.2020 (d) 03.07.2020  and at an altitude of 3 km a.s.l. or more (b) for the period
Images from the IP-camera AXIS (0526-001). from January 2018 to October 2020.
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BrniBoabl

1. B nepuon ¢ mas o uronb 2020 1. Ha ¢one
MPO0JKAIOMIETOCs ¢ OKTAOPs 2016 I. 3KCTUIO3HB-
HOTO WM3BEP)KEHHUsI HAOII0AANOCh CYIIECTBEHHOE
yCHUJIEHHE aKTUBHOCTH BJIK. D0EKO, BhIpaKaroIe-
€cs B YBEJIMYEHUHU YaCTOThI ¥ BBICOTHI BRIOPOCOB.
[TermoBeie o6naka, Gopmupyomuecss B pe3yib-
TaTe BYJIKAHMYECKHX SKCIUIO3WM, MpeACTaBIIsIIH
OTpeIeNICHHYIO0 OMACHOCTh sl HHPPACTPYKTYPHI
n HaceneHus I. CeBepo-Kypuibck.

2. IlpakTuka exeJHEBHOIO MOHUTOPHUHTA IO-
Ka3zaJjia, 9To JaHHBIC KaMepbl BUICOHAOIIONCHUS,
HECMOTPsI Ha OIpECIICHHbIE OIPaHUYCHUS, CBS-

Cnucok Jureparypsbl

o 3emne, 15 (1): 56—68.

160—-167.

Mmonoaust, 5—6: 21-33.

doi.org/10.30730/2541-8912.2018.2.3.259-266
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3aHHBIE C MOTOJHBIMU YCIIOBUSIMM M HCIOJIb30Ba-
HUEM B HOYHOE BpEMs, IO3BOJIAIOT OIEPATUBHO
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C TeM 4YTOObI MHHUMH3UPOBATh 3aBHCUMOCTDH pe-
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Cawmpble kpymHbIE 03epa KypuibCkux 0CTpOBOB:
MopdomeTpus U reorpaduyecKkoe pacrpeaesieHue
(Marepuanbl K 6a3e JaHHBIX)

© 2020 4. H. Koznos

Hnemumym mopcxoii eeonoeuu u eeogpusuxu /JBO PAH, FOxcno-Caxanunck, Poccus
*E-mail: kozlovdn@bk.ru

Pe3iome. B pabote mpencraBieHbl COBPEMEHHBIE CBEICHHUSI O PACIOIOKEHHH, MOPQOMETpPUN U TeHE3HCe
KpYTHEHIINX 03€pHBIX KOTIOBUH KypHIIbCKHX OCTPOBOB, OyUYEHHBIE B BYJKAHOJIOTHUECKHUX IKCIEAHLINAX
UMIul” IBO PAH 2005-2018 rT. 1 mpu MOMOIIX OTKPBITEIX TeOMH(DOPMAIMOHHKIX pecypcoB. [Ipoussene-
Ha BbIOOpKa u3 1099 o3ep no kputeputo S > 1 kM2, B IepeUCHb UCCIICAYEMBIX 00bEKTOB momnanu 20 Maabix
U CpeJHUX BOJIOEMOB, MpEJCTaBlI€HHbIE 7 BYJKaHOTEHHBIMHU M 13 naryHHBIMU o3epaMu. PaccMoTpeHHbIe
03epa 4eTKO pa3leNsIIoTCs M0 MPOUCXOKICHUIO, TUIOIIAAN U BHICOTE 3epKajia, MaKCUMalbHOH Tiryoune. Hau-
OoJiblIee KOIMYECTBO KPYMHBIX 03ep npuxonutcs Ha KOxubie Kypuisl, a kpynaeimmnii Kypunbckuii Bogo-
eM — ByJIKaHOreHHOe o3epo KombiieBoe — pacmonokern Ha 0. OHeKoTaH, BxoAsmeM B Tpymmny CeBepHbIX
Kypwun. Bynkanorensie o3epa 3aanMaroT miomaab 48.26 km? (60 % ot obmieit momanu 20 o3ep), nryOnHa
BapbUpPYeT B AUAIA30HE OT HECKOJIBKUX AECATKOB JI0 HECKOJIBKUX COTE€H METPOB, cpeausist — 113 m. Jlyst stoi
KaTeropuy 03€p XapaKTepHbl OTHOCUTEIBHO BEICOKHE OTMETKH YPOBHS 3epKana — oT 50 1o 648 M Hax yp. M.
Jlarynnsie o3zepa 3annMarot miomanb 32.15 km? (40 % ot oOmieit turomaau 20 o3ep), IyOnHa BOJOEMOB
HeOompmas — ot 1 10 23 M, B cpenHeM 8.9 M. AGComfOTHAs BRICOTA 3epKajia 03ep Hax yp. M. oT 1-5 mo 8-9 m.

KuroueBsie cioBa: Kypnibckie ocTpoBa, 03epo, MOpQOMETpHS, JIaryHa, ByJIKaH, KaJbaepa

The largest lakes of the Kuril Islands:
morphometry and geographical distribution
(materials for the database)

Dmitrii N. Kozlov

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

Abstract. The work presents modern data on the location, morphometry, and genesis of the largest lakes
basins of the Kuril Islands obtained in the volcanological expeditions of the IMGG FEB RAS during
2005-2018 and using open geographic information resources. 1099 lakes were sampled according to the
criterion S > 1 km?, the list of studied objects included 20 reservoirs, represented by 7 volcanic and 13 la-
goon lakes. The considered lakes are clearly divided according to their origin, area and height of the mirror,
and maximum depth. The most part of large lakes falls on the Southern Kurils, and the largest water body —
the volcanic lake Koltsevoe — is located on Onekotan Island, which is a part of the group of the Northern
Kurils. Volcanic lakes occupy an area of 48.26 km? (60 % of the total area of 20 lakes), the depth varies in
the range from several tens to several hundred meters. This category of lakes is characterized by relatively
high levels of the mirror, which range from 50 to 648 m above sea level. Lagoon lakes occupy an area of
32.15 km? (40 % of the total area of 20 lakes), the depth of water bodies is small — from 1 to 23 m, the abso-
lute height of the lake mirror is from 1-5 to 89 m.

Keywords: Kuril Islands, lake, morphometry, lagoon, volcano, caldera
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Beenenne

OreHKa BOJIHBIX 3a1aCOB M UX PaLlIOHAJILHOE
UCTIOJIb30BAHUE — 3TO Ba)kKHAs 0OILIEeMHUPOBast Mpo-
OneMa, KOTOpasl peliaeTcss HEPaBHOMEPHO JUIA
pa3Iu4HbIX PETUOHOB U cTpaH. B Poccun akryais-
HOCTB ATOTO BOTIPOCA C KaXKIbIM TOIOM JIHIIb TI0-
BBIIIIACTCS B CBSI3M C II00aTHHBIMHA W3MEHEHUSMH
KJIMMaTa, HeOOXOAMMOCThIO UCCIIEIOBAHUS U d(-
(EeKTUBHOTO UCIIOJIb30BAHUS IPECHOM BOJBI U BO-
JTHBIX OMOJIOTHYECKUX pecypcoB. OMHUMMU U3 BaXK-
HEHIINX BOIHBIX 00BbEKTOB, HAPSIY C BOJOTOKAMH
U TIOI3€MHBIMHU BOJaMHU, SIBIISIFOTCS 03epa. HeoO-
XOMMO MIMETh TIOJTHBIE CBOJIKM JAaHHBIX IO MOp-
(dbomeTpun, reHe3UCy U MPOCTPAHCTBEHHOMY pac-
NPEAETICHUIO 03€p Pa3HbIX THIOB U IOCTOSIHHO
KOPPEKTUPOBATh UX. 3a MCKIIOUYEHUEM €BpOIEH-
ckoit yactu Poccun, BO MHOTUX pEerMOHAxX CTPaHBI
9TH CBEICHUS JI0 CUX IOp BEChbMa OTPaHUYCHHBI
WJIH 7K€ TIOTEPSIJIH CBOIO aKTyallbHOCTh. CaxanuH-
CKasi 00JIaCTh HE SBJISCTCS UCKITIOYCHUEM, H ECITH
MHorue o3epa 0. CaxaJuH OTHOCUTEIBHO XOPOILO
JMMHOJIOTUYECKH U3YUEHBI, TO KypUIbCKHE BOO-
eMbl B OOJIBIIMHCTBE CBOEM Majo HCCIEIOBAHBI,
a UMEIOILMECs CBEACHUS HYXKIAl0TCs B OOHOBIIE-
HuH. [IepBBIM I1aroM B 3TOM HarpaBlICHUH SIBIISI-
eTcs M3yYeHHE CaMbIX KPYITHBIX BOJIOEMOB, TaK
Kak OHM OOJIaIar0OT HauOOJBIINM BOHO3aIIaCOM
Y MOTEHLMAJIOM UCIIOIb30BaHMUS.

B CaxanuHckoif 001acTM HacUMTHIBAETCSA
17 219 o3ep, u3 xoropbix 1099 pacnonoxeHo
Ha Kypunbckux octpoBax. O0mas miomanb Ky-
PWIBCKHX 03€p cocTaBisieT okono 115 km?. [le-
TaJIbHYIO KJIACCH(UKAIIMIO KypHIIbCKUX 03€ep (0e3
aKIleHTa Ha Mop(oMeTpUYEeCKHe MapaMeTphl)
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IpUBesa B CBOEM (U3UKO-Teorpaduueckom odep-
ke [.B. Kopcynckas [1958]. ComnacHo 3TOH pa-
6ote, Ha Kypuiax MOXXHO BBIIEIUTh 9 KIIacCOB
03ep ¢ 23 pa3HOBUHOCTSIMU — 03€pa, CBI3aHHbBIE:
1) ¢ ByJIKaHM3MOM — KpaTepHbl€, KaJbJEpHBIE,
TPH Pa3HOBUIHOCTH JIABOTIOAIPYAHBIX U colb(ha-
TapHble; 2) C aKKyMYJISTUBHOW N€ATEIbHOCTHIO
MOpS U PEK, JIJaTyHHbIE — 03€pa HaMBIBHBIX Iepe-
IEWKOB, MECYAHBIX KOC, AJUTIOBUAIBHBIX PABHUH,
NpUOPEKHBIX PAaBHUH, BBIPOBHEHHBIX OEpEros,
OeperoBbIX BajJOB M JIPEBHE-JIAryHHBIE 03€pa;
3) ¢ n1eATeNbHOCTBIO TEKY4Yel BOJbI — 03epa-cTa-
PUIIBI, CTapHUIlbl OEPETOBBIX BAJOB; 4) C ACSITEIb-
HOCTBIO BeTpa — AeQIISAIIMOHHBIC; 5) C MpoIieccaMmu
cybdozuu — cydpdo3nonusie; 6) ¢ HUBaLUEH —
HUBAJIbHO-KapPOBBbIE TIOCTOSHHBIE W BpPEMCHHEIC,
7) ¢ moINmOpOM I'PYHTOBBIX BOJ — 03€pa IUIOCKUX
BOJIOpa3/IeIOB, BPEMEHHbIE 03epa aTMOCHEPHOTO
MUTaHUS; §) C YETBEPTUYHBIM OJIEJICHEHUEM — MO-
peHHbIE 03epa; 9) ¢ AeATENbHOCTHIO YEJIOBEKA —
aHTPOIIOTEHHBIE 03€epa.

[Ipu BceM MHOroOOpa3uu KpymnHeume o3ep-
Hble KOTJIOBUHBI Kypwil mpencraBieHsl npeumy-
LIECTBEHHO JIByMsI pa3HOBUJIHOCTSMM: 1) Byika-
HUYECKHE 03epa (OHU PaCIIONOKEHbI B Pa3IMYHOIO
pofa BYJIKaHMYECKUX JIENPECcCUsiX, Kalbjaepax,
Kparepax, OTINYaloTcs O0NbIION ITyOUHON B He-
CKOJIBKO JIECSITKOB M JJa’K€ COTEH METPOB U 4acTo,
3a cueT aTMOC(EpPHBIX OCAJKOB U TEpMaJbHbBIX
MCTOYHHUKOB, CMEIIAHHBIM UTAHUEM); 2) JaryH-
Hbl€ (PETUKTOBBIE) 03€pa, YACTUYHO WJIU MOJHO-
CTBIO OTJICJIEHHBIE OT MOPS ¥ OKEaHa IeCYaHbIMU
KOCaM{ M HITOPMOBBIMH Banamu. [loatomy mpu
OMUCAaHUM KpyMHEUmux BomoemMoB Kypuin mbl
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paccmarpuBaeM JIB€ Ha3BaHHbBIE KaT€rOpPHH BO-
ITHBIX OOBEKTOB.

Baxxno ormetuts, uto B padore I.B. Kopcyn-
ckoil [1958] onucanbl NpeuMyIIECTBEHHO O3€pa
IOxubix Kypuii, B To BpeMsi Kak camblil KpyIl-
HBII BOJIOEM PACIIOJIOKEH Ha CEBEpe OCTPOBHOM
nyrd, Ha 0. OHEKOTaH, KPYMHbIE BOJIOEMBI €CTh
taxoke u Ha Cpegnux Kypunax. Mcnonbs3oBaHHbIE
I'B. KopcyHckoil cBeeHUsI TOJIyYEHbI MPEUMY-
MIECTBEHHO U3 JIOBOEHHBIX PA0OT AMOHCKHUX JTUM-
HOJIOTOB ¥ TUAPOOHOIIOTOB, a 3TO 0O3HAYAET HEOO-
XOAMMOCTb MPOBEPKU U aKTyaIU3alUH UCXOAHBIX
naHHbIX. B mocnenyromeM cBeaeHus AyOnupo-
BaJIUCh C HEOONBIIMMH U3MEHEHUSIMH U TI0 MEpe
M3ydeHus: 4actTuuHo jonoiHsuuck ([Topiikos,
1967; Kypunbckue... , 2004]; CuopaBo4yHUK... ,
2003*). Hay4Hsle cTaThi, B OCHOBHOM T'€OJIOTOB,
TUAPOOMOTIOTOB M UXTHOJIOTOB, TAK)KE€ B TOM WJIH
WHOW CTETICHH 3aTparuBail MOp(OIOTHIO U TeHe-
3HC OTZIETBHBIX 03€PHBIX cucTeM [3eneHoB, Kana-
kuHa, 1962; ®enopuenko, 1962; ®aznynnuH, ba-
tostH, 1989; byraes, Kupnuenko, 2008]. B cBszu
CO CKa3aHHBIM BBIIIIE BOSHUKACT HEOOXOIUMOCTh
co31aHus 0000IIEHHOM CBOJIKH, a B JaJIbHEHIIIEM
U aKTyaJU3upyeMOi 3JIEKTPOHHOM 0a3bl JaHHBIX
1o o3epam KypriibCKux 0CTpOBOB.

Leab paGoTbl, MaTepuaa U METOAbI

ABTOpOM ObLa MOCTaBJI€HA LI€Nb MPOBECTH
0030p MopdomMeTpuyecKux mapameTpoB, TeHe-
3uca U reorpauuecKoro MoJOKEeHHUs KpyImHEH-
mux BoroeMoB Kypuibckux octpoBoB. s no-
CTHKCHUSI ITOW IIeJIM HEOOXOIUMO BBITIOJIHUTH
3a/1a4M M0 cOOpy M aKTyaldu3alud UMEIOLIUXCS
CBEJICHUN HAa OCHOBE JIUTEpaTypHBIX JIaHHBIX,
cOoopy uHbOpMaLIMK U3 OTKPBITHIX TeonHpopMa-
LMOHHBIX PECYpPCOB U 00pabOTKe pe3yiabTaToB
uccienoBanuil MHcTUTYTa MOPCKOM TI€0JI0TMHU
u reopusuku JIBO PAH (MMI'ul' /IBO PAH)
3a iepuon 2005-2018 rr. Habmonenus UMIul’
JIBO PAH npoBoawiuch npu noMmomu uudpo-
BOW OATHMETPUUYECKON CHEMKH CO CITYTHHUKOBOM
IPUBS3KOW MpOoQuUiIei U ¢ UCTOIb30BAHUEM Ha-
JTYBHBIX MOTOPHBIX JIOJIOK, IOy4YCHHBIC TaHHBIC
OBLITU MHTEPIPETUPOBAHEI, HA UX OCHOBE COCTAaB-
nenbl 0atumerpudeckue cxemsl ([Kosnos, 2015,
2016; Kosznos u np., 2018]; www.volcaniclakes.
com). Cbemka Benach MpU MOMOITH UG POBBIX
axonotoB Eagle SeaCharter 320 DX u LMS-

527¢cDF i1GPS (pupma Lowrance), ocHaIIEeHHBIX
GPS-npuemnnkom, paboyas 4actoTa u3iayuare-
nsa cocraBisuia 50-200 xI'u. Jeranuzanus 3xo-
rpaMM IpH TaKOW ChEMKE JOCTUTAETCS 3a CUET
BBIOOpa MHUHUMAJILHOTO MEKTaJICOBOTO PaccTo-
SHUS W 1Iara ChbeMKH. AJTOPUTM COCTAaBJICHHS
0aTUMETPUUECKHX CXEMbl CICIYIOIHI: JaH-

leorpaduueckoe mojokeHue kpynHeniux ozep Kypwiib-
CKHX OCTPOBOB.

Geographical location of the largest lakes of the Kuril
Islands.

* CripaBOYHUK 110 uzndeckoit reorpadun CaxanuHckoil oonactu (coct. 3.H. Xomenxo). FOxno-Caxanmunack: CaxaanHCKoe
KH. m30-Bo, 2003. 112 c. [Handbook on physical geography of Sakhalin region (ed. Z.N. Homenko). Yuzhno-Sakhalinsk:

Sakhalin Book Publ. House, 2003. 112 p.]
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HBIE AXOJIOTHOTO Npoduis B Buae (daiina ¢popma-
Ta *.slg skcnoprupytorcs B [1O Lowrance Sonar
Viewer, nocie 06paboTKH MPOU3BOIUTCS IKCIIOPT
B (aiin popmara *.csv ¢ nmocnemyrouiei puibTpa-
uelt TanHbIX U mocrpoenueM kapt B [10 Surfer.

Pacuer OCHOBHBIX MOp(OMETpPUUYECKHX Xa-
PaKTEPHUCTUK 03€P OCYLIECTBIISIICS MO OOILIENpH-
HATBHIM MeToaukaMm [ Bepemarun, 1930; Mypaseii-
ckuit, 1960; Mopdonorus... , 2004], nis cBepku
KOOPAMHATHOM TNPHBSI3KK U TOYHOCTH TOJIy4YEH-
HBIX IIapaMeTPOB MCIONb30BaNuCh AaHHble ['YIC
SAS Planet u Google Earth Pro.

N3 1099 o3ep KypuibCkux OCTpOBOB ObLI
pou3BeieH OTOOp BOJOEMOB, YIOBIETBOPSIO-
nx kputeputo S > 1 km?. O3ep S >100 xkm?, T.€.
OospmIMX MO MOpdomMeTpuueckoi Kiaccupuka-
uuu [1.B. MBanoBa [1948], B Haieil BEIOOpKE HE
okazasiock. B nccnenyemsiit auana3on nomaino 20
KpynHenmmx s Kypuibckoro permona osep,
MajblX U CpPEIHUX IO JaHHOW Mopdomerpuye-

CKOM Kiaccu(uKauK (CM. PUCYHOK W TaOJHILy).
Onucanne MX MOCTPOEHO MO TeorpapuuecKoMy
MIPUHIIMITY HauKHAas ¢ fora KypuiabCKux OCTpOBOB.

Pe3yabrarsl

O3sepa wicnuvix Kypunsckux ocmpogos — ca-
Masi O6osbliias rpymnmna B BeIoopke (14 BomoemoB).

Osepo [opauee, €AUHCTBEHHOE BYJIKaHUYE-
ckoe 03epo 0. Kynammp, HaxonuTcs B kanpaepe [ o-
TIOBHHMHA, 00pa30BaBIIelics B pe3yIbTaTe MOIIHO-
ro usBepkeHus okoio 40 ToIc. 1.H. ['eHe3uc o3epa
BYJIKAHOT€HHBIH, €T0 KOTJIOBUHA UMEET CIIOKHOE
cTpoeHue u Gopmy monymecsia, ¢ HeCKOIbKHUMHU
[TyOOKOBOJHBIMU YYaCTKaMHU B IICHTPAIbHON Ya-
ctu. [lyObunHa o3epa 62 M. MakcumalibHast JyTHHA
3 kM, mupuHa 1.7 kM, mnomans 3.1 km?, 3aHUMaeT
oxo1o 30 % nioiaau AHa Kajiabaepsl. B 3ananHoit
U BOCTOYHOHM YacTAX JIHA O3epa PACIOJIOKEHBI
9KCIUIO3UBHBIE BOPOHKU C MOIIHBIMU Ta30TUIPO-

TepMaJIbHBIMHM BbIXOAaMH. B 0.6 kM 1okHEe OT

Tabnuya. Kpynueiimme o3epa Kypuiabckux octpoBos (S > 1 km?)

Table. Largest lakes of the Kuril Islands (S > 1 km?)

r{\}‘; OcTtpoB HasBanue Kq?c? %Ifﬂ;:f TEH BB;?:.6(IiI.a,I[ H”iﬁﬁ‘m” rxgﬁga, I'enesuc (])36052}_1
yp. M., M M
1 | Kynammp Topsuee 43°527, 145°30° 128 3.1 62.3 B 1P
2 Becnogckoe 43°43", 145°33° 1 1.2 1 JI 1P
3 [Tecuanoe 43°55°, 145°36’ 5 7.4 21.5 JI 1P
4 Jlaryanoe 44°03°, 145°457 1 35 23.4 J 1P
5 Kpyroe 44°22°, 146°24’ 8 3.26 5.1 J BC
6 JnuaHOE 44°24°) 146°27° 1 2.58 2.8 JI P
7 |Utypyn KpacuBoe 44°37°, 147°12° 82 5.8 50 B P
8 JHob6poe 44°44°) 147°14" 6 2.6 1.2 J P
9 JlecosaBouckoe 44°46°, 147°13° 9 1.45 2 JI BC
10 KytiopImeBckoe 45°03°, 147°39’ 5 1.4 11 JI [P
11 BrnaronarHoe 45°01°, 147°42° 4 4.06 15.7 J P
12 JlebennHoe 45°137, 147°54’ 1 1.04 3 J P
13 ConouHoe 45°18", 148°24° 3 1.33 21.5 JI? I1P
14 CraBHoe 45°21°, 148°44° 164 2.86 4 B P
15 | Cumymup | bupro3oBoe 46°54°, 151°57° 50 32 87 B BC
16 | Ketoit MasnaxuroBoe 47°19°, 152°27° 648 1.5 110 B 1P
17 | Ouexoran | Kombnesoe 49°20°, 154°43° 385 26 369 B BC
18 Yepnoe 49°34°, 154°50° 72 5.8 110 B BC
19 | ITapamymup | 3epkaibHOe 50°03", 155°25° 1 1.25 6 J I1P
20 | Mymiry Bonsiioe 50°45°, 156°15° 2 1.08 1.8 J 1P

Ilpumeuanue. B — Bynkanorennoe, JI — narynnoe, BC — 6eccrounoe, I1P — nporounoe.

Note. B — volcanic, JI — lagoon, bC — endorheic, [TP — drainage.
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FEOMOP®OJIOrNs1 U 3BOIOYNOHHASI FEOrPA®USA

GEOMORPHOLOGY AND EVOLUTION GEOGRAPHY

HEro pacroyiokeHO HeOOoJIbIIoe KpaTepHOe O3e-
po Kumsee, npencrasnsioiniee u3 ce0s BOPOH-
Ky (hpeatmueckoro usBepxkenus, ozepa Kumsmee
u [opsiuee coequHSET NPOTOKA AHTPOIIOI€HHOTO
npoucxoxaeHus. C Oxorckum mopem o03. [ops-
4yee COeIMHEHO pyubeM O3epHBIH.

Ozepo Becnosckoe (ror Kynammpa) dhopmu-
pYyeT oyepTaHUSIMU CBOEH KOTIIOBUHBI CEBEPHYIO
yacTh BecioBckoro momyoctpoBa. 9T0 THIIMYHOE
JaryHHOE 03€p0, UMEIoIIee MTOCTOTHHOE coo0IIIe-
Hue ¢ 3ai1. M3mensl. O3epo, Kak U OCTaJbHbIE BO-
JIOEMBI 3TOTO THUIIA, MEJIKOBOAHOE, IIPU ITOM €ro
LEHTpaJIbHAs U I0)KHAsl YaCTH CUJIIbHO 3aboiioue-
Hbl. [yOouna 6omee 1 m. Jlnuna o3epa 2.7 kM, 1u-
puna 0.6 kM, riomaas 3epkana 1.2 kM.

Osepo [lecuanoe NaryHHOTO TUTIA, UMEET CIIOXK-
HYI0 (hopMy, BBITAHYTO C CEBepoO-3araja Ha FOro-
BOCTOK, OeperoBasi JIMHHMsSI BECbMa W3BUIIMCTAS.
OsepHasi KOTJIOBMHA B 3HAUUTENLHOW CTENEHU
dhopmupyeTr 00K CepHOBOJCKOTO TEpelmieika u
rokHOM yactu Kynammpa B neioMm. MakcumanibHas
orMeTka gocturaer 21.5 m. Jlnuna ozepa 4.35 kM,
mupuHa 2.4 KM, IIIOL@Aab 3epkaia 7.4 km>.

O3epo Jlacynnoe (LeHTpagbHasl 4acTh OCTPO-
Ba) MPE/ICTABIACT COOOW OCTATOYHBIN (PparMeHT
HauOoJsee rTyOOKO# YaCTH JPEBHETO MPOJIMBA, OT-
MEXEBaHHBIN OT MOPS IIEPEMbIUKAMU U3 MOPCKUX
W JIaTYHHBIX ocajouHbIX Toim. dopma 3epkaina
MMeeT BUJ OBaja, OCJI0KHEHHOTO MbICAMHU Ha Ce-
Bepe, 3amajie ¥ BOCToke. MakcumalbHas ITyOnHa
23.4 m. Jlnmuna o3epa 2.6 km, mupuHa 1.5 km, mio-
maas 3.5 kv

Osepo Kpyenoe (ceBepnas yactb KyHnammpa),
JIaTyHHOE, PacIoJIOKEeHO Ha 3amajie OT nepelei-
ka KpyrioBckoro, Mexay mOCTpOMKOM BiK. TATs
u n-oBoM JloBuosa. Kak cienyer u3 Ha3BaHusi, BO-
JI0€M UMEET OKpYTIIyIo popMy, a ero Oepera npax-
TUYECKU HE H3pe3aHbl. MakcuMaibHas OTMETKa
m1younsl 5.2 M. JlnuHa o3epa 2.6 KM, IIMpUHA
1.8 kM, mmomaab 3epkana 3.26 kv

Ozepo /[nunnoe (ceBepHas yacth KyHamupa),
JaryHHOE, PACIOJI0kKEHO Ha BOCTOKE OT Meperei-
ka KpymioBCKOro, MMEEeT CIOXKHYIO BBITSHYTYIO
B MEPHIMOHAIBHOM MPOCTUPAHUU (HOpMY, a €ro
Oepera JI0CTaTOYHO CHIBHO M3pe3aHbl. O3epo OT-
HOCHUTEJIbHO HENTyOOKO€e, MaKCUMaJIbHasi OTMETKa
2.8 M. [lnuna o3epa 3.7 kM, mupuHa 1.35 kM, mio-
maap 3epkana 2.58 km2.

Osepo Kpacueéoe — KpyNnHEHIIMH BOJOEM
Utypyna. PacnionokeHo Ha rore octpoBa, B 11 km
BocTouHee OyxThl JIbBunas [lacts. YacTuuno 3a-
MOJHSIET JKUBOMHCHYIO Kallbaepy YpOWd — IieH-
TPaJbHYIO YaCTh CJIOKHOTO BYJIKaHMYECKOTO Mac-
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cuBa Poxko. KomioBuHa o3epa umeeT mpocTyro
yameoopasHyio hopmy, 6€3 0CI0KHEHUS IKCIUIO-
3UBHBIMU BOPOHKAaMH WJIM MOJBOIHBIMM KyIlOJa-
MHU, BBIXO/IbI Ta30TUAPOTEPM OTCYTCTBYIOT. [10 re-
HE3UCY 3TO 03€PO BYIKAaHUUECKOE, a II0 XapaKTepy
BOJJOOOMEHAa CTOYHOE: U3 €ro Iro-BOCTOYHOM
yacTH B TUXUI OKeaH BBITEKACT €JUHCTBCHHAS
peKa, COEqUHSIONIAasi 03€pPO C OKEAHOM, — YpyM-
net. MakcumanpHas iyOuHa o3epa 50 m. JlnuHa
3 kM, mupuHa 2.45 KM, IJI01Aa6 3epKaia 5.8 km?.

Osepo [lobpoe (ror Wtrypymna) IJaryHHOTO
TUIA, PACMOJIOKEHO IOr0-BOCTOYHEE MOCTPOM-
K1 BIK. AtcoHonypu. dopma 3epkana ciaokHas
U UMEET BUJ OBaja, OCIOXXHEHHOIO OCTaTKaMH
KOCBI U HEOOJIBIIMX JIEBT PEK U PyUbeB, 0COOEH-
HO BbIJIaeTCsl BIIyOb BOJI0OEMa KOCa B €ro ceBep-
HOM 4acTu, B panioHe p. MexnyosepHas. B o3e-
PO BHAaJaeT HECKOJIbKO OTHOCUTENIBHO KPYIHBIX
PEK U pydbeB, NPU 3TOM OHO MMEET CTOK yepe3
p. Tuxas B 3an. J[obpoe Hayano. MakcumasibHas
miyouna 1.2 m. JlnuHa o3zepa 2.3 kM, mHUpHHA
1.43 kM, nnomaap 2.6 km2.

Osepo Jlecozasoockoe, xak u Jlobpoe, pac-
MIOJIOKEHO FOT0-BOCTOYHEE MOCTPOMKM BIIK. AT-
COHOIIYpH, OJIHAKO IO XapakTepy BOJ0OOMEHa
OeccTo4YHOE: B 03€pO HE BMAJAeT peK, IMOBEpX-
HOCTHBIN CTOK M3 HEro OTCyTcTBYeT. Popma €ro
3epKasia O/IM3Ka K oBajly, Oeperopasi JUHUS MpaK-
TUYECKM HE M3pe3aHa. MakcumallbHas IiyOuHa
cocrasiser 2 M. Jliimna 1.71 km, mupuna 1.06 kM.
[Inomans o3epa, cyas N0 CIIyTHUKOBBIM CHUMKaM
u auteparypHbiM AaHHbIM [KopcyHckas, 1958],
3a mocjeaHue 65 et CynecTBEHHO COKpaTUiIach,
¢ 1.91 o 1.45 xm?.

Osepo Kylibviuiesckoe HaXONUTCS B IIEHTpPE
Utypyna, Boctounee ogHonMeHnHoro KyiiOpimes-
ckoro mepernieiika. meer ¢opmy momymecsiia,
OCJIO)KHEHHOTO HEOOJIBIINM 3aJIMBOM B €r0 BOC-
TOYHOM 4acTh. I1o MpouCcXoXkaeHuro 3TO JaryH-
HbIII BOJOEM aJUIFOBUAJIbHOM DPABHUHBI, MUMEET
ctok B KyiiObimeBckuil 3anmuB. MakcumanbHast
mryouna 11 m. [nuna 2.5 kM, mupuna 0.43 K,
mwiomansb 1.4 km2.

O3epo  Bnacooammnoe (LeHTpajdbHas YacThb
Utypyna) npumbikaeT k BocTouHOU yacTH KyioObI-
mIeBCKOro mnepenieiika. opma KOTIOBUHBI CIIOXK-
Hasl, BBITSIHYTas C CeBepa Ha 0T, Oeperonast JTMHUS
CHJIbHO u3pe3ana. O3epo UMEET HECKOIIBKO IPUTO-
KOB (B ToM umcie peku brnaronarnas u Kopcyss),
a u3 Hero B 3aj. Kacarka BbITEKAaeT OJHOUMEHHAsS
p. bnaronarnas. Makcumanbhas riryouHa 15.7 M.
O3epo OTHOCHUTETBHO KPYIHOE, ero airHa 3.15 km,
mmpuHa 1.9 kM, miomans 4.06 kv>.
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CAMBIE KPYMHbIE O3EPA KYPUIIbCKNX OCTPOBOB: MOP®OMETPUSI U FTEOrPA®UYECKOE PACINPERENEHUE

O3epo Jlebeounoe (ceBepHas dactb UTypy-
11a) pacrlolOKEeHO Ha BOCTOKe OT I. Kypuibck,
Mexnay miaro [IpocropHoe u p. Kypuika. Jlaryn-
HBIIl BOJOEM aJUTIOBUAJILHOM paBHHUHBI. 3€pKajio
BBITSIHYTO C 3araja Ha BOCTOK, B 03€pO BIAJacT
HECKOJIBKO PEK M Py4beB, UMeeTcs CTOK B p. Ky-
punka. ['my6una o3zepa 3 m. Hnuna 1.89 kwm, mmu-
puna 0.84 kM, iomans 1.04 km?

O3epo Conounoe HaXOINUTCS B CEBEPHON YacCTH
Utypyna. Ero 3epkano umeeT MOIKOBOOOPa3HYIO
¢dopMmy, a B IEHTpe KOTJIOBUHBI BO3BBIIIAETCS TOpa
c ormetkoi 114.6 M Hag yp. M. Takue ouepranus
nenaroT (GpopMy KOTJIOBHUHBI ITOXOXKEH Ha BYJIKaHU-
YECKYI0, OJJHAKO MHOTHE CUMTAIOT, YTO ITO BOAO-
€M JIaryHHOI'O IPOMCXOKICHNUS, Ha CETOAHSIIHUN
JIEHb 3TO JUCKYCCHOHHBINA Bompoc. O3epo coenu-
HEHO ¢ MOpeM HeOOJbIION MPOTOKON JUTMHOM 60-
nee 200 m, Brnagatomeii B Oyxry TopHas, B Hero
BIIQJIAIOT TPU HEOOJBIINE PEUKU JJIMHOU OT 4 /10
7 xm. Hanbonpbmast rmyouna 21.5 m. Jnmuna 2.5 km,
mupuHa 0.8 kM, mwomanp 1.33 km?2.

O3zepo Cnagnoe — BYJKaHMUYECKOE JIABOIIO/-
IIPYHOE 03€pO, PaCIOJI0KEHHOE Ha I1-0Be MeBe-
KU (ceBepHasi OKOHEUHOCTh UTypymna), B 3amaji-
HOM 4aCTH OTHOMMEHHOMU KaJIbJIEPBI CO CII0KHBIM
ctpoenueM. O3epo umeet hopmy, OIH3KYIO K T10-
JyMECSIILY, BBITSIHYTO B MEPHIMOHAJIBHOM HaIlpaB-
neHuu. beperosas JIMHUA 3anaHONW 4YacTH IIpaK-
TUYECKHM HE HM3pE3aHa, BOCTOYHONW — HAIIPOTUB,
CYILLIECTBEHHO n3pe3aHa. O3epo CTOYHOE, B MOpPE
u3 Hero BeITekaeT p. CllaBHas, NPOTKEHHOCTHIO
23.5 kM. MakcumanbHas riyouHa 4 m. JnuHa
2.91 kM, mmpuna 1.5 kM, miomans 2.86 km?.

Osepa cpeonux Kypunvckux ocmpoeoé Ha-
CUMUTHIBAIOT 2 BOJOEMAa, MU 00a BYIKAaHHYECKOTO
reHesuca.

Osepo Buprozoeoe paclookeHO B KaJlbJEpe
3aBapuikoro (LeHTpasibHas yacTh 0. CuMymmp).
Ero xoTnmoBuHa MMeeT CIOXKHYIO (hopMmy, a Oepe-
roBas JIMHUS CYLIECTBEHHO U3PE3aHa U YaCTUYHO
BBITNIOJIHEHA JIaBOBBIMHU Kymosamu. O3epo Oec-
CTOYHOE, B €T0 I0r0-3araJHoN YacTH HaOJII01at0T-
Csl THAPOTEPMAJIbHBIE BBIXOABI C TEMIEPATypoOid
1o 40 °C mpu cpenHeill Temmeparype BOa 03epa
okoJ10 14 °C, B 3THX MeCTax Ha MOBEPXHOCTH BU/I-
HBI ITy3bIPHKU Ta30B U apenwue. J1Jis o3epa xapak-
TEpHBI OOJIBIINE KOJIEOAHUS YPOBHSI, B HACTOSILIEE
BpeMsI MaKCUMaJsbHas ITyOHHA cocTaBisieT 87 M.
Hnuna 2.7 kM, mmpuna 1.8 kM, miomans 3.2 km2.

O3epo Manaxumogoe HaXoAUTCs B KallbJepe
Keroil, Ha OJHOMMEHHOM OCTpPOBE. DTO BHYTpPH-
KaJbJACpHBIN ByJIKaHUYECKUN BoioeM, (hopMa 3ep-
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Kajla HallOMMHAET OBaJl, OCJIOKHEHHBIM BHYTpH-
KaJIbJEPHBIM KOHYCOM, JKCTPY3UBHBIM KYIIOJIOM
1 J1aBoBbIMH noTokaMu. CTok u3 o3epa B Tuxwii
OK€aH ocCyIecTBisAeTcss pyubeM CTouHbIld. Mak-
cuMaibHasg nryOuHa o3epa 110 m. limuna 1.55 km,
mupuHa 1.32 kM, omanp 5 km>.

Oszepa cesepuvix Kypunvckux ocmpoeog
MPEICTaBIICHBI 2 BYJKAaHHYECKUMU U 2 JIaryHHbI-
MU KOTJIOBUHAMH.

Oszepo Konvbyesoe pacnoioKeHO B KalbJaepe
BJIK. Tao-Pycelp B rokHOM yacTtu 0. OHEKOTaH.
DTO0 caMblil KPYIHBINA U caMblif IITyOOKUI BOJJOEM
Kypmibckux octpoBoB n CaxamuHCKON 00acTH.
Osepo Oeccrounoe. Mmeer dopmy Kojblia, Tak
KaK B CEBEPO-3aIaHOI YacTH KaJlbJEPhI C €€ THA
BO3BbIIIaeTca crparoBynkan [luk Kpenuibiaa
(abc. BbIcOTa 1324 M), B 3HAYUTEIIHBHOU CTEIICHU
dhopmupytonuii hpopMy 3epKajia U KOTJIOBUHBI BO-
noema. ['my6una ozepa 369 m. lllupuna B camoit
Y3KOM 4acTH, Ha ceBepo-3amnaje, 145 M, B camoit
LIUPOKOM YacCTH, Ha FOTO-BOCTOKE, — OKOJIO 3.2 KM,
ob1mas muomane 35 KM%, a 3a BHIYETOM OCTPOBa-
BynkaHa [Iuk Kpennnpina — 26 xm?.

O3epo Yeproe (ceBepHas yacTb 0. OHEKOTaH)
HAXOOUTCS B Ipenenax kKamblaepsl Hemo, Oec-
ctouHoe. Mmeer ¢dopmy mnomymecsia, CXOXKYIO
¢ ¢opmoii 03. ['opsiaee Ha Kynammpe, oqHaKo ero
KOTJIOBUHA HE OCJIO)KHEHA KaKUMU-JIMOO0 IKCIUIO-
3UBHBIMU (JOPMAMH U HE UMEET THAPOTEPMallb-
HBIX BBIXOAOB. beperoBass JTUHHUS JTOCTaTOYHO
CHJIBHO M3pe3aHa 3a CUeT JIABOBBIX IOTOKOB Ha 3a-
najie ¥ 3a CUeT 3POAUPOBAHHBIX CTEHOK KaJIbJAEPhl
Ha BocToke. [yOuna ozepa 110 M. Jlnuna o3epa
4.5 kM, mupuHa 1.5 kM, riomans 5.8 km?.

Osepo 3epxanvroe (0. Ilapamymmp) narys-
HOe, OHO (opmupyeT ouepTaHusi m-oBa Bacwu-
apeBa. O3epo BBITAHYTO C CEBEPA HA 0T U UMEET
JIOCTATOYHO CIIOKHYIO ()OPMY, B HETO BIIAJAET PY-
yeit [IbDKMKOBa M HECKOIBKO HEOOJBIITUX PYyYhEeB,
CTOK B THXUH OKeaH OCYLIECTBISIETCS Yepe3 JI0-
CTaTOYHO IHUPOKYIO IPOTOKY JUIMHOM OKOJIO 1 KM.
MakcumanbHas TryouHa Bomoema 6 M. JlnuHa
2 xm, mupuna 0.84 kM, mromans 1.25 km>.

Osepo bonvuwoe (0. lllymiry) — onuH U3 ca-
MBIX MaJI€HbKUX BOJIOEMOB U3 OMHMCAHHBIX B JIaH-
HOU paboTe. OHO UMeeT BecbMa CIOKHYI0 (popMmy
U JI0CTaTO4YHO u3pe3aHHble Oepera. Ilo BomooO-
MEHY MPOTOYHOE: B HETO BTEKAE€T HECKOJBKO peK
u umeercs cTok B Oxorckoe mope. Makcumals-
Has r1yOuHa o3epa 1.8 m. Jlnuna 1.7 kM, mupuHa
0.84 xm, momanps 1.25 km2.
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FEOMOP®OJIOrNs1 U 3BOIOYNOHHASI FEOrPA®USA

GEOMORPHOLOGY AND EVOLUTION GEOGRAPHY

3akaoueHune

O600mKM TpHUBEIECHHBIC CBEACHUS O MOp-
(dhoMeTpuUeCcCKUX MapaMmerpax, TeHe3nce U Tpo-
CTPAHCTBEHHBIX XapaKTEPHUCTUKAX CAMBIX KpyTI-
HbIX 03ep KypuibCkux oCTpOBOB.

1. Ha Kypunax nacuuteiBaercst 20 o3ep ¢ mio-
maaepo 3epkama 6omee 1 km?, 3T0 Beero 1.8 %
oT o0miero KonuyecTBa o3ep pernona. Cymmap-
Has owmaas 3tux 20 o3ep cocraniser 80.4 km?
(69.9 % ot momaau Bcex Kypuibekux o3ep).

2. 13 20 paccMOTpeHHBIX 03ep 7 UMEIOT BYJI-
KaHOT€HHOE IPOUCXOXJCHUE, JaryHHBIX O03€p
MOYTH B J[Ba pa3a OoJblile, IpU 3TOM C UX MOp-
(hoMeTpUYeCKUMHU MapaMeTpaMHu CUTyalus o0-
parHas:

13 naryHHBIX O3€p 3aHMMAIOT IUIOIIAJb
32.15 xm* (40 % oT CcyMMapHOW TUIOHIAAH
20 o3zep), myOnMHA BOAOEMOB HeOombIIast — OT 1
10 23 M, aOCOJTIOTHAsI BBICOTA 3€pKaja Haj yp. M.
Tak)K€ HEBENMKa, OOBIYHO 3TO TMEPBBIE METPHI —
ot 1-5 mo 8-9;

7 BYJIKaHMYECKHUX O03€p 3aHUMAIOT ILIOLIA/b
48.26 xm?, uto Ha 20 % OombIlIe TUIOIIAAN JTaryH-
HbIX. [TTyOrHA OONBIIMHCTBA U3 ITHUX 03€p TaKXKe
OTHOCHUTENIbHO OONbIlIas U, 32 UCKIIIOYEHUEM O03.
CnaBHoe, BapbHpyeT B AUANA30HE OT HECKOJIBKUX
JIECSATKOB JI0 HECKOJIBKUX COTeH MeTpoB. [lomumo
OO0JBIION TITYOHHBI JIsl TON KaTEropuu 03ep xa-
paKTEpHBI JOCTATOYHO BHICOKHE OTMETKH YPOBHS
3epkayia HaJl ypoBHEM Mopsi — oT S50 10 648 m.

Cnucok Jimreparypsl

JIT'Y, 20: 29-36.

3(31): 65-71.

Caxanunck: CaxanauH. KH. U31-Bo, 227 c.

kapeB A.B. u ap. M.: Hayunsrit mup, 184 c.
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3. Cpennsis MakcuMasbHasi IIyOMHA JIJIs1 BCEX
PacCMOTPEHHBIX KOTJIOBHH cOCTaBiseT 56.1 M,
JUTSL TATYHHBIX 03€p 3TOT MOKa3aresb paBeH 8.9 M,
a JUId ByJIKAHMYECKUX o3ep — 113 M.

4. ITo MmopdomMeTprIeCcKOi TUTOIIATHON KJ1ac-
cudukanuu 03. KoblieBoe OTHOCUTCS K CPeTHUM
o3epaM, ocTaibHble o03epa Kypuibckux ocTpo-
BOB — K MaJIbIM.

5. HauGonpiee konnuectBo (14) paccMoTpeH-
HBIX 03€p PacIHoJIOkKEeHO Ha I0XKHBIX Kypuibckux
OCTpOBax, 4 — Ha CeBEepHBIX U 2 Ha cpeaHux. Ca-
MBI KPYTHBIN U3 OMMCAHHBIX BOJJOEMOB — BYJIKa-
HoreHHoe o3epo KounbueBoe — Haxoaurcs Ha Ce-
BepHbIX Kypumax.

6. XapakTtep BOAOOOMEHA PACCMOTPEHHBIX
03ep HE 3aBHCUT OT HUX Teorpaduyeckoro moio-
KEHHsI U reHe3uca. [Ipu 3ToM OIHUM U3 YacTBIX
NPU3HAKOB BYJIKAHOTEHHBIX 03€p SIBISIETCS TpH-
CYTCTBHE B TUTAaHUH TUAPOTEPMAIIBHBIX BO/I.

B 3agaun majgpHEHIIEro MCCIIEIOBAHUS aBTO-
pa C KoJIeraMH BXOAMT CO3/IaHHE aKTyaHu3upye-
MO 6a3bl JaHHBIX OTKPBITOTO IOCTYIa 00 03epax
KypuibCKuUX OCTPOBOB: COCTaBJICHHE MOJIHOTO
nepevyHsi 00bEKTOB, ONTUMANIBHEIN Hab0op Mopdo-
METPUYECKHX U JIMMHOJIOTUYECKUX NapaMeTpoB
03ep, BKJIIOYAs JaHHBIE MO0 00bEMaM BOJOEMOB,
UX CpeoHUM riyOumHaMm, KodpQHUIMEHTaM Hu3pe-
3aHHOCTU OeperoBbix JinHuM. Hacrosimas pabo-
Ta COCTaBWJIA YaCTh ATOW PACIIUPEHHOW CBOJKH
U TUIaHUPYEeMOi 0a3bl TaHHBIX.
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Pe3tome. [IpuBoasaTcs pe3yasTaThl HCCIEAOBAHUN (PU3UKO-XUMHUUIECKHUX U 0aIbHEOJIOTMYECKIX CBOUCTB TEP-
MaJbHBIX BOJ U THIPOTEPMAIBHON (COMOYHOM) Tps3u BIK. D0eko (0. [lapamymup, Kypunbckue octpoBa).
J1st OTICHKH peKpearnnoHHO-TyPHUCTCKOTO MOTCHIIMANIa BRIOpaHBl HAaMOOIee MPEICTaBUTEIbHBIC OOBEKTHI.
VYnbrpakucislii ucTouHUK Ne 1 BepxHeropbeBCKoil rpyIbl uMeeT Temneparypy 88 °C, ero MUHepaIn30BaH-
Hele (M — 13 1/n) x70puaHO-CcynbdaTHBIE BOIBI COAEPIKAT B MOBBIILICHHBIX KOHIEHTPALHUIX OHOIOTHYECKH
akTuBHBIC deMeHTs (Si, B, Br, Fe?"). I'maporepmbl BepXHEIOpbEBCKHX TEPMAaIbHBIX UCTOYHUKOB MOXKHO
YCIIOBHO OTHECTH K [ alickoMy THITy TpyHIIBI KHUCIIBIX BOJ W PEKOMEHOBATh JUISI HAPY>KHOTO MPUMEHEHUS
TIpH JICYSHUH W TPOQIIAKTHKE IHPOKOTO CIEKTpa 3a00IeBaHNi. YUUTHIBAas CIOXKHOCTh MapIipyTa K Uc-
TOYHHKAM, PACCMaTPUBACTCS PEATbHOE PA3BUTHE ITOI TEPPUTOPHU HE KaK 0aIbHEOTEPareBTHUECKOr0 KOM-
TUIeKCa, a KaK 00bEKTa peKpealliOHHO-TYPUCTCKON JeSITENbHOCTH. AHAJIOTHYHASI CUTYalHs C YIBTPAKUCIIBIM
cynb(aTHbIM TepMallbHbIM UcTOYHHKOM Ha CeBepo-BocrounoMm conbdaraprHom moje. Kpome rumporepm
B HEM HaOIFOalOTCS MAJIOMOIIHBIE OTIOKEHUS THAPOTEPMAIbHOU TPSI3U, MCIIONB30BaTh KOTOPYIO B Ka-
YecTBE JIeueOHOM MPAaKTHUECKHM HEBO3MOXKHO H3-3a €€ HEJOCTaTOYHO XOPOLINX (PU3MUECKUX MOKazaTeler
U OTHOCHUTEJIBHO Manoro oobema. Hanbonee nmepcrekTHBHEI U1l peKpealn 1 0ajJbHeoTepanuy TIyOHHHbIE
THIPOTEPMBI, BCKPBIThIE CKBaXXHHOI [1-2 B paiione . CeBepo-Kypunsck. Temneparypa ruaporepm B 2014 1.
coctaisuta 82 °C, Boma MuHepanu3zoBanHas (M — 8.6 1/1) XJIOpuIHO-THAPOKapOOHATHAS HATPUEBas, Clla-
oomenoynast (pH 7.6), ¢ MOBBIIEHHBIM CONIEPKaHUEM OHOIIOTUYECKU aKTUBHBIX KOMIIOHEHTOB (Si, B, Br).
[To pu3HMKO-XUMHUYECKUM CBOMCTBaM HIPOTEPMBI CKBaXXHHBI [1-2 MOXKHO ycloBHO oTHecTH K JlazapeBcko-
My THAPOXUMHYECKOMY THITY JIEY€OHBIX MUTHEBBIX BOJ XJIOPUIHO-TUAPOKAPOOHATHON HATPUEBOW I'PYTIIHI,
a B KaUeCTBE HAPY>KHOTO (0aTbHEOIOTHIECKOTO) IIPUMEHEHHS OHU YCIIOBHO ONM3KU K KynbIypckoMy THITY
KPEMHHUCTBIX TEPMATBHBIX BOJ[ pA3JTMYHOTO HMOHHOTO COCTaBa.

KiroueBsblie cioBa: octpos [lapamymmp, Byakan D0eko, TepMallbHbIE BOABI, TMAPOTEPMANbHBIC TPS3H,
0aJbHEONIOT S, pEKpealus, TYPU3M

Thermal fields of the Ebeko volcano
(Paramushir Island, Kuril Islands)

and their recreational and tourist potential
Rafael V. Zharkov

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

Abstract. The paper provides with the research results of physicochemical and balneological properties
of thermal waters and hydrothermal mud of the Ebeko volcano (Paramushir Island, Kuril Islands). To assess
recreational and tourist potential, we sample the most intensive thermal waters outputs. Ultra-acidic spring
no. 1 of the Verkhne-Yuryeva group has a temperature of 88 °C, its mineralized (M — 13 g/l) chloride-
sulfate waters contain biologically active elements in elevated concentrations (Si, B, Br, Fe? *). Thermal
waters of the Verkhne-Yuryeva springs can be roughly attributed to the Gaisky type of the acid water group
and recommended for external use in the treatment and prevention of a wide range of diseases. Given the
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complexity of the route to the springs, the real development of this territory is considered not as a balneotherapy
complex, but as an object of recreational and tourist activities. A similar situation is with an ultra-acidic sulfate
thermal spring in the North-Eastern solfataric field. In addition to hydrotherms, it contains thin deposits of
hydrothermal mud , which is almost impossible to use as a therapeutic due to its insufficiently good physical
indicators and relatively small volume. The most promising deep hydrotherms for recreation and balneotherapy
are opened by a well P-2 in the area of Severo-Kurilsk. In 2014, the hydrotherms temperature was 82 °C,
mineralized water (M — 8.6 g/1) chloride-hydrocarbonate sodium, slightly alkaline (pH 7.6), with an elevated
content of biologically active components (Si, B, Br). According to the physical and chemical properties, the
thermal waters of well P-2 can be tentatively attributed to the Lazarevsky hydrochemical type of therapeutic
drinking water of chloride-hydrocarbonate sodium group, and as an external (balneological) use, they are
tentatively close to the Kuldur type of siliceous thermal waters of various ion composition.

Keywords: Paramushir Island, Ebeko volcano, thermal waters, hydrothermal mud, balneology, recreation,
tourism
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Beenenne

Bynkan 96exo (1156 M), pacrnonoxeHHbIH Ha
cesepe 0. [lapamytup, SIBASIETCS OHUM U3 CAMBIX
aKTUBHBIX BYJIKaHOB Ha KypHIbCKHX OCTpOBax.
Hctopusi hopmMupoBaHusi ByJIKaHa U €ro aKTHB-
HOCTh B XX—XXI BB. I0CTaTOYHO XOPOIIIO U3yYe-
Hbl [[opikoB, 1967; Mensitnos u ap., 1992; Me-
nekecteB u ap., 1993 a, b; Korenko u ap., 2007,
2018; Pe16un u ap., 2016, 2018; Jlerrepes, Ynou-
coBa, 2020; ®@upcros u ap., 2020; u ap.]. B npe-
Jiefax CIIOKHOW MOCTPOMKHW BYJKaHA BBIJEISIOT-
csl 3 BEepIIMHHBIX Kparepa, BHYyTPH U Ha BHEIITHUX
CKJIOHAX KOTOPBIX PACIIOIIOKEHO HECKOJIBKO COJIb-
datapHbIX TOJNIEH ¢ BBIXOIaMU CONb(aTapHbIX Tra-
30B co cpeaneit remmeparypoit 100-110 °C u pas-
HBIX 10 (PU3UKO-XMMHUYCCKHM XapaKTEPHUCTUKAM
TepMalbHBIX BOA. M3yueHnue 0coOeHHOCTEeH COMb-
darapHOii W TUIPOTEPMATBHOM MESITEIBHOCTU
BIK. DOeko Hadajaoch B 1950-X IT. U mpojoika-
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eTcsl 10 HacTosero Bpemenu [MBanos, 1957; He-
xopoites, 1960; 3eneHoB u np., 1965; MapxunuH,
Crparyna, 1977; Mensiinos u ap., 1988, 1992; be-
JI0ycoB U 11p., 2002; Yynaes, 2003; Prryaros u ap.,
2004; Korenxro, Korenko, 2006; Chudaev et al.,
2006; boptaukoBa u ap., 2006; [Tanun u ap., 2010;
I'azoruaporepmsl... , 2013; KanaueBa, Korenko,
2013; Kalacheva et al., 2016; Taran et al., 2018;
Kalacheva, Taran, 2018; Kanauesa, Tapan, 2019].

ABtopom B aBrycte 2014 1. B pamkax pea-
TU3alliu TOCYAapCTBEHHOTO KOHTpakTra WHcTH-
TyTa MOPCKOH reojoruu u reodusuxu JlanbHe-
BOCTOYHOTO oOTAelicHnsT PoccuiCKOM akaleMuu
Hayk (UMTI'ul" JIBO PAH, r. IOxH0-CaxainHCK)
¢ MunucrepctBoM 3apaBooxpaHeHus (Caxa-
JIMHCKOM 00JIacTU TPOBOAWINCH HCCIIEOBAHUS
Ha BIK. DOeko. llenp uccliemoBaHuMi 3aKIIIodYa-
J1ach B BBIABICHUHM (UBHKO-XUMUYECKHX OCO-
OeHHOCTEH TEepMOIPOsBIEHUI paiioHa C yIo-
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POM Ha OLIEHKY MEPCHEKTUB UX HCIOJIb30BaHUS
B OaJbHEOJOTHMH M PEKPEalMOHHO-TYPUCTCKOM
NesTeNIbHOCTH. {11 BBIOJTHEHHs] TOCTABIICHHOM
e HeoOX0MMO ObUIO BBINMOJIHUTH TEIJIOBU3U-
OHHYIO ChEMKY OOBEKTOB H3y4Y€HHS; MPOBECTH
oT6op mpod TepMaJbHBIX BOA U TUIPOTEPMAaib-
HBIX Tpsi3edl JUIsl MOCIEAYIOIUX J1abopaTOPHbBIX
(U3BUKO-XUMUYECKUX U  MHKPOOMOIOTHYECKUX
WCCIIEIOBaHMIA; 1aTh OLICHKY IEPCIEKTUB UCIIOIb-
30BaHUs UCCleyeMbIX 00beKToB. VccnenoBanus
MUKpPOOHOJIOTUYECKUX TOKa3arenel TuapoTepm
Y OLIEHKA UX PEKPealiiOHHOro MOTEHIala paHee
HE TIPOBOJMIIUCH.

JI71sl OLIEHKU NEePCIEKTUBHBIX PEKPEalMOHHBIX
pecypcoB BIK. DOEKO ObLJIO BBIOPAHO HECKOJIBKO
W3BECTHBIX U OTHOCUTEIBHO JOCTYIHBIX OObEK-
TOB: BepxHelopbeBCKue TepMajbHbIE HCTOYHU-
KH, TepMmaibHble ucToyHuku CeBepo-BocTouHo-
ro consdarapHoro noyis M ACUCTBYIOLIAsi Ha TOT
MoMeHT ckBaxkuHa [1-2 ¢ ruaporepmamu B 1.5 kM
ot T. CeBepo-Kypuisck (puc. 1). B xome moneBbix
pabotr Obula IpOBEAEHA TEIUIOBU3MOHHAS ChEMKA
00BEKTOB M3y4YeHHS, OTOOpaHbI MPOOBI TEPMaJIb-
HBIX BOJ U TMIPOTEpMAIbHBIX Ips3eit AJis mocie-
TYIOUIMX JTAOOpaTOPHBIX MCCIEOBAHUN U OLEHKH
MEPCHEeKTUB MX HCIMONB30BaHMs. Marepuainsl 1o
(UBUKO-XMMUYECKUM TI0Ka3aTesiM M OCHOBHBIM
0aJbHEOJOTMYECKUM  PEKOMEHJALMSM  YacTHY-
HO ObUIM OIMYOJIMKOBaHBI B CIIPABOYHOM H3IaHUU
BrnaguBoctokckoro ¢unmana JlaisHEBOCTOYHOTO
HAay4YHOT'O LIeHTpa (PU3HOJIOTHU U TIAaTOJIOTUH JIbIXa-

Puc. 1. Cxema pacronokeHusI 00ObEKTOB HCCIIeAOBaHUK Ha BiIK. D0eko (Google
Earth, xocMuaecknii canmok ot 26.10.2012 1.). 1 — BepxHeropbeBcKuil TepMalb-
HBIIA UICTOYHHK; 2 — TepMalbHBIN ncTouHuK CeBepo-BocrTounoro combharapHOTOo

nojs; 3 — ckBakuna I1-2.

Figure 1. Scheme of study objects location on the Ebeko volcano (Google Earth,
space image from 26.10.2012). 1 — Verkhne-Yuryeva thermal spring; 2 — thermal

spring of the North-Eastern solfataric field; 3 — well P-2.
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Hust — HayuHo-1ccnenoBaTenbckoro MHCTUTYTa Me-
JUIIMHCKOM KIIMMATOJIOTUH M BOCCTAHOBUTEIHLHOTO
neuenus (JIHL[ ®I11 — HUMMKBJI), cnenuanu-
CTBI KOTOPOTO BBITIONHSUIA UCCIIEIOBaHUS TIO 3a-
kazy UMTI'ul" JIBO PAH [Yennoxosa, ['Bo3nenko,
2017]. B mpencraBnenHoit Hamu padore Oonee
NETalbHO PACCMOTPEHBl  (PU3UKO-XUMHUYECKHE
MOKa3aTeNld  HUCCIEAYyEeMbIX TUAPOTEPMAIIbHBIX
MPOSIBJICHUI U JaHbl KOHKPETHBIE PEKOMEHIAIHH
M0 BO3MOXKHOCTH MX HCIIONIb30BaHUSI B Ka4eCTBE
PEKPEAMOHHO-TYPUCTCKUX OOBEKTOB.

MeToanl uccjienoBaHuM

B xo/e moneBBIX HCCiIEqOBAaHUN Ha BIIK. DOEKO
aBTopoM ¢ nomoibio GPS-npuemMHuka onpenene-
HBI KOOPJAMHATHI OCHOBHBIX UCTOYHUKOB U COJIb-
darap. IloneBsie 3amepbl Temreparypbl BbIMOJ-
HSUTH 3JICKTPOHHBIM TepmoMeTpoM Digital-K8803
¢ Tounocteio m3mepenus 0.1 °C. UudpakpacHyro
(TeTIOBU3MOHHYIO) ChEMKY YYacTKOB C BbIXOJa-
MH THIPOTEPM IMPOBOJIUIU C TIOMOIIBIO TETUIO-
Bm3opa SAT SDS Hotfind-LXS. Ilomy4yenusie
TEPMOTpaMMBbI TIO3BOJISIIOT BBISIBUTH XapakTep
pacmpeneneHus: TeMreparyp Ha OBEpXHOCTHU UC-
CJIelyeMOTr0 Y4acTKa MECTHOCTH.

bbb npoussenen oT60p npod TepMaNbHBIX BOJ
Y TJIMHUCTHIX OTJIOKCHUH HCTOYHUKOB M TI0 3aKa-
3y UMI'ul” JIBO PAH npoBeneHb! 1abopaTtopHbIe
uccnenoBanus. [1oHbI XUMUYECKUN aHAJIU3 TH-
IpOTepM, KpaTKuil (hU3HKO-XUMUYECKUN aHaIn3
IpS3M U KOJIWMYECTBEHHBIM XUMUYECKHUN aHAIN3
IPSA3€BOrO OT)KMMAa BBINOJIHE-
Hbl B 2014 1. akKpeIUTOBaHHOU
nabopatopueit OAO «IIpumop-
reosiorus» (T. BmaguBocTok) mo
CTaHJApPTHBIM MeTOoIuKaM. Mu-
KpOOHMOJIOTUYECKUE  MCCIIEIO-
BaHUsSl BBHIMIOJTHEHBI B HUCIBITA-
TeIBHOM Taboparopun puauaia
denepanbHOTO  OIOMKETHOTO
YUPEKIEHUST 3PABOOXPAHECHUS
«eHTp TUrHeHbl U AMUIEMHO-
noruu B CaxalMHCKOM 001acTm»
(t. CeBepo-Kypunbck). Ha ocHo-
BE IMOJYYECHHBIX PE3YNIbTaTOB 10
3akazy UMI'ul" ZIBO PAH Buna-
JTUBOCTOKCKMM (unranom JIHIT
@I — HUMMKBII pa3pabora-
HBI 0aJTbHEOIOTUYECKHUE 3aKITIO-
YeHHs] U JaHbl PEKOMEHJAIuU
MO MPAKTHYECKOMY HCIOIb30Ba-
HUIO HCCIEAYEMBIX TUIPOTEPM
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u rpszeit [YenHokoa, ['Boznenko, 2017]. PekomeHn-
nanuu nanel uexons u3 FOCT P 54316-2011" u me-
TOIUYCCKHX YKa3aHHUi>, KOTOpbIe OTMEHEHBI B 2007
I., HO 32 HEMMEHHUEM JICUCTBYIOIIETO JOKYMEHTA He-
(bopMabHO UCTIONb3YIOTCS.

Pe3yabTarsl u 00CyKIeHHE
Bepxueropvesckue mepmansHbie uCmoUHUKY

BepxHeropbeBckre TepMallbHbIE HCTOUYHUKU
pacronoxeHsl ceBepo-3anaanee CeBepHOro Kpa-
Tepa BIK. DOeKo B BepXoBbsxX p. FOpbeBa u npuy-
POYEHBI K pa3pyllIEHHOMN NOCTpoiike BiIK. Bronas-
1a. AGCOIOTHAsT OTMETKA BBIXOIOB BOJ — OKOJIO
500 M Hax yp. M. OO11ast IPOTSHKEHHOCTh yYacTKa
okosio 700 m. JleranbHble CXEMbl PaCIOJIOKEHUS
TEPMaJIbHBIX HCTOYHUKOB MPEACTaBICHbI B pa-
6orax [Mapxunun, Crparyna, 1977; Kanauesa,
Korenko, 2013; Kalacheva et al., 2016]. IlepBbie
BBIXO/IbI BOJ] OTMEUAIOTCS B JIByX pacrajkax, siB-
nsrormxes uctokamu p. KOpwesa. [IpaBsiit pacma-
JIOK OepeT Hauaio y BepIIMHBI ¢ oTMeTKoi 1019
M. JIeBblii pacnagok — mIyOOKH OBpar Ha OYEHb
KpPYTOM CKJIOHE Topbl 3eneHasi. Berxozas! naporaso-
BBIX CTpYyH (puC. 2) IpUypOYEHBI K OCTaHILy JaB
MEXIY ABYMs XOJOIHBIMH PYyYbsIMH, MHTAIOIIN-
MUCS 32 CYET TasHUS CHEKHUKOB TOpbl 3elieHasl.
Hmxe, y ciusiHus 9TUX PydbeB, HAXOIAUTCS CaMblil
BBICOKOTEMIIEPATyPHBIA UCTOUHHUK BCEH TPyIIIbI —
uctoyHuk Ne 1 mo [Mapxunun, Crparyna, 1977].

Puc. 2. BepxHeropbseBckas Ipymna TepMaJbHBIX UCTOYHH-
KOB B paiioHe nuctouHuka Ne 1.

Figure 2. Verkhne-Yuryeva group of the thermal springs
in the vicinity of spring no. 1.

Huxe o tedyeHuro pydbs U3 TpEUIMH B €ro 6op-
Tax HaOIOAAeTCI MHOXXECTBO HE3HAYMTEIHHBIX
BBIXOJIOB THAPOTEPM, MapeHHe KOTOPHIX 0COOEH-
HO 3aMETHO B MPOXJIATHYIO O€3BETPEHHYIO MOTO0-
ny (puc. 2).

Uccnenosaunsnii Hamu B 2014 . UCTOYHHUK
Ne 1 ¢ gebutom ~1 n/c u temmeparypoit 88 °C
pacmloioKeH B TMPHYCTHEBOW YaCTHU XOJOMHOTO
pyubsi. Bona ¢ penkuMu my3sIppKaMu CIIOHTAaH-
HOTO ra3a M3JuBaeTcs U3 TpeuwmH (puc. 3) B ru-
IpOTepMaIbHO H3MEHEHHBIX ITOPO/Iax C HaJeTaMU
SpKO-XKeNnToi cepbl. TepManbHas BoJa UCTOYHUKA
Ne 1 munepanuzoBansas (M — 13 1/1), XnopuaHo-
cynb(darHas co CIOKHBIM KaTHOHHBIM COCTaBOM
(Tabm. 1), kpeMHucTasi, OOpHas, ¢ BHICOKHM CO-
Jep >KaHuEeM KeJie3a U allfoMUHUS (Tadt. 2), ¢ yib-
Tpakucioi peakmnueit cpensl (pH 1.1). 3a nepuon
HUCCIIeqOBAaHUN PTOro UCTOYHMKA ¢ 1950-X romoB
CYUIECTBEHHBIX U3MEHEHUI (PU3UKO-XUMUUECKUX
MoKa3aTelieid He OTMeYaeTcs, 3a HCKIIOUEHH-
eM 0osiee BBICOKOW MUHEpATU3allid THAPOTEPM
(17-20 1/m) B Te ronsl. [lo pesynsraTtam aHamu-
30B 1955-1962 rr. [Mapxunun, Ctparyna, 1977]
COOTHOIIICHHSI OCHOBHBIX MOHOB B THIPOTEpMax
COIMOCTAaBUMBI KaK C HAIllUMU PE3yJIbTaTaMH, TakK
u ¢ manHeiMu koiier [Kalacheva et al., 2016],
npoBoauBIIKX B 2014 1. moyeBbie UCCIEAOBAHMS
Ha BIIK. D0€KO.

Puc. 3. TenioBU3NOHHBIA CHUMOK TEPMaIbHOTO HCTOYHHKA
Ne 1 BepxueropbeBckoi rpynmbl. CripaBa (TEMHBIH IIBET)
BHJHA yCTHEBAs YACTh XOJIOMHOTO PyUBbsI.

Figure 3. Thermal image of the thermal spring no. 1 of the
Verkhne-Yuryeva group. On the right (dark color), there is
the mouth of a cold stream.

'TOCT P 54316-2011. Bodwsl munepanvuvie npupoonsie numoesvie. Obuue mexnuueckue yciosus. M.: Ctanaaptuadopm,
2011, 48 c. GOST P 54316-2011. [Drinking natural mineral waters. General specifications]. Moscow: Standartinform,
2011, 48 p.

2 Knaccuguxayuss munepanshblx 00 u ae4eOHbix 2pazei 0as yenei ux cepmugurayuu: Meton. ykasanus Ne 2000/34.
Mocksa: MuH-Bo 3apaBooxpanenusi Poccuiickoit @enepannu, Poc. HayuHbI 1IEHTP BOCCTAHOBUTENIbHON MEIUIIMHBI U KY-
poptomnoruu, 2000. [Classification of mineral waters and therapeutic mud for the purpose of their certification: Methodical
guidelines no. 2000/34]. Moscow: Ministry of Health of the Russian Federation, Russian Scientific Centre of Medical
Rehabilitaion and Balneology, 2000.
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MUKpPOOHOJIOTHYECKUMH  MCCIIEI0BAHUSIMHU
B naboparopuu ¢unuana LleHTpa rurueHsl u mu-
nemuonorun B Caxanmunckoi obmnactu (T. CeBepo-
Kypuibck) orpeneneno, 4To 6akTepruOIOrHuecKue
MoKa3aresid TUApoTepM BepxHeropbeBCKoro Huc-
TOYHHKA BJIK. DOEKO COOTBETCTBYIOT TPEOOBaHUSIM
u Hopmam MVYK 4.2.1884-04: o6mme komudopm-
Hele 6aktepun (B 100 mir) menee 500 KOE (ripu Be-
JMYMHE JoImycTUMoro ypoBHs He 6onee 500 KOE);
TEpMOTOJIEpaHTHBIE  KOJIM(OpMHBIE  OaKTEpUH
(8 100 m1) meree 100 KOE (omyctumslii ypoBEeHb
He 6onee 100 KOE); Bo30ynuTenu KUIIEYHbIX UH-
(exuuil He OOHapyKeHBI (HE AOIMYCKAIOTCSI).

BepxHeropbeBckue TepMallbHble HCTOYHUKU
OTHOCHUTEJIBHO JIOCTYIHBI, MOCEIIATCsI HEMHO-
TOYUCIICHHBIMU TpPYINIIAMU MECTHBIX >KUTEJNEH,
TYpPUCTOB U y4eHbIX. Ilemmit mapupyT K ucTou-
HukaM oT I. CeBepo-Kypuiibck UMEET NPOTSIKEH-
HOoCTh okoJio 10 kM, mepenan BoicoT 10 1000 M,
B 3aBUCUMOCTH OT (PM3NYECKOW MOATOTOBKH MO-
KeT 3aHMMaTh HECKOJIbKO 4dacoB. YacTh Mmapii-
pyTa MOXHO IpoexaTh Ha KBaJpoLUKiIax. Boabl

BepxHeopbeBCKUX TEpPMaIbHBIX HCTOYHHUKOB,
B CBSI3U C YJIBTPAKHUCION peaKLuen Cpenbl, MOX-
HO PEKOMEH]IOBATh TOJIBKO JII HAPYKHOTO Oajib-
HEOJIOTMYECKOro npumeHeHuss. CommacHo Ha-
3BaHHOW BbIIe Knaccudukanum MUHEpaTbHBIX
BOJI, JAHHBIE TEPMbI B OATHHEOJIOTHYECKOM OT-
HOILICHWHY MOYKHO YCJIIOBHO OTHECTH K ['alickomy
TUITY TPYMIBI KUCIBIX BOJI C BHICOKUM COZAEpIKa-
HueM MmetaiioB [UemHnokosa, I'Bozmenko, 2017].
ITo agamoruu ¢ I'alickuM THIIOM BOABI BO3MOXKHO
Hapy»HO€ NPUMEHEHUE B BUJIC BaHH U KyIaHHUU
[pU JICYCHUH U TPO(PHITAKTHKE (PYHKIIMOHAIBHBIX
0ore3Helt HepBHOW CHCTEMBI, O0JIe3HEH KOCTHO-
MBIIIEYHOM, MOYETNOJOBOM CHCTEMBI, 3a0o0eBa-
HUW KOXXU. YYHUTHIBas HEOONBIIONW MOTOK TOCE-
TUTeNel BepXHEIopbeBCKON IPyNITbl TEPMAJIbHBIX
VMCTOYHUKOB U CIIO)KHOCTh MapuIpyTa K HUM, OXKH-
nath B 0003puMoM OynyIieM peaabHOe pa3BUTHE
9TOU TEPPUTOPHUH KaK OaTbHEOTEParieBTHUECKOTO
KoMIuiekca He mnpuxoautcs. Jomuny p. FOpbe-
Ba MOXHO paccMarpuBaTb Kak OOBEKT pa3BH-
THS PEKPEANMOHHO-TYPUCTCKON EATEITHHOCTH.

Tabruya 1. XuMU4eCKHUI COCTAB TEPMAJILHBIX BOJ BYJIKaHa J0eKko
Table 1. Chemical composition of the thermal waters of the Ebeko volcano

mr/i (% 9KB.)
Komnonent udp meroankn
1 2 3

Na* 306.0 (24) 26.8 (13) 2760.0 (95) I'OCT 23268.6-78

K" 127.0 (6) 27.9 (8) 91.0(2) I'OCT 23268.7-78
Ca* 377.0 (34) 46.1 (25) 40.5 (2) I'OCT 23268.5-78
Mg** 166.0 (25) 6.3 (5) 19.0 (1) »

NH," 15.2(2) 12.1 (7) <0.50 (-) I'OCT 23268.10-78

Fe?* <0.05 (-) <0.05 (-) <0.05 () I'OCT 23268.11-78

Fe** 92.0 (9) 71.0 (42) <0.05 (-) »

> KaTHOHOB 1083.2 (100) 190.20 (100) | 2910.50 (100) -

Cl 2998.0 (32) 339.0 (5) 2815.0 (63) T'OCT 23268.17-78
SO> 8797.0 (68) 8991.0 (95) 70.0 (2) I'OCT 23268.4-78
NO, <02 () 75.0 () 31.0(-) I'OCT 23268.9-78
NO, <0.2 (-) <0.20 (-) <0.20 (-) I'OCT 23268.8-78
CO” <6.0 (-) <6.0 (-) <6.0 () I'OCT 23268.2-78
HCO, <5.0(-) <5.0(-) 2696.0 (35) I'OCT 23268.3-78

> aHHOHOB 11 795.0 (100) 9405.0 (-) 5612.0 (100) -

M 13 034.4 9712.2 8564.5 -

T, °C 88.0 90.0 82.0 -
pH 1.14 1.06 7.65 IMH & 14.1:2:3:4.121-97

Ipumeuanus. %-3KB — MPOICHT-3KBUBAJICHT HOHA B OOIICH CyMMe KaTHOHOB MJIA aHHOHOB. 371ech U B Ta0id. 2: 1 — BepXHeopbeBCKuit
TepManbHBIA HcTOYHUK Ne 1; 2 — TepmanbHbIil HcTouHUK CeBepo-BocTouHoro compgarapHOro momis; 3 — THAPOTEPMBI CKBaXKUHBI [1-2.
[Ipouepk — HeT naHHBIX. AHanu3b! BeMonHeHs! B 2014 1. B LlentpansHoit naboparopunn OAO «IIpumopreonorus» (r. BraguBoctok),

HavansHUK Jabopatopun T.b. [opOeHko.

Note. Here and in the table 2: 1 — the Verkhne-Yuryeva thermal spring no.1; 2 — thermal spring of the North-Eastern solfataric
field; 3 — hydrotherms of well P-2. Dash — no data available. The analysis were performed in 2014 in the Central laboratory of the
OAO “Primorgeologiya” (Vladivostok), chief of the laboratory T.B. Gorbenko.
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Jns pexpearu (OTABIXa, BOCCTAHOBJIEHUS) PyC-
J1a py4heB B MECTaX BBIXOOB TUAPOTEPM MOTIPY-
KUBAIOT, CMEIINBAs XOJOAHYIO M TEPMaIbHYIO
BOJly B MPOMOPIHIX, KOMMOPTHBIX Al KyHaHHA
B HEITyOOKHMX €CTECTBEHHBIX BaHHAX. 371€Ch BaX-
HO TPaMOTHO MPOBECTH MOANPYKUBAHUE, YTOOBI
HE HaHECTU yIepO OKpY)KaoLIUM JIaHAmadpTam
C TepMaJbHBIMUA UCTOYHHKAMH. C TaKUM IOIXO-

JIOM PEKpearo MO)XHO COBMECTHUTBH C HKOJIOTHU-
YECKUM I103HABaTEIbHBIM TYpU3MOM M aKTHBHO
pa3BUBATh PEKPEALMOHHO-TYPUCTCKYIO AESTENb-
HOCTb. [Ipy BO3MOXHOM yBEIMUYEHHH MOTOKA TO-
ceTuTesel HeoOXOAUMO MPOBECTH KOMILIEKCHBIE
9KOJIOTO-Teorpauueckue  UCCICNOBaHUSA VIS
OLICHKM BO3ACHCTBUSI PEKPEALIMOHHOW Harpys-
KM Ha TEPPUTOPHIO U J1aTh PEKOMEHAINH T10 €€

Tabnuya 2. Cofep:kanne MUKPOKOMIIOHEHTOB B THAPOTEPMAax ByJKaHa J0eKo, Mr/i1
Table 2. Content of microelements in the hydrotherms of the Ebeco volcano, mg/l

Coneprxanue (ITorpemrHocTs)

KommoneHT . 5 3 udp meTomuku
Al 540.0 (+£73.0) He omp. 0.53 (£0.07) I'OCT 31870-12
Ba 0.144 (+£0.024) He omp. 0.93 (£0.12) »

Be <0.0001 (-) He omp. <0.0001 (-) I'OCT 18294-89

B 10.8 (£0.9) 10.7 (£0.9) 30.6 (£2.6) I'OCT 51210-98
Br 8.50 (£0.36) 12.2 (£0.5) 113 (£5) I'OCT 23268.15-78
v 0.80 (£0.10) He omp. <0.01 (-) I'OCT 31870-12
Bi <0.01 (-) He omp. <0.01 (-) »

w <0.01 (-) He omp. <0.01 (-) »

Si 156.0 (£20.0) 117.0 (£15.0) 42.0 (£5.0) »

Fe(1) 163.0 (+14.0) He omp. 0.180 (+0.036) I'OCT 23268.11-78
Fe(III) <0.05 (-) He omp. <0.05 (-) »

I <0.10 (-) <0.10 (-) <0.10 (-) I'OCT 23268.16-78
Cd 0.083 (x£0.017) 0.032 (-) <0.0001 (-) I'OCT 31870-12
Co <0.05 (-) 4.11 () <0.05 (-) »

Li 0.229 (£0.035) He omp. 1.28 (£0.19) »

Mn 4.7 (£0.7) 6.68 (-) 0.042 (+£0.011) »

Cu <0.005 (-) 36.38 (-) <0.005 (-) »

Mo <0.001 (-) He omp. 0.39 (£0.06) »

As <0.002 (-) He omp. <0.002 (-) I'OCT 23268.14-78
Ni 0.59 (+0.07) He omp. 1.1 (£0.14) I'OCT 31870-12
Hg ( fdf’(?oz()3364) 0.0072 (-) (f0900§(?4) TTH/L @ 14.1:2:20-95
Pb 1.77 (£0.30) 291 (-) <0.001 (-) I'OCT 31870-12
Se <0.0001 (-) He omp. <0.0001 (-) I'OCT 19413-89
Ag <0.005 (-) He omp. <0.005 (-) I'OCT 31870-12

Sr 5.9 (£0.7) He omp. 5.0 (£0.6) I'OCT 23950-88
Sb <0.005 (-) He omp. 0.24 (£0.04) I'OCT 31870-12
U 0.056 (+0.009) He omp. <0.002 (-) IMHA @ 14.1:2:4.38-95
PO, <0.25 (-) He omp. <0.25 (-) I'OCT 18309-72
F 9.2 (£0.6) He omp. 9.2 (£0.6) roCT23868.18-78
Cr 1.49 (+0.19) He omp. <0.001 (-) I'OCT 31870-12
Zn 1.04 (£0.16) 11.07 (-) <0.005 (-) »

Ipumeuanue. He onp. — MUKpO3JIEMEHT HE ONPEAEIISICS.
Note. He omp. — microelement were not identified.
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YCTOHYMBOMY Pa3BUTHIO, KaK 3TO OBLIO CIIEIaHO,
Hanpumep, Ha Kamuarke [['omyOeBa, 3aBajckas,
2012; 3aBanckas, TomybeBa, 2013; 3aBajickas,
SA6nokoB, 2014]. Kpome anTpomoreHHoro Qax-
TOpa HEOOXOIUMO YUYUTHIBATh U MPHUPOIHBIC Ka-
TacTpoUIECKHUE POIIECCHI, TAKME KaK U3BEpIKe-
HUS BIK. D0€KO0, MOIIHBIE [IUKJIOHBI, IPUBOJSIIHIE
K PYCJIOBOM 3pO3UH, CETISIM U OMOJ3HSAM B JIOJMHE
p. IOpbeBa.

Tepmanwvnoie ucmounuxu Ceeepo-Bocmounozo
convhamaprozo nons

B mnpenemax Cesepo-BocTtounoro combda-
TapHOTO TOJII OTMEYEHO MHOXKECTBO coJib(darap
¢ Temmeparypoid 10 100 °C ¥ HECKOJIBKO Tep-
MalbHBIX UCTOYHHKOB. B 1950-X IT. 3m€ch oTMe-
yayiach aKTUBU3ALUA CONb(haTapHOU NesATeNbHO-
ctu, ynsrpakucibie (pH 0.03—0.09) tepmanbHbie
HWCTOYHUKU HUMEIN BBICOKYI0 MHUHEpaIU3alUI0
(43.4-50.9 r/n), mpeuMyIIECTBEHHO XJIOPHUIHBINA
AHUOHHBIN cOCTaB, CpeU KaTUOHOB Npeolagal
BogopoAa [Mapxunun, Crparyna, 1977]. Jlerans-
Hble cxeMbl CeBepo-BoctouHoro combgarapHoro
TOJIs, XapaKTePUCTHKU TEPMAIbHBIX HCTOUHUKOB
U conbdarap mpeacTaBiIeHbl B padorax [Mapxu-
HuH, Ctparyna, 1977; Kalacheva et al., 2016].

OnuH U3 cambIX KPYIHBIX MCTOYHHUKOB ObLI
onpo6oBad Hamu B 2014 1. VicTouHuk mpeacras-
JIsieT OO0 «KHUTISALIUI» KOTeN pazMepoM 1 x 1 M,
BpE3aHHBIM B MOJAHOXHE CKIIOHA U OKPY>KEHHBII
conb(arapHbIMU BeIXOIAaMH (puc. 4).

W3 kotna BeIOpachIBalOTCS CTPYWKH BOABI HA
BbICOTY 20—40 cM 1 HEOOIBIITUM PYYEHKOM BHITE-
KaroT THAPOTEPMBI C TemrepaTtypoit 6onee 90 °C
(puc. 5). B pycne pydeiika Ha y4acTKe MpUMEp-
HO 1.5 X 2 M oTnararTcs INIMHUCTHIE OCAJIKH Ce-

Puc. 4. Tepmansnslil uctounuk Ceepo-Bocrognoro
COJBb(aTapHOTO TOJA.

Figure 4. Thermal spring of the North-Eastern solfataric
field.
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poro 1Bera. MOIIHOCTh TIMHUCTBIX OTJIOKEHUMN
5-20 cm. OTKUM U3 3TUX OTIIOKEHUU OTHOCUTCS
K ynerpakucisiM (pH 1.06) cynbdatabM Bogam
CO CIIOHBIM KaTHOHHBIM cOcTaBoM (Tadi. 1), ot-
HOCHUTEIBHO BBICOKMM COJCpPKaHUEM KpPEMHUS
(117 wmr/n), oOuiast MUHepaIu3aLusi COCTAaBIISIET
9.7 1/n. MUKpOS’IEMEHTHBIM COCTaB Ompee-
nsncs (tabn. 2) g HECKOJBKUX 3JIEMEHTOB,
Cpenu KOTOPBIX ObLIM OMONOTHYECKU aKTHBHBIE
MuKpoieMeHTsl (Br — 12.2, B — 10.7, I — menee
0.1 mr/m) (Tabmn. 2). XuMHUYECKUN COCTAB OT)KUMA
CYILIECTBEHHO OTJIMYAeTCs OT cocTaBa omnpodo-
BaHHBIX B 1959 1. E.K. MapXuHMHBIM HUCTOYHU-
koB [MapxunuHn, Crparyna, 1977], HO Xopouio
cornacyercss ¢ (pU3MKO-XMMHUYECKUMH JTaHHBIMH
KOJUJIET, IPOBOAMBIIMX HCCIEAOBAHUS B aBryCTE
2014 r. [Kalacheva et al., 2016].

Jisa  ompeneneHus: BO3MOXKHOCTH —OalibHe-
OJIOTMUECKOTO HCIIOJIb30BaHUSl TJIMHUCTBIX OT-
JOKEeHUI OBbLT MPOBEAEH KOMIUIEKC (hU3UKO-XU-
MHUUYECKHX HCCIeN0BaHu. BHemHue mnpusHaku
JAHHOM THIPOTEPMAIbHON (COMOYHON) TpSA3H:
OJTHOpPOJIHAS I'psi3eBasi Macca CBETIIO-CEPOro IIBe-
Ta, UMEET CJIa0blil MCYE3aloIIUid 3amax CEpoBO-
nopona. Ousznko-xuMUYecKkre Mmoka3aTelu Tps3u
COOTBETCTBYIOT HEKOTOPHIM OCHOBHBIM HOPMam
JUIs Ie4eOHBIX TUAPOTEPMANbHBIX Ipsizel. Brax-
HOCTh u3MeHserca oT 43.74 mo 51.28 % (mpu
HOpMe Jutst cortounoi rpsszu 40-80 % no Knaccu-
¢dukanuu MunepanbHbix Bog 2000 r.), 00beMHBIN
Bec — 1.55 r/mm3. 3acopeHHOCTh MHHEPATbHBI-
MU BKJIIOUCHHUSIMU AuameTpoM >0.25 MM HEBBbI-
cokast — 0.13 % (nHa cwipyto rps3p) [UenHokoBa,
I'Bo3nenko, 2017].

OTHOCUTENBPHO HU3Kas JMIOKOCTh HCCJe-
nyemoir tpsizu (mpu 25 °C cocTaBisieT BCETO

Puc. 5. TennoBU3HOHHBIM CHUMOK HCCIEAYEMOTO HCTOUHHU-
ka CeBepo-BocTognoro combgarapHOTo mods.

Figure 5. Thermal image of the investigated spring of the
North-Eastern solfataric field.
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1109 gun/cM?), BEIUYHMHA CONMPOTHBICHHS CIBH-
ry (962 nuu/cm?), HE COOTBETCTBYIOIIAs HOPME
(15002500 mun/cm? i rps3ei, MOArOTOBIICH-
HBIX K IPOIElypaM), U HEBBICOKASI TEIIOEMKOCTb
(0.61 xan/r - rpax npu HopMme 0.8—0.9 kan/r - rpan)
B HCCJIEYEMBIX IPSA3SIX YMEHBIIAIOT BO3MOKHOCTb
MCIIONIb30BaTh MX JJISl allUIMKAaIlMil Ha KOXKHBIE
nokpoBbl. [losTOMYy mNpakTHyeckoe MpPUMEHEHHE
TEPMaJIbHBIX BOJl U TpsA3ei aHHOTO HCTOYHHKA
B OaJbHEOTEPANIEBTUUECKON JEATEIILHOCTH MpeI-
CTaBJsieTcsl HEeBO3MOXHBIM. CaMu TepMalibHbIE
BOJIbI MCTOYHMKA, KOTOpPbIE HEOONBIIUM pyuei-
KOM CTEKaroT B AoiuHy p. Ky3pMuHKa, MOXKHO
ObUTO OBl MCMOIB30BaTh MO aHajoruu ¢ Bepxne-
IOPEEBCKUMHU T€pMaMH, HO M3-3a UX HEOOJIBILIOTO
nebuta 3T0 HenenecoodpasHo. [Ipumenenue ru-
JIpOTepMabHOMN IPs3H B KauecTBe JIe4eOHOIl Tak-
’KE MaJIOBEPOSITHO M3-32 HEJOCTATOYHO XOPOIIUX
bu3NYECKUX MOKa3aTeiel 1 OTHOCUTEIBHO MaJlo-
ro oobemMa B uctounuke. B cBs3u ¢ atum CeBepo-
Bocrounoe conbdarapHoe monie, camoe JOCTYyI-
HOE M3 BCEX coJib(paTapHBIX IMOJIEH BIK. DOEKO,
MEPCIEKTUBHO B KayecTBE OOBEKTa JKOJIOTrHye-
CKOTO ¥ Hay4yHOTO Typu3Ma. CTOUT OTMETUTD, YTO
B nociennee Bpems paiion Cesepo-BocTouHoro
colb(haTapHOTO MOJIs HOABEPraeTCs BO3ACUCTBUIO
SPYNTHUBHONU aKTHBHOCTH BJIK. J0eKo, HOBas (haza
KOTOpOW Hadajgack B OkTsa0pe 2016 r. u mpo-
JloJpkaeTea 1o cux nop [PupcroB u ap., 2020].
B pesynbraTte MOIIHBIX SKCIUIO3HM TepMallbHbIE
UCTOYHHUKH U COJb(aTaphl MOJ MOTYT CEPhE3HO
MOCTpajarh, BIUIOTh O HOTrpeOeHUs MUPOKIIACTH-
YECKUMHU OTIOKEHUSIMHU.

Tuopomepmut ckeaxcunwvt I1-2

B 1.5 xm k 3anagy or . Cesepo-Kypunbck
pacnonoxeHa ckBakuHa I1-2 (puc. 6), mpoOypeH-
Has B Havyasie 1990-X rogoB npu MOUCKE TeoTep-
MaJbHOTO MecTopoxaeHus. 13 Tpex mpoOypen-
HBIX C YYETOM reo(pu3n4ecKux JaHHBIX TTyOOKUX
ckBakuH (I1-1, I1-2 u I'TI-3) TombKO CKBakMHA
[1-2 BckpbLIa HU3KOTEMIIEPATYpPHbIE TEPMAaTbHBIC
Bonbl (80 °C Ha ycthe). [lo maHHBIM H3ydeHUS
CKBaKUHBI [1-2 U3BECTHO, UTO €€ pacxo] yMEHb-
[1aeTcs B CBSA3H C 3apacTaHUeM CTBOJIa KapOOHaT-
HBIMH OTJIIOKEHUSMU (OT 5 J1/C MOCiae OKOHYAHUS
Oypenust u 1o 0.8 5/c yepe3 4 roga). [locnennee
CBUJIETENLCTBYET O MPUCYTCTBUU B TITYOHMHHBIX
THIPOTEpPMax 3HAUUTENBHBIX CONEp)KaHUN yrie-
KHCIIOTO Ta3a, KOTOPBHIM B BOCXOJSIIEM IOTOKE
MEPEXOAUT B CBOOOAHYIO Ta30ByI0 (pa3y [Prruaros
u ap., 2004].
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[To namwmm panneiM, B 2014 . Temmepary-
pa THUAPOTEpPM HA YCThE CKBAKWHBI COCTaBIsIa
82 °C, nebur okono 1 j1/c, Boma MUHEpaIN30BaH-
Hast (M — 8.6 1/1) XJIOpUAHO-THAPOKApOOHATHAS
HarpueBas (tabm. 1), cmabomenounas (pH 7.6).
B Bone mpuCYTCTBYIOT B TOBBIINICHHBIX KOHIICH-
Tpalusx CJIeIyIOIUe MHKPOKOMIIOHEHTBI, B TOM
guclie OMOJIOTUYECKH akTUBHBIE (MT/1): Si — 42.0;
B-30.6;Br—113;Li—1.28; Ni—1.1; Hg—0.0029;
Sr — 5.0; F — 9.2 (Tabn. 2). [lomy4eHHble pe3yib-
TaTbl CONOCTaBMMBI C JAHHBIMH KOJUIET, MPOBO-
JMBIIMX OMPOOOBAaHUS TUIPOTEPM CKBAKUHBI [1-2
B aBrycre 2014 r. [Kalacheva et al., 2016].

HecMoTtps Ha aHTHCaHUTapHBIE YCIOBHS BO-
KpyT ckBaxuHbl [1-2, OakTepronoruueckue noka-
3arenu B aBrycre 2014 r. coOTBETCTBOBaIU Tpe-
6oBanusM 1 HopMamM MVYK 4.2.1018-01: obuiee
mukpoOHoe guciio (KOE B 1 M) meree 50 KOE
(momyctumerii ypoBeHb He Oonee 50 KOE); 006-
e konupopmueie Oaktepun (B 100 mu) He
oOHapy>keHbl (HOpMa — OTCYTCTBHE); TEPMOTO-
nepaHTHbIC KonudopMHble Oakrepuu (B 100 mur)
HEe OOHapy»XeHbl (OTCYTCTBHE); BO30OYAUTENN KU-
mevyHbix nHpeknuii (B 100 M) He oOHapyKeHBI
(oTcyTrcTBUHE).

Cornacuno I'OCT P 54316-2011, tepmainbHbie
BOJIbI CKBaXMHBbI II-2 MOXXHO yCIIOBHO OTHECTH
[UennoxoBa, I'Bo3nenko, 2017] x JlazapeBckomy
THIPOXMUMHUYECKOMY TUITy JedeOHbIX Bon XXVa
XJIOPUHO-THIPOKapOOHATHON HATPHEBOH TpyII-
IIbI, UMEIOLIEN IIMPOKUM CIIEKTP MOKA3aHUU IS
BHYTPEHHETO NpUMeHeHHs. JlaHHBIe THAPOTEp-
MBI MOKHO HCITOJIH30BaTh 10 HA3HAUYCHHIO Bpaya
npu 0OJIE3HSX MUILEBO/A, XPOHUYECKOM TacTpH-
Te, O0JIe3HSIX TMEYEHH, KETUHOTO My3bIps U XKell-
YEBBIBOJIIUX IyTEH, MOKETYI0OYHON JKele3bl,
IPYU HAPYLICHUSX OPraHOB MHIIEBAPEHHS TOCIE
OTIEPAaTHUBHBIX BMEIIATEIbCTB, OOJE3HAX OOMEHa

Puc. 6. CocrosHue ruaporepManbHON CcKBaxuHbl I1-2
B2014r

Figure 6. Condition of the hydrothermal well P-2 in 2014.
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BemiecTB. s HapyXHOro OaabHEOJIOTHYECKO-
ro IPUMEHEHHUs TUAPOTEepPM CKBaxuHbI [1-2 aHa-
JIOTOM YCJIOBHO MOXHO cuuTarh Kynbaypckuit
TUI KPEMHUCTBIX TE€PMaJIbHBIX BOJ PA3JIMYHOTO
MOHHOTO cocTaBa’. Bojbl 3TOro THma pekoMeH-
JyeTCsl UCIIONIb30BaTh B BUJE BaHH MPHU OOJIE3HIX
CHUCTEMBI KPOBOOOpaIlieHus, OOJIE3HIX HEPBHOM,
KOCTHO-MBIIIIEYHOM, JHIOKPUHHON, MOYEIOoJIo-
BOI cucTeM, OONE3HAX KOXKH, PAcCTpOICTBE MuU-
TaHUs U HApYIIEHUU 0OMEHa BEIIeCTB (OKUPCHHE
anuMeHTtapHoe). Jlig yTOYHEHMsI KIMHUYECKHX
pEeKOMEHAN TPUMEHEHUSI THAPOTEPM B Jie-
4eOHO-TTPOPUITAKTUICCKUX TICJIIX HEOOXOIUMBI
NanbHEWIINEe KOMIUIEKCHBIE SKCIEPUMEHTAalb-
HO-KJIMHUYECKHE UCTBITAHUS MOJ PyKOBOJICTBOM
CIELHUAMCTOB aKKPEIUTOBAaHHBIX OpraHU3aLIHil.
ITocne mourHoro ukioHa B ceHtaope 2017 1,
MPUBEJLIET0 K MaBOJKaM B J0JMHE p. Marpoc-
CKasl, YCThEBYIO0 YacCTh CKBXXHHBI U TPYHTOBYIO
nopory ot Hee 1o TI. CeBepo-Kypuibck 3aHec-
JO MOIIHBIMHU aJUTIOBHAIBHBIMHU OTJIOKEHHUSIMHU.
B ciywae pacuMcTkM AOpOTHM UM BOCCTAHOBIIE-
HUSI CKBOKHUHBI €€ TUIAPOTEPMBI MOTYT OBITH HC-
MIOJIb30BAHBI I PEeKpealu U OajJbHEeOoTeparnuu.
MOXHO NpensokUTh HECKOJIbKO BAPUAHTOB pa-
MOHAJIIBHOTO Pa3BUTUA 3TOM TeppuTopuu. Ha-
nmpuMep, B pailoHE CKBaXXUHBbI OOYCTPOUTH He-
OOJBILION KOMILIEKC C TepMajbHBIMU BaHHAMH
u/unu 6acceHOM Ui peKpealiyi MECTHBIX KH-
TeJIed U TypUCTOB. boJiee 3aTpaTHbIN U CIOXKHBIN
BapUaHT — C TIOMOIIBI0 TPYOOIIPOBOJA MOJBECTH
THIPOTEPMBI OT CKBaXXHHBI JI0 TOpOJia C pa3Me-
IeHHEeM OaJIbHEeOJIOTHYECKOr0 KOMILIEKCa Hero-
cpeactBeHHo B CeBepo-Kypuibcke. 31ech BO3-
HUKHYT CIIO)KHOCTH € IPOKJIAKOH TpyOompoBoaa
B JIOJIUHE p. Marpocckas U €ro BO3MOXXHBIM T10-
BPEXKICHUEM TMABOJKAMM, 3apacTaHueM TpPYyOsI
KapOOHATHBIMU OTJIOKEHUSIMHU, MAJIBIM JIeOUTOM
U OCTHIBAHHUEM THUAPOTEPM TPU MPOXOKICHUU
o TpyoomnpoBony u T.1a. [lo manapiM [Peraaror
u np., 2004], B mexaypeube pek Marpocckas
u CHeXHass MOXeT OBITh IIUPOKO pPacIpocTpa-
HEH TOPU30HT HAMOPHBIX XJIOPUAHBIX BOJ C TEM-
neparypamu He meHee 150-200 °C na niryOunax
ot 300400 no 800-1000 m. IIpu 3auHTEpECOBaH-
HOCTHU TOCYAAPCTBEHHBIX CTPYKTYP WJIM YaCTHBIX
WHBECTOPOB B Pa3BUTUHU PEKPEAIMOHHO-TYPUCT-
CKOW JesiTenbHOCTH Ha 0. [lapamymup Moxer
OBITh peaan30BaH BapUaHT OypeHHUs B 3TOM paii-
OHE JOTOTHUTEIBHOU CKBAKUHBI C XOPOIIUM JIe-
OUTOM U BBICOKOW TEMIIEpaTypOi THAPOTEPM.

3akaoueHmne

B pesynbrare mMpoOBENEHHBIX KOMILIEKCHBIX
UCCJIEJIOBAHUNA  OCHOBHBIX THAPOTEPMAIIbHBIX
MIPOSIBIICHUN BJIK. DOEKO BIIEpBBIE OBLIM PaccMo-
TPEHbl MEPCIEKTUBBI UX O0aIbHEOJIOrHYECKOTO
U PEKpealroHHOTO HCIONb30BaHus. TeopeTu-
YECKH, KHUCIIble TEPMOMMHEpAIbHbIE BOJbI U TH-
IpoTepMalbHblE TPA3H MPHUBEPUIMHHONW YacTH
BJIK. D0EKO MMEIOT 0aJbHEOJOTrHYEeCKU MOTEH-
[[MaJl, HO Ha MPaKTHUKE B 0003puMOM Oy/IyIIeM ero
npuMeHeHue Herenecooopasno. CombdarapHbie
MOJISl U TPYMIbl TEPMaJIbHBIX UCTOYHUKOB MOKHO
paccmarpuBarh Kak 00bEKThI pa3BUTHS peKpealn-
OHHO-TYPHUCTCKOM AESITEILHOCTH, HO C 00s3aTeb-
HBIM yCJIOBUEM MHHHMAJIbHOTO aHTPOIOT€HHOTO
Bo3nelcTBUS Ha JaHamadTel. [lepcrieKTHBHBI
B OallbHEOTEpaeBTUYECKOM OTHOIICHUU TIIy-
OMHHBIC TepMaJlbHbIE BOJBI Ha Nepudepuu BIK.
D0eko, BCKpBIThIE CKkBakuHOU I1-2 B 1.5 kM OT
r. Cesepo-Kypunbck. [lo ¢uzuKo-xuMudecKum
CBOMCTBAM TUAPOTEPMBI CKBAKUHBI YCIOBHO OT-
HOCcATCS K JlazapeBCKOMy THAPOXUMHUYECKOMY
TUIY JIe4eOHBIX MUTHEBBIX BOJ XJIOPUAHO-TUIPO-
KapOOHATHON HATPUEBOW TPYIIIbI, a B Ka4eCTBE
Hapy»XHOTO (0aJTbHEOJIOTMYECKOTO) MPUMEHEHHUS
X MOXKHO HCHOJNb30BaTh Mo aHajoruu c¢ Kymb-
TYPCKUM THUIIOM KPEMHHCTBIX TE€PMAaJIbHBIX BOJ
Pa3IMYHOTO MOHHOTO COCTaBa. DTU TUIAPOTEp-
MBI TIPEBAPUTEIHHO MOXKHO PEKOMEHI0BATh IS
BHYTPEHHET0 M HApPY>KHOTO MPUMEHEHHs MpH
JeYeHUN MU NPO(UIAKTUKE MIMPOKOTO CIHEKTpa
3a005eBaHUM, HO JJISl YTOUHEHUS KIMHUYECKUX
pexoMeHAanuii 00s3aTebHbl KOMIUIEKCHBIE JKC-
NEPUMEHTAJIbHO-KIIMHUYECKUE HCIBITAaHUS TI0A
PYKOBOJCTBOM CIIELUATHCTOB aKKPEIUTOBAHHBIX
opranuzanuii. [locne npoBeaeHrs MEAUITUHCKUX
9KCMEPUMEHTAJIbHO-KIIMHUYECKUX UCCIIeIOBaHHIM
MOXKHO OyZeT JeTalu30BaTh CXEMY M MOKa3aHMs
K Hapy>KHOMY WUJIM BHYTPEHHEMY IIpHUEMY TUIpO-
TepM. PazBuTue qaHHON TEPPUTOPUU MOKET MOM-
TH 110 HECKOJIbKUM BapuaHTaM, B 3aBUCUMOCTH OT
JKeJlaHUsI ¥ BO3MOXKHOCTEH 4aCTHBIX MHBECTOPOB
W/WIM TOCYHapCTBEHHBIX CTpPyKTyp. Hambonee
palMOHAJIBLHBIM B HACTOSIEE BPeMsl MPEACTABIISA-
€TCSl BapUaHT BOCCTAHOBJICHUS CYIIECTBYIOIICH
ckBakuHbI [1-2 1 060pyn0BaHKEe HEOOTBIIOTO pe-
KPEAIMOHHOTO KOMILJIEKCa ¢ TepMaJIbHBIMH BaH-
HAMHU W/WiK OacceHOM sl OTAbIXa MECTHBIX
JKUTEJIEN U TYpUCTOB.

SKnaccugpurayus munepanvhuix 600. .. , 2000. [Classification of mineral waters... , 2000]
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Ipagbuk ebixoda xypHana: Ne 1 — mapT; Ne 2 — ntoHb; Ne 3 — ceHTs6pb; Ne 4 — nekabpb.

XKypHan nybnukyeT opurMHanbHble 1 0G30pHbIE HayyHble CTaTbW, KpaTkne HayyHble coobuieHus Short Report,
nMcbMa C AIMCKYCCUEN MO CTaTbsM, PELEH3NM Ha HayuyHble U3[aHusi, a Takke coobLeHust 0 KoHpepeHUusiX, ceMmHapax,
akcneauumsx, 06 UsgaHHON Hay4YHoM nuTepaType.

Hay4yHbIM cTaThsiM 1 coobLleHusiM npucBamBaeTcst uaeHTudmkatop CrossRef — DOI (Digital Object Identification).
XKypHan «"eocuctembl nepexoaHbix 3oH» umeeT DOI: hitps://doi.org/10.30730/gtrz .

Pykonucu npyHMMatoTcs B 9nekTpoHHOW hopme B TeveHune roga no e-mail: gtrz-journal@mail.ru

3akasHble 1 LeHHble NMcbMa 1 6aHgeponu pegakumsi He nonyyaer.

B xypHane npuHATO O8ycmopoHHee creroe peueHsuposaHue (noapobHee O MopsaKke PeLeH3VpOBaHWS CM. Ha
caunrte mypHana). B kayectBe peLeH3eHTOB BbICTYNakT U3BECTHblE cneunanncTtol N0 gaHHOMY HanpaBlieHUo, nverLimne
nybrnmkaLmm no TemaTtuke cTaTbi U HEOBXOOAUMbINA YPOBEHb LIMTUPOBAHNS.

Bbi6op peueH3eHma — npeporaTvea peaKkossiern, Ho aBTopbl MOryT ykasaTb B COMPOBOAUTENBHOM nucbMe 4—6
NOTEHUManNbHbIX PELEH3EeHTOB CBOel paboTbl (MUHUMYM U3 2 pasHbIX PETVOHOB MM pasHbIX CTpaH; 3KCMepTbl B AaHHOM
obnactu; oTCyTCTBME COTPYAHUYECTBA, B TOM YMCNe COaBTOPCTBA 3a NocreaHue 3 roaa; He YneHbl peaKosneruy xypHana).
ABTOpbI Takke MMET NPaBO ykasaTb UMEHa TeX CNeuuanucToB, KOMY, Mo UX MHEHWIO, HE criegyeT OTnpaBnsTb paboTy
B CBS1311 C BO3MOXHbIM KOH(PIIMKTOM MHTepecoB. [laHHas MHdopMaLms SBRSETCA CTPOro KOHMUAEHLMANbHOM U NPUHMMaeTCs
BO BHYMaHWe Npu opraHu3aLmmn peLeHsnpoBaHmsi, KpoMe criyyaes, Koraa y peaaktopa ecTb 6oree BECKUE OCHOBaHMS, YeM
y aBTopa.

Ecnu ctaTbsa He oTBEYaeT TemaTuke XypHana, He coaepXuT npeamMeTa Hay4HOro nccnenoBaHud, He COOTBETCTBYET
9TUYECKM Tpe6OBaHVIﬂM, ,qy6n|/|pyeT OI'Iy6ﬂI/IKOBaHHbIe MaTtepuansbl, IormM4eckn He BbICTPOEHa, n3rnoxeHa Hey,D.O6OBapI/IMbIM
A3bIKOM U T.N., pedakuna MOXeT apryMmeHTUpOoBaHHO OTKa3aTb aBTOPY B ny6nm<au,v||/| Ha OCHOBaHWUWM NepBUYHOIO0 CKPUHUHIA,
A0 npoBeaeHnda peueH3npoBaHuA.
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IMPABUNIA O®OPMIIEHUS U NYBIINKALUU PYKOMUCEWN B XXYPHAJIE

PeLueHune o nybnvkaumm npuHMmaeT peAakunoHHas konnerus B TedeHme 3—4 MecsiLeB co OHS NOMyYeHns MaTepranos
Ha OCHOBaHUM MUHUMYM 2 peLieH3ui. PeLieH3nn xpaHsaTcs B pegakumm B TedeHune 5 nert.

CrtaTblo C KOMWSAMU PELEH3U U pefakLMOHHBIMU 3aMevaHWsiMu BbIChbIiNaloT aBTopy. BosspalueHnve pykonvcu
Ha [opaboTKy eLle He 03HaYaeT NPUHATUS ee K nybnukaumun. Bes fanbHenwas pabota Hag cTtaTtben MaeT B pegakLMoHHOM
(paiine, B KOTOpOM aBTop AopabaTbiBaeT TEKCT Y NPUCLINIAET Er0 BMECTE C OTBETHLIM NcbMoM. OTBETHOE NCbMO crneayeT
nucatb B dpaine ¢ peLeH3nen unu peaakumoHHbIM 3aknioveHnem. B Hem HyxHo:

= OTBETUTb Ha KaXkObIl KOMMEHTaPWIN PELIEH3EHTOB;

= YKa3aTb KOHKPETHO, KakKne MMeHHO U3MeHEeHUA BHECEHbI B CTaTbiO,

= HanucaTtb y6e,D,VITeJ'IbH0€, BeXINnBOe BO3paxkeHune, ecnun, no MHEHNKO aBTopa, peLeH3eHT Henpas.
- I'IOGJ'IaFO}J,apVITb peueH3eHTa 3a nofe3Hble 3aMevYaHna U KOHCTPYKTUBHYH KPDUTUKY.

Pegkonnerna Ha ocHOBaHWW peLIEH3MIA U OTBETHOW peakLmMm aBTopa onpeaenset naaneVlLuyro Cy,Cl,b6y pykonucu.

anIHﬂTy}O KnevyaTu CTaTbio CHOBa YMTaAET pedaKTop 1 cornnacoBbiBaeT C aBTOPOM NpaBKK, CBA3aHHbIE C coaepXXaHneM.
[oTOBbLIN K BEepCTKe cba|7|n cnenyet BHMMaTeslbHO BblYMTATb, NOCKOJIbKY B BEPCTKE AOMYCTMa TOJIbKO MeJlKad npaBka.

PaGoTy BktoyaloT B nnaH Homepa. CoaepkaHue HoMepa YTBepXKAaeT OTBETCTBEHHbI 332 HOMEP W/WNW TMNaBHbI
penakTop, 3a KOTOpbIM OCTaeTCsi MPaBO OTKIIOHUTb CTaTblo MO CEPbe3HbIM Ha TO OCHOBAaHWSAM (KOH(IUKT MHTEPECcoB,
HeJoCTaTOYHbIA YPOBEHb HOBM3HbI MCCrieqoBaHus U T.N.). B cnyyae npuHATUS cTaTby K NyGnukauuyM aBTopy cooGLLaloT,
B KakoM HoMepe oHa GyaeT onybnukoBaHa.

ABTOpbI CTaTen HeCYT OTBETCTBEHHOCTb 3a coAep)KaHue ctaTten un pakTt nx nybnukaumm, o 4em NoAnNuCLIBaT aBTop-
CKOe 3asiBfneHue.

Penakuusa BnpaBe M3bATb yXKe ONyBnuKoOBaHHYIO CTaTbio, €CNU BbIAICHWUTCS, YTO B MNpoliecce ee nyGnukauuy 6binm
HapyLUeHbl YbU-TMBO NpaBa UK OBLLENPUHSATEIE HOPMbI Hay4YHOW aTUKU. O hakTe U3bATUS CTaTbM pedakuus coobliaeT
ee aBTOpYy, crieunanucTam, AaBlMM PeKOMeHOaUMIo UNu peLeHsuto, opraHnsauum, raoe paboTa BbinonHsanack, U B 6asy
Hay4HOro LMTUPOBAHMS, B KOTOPOW XypHan MHAEKCUpYeTCs.

My6nukauus ctaten 6ecnnatHa Ans aBTopos. [1o 3anpocy aBTOPOB pedakums Nocne BbixoAa XypHana B CBET BbICbl-
naer pdf-chaiin ¢ onybnukoBaHHOW cTaTben. [evaTHble 3K3eMMIAPbLI U3AaHMS MOXHO NpuobpecTn B pegakumm nnm opopmme
noanucky B AreHtctBe «Pocnevatb» (uHaekc 80882). Mognucaslumnecs Ha XXypHan, caenaB CBOEBPEMEHHO MO 3NEKTPOHHOM
noyTe 3anpoc B peaakuumio, nonyyart 6ecnnatHo pdf-dann ¢ aneKkTpoHHON Bepcrei XypHana B Te4eHne Hedenu nocne nog-
nMcaHus ero B nevartb.

CTpyKTypa OCHOBHOro dpamna (cm. daitn O6pasey ohopmeHus cmambu Ha caitTe xypHana)
Temamuyeckasi py6puKa U3 NPUBEEHHOTO BbILLE CICKa CIeLIanbHOCTE.

UHOekc YK no tabnuuam YHuBepcarbHOW OECATUYHOM Krnaccudukaumun, vMerlmmcs B GubnuoTtekax, wnm
C NMOMOLLIbIO MHTEPHET-pecypca http://teacode.com/online/udc/

3aznaeue. 10-12 cnoB. KopoTtkoe, emkoe. Mo BO3MOXHOCTM u3beravite oOLIMX CINOB, Hay4HbIX >XaproHM3mMoB
n abbpesuatyp. B ngeane Bce cnoBa Has3BaHWsi MOrYT CIYXXUTb KIMHOYEBbLIMU NMPU HAYYHOM MOUCKE.

UHuyuanbl u ghamunuu aemopos (0TMETUTb 3BE3004KON aBTOpa AN KOHTaKTOB M yKasaTb e-mail Ans nepenncku).

MonHble HazeaHusi yuypexOeHuli (Kak OHM 3HayaTcs B YcTaBe), K KOTOpbIM addunvMpoBaHbl aBTOpbl, U KX
MeCTOHaxoXaeHue (ropog, cTpaHa).

Pegpepam (pestome, aHHomauyusi) — Abstract. O6bem 200—-300 croB. be3 npouTeHusi Bceli cTatby JaeT YeTkoe
npeacTasneHne o0 Lenu cTatbu, ee Hay4YHON HOBU3HE U AOCTUMHYTLIX pedynbTaTtax. [103ToMy B HEM B NakoHU4HOW dhopme
OOMKHbI BbITh YeTko 0603Ha4veHbl Nnpobrnema, obocHOBaHWe Lenun, MaTepuansl U METOAbI, pe3ynbTaTbl NCCNEAO0BaHUS U NX
WHTepnpeTauus, BbIBOAbI.

Ons MHOCTPaHHbIX Yy4Y€HbIX a6CTpaKT 3a4acTyio asndeTcqa eAUMHCTBEHHbIM MCTOYHUKOM VIH(*)OpMaLWIVI O coaepxxaHuun
pyCCKOﬂ3bNHOVI CTaTbW N U3NOXEHHbIX B HEN pesynbTaTtax nccrnengoBaHuA.

M3beranTe naccuBHbIX rnaronbHbix opMm (The study tested, Ho He It was tested in this study. Mbl dokasanu
38yyum nyqwe, 4em Hamu Ooka3aHo). Knaccmnyeckoe 6e3nmyHoe 66110 npodeMoHCmpUpo8aHo, ornucaHo Kak Obl
nepeBoaNT Ha BTOPOW MNMaH NNYHYK OTBETCTBEHHOCTD.

Knrouyeenle croea (He 6onee 10, 4ONYCTUMbI CITIOBOCOYETAHUSA U3 ABYX CMOB) B ONTVMMAarbHOM BapuaHTe
oTpaXaloT: NpeaMeT UccreoBaHUs, METOAbI, 0OBEKT, creunduKy daHHOM paboTbl. McnonbayoTcs Ans UHAEeKCUPOBaHUS
1 nowvcka. MNpuasaHbl 06nerynTb HaxoxaeHue cTaTbk B 6asax AaHHbIX.

BnazodapHocmu u cBedeHusi 0 ghuHaHcoeol noddepike paboTbl (C HOMEpPaMu rPaHTOB B CKODOKax).

Tekcm cmambu C BCTaBNeHHbIMU B TEKCT UnniocTpaunamm n Tabnuuamm B nporpamme Word nio6ovi Bepcun 6e3
MCMOnb30BaHWA MakpocoB. Ecnu B cTatbe ecTb hopMynbl, CUMBOMLI U T.M., Nnpodybnupynte dann B pdf.
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Criucok yumupyembix UCMOYHUKOS.

CeedeHusi 0 ecex aemopax (B KOHLIE CTaTb): aMuUnmnsi, UMsl, OTYECTBO, YYeHasi CTENEHb, AOITKHOCTD,
nabopatopus, kadeapa unv oTgen ¢ NosHbIM U COKpaLLeHHbIM Ha3BaHueM (abbpeBnaTypoit) yupexaeHus (kak B YctaBe),
ORCID (Open Researcher and Contributor ID), a Takxke (ecnu ectb) ResearcherID (ID WoS) n Scopus ID kaxgoro aBTopa,
NoYTOBbLIV agpec, e-mail; TenedoH KOHTaKTHOro aBTopa.

OmoaenbHbIMU ¢halinamu npunararoTcs:

1) ABTOpCKOe 3asBneHne (popMy ckadaTb Ha canTe XypHana);

2) ckaH-konusa OKCNepTHOro 3akntoyeHust (Mo opme, MPUHATOM B OpraHvM3auMu aBTopa) O BO3MOXHOCTM
onyGrMKoBaHUS B OTKPLITON neyatw;

3) rpadmnyeckne matepmansi;

4) B cnyvyae HeobGXoQUMOCTUM paspeLleHus Ha nybnukaumio oTaenbHbIX MatepranoB (cM. dann O pa3peweHusix Ha
ucrionb308aHUe Mamepuarnos mpembux fuUy Ha canTe xypHana).

Ha aHanutickom s3bike B (havine co ctaTeen AybnmpyoTtcs:
e  3arnasue,
e UMeHa n haMunun aBTopoB,
e HaMMEeHOBaHWsi opraHM3aumi (Kak OHM 3HayaTcs B YcTaBe),
e pedepart u KnYeBble CNOBa,
e MOAPUCYHOYHbIE NMOANUCH,
e 3aronoBku Tabnuu,
e cBedeHus 0 hMHaAHCOBOM Noadepxke paboTel M GrarogapHocTy,
e [OrHblEe CBEAEHMS O BCEX aBTOpaXx.

TpaHcnutepaums anemeHToB (Npy HeobxoamnmocTn) npoussoauTcs B cucteme BGN — ¢ nomoLlbio canta
http://translit.ru/

[Ona nyywero BOCAPUATUA M LMTUPOBAHUA CTaTbW XKenaTenbHO NPUAEPXKMBATLCA YETKOM CTPYKTYpbl,
yuuTbiBas pekomeHgauun AHPU (Accouuvaummn Hay4HbIX peAakTopoB U uspartenemn), a Takke pekomeHpgauun EASE
(European Association of Science Editors) ans aBTopoB n nepeBOogYNKOB Hay4YHbIX CTaTeN, KOTOPbIe AOTKHbI ObITb
ony6rnMKoBaHbl Ha aHIMTUMNCKOM fi3bIKe.

BeedeHue

OcBseTuTe cnegytoLLme BOMpOChI:

e CoBpemeHHble B3rnsabl Ha npobnemy.

¢ Y10 BBINO cAenaHo paHee (0630p NUTEPATYpPbI; YKaXnTe opurMHasnbHbIe U BaxkHble paboTkl, B TOM 4ucne nocrnepHve
0630pHble cTaTbK). Mi3berante CCbINOK Ha ycTapeBLlUne pesynbTaThl. Beigenute HepelleHHble BONPOCHI B npegenax
o6uer npobnemsi.

e KakoBa Bawa runoresa, KakoBbl BalLK Lienu (MOCTaHOBKAa 3a[a4qu C YNOpoOM Ha HOBU3HY, Y€TKO CHOpMynupywnTe Lenb
cTaTbu).

e Y70 GbINO NPOAENaHO BaMu.

Mamepuan (06Lekm) u MemoOdbI uccredoeaHus

e OnuwwuTe, Kak Bbl M3y4anu NocTaBneHHyo npobnemy.

o He onucbiBarite npouenypbl 1 MeTOAbl, AaHHblE O KOTOPbIX I'Iy6J'II/1KOBaJ'IMCb paHee.
L YKaxute npumMmeHdaemoe o6opyuoaaHV|e 1 onuwinTe Mcnonb3oBaHHble MaTepuhanbl.

Pe3ynbmamabi uccrnedoeaHus unu 3kcrepumMeHm (uccredoeaHue, ModenuposarHue u m.i.)

¢ CuctemaTusMpoBaHHbIN aBTOPCKUA aHanMTUYeCKUn W CTaTUCTMYECKUA MaTepuan (KrnoyeBoe CrnoBO 34eCh —
CUCTEMATU3INPOBAHHDIN).

e Tabnwuupl, rpadukn 1 TEKCT He JOMKHbI Ay6nuposaTthb Apyr Apyra.

e PucyHkn n tabnuupl — 310 uctopusa mnccriegosaHus. OHM OOMKHbI ObITb MOHATHLIMU M 6e3 TekcTa, Tabnuubl — He
neperpyxeHHbIMW, BCE NOANMCAHO 1 Ha cBoeM mecTe. He 3abyabTe npuBecTn NOAPUCYHOYHbIE MOANNCK W 3arofoBKu
Tabnuu NOMMMO PYCCKOTO Ha aHrMUNCKOM A3bIKE.

O6cyx0eHue pe3ynbMmaimoe — o4eHb BaXHbI pasaern.

e XenaTenbHO CpaBHWUTb pe3ynbTaThl C Npedbldylwmmyu paboTamum B 3TOM o6rnacTu kak asTopa, Tak W [Apyrux
nccnenosatenei. Camblii O4eBMAHbIA Cnocob NOAHATL LMTUPOBAHNE — 3TO He TOMbKO NPeACTaBUTL CBOW AaHHbIE, HO
1 COMOCTaBUTL UX C MUPOBLIMU USN PETMOHAaNbHLIMU aHarnoramu. Mogerb v BbIBOAbl AOMMKHBI BbiTb YHUBEPCAmbHbI C
TOUKM 3PEHUS BOCTIPUSATUS YHEHBIMW He TONbKO Balleil creuuansHocTi. Ecrnv moaers xopoLuas, eCrivi BbIBOAbI CAENaHbl
1 060CHOBaHbI MPABMUIIBHO, TO OHU AOMKHbI BbITh MOHATHBI MIIOGOMY.

e He cTout urHopupoBaTtb paboThbl, YbW pesynbTaThl NPOTUBOPEYAT BALUMM — BCTYMWATE C HUMU B KOHCTPYKTUBHYIO
AVCKYCCUIo 1 yBeauTe YiTaTens B CBOEN npasoTe.

e YT06bl NPEABOCXMTUTL BO3MOXHbIE 3aMeyaHusi peLeH3eHToB, 06CcyauTe orpaHMYeHns Balmx pe3ynbTaToB — YTO He
yAanocb cAenatb 1 noYemy.

Mpu HeobxoguMmocTM BBeAMTE TemaTU4ecKkue Moa3arofioBkM, o0beauHWTE HeKoTopble pasgensl (BeegeHue
n metoabl, Pesynetathl n o6cyxaeHne, O6cyxaeHre n 3aknveHne, 1 T.0.).
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IMPABUNIA O®OPMIIEHUS U NYBIINKALUU PYKOMUCEWN B XXYPHAJIE

Bb1600bI U 3aK/1r04eHUe — 3T0 He OHO U TO e, HO WX, Kak NpaBumo, 06beanHSIOT NOf 3arofloBKOM 3ak/iroyeHue.

Bbi00bI NAKOHWYHO M3NaratoT rnaBHble pesyrbTaThl, XenaTefibHo hpasaMu, OTIMYAOLLMMIUCA OT BblCKa3aHHbIX
B OCHOBHOW YacTu cTaTbMu.
BaxkHo: BbIBOAbI AOMKHbI YETKO KOPPEnMpoBaTh ¢ hopMYNMPOBKOW Lienun 1 3aaad paboThbl, ¢ pesyfbTatamu 1
cofep)kaHneM aHHoTaLuw.

3akntoyeHue

» [laeT OTBET Ha BONPOCHI, YTO HOBOFO CTaTbsl 4OGABNSET K y>Ke onybrnmMKkoBaHHbIM pe3dyfibTaTaM U Hackomnbko paboTa
NMo3BoNAEeT NPOABUHYTLCS Biepes B AaHHOW 06racT 3HaHWA.

« [peanaraet 0606LLEHNS U peKOMEHAALNM, BbITEKAIOLLME U3 paboThl, NOgYEPKMBAET UX NPaKTUYECKYHO 3HAYNMOCTb,
onpegensieT HanpaeneHus ONs [anbHeilero WccrefoBaHWs B 3TOM obnacTu UM, KenaTenbHO, MPOrHO3 pPasBUTUs
pacCcMOTPEHHbIX BOMPOCOB.

Cnucok numepamypsbl
O6sa3aTenbHbI paboTtsl nocnegHux 5—10 net. He 3abbiBanTe 0 paboTax MHOCTpaHHbIX Konner. B 0630pHbIX cTaTbsx
Hapsigy C COBPEMEHHbIMU, HOBENLLUMMU UCTOYHMKAMW YKaxXuTe Te, B KOTOPbIX uccnegyemas tematumka bbina saaTpoHyTa unm
paspaboTaHa BrnepBble. MUHUMU3NPYWTE CCbINKM Ha y4ebHble NOCOOMS, CMPaBOYHMKM, SHUUKIONEANN U T.M., KOTOPbIE He
MOTyT ObITb CEPLE3HON OCHOBON ANA HAy4HOro uccriegosaHus. Lintnposanne cobCcTBeHHbIX paboT He JOMKHO NpeBbIWaTh
20 % oT obuero Yncna B CrinckKe.

HaHHbIe

B aTom pasgene aBTop MOXET pa3mMecTuTb OONONTHUTENDBbHYHO MHOpMaLUIO — faHHbIE 3KCNEPUMEHTOB,
BCnomMoraTtesibHbIX METOL0B UCCnegoBaHNA N TOMY noaoOHble AaHHble, noaaepxuearoLumne BolBogbl B cTaTbe. 1o
CyLliecTBy, 3TO NPUINOXeHne K ctaTbe. Takas nHdopmMaums Takke MOXET ObITb pa3melleHa B Ka4yecTBe JONOJTHUTENTIbHOIo
Martepuana K ctaTbe B 3fIEKTPOHHOM BEPCUM XypHana.

O6LIJI/IpHa$| 6a3a gaHHbIX BKyne ¢ MetogamMmu nx 06p860TKI/I, nverLana cCaMoCTOATENbHYH HAay4YHYO LEHHOCTb,
MOXET ObITb 0I'Iy6J'IVIKOBaHa B BuAe OTAENbHON pa6OTbI CO CCbISIKON Ha COBCTBEHHO Hay4HYK CTaTblo, B KOTOpOK o6cy>K,qa-
HOTCA pe3ynibraTbl aHanm3a 3TUX gaHHbIX.

Ecnn pesynbTaTthl SKCNEpMMEHTa elle He OCMbICMEeHbl Ha YpoBHE 00606LIeHUs, AOCTOMHOM CTaTbW, HO
npeacTaBnAlnTCA BaXHbIMW AN peLleHns HaydHon npobnemsl, ohopMuTe NX B BUAE KPATKOro coobLieHus (NocTaHoBKa
3ajauu, aKcrnepumeHTanbHbIi MaTtepuarn, BblBoAbl, HEOONbLLOW CNMCOK NUTepaTypbl).

4Ymo o6bI1YHO cMOMpPsIM peueH3eHMbI?

e AHHOTauuto-pedpbepat npexae Bcero.

¢ PucyHkun. PeueH3eHTbl C 60MbLLIMM CTaXeM BbISIBANW KOPPENALMIO: €CIN PUCYHKM NPOGneMHbIE, TO CTaTbsl cCKopee
BCEro TOXe BbI30BET BOMPOCHI.
Bamem peueH3eHmMbI nposepsim:

*  HacKOmMbKO TOYHO Ha3BaHWe OTpaxaeT coaepXaHue cTaTbu;

*  YeTKO IIM KOPPENUPYIOT BbIBOAbL! C POPMYNNPOBKOW Lienun 1 3agay paboTbl, U3nNoxeHneM pesynstaToB 1 cogepxaHmem
pedepaTa;

e [0CTaTOYHO N BbIBOAbLI apryMEHTUPOBaHbI NpeAcTaBeHHbIM MaTepuarnom;

e  Ka4yecTBO CruMcKka nuTepaTtypbl: NpeAcTaBUTENbHBIN CMUCOK NUTepaTypbl AEMOHCTPUPYET NpodeccuoHanbHbINn
KpYyro3op aBTOPOB W Hay4HbI YPOBEHb UCCIEAOBAHUS.

OCHOBHble TpeGoBaHUsA K 0pOPMINEHUIO CTaTby

®opmar nucta A4

Mons no 1,5 cM co Bcex CTOPOH
e e ot s ™
Pasmep wpudra 12-13

[ecatnyHbIn cumBorn TOYKa, a He 3ansTas
MeXCTpOuHbIN nHTEpBan 1,15-1,5

BblpaBHMBaHMe TekcTa no NeBoMy Kpato
ABTOMaTMYeECKas paccTaHOBKa NEPEHOCOB HeT

Bce mekcmosbie anemeHmsl (B TOM unucne B Gubnuorpaduyeckux cnvckax), kpome cryvaes, NOAYMHSIOLLUXCS
obLienpuHATLIM opdorpadmyeckuM npasunam, Habuparomes cmpoyHsbimu (He nponucHbiMul) GykBamu. Mcnonb3aytotcs
«KaBbIYKM», HO He “KaBblukn’. [laTbl B TEKCTE B hopMe «4Mcrno.mecsu.rog» HabveatTca cnegyowmum obpasom: 02.05.1991.

Touka He cmaeumcsi nocne: YOK, 3arnaBusa ctatbu, aBTOPOB, aApecoB, 3aroyioBKOB M MOA3ArofioBKOB, Ha3BaHWUM
Tabnuu, pasmepHoOCTen (C — cekyHaa, I — rpaMM, MUH — MUHYTAa, Y — Yac, CyT — CYTKM (HO MeC. — MecsL, T. — FOA), MITH — MWM-
NWOH, MNPA U T.N.), B NOACTPOYHbIX UHAekcax (T — Temnepatypa nnasneHus).

lMpoberiom oTaensaTca nHuumansl ot damunumn (A.A. UeaHos);, pasamepHocTb oT umdpsl: 100 kMa, 77 K, 50 %,
10 %o, kpome rpagycoB: 90° (Ho 20 °C); nopsinkoBble HOMepa oT ntoboro 0603HadeHus: puc. 1, fig. 1, Tabn. 2; 3HaK WMPOThI
1 gonroTbl B reorpadunyeckux koopamHaTax: 56.5° N; 85.0° E.
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Mexay AByMs umdpamm cTaBuTcs He aeduc, a Tupe (ogHoBpeMeHHbIM HaxaTtneM Ctrl n Tpe Ha npaBoi LdpoBon
naHenu) 6e3 npobenoB c o6eunx cTopoH, HanpumMep: 1984—-1991 rr.; 6-8 m.

MaTtematuuyeckue ¢opMysbl, odopmnseMble OTAENbHOW CTPOKOW M ComepKallve 3Haku, OTCYTCTBYoLue
B Times New Roman, gomxHbl HabupaTtbCs LLleIMKOM B pepakTope, coBMecTuMoM ¢ Microsoft Office.

¢OpMyJ1I:I N CUMBOIbI, KOTOpPbl€ MOXHO BHECTU B TEKCT, HE UCNOoNb3yd crneuunanbHbIv penakTop, Ha6|/|par0T09|
natuHuuen n/vnm Yyepes onuuko BcTtaBka — CumBon. HexenartenbHO MCMonb30oBaTb CUMBOSbI B pecbepaTax Ha PyCCKOM
N @HINIMNCKOM si3blKax — B MWHTEepHEeT-CeTU CUMBOJ1bl HE 0T06pa)KaPOTC$|.

Tabnuubl fomkHbI GbITb 03arfaeneHbl, B HUX He AOSHKHO BbITh MyCThIX Aueek. Mpoyepkn 06s3aTenbHO NOSICHAOTCS
B npuMeYaHum. MNpu co3ganum Tabnuy ucnonesynte BodmoxHoctn Word (Betaska — Tabnuua — [lo6asutb Tabnuuy).

UnniocTpaTMBHbIE MaTepuarbl pasmeLlaoTcs o TEKCTY cTaTbu (Yepe3 onuumio BetaBka — PucyHok— O6TekaHne —
B TekcTe; puMCyHKM K TEKCTy He MpuBsa3blBaliTe M He pasmMelyanite Mx BmecTe C¢ nognucamu B dopme Tabnuu!). Ecnm
Word He gaeT MHON BO3MOXHOCTU MOKa3aTb Xenaemoe AN BaC pacrnofnioXeHne pUCYHKOB M UX YacTew, caenanTte MakeT
n npenctaebTe ero B PDF.

[1ns BepCTku CTaTby PUCYHKU NPEACTaBATCSA B BUAE OTAENbHbIX )annos B TON BEPCUM, B KOTOPOW OHM CO34aBanuchb.

®opmaTbl: ansa goTo, pucyHkos — jpg (300—600 dpi); ans rpadmkos, avarpamm, cxem u 1.0, — tiff, xIs (Excel), cdr
(CorelDraw) Bepcui 12.0(2004) nnm X4(2008).

Pa3mepbl pycyHKOB, LUPUETOB HAANUCEN HA HUX OOMKHbI ObiTb BbIOPaHbI C Y4ETOM YMEHbLLEHNSI UX B COOTBETCTBUM
C pa3mepamu nosnocbl (17 x 23 cM) 1 KONMOHKM (8 x 23 cm).

Hapnucu Ha ocsix HauMHaKOTCA ¢ NPonUCcHOM GykBbI: MybuHa, M. B NogpucyHOYHBIX MoANUCAX cHavana naet
o6LWMA 3arofnoBOK K PUCYHKY, a 3aTeM paclumdpoBka yacten n nerendbl. Jlutepbl ans o603HavyeHWs YacTel pUCyHKa
CTaBATCSs NaTuMHULEN B ckobkax: (a), (b) u T.4. Ha pyucyHkax B AecAaTUYHbIX Ap0DsiX CTaBbTe TOYKU, a HE 3ansiTble.

MockonbKy pegakums nnaHMpyeT NOCTENEHHO NePenTH K BbINYCKy NapanfiernbHblX BEPCUiA Ha PYCCKOM M aHMIMICKOM
A3blKaXx, K PYCCKOA3bIYHLIM CTaTbsiM KpawHe xenatensHO NoMUMO NOANNCen NpeacTaBnaTb B ABYX BapuaHTax U PUCYHKK:
1) ¢ HAagNMCAMM U CMMBONIAMM Ha PYCCKOM $3blke M 2) C HAgMMCAMW U CUMBONIAMW Ha aHrmuMnckoM s3bike. Tem Gonee
4YTO coumanbHas ceTb yyeHblXx ResearchGate 3avactyio npegnaraeT aBTopy pyCcCKOA3bIYHOWN CTaTbn 406aBWUTbL OTAENBHO
PUCYHKN C HaAMNMUCAMMW Ha aHIMMINCKOM SA3blKe U KOMMEHTapUsSMWU UK COMYTCTBYIOLLYIO MHAOPMALMIO ANt O3HAKOMIEHNS
aHrnos3bIYHOro coooduecTaa.

0O61emM kaxaoro rpaduyeckoro cparnna — He 6onee 10 M6. LiBeTHblE pUCYHKU NPUHUMAIOTCS B TOM Cryyae, koraa
nx Henb3s 6e3 ywepba Ans cMbIcna nepeBecTy B YepHo-6enble.

B TekcTe AOMKHbI BbITb CCINIKN Ha BCE PUCYHKW.

BenuyuHbl u €QuHUUbI U3MEPEHUsT OOIMPKHbI COOTBETCTBOBATb CTaHAApPTHbIM 0603HavyeHuaAM cornacHo Mexay-
HapoaHon cucteme eanHny, CA.

Cnucok nutepaTtypbl (cMm. Ha caite OdopMrneHne CCbISIOK B CMUCKe NUTepaTypbl) NOMELLAeTCs nocrne
OCHOBHOrO TEKCTA CTaTbW, OH COCTaBMsieTCs B and)aBUTHOM NMOPSiAKe.

B npepenax paboTt ogHoro aBTopa BHavane nayt paboTbl 04HOro aBTopa, NOTOM 3TOro aBTopa C OAHMM COaBTOPOM,
3aTeMm 3TOro aBTopa C ABYMS M Gonee coaBTopamMu — B KaXKAOW rpynmne B XPOHOMOMMYECKOM MO BO3pacTaHUIO MOpsake.
AsTopbl uncnom o 10 npuBogaTcs Bce.

KprVIBOM BblAensaeTca npu onucaHum MOHOW3LAHWIA Ha3BaHWe paGOTbI, a B aHanutn4yeckom onuncaHunM — Ha3BaHue
MCTOYHMKA.

Cnunckn nuTepaTtypbl C y4eToM TpeboBaHUN MeXAyHapoAHbIX CUCTEM LIMTUPOBAHUSA AOMXHbI ObITb NPUCNOCOONEHDI
ONs aBToMaTM4eckor 06paboTku C Lenblo naeHTnduKkaumm Cebinok. PycckossbiuHblie (Ha KMpUNnnue) CCbINKM MaluvHbl He
CYMTBIBAIOT, NOSTOMY XXypHan nomelyaet Gubnuorpadunyeckne Crnmckn He TOMbKO Ha A3blke OPUTMHanNa, Ho 1 B NaTuHuLE.

Pepakumsa npocuT aBTOPOB He NEPEBOAUTL CAMOCTOSTENBHO Ha aHIMUNCKMIA A3blK Ha3BaHWA cTaTen, MoHorpadun,
cOOpHMKOB cTaTew, KoHdepeHumnin 1 T.n. ABTOP AOSKEH TOMbKO MPMBECTU HapsAy C PYCCKUMWM OMWUCaHUS aHMMMACKMX
BEpCuUii (ecnu oHu onybnukoBaHbl) unn Gubnuorpaduryeckne cBefeHns Ha aHrMUNCKOM A3blKe, MEelLWMUecs B opurnHane
(®.1.0. aBTOPOB Ha NaTuHWLE, aHrnoaA3blYHOEe Ha3BaHue paboTbl, HA3BaHUE UCTOYHMKA (KypHana) B TpaHcruTepaummn u
napannenbHoe aHrnos3bl4HOE, ECNY OHO €CTb B OPUTMHANe Wimn Ha cawTte), C yka3aHWeM Mocse BbIXOAHbIX AaHHbIX S3blka
nybnukauum (In Russ.).

YT06bI HE TepATb ccbiNkn B 6a3ax, aBTop Mpv nogave pykonucu B pefakumio JOMMKeH HacTamBaTb Ha MOEHTUYHON,
OfHaxAbl n3dpaHHON UM opme TpaHcnuTepauun ceoer pamunun. OgHako damunun 1 MHULManNsI aBTOPOB Ha NaTUHULE
crnepyeT NPYMBOAMTL Tak, Kak OHU AaHbl B OPUrMHANbLHON nyGnukaumm.

MpaBuna 6ubnuorpadmyeckoro onMcaHUsA OANHaKOBbI A1 PYCCKOA3bIYHbIX U aHINOA3bIYHbIX NICTOYHUKOB.
B >xypHane npuHsT ctune bubnunorpadumyeckux onmcanmn, 6nmnsknii k ctunto Chicago (c anemeHtamun ctnnsa APA — American
Psychological Association).
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ObGna3aTenbHble aNeMeHTbl: asmopsbl (pedakmopsbl), 200 u3daHusi, NO/IHOE HaUMEHO8aHUE KHUMN Unu ctatbn, Mecmo
u3daHus, usdamernbcmeo, HasgaHUe UCMOYHUKa 8 MOfHoU hopme, moM, HOMEP, KOMUYecmeeHHasi XxapaKkmepucmuka
(ans kHWrM — obLee YMCNO CTpaHuu, ANns CTaTby WK MaBbl — CTPaHWLbl, Ha KOTOPbIX OHa nomelleHa, Hanpumvep: 5-10),
naeHTndmkatop doi (ecnm nmeeTtcs) unu yHncmumpoBaHHbIv naeHTudukatop pecypca URI (URL) n aaTa obpaiieHus.

Ha ocHoBe cnucka nuTepaTtypbl, MpUBEOEHHOrO B pyKonvcy, pefdakums coctaensieT References. HeToudHocTb
B Gubnuorpadmyecknx onucaHnsx NpuBoOAuT K MOTEPE CChINOK B 6asax LMTUPOBaHUS 1 No3ToMy Hegonyctuma. MNogpobHee
06 ochopmneHun Gubnumorpaduyecknx onucaHun B cnmcke cm. ann OgopmrieHue cCbifioK 8 CrUCKe fumepamypbl Ha
cauTe XypHana.

B cnucke nuTepatypsl

1) porkHbl 6biITb NpuBedeHsl DOl B cdopmaTte hitps://doi.org/ nnu nonHble nHTepHeT-agpeca (URL) ans cceinok
Tam, rge 9T0 BO3MOXHO; ONUCaHNs aHIMMNCKMX BEPCUI (ecrin oHM onybnvkoBaHbl) unu bubnuorpadunyeckue cBeaeHns Ha
aHImMUINCKOM A3bike, nmetowmecs B opurnHane ($.1.0. aBTopoB Ha naTuMHWLE, aHIMOS3bIMHOE Ha3BaHWe CTaTby U UCTOYHUKA);

2) BCe MCTOYHMKM OOIMKHBI NEerko obHapyxmnBaTbCsi CpeACTBaMM NouckoBbix cucteM (Google, Yandex v ap.).
B TekcTe AomKHbI ObITb CCbINIKW HA BCE NPUBEAEHHbBIE B CINCKE NCTOYHVKN.

Ccbifikn Ha nuTepaTtypy B TEKCTe AAKTCA B KBagpaTHbIX CKOOKax C ykasaHuem camunuu aBTopa (MnvM nepBoro
aBTOpa npu Tpex u Gonee coaBTopax), hamMunuii AByX COABTOPOB U roda Bbinycka, Hanpumep: [Metpos, 2011; Olami et
al., 1992; lNeenH, Hocos, 2009]. B oanHaKoBbIX CChbifikax Ha pasHble paboTbl OAHOMO roda v B UX ONMUCAHUSX B CMIUCKE Mpu
0003HayeHnn roga cTaBaTca natuHuuen nutepsl: [Cum 1 gp., 2016 a, b].

B cnncok nutepaTtypbl He BKINIOYaKTCA:

Y4EOHUKM;

CTaTbM U3 HEHAYYHbIX XXyPHaroB;

HOPMaTVBHbIE U 3aKOHOAATENbHbIE aKThl;

cTatuctmyeckne cOOPHUKN 1 apXuBbl;

SMNEeKTPOHHbIE HeonybnMKoBaHHbIE pecypcbl (OHNanH-CTaTby, ra3eTHble U Nobble HOBOCTHBIE pecypchbl, AOKnaabl

W pasHble nccrefoBaHns Ha canTax, CanTbl yYpPexaeHUn n opraHnsauni);

anccepTaumu;

CrnoBapw, SHUMKNONeann, Apyrme CnpaBoOYHNKY;

e OTYeThl, 3aNNCKN, PanopTbl, MPOTOKOSbI.
YKa3aHHble NCTOYHUKN OPOPMIISIOTCS B BUOE BHYTPUTEKCTOBBIX CChINIOK B KPYTIbIX CKOOKaxX Unu B BUAE NOCTPaHUYHbIX

CHOCOK BHWU3Y CTpaHULbl.

Mpumepbl Gubnuorpadmyecknx onncaHuim B CNUCKe nutTepaTypbl
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mekmoHuku Ces. Espasuu m-6a 1:5 000 000. M.: TEOC, 147 c.
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3. IPCC: Climate Change 2013 — The Physical Science Basis — Contribution of Working Group | to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. 2013. Cambridge: Cambridge Univ. Press, 1535 p.
URL: https://www.ipcc.ch/report/ar5/wg1/ (accessed 13.11.2019)

4. Max M.D. (ed.) 2000. Natural gas hydrate. Dordrecht, Netherlands, Kluwer Acad. Publ., 410 p. (Oceanic and Perma-
frost Environments; 5). https://doi.org/10.1007/978-94-011-4387-5
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5. Blunden J., Arndt D.S. (eds) 2017. State of the Climate in 2016. Bull. of the American Meteorological Society, 98(8):
Si—S277. https://doi.org/10.1175/2017BAMSStateoftheClimate.1

6. Elliott S., Maltrud M., Reagan M., Moridis G., Cameron-Smith P. 2011. Marine methane cycle simulations for the
period of early global warming. J. of Geophysical Research: Biogeosciences, 116(G1): G01010, 13 p.
https://doi.org/10.1029/2010jg001300

7. Pletchov P.Y., Gerya T.V. 1998. Effect of H,O on plagioclase-melt equilibrium. Experiment in Geosciences, 7(2). 7-9.
URL: http:/library.iem.ac.ru/exper/v7_2/khitar.html#pletchov (accessed 14.11.2019).
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leonorug, 6: 35-45.

Shcherbakov V.D., Nekrylov N.A., Savostin G.G., Popov D.V., Dirksen O.V. 2018. The composition of melt inclusions
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Cycle. New York: Nova Publ., 93—-124.

12. Hinrichs K.U., Boetius A. 2002. The anaerobic oxidation of methane: new insights in microbial ecology and bio-
geochemistry. In: Wefer G., Billett D., Hebbeln D. et al. (eds) Ocean Margin Systems. Berlin, Heidelberg, Springer,
457-477.
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13. Ucakesuu B.B., cakeeuy [].B., [pyHckas J1.B., @®upcmos 1.11. 2014. CurHanusatop U3MEeHEHWI IMaBHbIX KOMMOHEHT:
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