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Pe3tome. B pabore npencrasien 0030p ceiicMuyHoCTH I03kHOH vactu Hansaero Boctoka Poccun: peru-
oHoB [Ipnamypse u IIpumopsre, Caxanuackoro U Kypuino-OxoTckoro, 0CHOBaHHBIN Ha PEABAPUTEIbHBIX
JaHHBIX KaTanoros 3emierpsicennii CaxannHckoro guimana denepaibHOTO HCCIEN0BaTEIbCKOTO IEHTPA
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yKa3aHbl HauOosiee CUIbHbIE U MHTEPECHBIE TSI U3YUEHHs 3eMIIeTpsiceHusl. B celicMnieckoM OTHOIIEHUH
2019 ron BbIIANCS OTHOCUTEIBHO CHOKOMHBIM BO BCEX TPEX PETHMOHAX, OTCYTCTBOBAIN CEMCMUYECKHE
COOBITHSI MarHUTYIOH Oonee 6.2. CenyeT yaenuTh BHIMaHKE TOHWKEHHOMY YPOBHIO CEHCMHYECKON aK-
TUBHOCTH CpeHUX KypHiibCKUx 0CTpOBOB.
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Seismicity of the South Far East of Russia in 2019
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Abstract. This article presents an overview of the seismicity of the southern part of the Russian Far
East, comprising Primorsky Krai, Sakhalin and Amur oblasts including Kuril-Okhotsk, based on
preliminary data from the earthquake catalogues of the Sakhalin branch of the Federal Research Center
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of the seismicity of the regions over the past year is provided, showing its level in comparison with
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BBenenue

Perucrpanueii ceificMuueckux coOObITHI ecTe-
CTBEHHOI'O M TEXHOT€HHOI'O XapakTepa B KyKHOU
yactu poccuiickoro [laneHero Bocroka 3aHu-
maercs CaxanuHckuii ¢umman dexepanbHOTO
UCCIIeIOBaTeNNbCKOro 1eHTpa «Enunas reodu-
3uueckas ciy:x6a PAH» (CO OUILL EI'C PAH),
I. FOxHo-Caxanuuck. TpaguinOHHO U COTTIACHO
rpaHunaM (GpuiaranoB reoPpU3NUECKOn CIyKOBI
[[aGcarapoBa, 2007] aTta TeppUTOpUS IEIUTCS
Ha TPU PETHMOHA, PA3JIMYAOIIUXCS MO YPOBHIO
u xapakrepy cedcMudHocTu: Kypuio-Oxot-
CKMi, BKIIIOUAKOINNA TeppuToputo Kypuinbckux
OCTpPOBOB, IPUJIETAIOLIYIO YaCTh TUXOro OKeaHa,
IOKHYIO U LIEHTPAJIbHYI0 YaCTH OXOTOMOPCKOM
aKBaTOpHH, a TAKXKE 0. XOKKAHJI0 U CEBEPHYIO
yacTh SnoHckoro Mops; CaxanuHckuid — o. Ca-
XaJIMH ¥ TIpuieraronme aksatopu OXoTckoro,
Snonckoro Mopeit u Tarapckoro mpoJinBa; pe-
ruoH [lpuamypee u I[lpumopbe, BKIIOUArONIUN
ITpumopckuii u 00sblIyI0 YacTh XabapoBCKOTroO
Kpasi, AMypckytro u EBpeiiCcKkyr0 aBTOHOMHYIO
o0nactu, a Takke MpUrpaHuyHble paiioHbl Ku-
Tasi ¥ MPUOPEKHYIO YacTh Mopeit (puc. 1).

CBomHast 00paboTKa 3eMIIETPSICEHUN 30HBI
orBercTtBeHHOCcTH CO DUILL EI'C PAH mnpoBo-
auTca B ABa sTana. Ha mepBom cocraBisieTcs
KaTaJIoT 3€MJIETPSICEHUH IO ONEPaTUBHBIM JIaH-
HbIM (1-3 1HS ¢ MOMEHTa COOBITHS ), HA €70 OCHO-
Be (popMEpyeTcs eXeroHbIii otyet. Ha BTopom
sTarne (B TEKYIEM H CIeIYIOIIeM roy) MOIy4eH-
HbIE PpE3YyJbTaThl YTOYHSIOTCS, JOIOJIHSIOTCS,
dbopMHpyeTCsi OKOHYATEIBHBIM KaTajaor. 30HbI
OTBETCTBEHHOCTH (puiinMaja Mo OIepaTuBHBIM
U OKOHYATEIbHBIM JaHHBIM HECKOJIBKO pa3iiv-
YaloTCsA: OKOHYATENIbHYI0 00paboTKy KaTajora
3eMJIETPSACEHUI CeBEpHBIX KypriIbCKHUX OCTpPO-
BOB, BXO/ISIIIUX B 30HY ONEPaTUBHON 00pabOTKU
C® ®UIL EI'C PAH (B cBsizu ¢ TeppUTOpHUEi
OTBETCTBEHHOCTH ceiicmocTaniuu FOxHo-Ca-
XQJIMHCK IO KOHTPOJIO IIyHaMHMI€HHBIX 3€M-
JETPACEHUH, a TaKke HEOOXOJUMOCThIO CBOE-
BPEMEHHOI'0 ONEPATUBHOTO HH(YOPMUPOBAHUS
0 Ype3BbIYAHHBIX CUTYAIMAX B Mpeaenax Bcei
CaxanuHckoil obmnactu), npouszBoguT Kamuar-
ckuit punuan ®UL EI'C PAH. I'panuisl 30Hb1
OTBETCTBEHHOCTH IIOKa3aHbl Ha puc. 1.

Perymsipubiii  0030p CEHCMUYHOCTH 30HBI
orBerctBeHHOCTH CD OUIL] EI'C PAH my6mnu-

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

Kyerca B cOopHukax «3emuerpsicenus Poc-
cud...» (Hanpumep, [Pokuna u gp., 2018])
C OTCTaBaHMeM B 2 roia H, Ooiee AETambHO,
B €KErOJIHOM PELEH3UPYEMOM JKypHaJe «3eM-
nerpsicenusi CeBepHoil EBpasum» (Hampumep,
[@okunHa u np., 2019; Kosanenko u ap., 2019])
¢ orcraBaHueM B 6 sieT. B 2019 r. aBropsI pery-
JSIPHBIX MyONMMKAIUKA B YIOMSHYTBIX H3JaHHIX
MPUHSUIA PEIICHHE OINEPaTUBHO 3HAKOMUTH 3a-
MHTEPECOBAHHBIX CIIELUAINCTOB C CEHCMHUY-
HOCTBIO 10)kHOW 4yacTu JlanbHero Boctoka P®
[CadonoB u ap., 2019] Ha OCHOBE OIEPaTHBHOTO
katasiora CO OUIL EI'C PAH c uenbto oOpatuth
BHUMaHUE Ha HauOojiee MHTEPECHBIC U 3aCiy-
JKUBAIOIINE HM3YYCHUS CEHCMUYECKUE COOBITHS
pernoHoB. B pabore moka3aHbl COBpeMEHHbBIE
pEerucTpalrvoHHbIe BO3MOXKHOCTH ¢unaia. Ile-
peurcieHbl Hanbosee CHIIBHBIE 3eMIICTPSCEHHS
MO0 ABYM IpHU3HAKAM: SHEPreTU4ecKkoMy (mar-
HUTYIHOMY) U Makpoceiicmuueckomy. [IpuBo-
JAITCS. MEXaHM3Mbl OYaroB CHJIBHBIX COOBITHIA.
CpaBHUBaeTCs ypOBEHb CEICMUYHOCTH PETMOHA
B 2019 1. ¢ ypoBHEM B npeaplayiue rogasl. Hau-
Oosnbliiee BHUMaHUE yaensercs paiiony Kypuib-
CKOM OCTPOBHOM JIYTH, B CBSI3U C BRICOKHM YPOB-
HEM €r0 CEMICMUYHOCTH.

B npaktuke o6pabotku 3emiuerpsicenuii Ca-
xanmuHckoro ¢punuana OUL[ EI'C PAH omnpene-
asieTcsi O0MbIIOe KOJIMYECTBO SHEPreTHUECKHUX
XapaKTEPUCTUK  3€MJICTPSCEHUM  (MarHuTyj,
SHEPreTHUECKHX KinaccoB). s ynoOcTBa B 1aH-
HOI1 paboTe Bce OHU MO MepexoaHbIM hopMyaam
[@okuna u mp., 2019] cBeaeHBI K MarHUTYye
10 MOBEPXHOCTHOU BojHE M, ., 0603HaUYaeMOK
nanee mpocto M. Takxe B TeKCT€ yTOMUHAETCS
sHepretuueckuid kiacc C.JI. Conosnena [Corno-
BbeB, ConoBbeBa, 1967] K. 1 MOMEHTHAs MarHu-
Tyna M, ioy4aemast py ONpeIeICHUU TEH30pa
CEICMUYECKOTO MOMEHTA O4ara 3eMJIETPSCEHUI.

CeTb CeicMOJIOTHYeCKUX HAOIIONeHN I
CPD OUIL EI'C PAH

B 2019 r cerp craHuui CcelcMOJIOrH4e-
CKHUX HaONIONEHUH B 30HE OTBETCTBEHHOCTH
C® OUILI EI'C PAH He nperepnena u3MeHeHUI
10 CPAaBHEHUIO ¢ peAbL Ay M rogoM [ CadoHoB
u 11p., 2019]. Ona cocrosina u3 44 NyHKTOB UH-
CTPYMEHTAJIbHBIX HENPEPHIBHBIX HAOMIOACHUM,
BKJIto4ast 34 cranuoHapHbIX U 10 aBTOHOMHBIX
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Puc. 1. Pacnionoxenue craunonapHsix ceiicmuuecknx cranuuit CO OUI[ EI'C PAH B 2019 . 1 — undopMaiimoHHO-BbI-
YHUCIIUTENbHBINA IeHTp Ha cTaHuuy «HOxHo-CaxannHcky»; 2 — cTaHIMK, 000pyJOBaHHBIE B KAYECTBE OCHOBHOTO JIaTYHKa
LIMPOKOTIONIOCHBIMH BEJIOCUMETPaMHU; 3 — CTaHIMH, 000PYJOBaHHBIE B KAYE€CTBE OCHOBHOT'O IaTYHMKA aKCEJIIEpOMETPaMu
100 KOPOTKOIIEPHOIHBIMH BeJIOCHMETpaMu; 4 — 30Ha oTBeTcTBeHHOCTH C®d 3a maHHBIE OKOHYATEIHHOTO KaTajora,
5 — 30Ha orBercTBeHHOCTH C® 32 maHHBIe omepaTWBHBIX HaOmoneHwid. Ha Bpeske — cranmus «HOxHOo-CaxammHCK»
Y BBIHOCHBIE OTIOPHBIE IyHKTHI HAOMIOACHUH 10okHOTO CaxannHa.

Figure 1. Stationary seismic stations of the SB FRC UGS RAS location-map in 2019. 1 — data-processing center at
the “Yuzhno-Sakhalinsk”™ station; 2 — stations equipped with broadband velocimeters as the main sensor; 3 — stations
equipped with accelerometers or short-period velocimeters as the main sensor; 4 — SB responsibility zone for the data of
final catalog; 5 — SB responsibility zone for the data of operative observation. The sidebar shows the Yuzhno-Sakhalinsk
station and remote observation points of southern Sakhalin.

MOJIEBBIX (JIOKaJIbHAS CETh Ha tore 0. CaxayiuH).

Ha marepukoBOIl 4acTH 30HBI OTBETCTBEH-
Hoctu CO OUIL EI'C PAH (peruon Ilpuamy-
pre u IIpumopse) pacnonoxeno 10 craunonap-
HBIX ITyHKTOB HAOIIOEHUI U OAMH 3a IpaHULEn
3TOM 30HBI — ceficMocTanus «Oxorck» (OKHT)
(puc. 1). Ceiicmocrannus «Kuposckuii» (KROS)
B 2018-2019 rr. He paboTana MO0 TEXHUYECKUM
npuunHaM. Ha o. Caxanun pacnonoxeHo 16 cra-
[MOHAPHBIX HAOIIOMATENbHBIX MyHKTOB, U3 HHUX
12 aBTOMaTHYECKHX, B TOM YHCJIC 8 BBIHOCHBIX
ITyHKTOB onopHO# cTaHiuu « OxxHOo-CaxaarHCk»
(YSS) (puc. 1, Bpeska). Perucrpupyemsie naH-
HBIE BCEX BBIHOCHBIX ITYHKTOB 00pa0aThIBarOTCS
B pEJIbHOM BpeMeHH Ha cericMocTanuuu «tOx-
Ho-CaxanuHck». [lomumo 3Toro Ha rore octposa
JEHCTBYeT JIoKaybHasg ceTh U3 10 aBTOHOMHBIX
MOJIEBBIX CTAHIMI 7S A€TaIbHOTO HAOMIONECHUS
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32 CEUCMUYHOCTBIO (KOMILIEKT aHaJIOTUYHOU
anmaparypbl ectb U Ha craHuuu «HOxHo-Caxa-
JIMHCK»), JaHHbIE KOTOPOM HEIOCTYNHBI B pe-
KUME PEabHOr0 BpEMEHM, MX 00padarbIBaroT
B C® OUILI EI'C PAH no3nxee no mepe nocry-
wieHus. Ha Kypunbckux ocTpoBax HaxomsaTcs
7 cTalMOHApHBIX HAONIOAATENbHBIX MYHKTOB, U3
HUX 4 aBToMaTnyeckux. Bece myHKThI 000pynoBa-
HBI IU(POBOIi armaparypoit. O61ee uncio ceic-
MOMeTpoB cocTasisieT 61. 13 Hux 25 — akcene-
POMETPBI, 22 — MUPOKONOIOCHBIE BETIOCUMETPBHI,
14 — KOpOTKONIEPHO/IHBIE BEJIOCUMETPBI.
OTnenbHO CTOMUT BBIACIUTH CETh CTAHLIUN
cuibHbIX aBrxkenuit (CC/) CO OUILL ET'C PAH.
Hannune nocratoyHo pa3BETBICHHOM CETH ak-
cesniepoMeTpoB Ha CaxaianHe U 10KHBIX Kypuiib-
ckux octpoBax no3soisier CO OUILL EI'C PAH
IIPOBOJIUTH ONEPATUBHYIO OLEHKY MHTEHCUBHO-
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Puc. 2. IlonoxxeHne CTaHINI CHIIBHBIX IBIDKEHUH M mpuMep ceiicMudeckoro coobitus 13.02.2020 B paiioHE I0KHBIX
KypuibCkux 0cTpOBOB (3Be3/1a — SMUIICHTP) C OI[CHKOM MaKpOCEHCMUYIECCKON MHTCHCUBHOCTHU B IyHKTaX HAOMIONCHUA.

Figure 2. The position of the strong motion stations and an example of the 13.02.2020 seismic event in the area
of the southern Kuril Islands (star — epicenter) with an estimate of the macroseismic intensity at the observation points.

CTH TIPOUBOIIEAIINX 3eMIIETPSCEHUIN B pexUME
OJMM3KOM K peanbHOMY BpeMeHHu. J{7s 3Toro npu
OTIepaTUBHOU 00paboTKe 3emiieTpsiceHust Gop-
MHPYETCsI OTYET O TTapaMeTpax COOBITUS B KaXK-
nom nyHkre ycraHoBku CCJl, mpousBomgutcs
pacuer GamnbHOCTH 10 mkaine MCK-64 [[OCT
34511-2018... , 2019] u pesynbrar npeacran-
nsiercs B Tpadudeckom Buue. [Ipumep otuera
0 CHJIBHOM coObITHH (3emuieTpsicenuu 13 ¢des-
panst 2020 ., M = 7.0) npencrasieH Ha puc. 2.

Taxke B CUCTEMY pEerucTpanuud u oopadoT-
k1 gaHHbix CO OUIL EI'C PAH B pexume pe-
aJbHOTO BPEMEHH BKJIIOYCHBI
nmannele cranmui JIBO PAH
n ®UIl EI'C PAH Ha teppu-
Topun JlampHEBOCTOUHOTO (he-
nepanpHoro okpyra (17 cran-
1IUI) ¥ JTaHHBIC CEMH CTAHITHI
XOKKalJCKOTO YHUBEPCUTETA,
PacroiIOKEeHHbIX B NpeeKTy-
pe Xokkaiao (Snonus).

OneHka perucTpaloHHbIX
BO3MOXKHOCTEH celicMosornye-
CKOM CETH B 30HE OTBETCTBEH-
Hoctu CO OUIl ET'C PAH
U TPWIETAIONIEH TepPUTOPUH,
a TaKXXe PAcIOJIOKEHUE ceiic-
MUYECKUX CTAHIWUN, BKIFOYCH-
HBIX B CHUCTeMY cOopa, IpHBe-
JIEHbI Ha puc. 3.

Tekymass  KoHpUTyparus
CeTH CEMCMHUYECKHX CTaHIIWU,
C Y4YETOM YCTaHOBJIEHHOTO
000py/IOBaHUSI W TIPUBJICUCHUS

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

B OIEPATUBHOM PEKUME JAHHBIX CTAHLIUU CO-
CEIHUX PETHUOHOB, MO3BOJSET OOECIEYUTh Ha
Oonblleil 4acTH 30HBI OTBETCTBEHHOCTH BO3-
MOXKHOCTh PETHUCTpAIlM KaK MUHUMYM TPEMS
ceCMOCTaHIIMsAMU (UTO HEOOXOTUMO ISt KOp-
PEKTHOTO OMpENeIeHUs SIUICHTPA) 3eMIICTPsI-
CEHMI HaYMHAas C TPEICTABUTETbHON MAarHUTY/IbI
M . = 4.0. UckinroueHre COCTaBISIIOT [IEHTPab-
Hast yacTh OXOTCKOro, ceBepHasi 4acTh SAMoHCKO-
ro Mops, pailoH cpenHux KypuiabCkux ocTpoBOB
U npurpannyHas yacte [Ipuamypses, rae npen-
CTaBUTEIBHOM MOXHO CYUTATh MAarHUTYIY

Puc. 3. OneHka perucTpamioHHBIX BO3MOXKHOCTEH ceTh cOopa JaHHBIX
C® UL EI'C PAH B 30He orBercTBeHHOCTH [lllynmakos, Mypsicekun, 2019].
TMokazanbl uzonuuuu M .

Figure 3. Assessment of the registration capabilities of the data collection
network of the SB FRC UGS RAS in the responsibility zone [Shulakov,
Murys’kin, 2019]. The M, isolines are shown.
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cobbituii M .= 4.5. bnarogaps Gosee 1mior-
HOM CETH CEeMCMOCTaHIUM, a TaKXe JOCTYIy K
KOPOTKOIIEPUOJHBIM CTAHLMAM XOKKauACKOrO
yHuBepcuTeTa, Ha yactu FOxubix Kypun u tep-
putopun CaxalMHCKOTO pErMoHa OPOT YBEPEH-
HOM perucrpanuu cocrasiaser M . =3.5.

Kparkas xapakrepucTuka
OTIeJbHBIX 3eMJIeTPSACEHUI pernoHa
B2019r.

B nannoit pabore mcnonbizyeTcss nHpOpMa-
U O CEWCMUYHOCTU TEPPUTOPUU TIIABHBIM
00pa3oM U3 ONEPaTUBHOTO KaTalora 3eMIIeTps-
cennit CO OUILIL EI'C PAH, nononasieMoOro B Te-
4yeHue 2—3 JHEHW HENOCPEICTBEHHO MOCIIE CEHC-
mudeckux coobiTuil. [To utoram 2019 . B HEM
conepkarcst mapametpbl 1054 3emiueTpsceHui,
n3 xoropbix 988 mpomszouun B Kypuno-Oxot-
ckoM peruoHe, 50 — B CaxaJuHCKOM pEruoHe,
16 — B [Ipuamypne u [Ipumopse. OnHako Kk MO-
MEHTY HAallMCaHUsl CTaThbU OBUIM OIpeneIeHBI
rapaMeTphl Bcex 3emieTpsiceHuit M > 2.6 ¢ snu-

nentpamu B [Ipunamypse u Ilpumopbe (npenBa-
PUTENBbHBIN KaTaJlor 10 WTOraM roja), Tak 4To
ux o0lllee KOJIMYeCTBO B IaHHOM PETHOHE yBe-
auamwiock 0 32. Kapra snumeHTpoB coOBITHI
MoKa3aHa Ha puc 4.

Ha repputopun Ilpuamypesa u IIpumopbs
B 2019 . ¢ yueToM npeaBapuTENbHOTO KaTauo-
ra oInpezesieHbl napameTpsl 24 3eMIIEeTpSICEHUN
C TUIOLIEHTPAaMU B 36MHOM KOpe U 8 MaHTUMHBIX
3eMJICTPSICEHHI C THIMOLEHTPaMH B 30HE CyO-
aykiuu TUxookeaHCKOH TUTOC(EpPHON MITUTHI
nox tepputoputo peruoHa (puc. 4). B ceiic-
MuueckoMm otHomenuu 2019 rox nis peruona
IIpuamypbe u IIpumopbe BBIIAJICSH CIIOKOM-
HbIM, 0€3 cunbHbIX (M > 5.0) 3eMeTpsceHui.
[lo cpaBHEHHIO C MHOTOJIETHUMH 3HAYEHUSIMU
[KoBanenko u np., 2019], nocnennue Tpu roaa
(2017-2019 rr.) HabntomaeTcs CHUKEHNUE YPOBHS
celicMHUecKoil aKTUBHOCTH TIIyOOKO(OKYCHBIX
(H > 200 k™) 3emuerpsiceHuit. Yuciio 1 SHEprus
KkOopoBbIX (H = 10—40 kM) cCOOBITHI TaK)Xe OCTa-
FOTCSL JOocTaTouHo HU3KUMH, B 2019 1. MeHbIIE

Puc. 4. Kapra snunieHTpoB 3emierpsicenuit 30061 otBeTcTBeHHOCTH CD OUI] EI'C PAH B 2019 . M — Marautyaa mno

NOBEPXHOCTHOM BonHE M|,

OIMUICHTPOB COITIaCHO Tabm. 1.

H- FﬂyGI/IHa TUTIOUCHTpPA, KM; 1 — celicMuyeckas CTaHI U, 2- TpaHUIIbI PCTUOHOB. HOMepa

Figure 4. Earthquakes’ epicenters map in the SB FRC UGS RAS responsibility zone in 2019. M — surface wave

magnitude M, ,,
with the table 1.

150

H—hypocenter depth, km; 1 — seismic station; 2 — region borders. Epicenters’ numbers are in accordance
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3HaueHud npeapayumx 10 ner (puc. 5). Onu-
LEHTPbI Ha0OJIee 3HAYNTENBHBIX KOPOBBIX 3€M-
netpsicenuid 2019 1. pacnosiokeHbI B 3amaJHoN
yactu peruona (Ne 1, 2 Ha puc. 4 u B tabn. 1):
6 mas B 18:10 UTC (M =4.1; H= 10 kM) BONU-
3u Poccuiicko-Kuraiickoil rpanunel; 22 nromis
B 13:08 UTC (M = 4.1; H = 12 xM) BoCcTOUHEE
3elickoro BofoxpaHuwiniia, B xpeore CokraxaH.
JlaHHBIX 00 OIIYTHMOCTH 3€MJICTPSICEHHUIA PETH-
oHa B 2019 r. He mocTynano.

Hns Caxanunckoro peruona 2019 rox Ttak-
ke ObII CEHCMHUYECKH CIIOKOMHEBIM, XOTS IO
cpaBHeHUIO ¢ 2018 1. KOJIMYECTBO U MaKCHUMaJlb-
Hasg MarHuTyJa 3aperuCTPUPOBAHHBIX 3EeMIIe-
Tpsicennit okazanuchk Bbie [CadonoB u 1p.,
2019]. PermonanpbHOM CEUCMHUYECKOH CETHIO
3apeTrUCTPUPOBAHBl M ONEPaTHUBHO 00paboTa-
Hbl 3anucu 50 3emiieTpsiceHui, 6 U3 KOTOPBIX
MaHTUlHbIe — npou3onuin B Kypuno-Kamuar-
CKOH ceiicMooKanbHONH 30HE TOA TEPPUTO-
pueit CaxanuHckoro pernona. M3 44 xopoBbix

3emsierpsiceHudl 10 BbI3BaIM OLIyTHMBIE KO-
nebaHus B HACENEHHBIX MyHKTax o. CaxaiwH.
CyMMapHasi celicMHYecKasi 3HEprusi KOpPOBBIX
3emnerpsicenuii (H = 10-30 xm) Giu3ka K cpen-
HUM 3HAYEHUSIM NPOLISANIETO ACCATUIICTHUS
(puc. 5), sHeprus TIYOOKO(OKYCHBIX COOBI-
tuit peruona (H > 250 km) B 2019 r. Heckoub-
KO HWKE CPEIHMX MHOTOJIETHUX 3HadeHuil. [1o
SHEPTreTUYECKOMY (MarHUTYIHOMY) KPUTEPHIO
HaubOonee cuipHbiMH B 2019 1. cTamm Kopo-
BbIe coObITHS 23 mtoHs B 21:01 UTC (M =4.9;
H = 25 kM) ¢ 3UIIEHTPOM Ha CEBEPO-BOCTOY-
HOM mienbge octposa, 16 HosOps B 22:30 UTC
(M =4.6; H=9 xm) c anuueHTpoM B OXOTCKOM
Mope ceBepHee 0. Caxamun (Ne 3, 4 Ha puc. 4
u B Ta0m. 1), a Takke JBa MAaHTUHHBIX 3EeMJIC-
TPSICEHUsI C dIUILICHTpaMu toxHee 0. CaxanuH:
31 masa B 05:04 UTC (M =4.9; H=305km; Ne 5
Ha puc. 4, Tabn. 1) u 28 asrycra B 01:29 UTC
(M =4.7, H=319 xkm; Ne 6 na puc. 4, Tadmn. 1),
OJTHAKO OIIYTUMBIX COTPSICEHUH 3TH COOBITHS

Tabnuya 1. HauGouee cuiibHbIe 3eMiieTpsicennst 30HbI oTBeTcTBeHHOCTH C® OUII EI'C PAH no oneparus-

HBLIM JaHHbBIM 2019 1.

Table 1. The most strong earthquakes of the SB FRC UGS RAS responsibility zone according to operational

data 2019
Ne JHara/Date BpeMﬂ/.time t, 0" N 2. E H xu M HNHTEHCHUBHOCTH COTp;IceHI/Iﬁ B HACEJIEHHBIX
day.mon.yr hemines myHKTax, 0amn / Intensity, points
Pernon [Ipuamypre u [Ipumopre / Amur-Primorye region
1 | 06.05.2019 | 18:10:54.7 51.80 126.85 10 4.1
2 | 22.07.2019 | 13:08:22.2 53.97 128.10 12 4.1
Caxanmucknii pervoH / Sakhalin region
3 | 23.06.2019 | 21:01:28.1 55.67 143.25 25 4.9
4 | 16.11.2019 | 22:30:37.1 53.11 14340 9 4.6
5 | 31.05.2019 | 05:04:40.3 45.60 143.21 305 4.9
6 | 28.08.2019 | 01:29:26.8 | 4549 14237 319 4.7
7 | 8.06.2019 14:20:58.2 51.37 142.26 10 4.3 Apru-Ilaru, 3—4
8 | 6.08.2019 17:40:42.1 47.71  143.83 12 4.6 Maxkapos, 3—4; Crapony6ckoe, 3; Tuxas, 2
Kypuno-Oxotckuii peruon / Kuril-Okhotsk region
9 | 21.02.2019 | 12:22:39.9 | 42.63 141.91 54 5.6
10 | 02.03.2019 | 03:22:55.2 | 4201 147.05 50 6.0 Tonmue S0 Rypubck, 3-4;
opstumii [hisx, Manokypuiibekoe, 3
11 ] 26.05.2019 | 22:10:21.1 50.15 156.82 70 5.8 Ceepo-Kypuinbck, 4
12 | 12.06.2019 | 00:54:51.6 | 49.50 157.24 97 5.8 Cesepo-Kypunsck, 2
13| 20.11.2019 | 08:26:06.4 53.01 154.16 525 6.2
14| 05.12.2019 | 12:38:26.0 | 49.55 156.50 60 5.9 Cesepo-Kypunsck, 4
15| 03.12.2019 | 23:25:02.1 4294 148.48 11 5.5 Mauiokypuiisckoe, 3—4
Topusiit, [opsuue Knroun, 4-5;
16| 18.09.2019 | 02:54:263 | 4434 14834 55 43 o Kypunbck, Pefinoso, 4,
»kHO-Kypunbck, Topsunit [Insoxk;
Majokypuibckoe, 2
Manokypuibckoe, 5;
17| 23112019 | 12:58:102 | 43.72 14733 68 46 103o-Kypuek, Topsunii Ik,
T T ’ ’ ) Jlarynnoe, ['onoBHUHO, 4;
Kpabo3aBonckoe, 3—4; Kypuibck, 2—3
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Puc. 5. CymmapHas celicMuyeckast SHeprus 3eMiIeTpsaceHui
30HbI oTBeTcTBeHHOCTH CD UL EI'C PAH B 20092019 IT.

Figure 5. Total seismic energy of the earthquakes

in the SB FRC UGS RAS responsibility zone in 2009-2019.
He BbI3BaJM. Hanbompiiasi ”HTEHCUBHOCTD CO-
TPSICEHUM 3aperucTpUpOBaHa MpPH 3eMIIeTpsCe-
Husx 8 utons B 14:20 UTC (M =4.3; H=9 kwm;
Ne 7 na puc. 4 u 7, Tabmn. 1), Bei3BaBIeM kojeba-
Hus B 3—4 6amna B noc. Apru-Ilaru B ceBepHoit
4acTH OCTPOBA, a Takxke 6 aBrycra B 17:40 UTC
(M=4.6; H=12 xm; Ne 8 Ha puc. 4 u 7, Tabm. 1)
C DOIUIEHTPOM Ha FOTO-BOCTOYHOM IIEib(e

Puc. 6. DOnuneHTpsl

OCTpOBa, BbI3BaBIIEM KosiebaHus B 3—4 Gamna
B oc. Makapog.

N3 988 3emiuerpsceHuid, ONpPEIEIEHHbIX
10 OIEPATHBHBIM JaHHBIM Ha Tepputopuu Ky-
pri10-OXOTCKOTO PeTHOHA, 62 COOBITUS BBI3BAIN
OIIlyTUMBIE KOJIeOaHUsI B HACEJICHHBIX MyHKTax
OCTpOBOB (pHC. 6 1 7).

Cpenu  Haubojee CHUIBHBIX  COOBITUH
M0 SHEPreTUUYECKOMY KPUTEPHUIO MOXKHO BBIJIE-
JUTH CIEAYIOUINE 3eMIICTPSICEHUS:

21 deppana B 12:22 UTC (M =5.6; M, = 5.6;
H=54xwm; Ne 9 napuc. 6, Ta6m. 1; Ne 6 Ha puc. 8),
B KOKHOM 4acTU 0. XOKKai/0 B 0OYaroBOW 30HE
Oonee cuimbHOrO coObITHA 5 ceHTsOps 2018 T
¢ M ="17.2 [CadonoB u np., 2019]. IlonydeHHbIi
MexaHu3M odara coOwitus 2019 1. MOXKHO OXa-
pakTepu30BaTh Kak cOpPOCO-CABUT B YCIIOBHSX
MEPHUIMOHAJIBHOTO pacTshkeHus. B HaceneHHbIX
nyHkTax CaXaJarHCKON O0IIacTé 3TO 3eMIIEeTPS-
CEHUE HE OIIYIIANOCh;

2 mapra B 03:22 UTC (M = 6.0; M, = 6.0;
H =50 xkm; Ne 10 Ha puc. 6 u 7, tabm. 1; Ne 8

SCMHeTpHCCHI/Iﬁ KypI/IHO-OXOTCKOFO peruoHa 1O JaHHbBIM OICPAaTUBHOIO KaTajora

C® OUILl ET'C PAH B 2019 1. DHepreTuueckue XapakTEepUCTHUKU INPHUBEIEHBI K MAaTHUTYIAE IO MOBEPXHOCTHON

BonHe M, . Homepa snmmenTpoB cormacuo taba. 1.

Figure 6. The earthquakes epicenters of the Kuril-Okhotsk region by the data of the SB FRC UGS RAS operative
catalog in 2019. The energy characteristics are brought to the surface wave magnitude M, . Epicenters’ numbers are in

accordance with the table 1.
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Ha puC. §), Ha I0)KHOM rpaHUIIe 30HBI OTBETCTBEH-
Hoctu CO OUIL EI'C PAH Boctounee o. Xok-
KaiJ10 MO/l BHEIIHUM CKIIOHOM TITyOOKOBOIHOTO
xenoba. CornacHo onpeeieHHOMY MEXaHU3MY
oyara 3eMJIETPSACEHUE CTaJIO CIEJICTBUEM cOpo-
CO-CIIBUTa B UCHBITBIBaIOMIeH u3rud Tuxooke-
aHCKo# nuTocdepHoi muTe Ha rpanuie ¢ Oxo-
TOMOpCKOM nuTocdepHor mmToi. Komebanus
WHTEHCUBHOCTBIO 0 3—4 0ayioB 3aperucTpu-
posansbl B noc. FOxxHo-Kypunbck;

26 mas B 22:10 UTC (M = 5.8; H="T70 xMm;
No 11 ma puc. 6 u 7, Tabm. 1), Boctounee o. [1apa-
my1up. Bei3Bano konebanus B 4 0amia B . Ce-
Bepo-Kypuiibck;

12 urons B 00:54 UTC (M =5.8; H=97 kwm;
No 12 na puc. 6 u 7, Tabn. 1), Takxke B paiioHe
ceBepHbIX Kypmibckux octpoBos. Omiymianoch
C MHTEHCUBHOCTHIO B 2 Oamna B I. CeBepo-Ky-
PHIIBCK.

20 nosOps B 08:26 UTC (M, = 6.2;
H = 525 xm; Ne 13 na puc. 6, Tabm. 1; Ne 41

Ha puc. 8§), sBIAETCS HaAMOOJEe CHIBHBIM
B 2019 r, mpomsonuio Ha OONbIION IITyOHMHE
3anmaaHee n-oBa Kamuarka B ouaroBoil obma-
ctu Oxoromopckoro 3emuerpsicenus 2013 T
[UebpoB u ap., 2013]. Mexanusm ouara 3emiie-
TPSICEHUSI OTHOCHUTEJIBHO MOBEPXHOCTH MOXKHO
OXapaKTEepU30BaTh KaK CIBUTOBBI CO 3HAYM-
TeILHOM cOpocoBoit KoMmoHeHToi. Ha Kypuib-
CKHX OCTPOBAX 3TO COOBITHE HE OIIYIIAIOCH;

5 nexabps B 12:38 UTC (M =5.9; H= 60 km;
Ne 14 na puc. 6 u 7, Tabn. 1) — eiie oIHO CHIIb-
HOE cOoObITHE B palloHe ceBepHBIX Kypuibckux
OCTpOBOB. BhbI3Banmo kojeOGaHUs WHTEHCHBHO-
cThio B 4 6aa B T. CeBepo-Kypuiibek.

Takke MOXXHO OTMETHTb MHTEPECHYIO Ce-
PHUIO 3eMJICTPACEHUN, MPOU3OIIEAIINX B paii-
OHE IITYOOKOBOJHOIO >KejJo0a IOro-BOCTOYHEE
o. Kynammp ¢ 3 o 10 nexabps. Hauanom cepun
HoCIyXuiio codbiTie 3 nexabps B 23:25 UTC
(M=55,M,=53,H=11xm; Ne 15 na puc. 6
u 7, Tabn. 1; Ne 46 Ha puc. 8) ¢ MEXaHU3MOM

Puc. 7. KapTra snuueHTpoB omyTUMBIX 3emiieTpsicenuil 30ubl orBeTcTBeHHOCTH CO OUIL EI'C PAH B 2019 1n
T10 TaHHBIM OTIEPATUBHOTO KaTajora. JHEPreTHUECKNE XapaKTePUCTUKHU MTPUBEACHBI K MATHATY/IE 1O TIOBEPXHOCTHOM
BoJHE M, ,; [ — MHTEHCHBHOCTB COTPSCEHHH, Oamr; 1 — celicMmudeckas cTanmus; 2 — rpanuna peruona. Homepa snumen-
TPOB coryiacHo Tabdm. 1.

Figure 7. Appreciable earthquakes’ epicenters map in the SB FRC UGS RAS responsibility zone by the data
of the operative catalog in 2019. Energy characteristics are brought to the surface wave magnitude M, ; I — intensity
of shaking; 1 — seismic station; 2 — region borders. Epicenters’ numbers are in accordance with the table 1.
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ouara, KBaau(UIMPyeMbIM Kak B30pOC B yCIIO-
BUSIX CXKATHS, TIEPIICHANKYIISIPHOTO OCH keJo0a,
ollyuiaBuieecs B noc. ManoKypuiibCKoe ¢ UH-
TEHCUBHOCTHIO B 3—4 Oamna. B Teuenue crieny-
FOIIEH HEJEI IPUMEPHO B TOM XK€ pailoHe 3a-
PETUCTPUPOBAHO €11ie 7 COOBITUN MarHUTYIHOTO
nuarazoHa M = 4.5-4.7 u cBBIIIIE JecaTKa Oosee
Ca0bIX 3eMJIETPSACEHUN, Ha OCTPOBax 3TU CO-
OBITUS HE OLIYLIAINCE.

Cpenn Hanbosnee CHIBHO OLIYIIABIINXCS
BBIJICTISIIOTCS APYTUE 3EMIICTPSCEHUS:

18 centsa0ps B 02:54 UTC (M=4.3; K. = 13.0;
H =55 xm; Ne 16 na puc. 6 u 7, tabn. 1). Bei-
3Bajio cOTpsiceHusi B 4—5 GayutoB B moc. [opHBIi
u Topstune Kitoun Ha o. Utypyn. 3HaunTenbHas
WHTEHCUBHOCTh MaKpOCEHMCMUYECKHX IMPOsBIIE-
HUW HEOOBIYHA IS CTOJb CJIA0OW MarHUTYIBI
Ha OOJIBIIIOM PACCTOSIHUM HACEJIEHHBIX MyHKTOB
OT TUTIOLIEHTpa. BO3MOXKHO, MarHUTy/1a COOBITHS
TpeOyeT MepeoLIeHKH, AJIsi CPAaBHEHUS IPUBECHO
3HaueHue sHepreruueckoro kinacca no C.JI. Co-
JIOBBEBY, NPUMEPHO COOTBETCTBYIOIIEE MarHu-
TyHOMY 3HaueHuto M = 5.9;

23 Host6ps B 12:58 UTC (M =4.6; M, = 5.1,
H =68 xm; Ne 17 na puc. 6 u 7, Tabm. 1; Ne 44
Ha puc. 8). Hanbonee cuibHbIC KOJICOAHHS WH-
TEHCUBHOCTHIO B 5 0aiioB BhI3BAJIO B Moc. Ma-
JoKypuibckoe Ha 0. llIukoraH.

Ha puc. 7 moka3aHbl Bce 3eMIIETPSCEHUS
30HBI oTBeTcTBeHHOCTH CO DUI] EI'C PAH,
OIIyTIABIITUECS KUTEISIMHE (B peaenax Poccuii-
ckoii denepanun). Kak 1 crnegoBaio 0XKuIaTh,
B OCHOBHOM 3TO JIOCTaTOYHO CHJIBHBIC 3€MJIC-
TPSICEHUsI, MPOU3OLICINE HA HEOOIBIION Y-
OWHE B HAaCEJIEHHBIX pallOHAX TNIABHBIM 00pa3oM
Ha ceBepe U fore Kypuiabckux oCTpOBOB.

MexaHU3MBbI 04aroB SCMHGTPHCCHI/Iﬁ

ExxerogHo cocrapisieTcsl KaTajaor MeXaHW3-
MOB OYaroB 3eMJICTPSICEHUI 30HBI OTBETCTBEH-
Hoctu C® OUILL EI'C PAH, Bxmrogarommuii He-
CKOJIBKO JIECATKOB, Kak TpaBUO, HauOolee
CWJIBHBIX COOBITHIA pernoHOB. C HeJJaBHETO Bpe-
MeHn CaxaauHCKUMA (Uauai B COTPYIHUYECCTBE
¢ UMI'ul’ IBO PAH nawan maccoBoe ompene-
JIEHUE TEH30pa CEHCMUYECKOr0 MOMEHTA odara
3eMJIeTpsICeHHs Kak OoJiee MOJIHOM XapaKTepu-
CTHKHU IapaMeTpoOB Odara, 4em KIJIACCHYECKUil
MEXaHU3M B JIBYXTUTIOJIbHOM TTPUOIUKCHUH.
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Pacuer TeH30pa celCMHYECKOTO MOMEHTa
OCYIIECTBIIACTCS C UCTIOIB30BAHUEM ITPOTpaMM-
Horo kommuiekca ISOLA [Sokos, Zahradnik,
2013; Cadonos, Konosanos, 2014]. s unsep-
CUU BOJIHOBBIX (DOPM HCIOJIB30BAIUCH 3aUCH
IIPOKOIIOIOCHBIX BEJIOCUTPa(dOB, YCTAHOBIICH-
HBIX Ha CTallMOHAPHBIX IyHKTaX HaOIIOMEHUS
C® OUII EI'C PAH (puc. 1). lononHurensHo
MPUBJICKAJIUChH 3alIUCU CEUCMUYECKUX CTAHIUHU
K® OUILT EI'C PAH, a Takxe IUPOKOIIOJIOCHBIX
cranuuii cetu F-net arentcrBa NIED, fnonus
[NIED].

Bceero B 2019 r. ynanocek Noiny4YuTh peIIeHUs
TEH30pa CEHCMHUYECKOr0 MOMEHTa oyara mais
55 3emuierpsicenuid, Bkitodas 1 B peruone [pu-
amypwe u [Ipumopne, 1 B CaxaqmHCKOM peruo-
He u 53 B Kypuino-Oxorckom peruone (puc. 7).
BonbIIMHCTBO 3eMIIETPSACEHUN C ONpeIeTICHHbI-
MU MEXaHM3MaMM oYara MpOU30LUIA B pailoHe
0. XOKKai/10, I0’KHBIX U LEHTpalbHbIX Kypuib-
CKHX OCTpPOBOB, YTO CBSI3aHO C JOCTATOYHOMN
IJIOTHOCTBIO CETH IIUPOKOIOJOCHBIX CEHCMHU-
YeCKUX CTaHIMM (m1aBHbIM oOpa3oM cetu F-net
Ha XOKKaiJ0) M OOIIMM BBICOKUM YpPOBHEM
CECMUYHOCTH 3TOTO paroHa.

Ha puc. 8 moka3zanbl TeH30pbI CEHCMUUECKOTO
MOMEHTa 0YaroB B JBYXJUIOJIBHOM MpPUOITHKE-
HUH (B IPOCKIIMY HA HIKHIOKO TIOTycdepy).

[To naHHBIM O Me€XxaHU3Max OYaroB 3a OAUH
TOJ/1 HeJb34 JIeJIaTh BHIBOAOB O 3aKOHOMEPHOCTAX
CEHCMOTEKTOHUKU PETHOHA, OAHAKO MOXKHO OT-
METUTh, YTO XAPAKTEPUCTUKU 3EMIIETPSICEHUMU
2019 . B OCHOBHOM YKIJIa/IbIBAIOTCSl B CJIOKHUB-
[IMecs K HaCTOSIIIEMY BPEMEHH MPEACTaBICHUS
0 TIpoIeccax, MPOUCXOASIINX B 30HE CYOTyKIIUU
TUXOOKeaHCKOW TIUTHI MO/ OKPauHHBIE MOPS
(banmakuna, 1995; Astiz et al., 1988; 3mo6un
u np., 2011; Christova, 2015; Cadonos, 2019;
u 7ap.). Bwimenstorcs xapakTepHble COPOCHI
B 30HE 33/TyrOBOT0 M3ruda rmrthl, B 2019 1. ipe -
cTaBiieHHbIe coObITHEM Ne 8 Ha puc. 8; moaaBU-
T'Y B 30HE KOHTaKTa TuToChepHbIX T (Ne 3, 4,
5,9,12,23,25); MHOTOYHCIICHHBIE B3PE3bI 30HBI
MIPOMEKYTOYHBIX TIyOWH, TAC MPEanoiaracTcs
ee ooparuerid m3rud (Ne 15, 29, 32, 53, 54). On-
HAaKO IS MHTEPIPETAM MHOTHUX MEXaHU3MOB
oyaros npousomenmux B 2019 r. 3emnerpsce-
HUWA TOBEPXHOCTHOTO MOAXOJa C MPUMEHEHHU-
eM o0ImIeit Mojenu CyOayKIIMOHHOTO TpoIiecca
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Puc. 8. Mexanusmsl ouaroB 3emietpscenui Kypuno-Oxorckoro peruona B 2019 1. mo nanusim CO OUILL ET'C PAH.
Figure 8. Earthquakes focal mechanisms of the Kuril-Okhotsk region in 2019 by the data of the SB FRC UGS RAS.

MOXeT OKa3aTbCsi HenocraTouHo. Heobxomumo
KOHKPETHOE pacCMOTPEHHE OCOOEHHOCTEH TeK-
TOHUKHM Ka)XKJOTO paiioHa U COIIOCTaBIICHHE C
HUCTOPUYECKON CEHMCMHMYHOCTBIO U MEXaHU3Ma-
MH OYaroB, YTO HAaXOAMTCS 3a paMKaMH LieJen
JTAHHOM PabOTHI.

CelicMH4YecKkass aKTHBHOCTH
u rpa¢guk bensoga

B mensx cpaBHeHHS CEHCMUYHOCTH 30HBI
orBercTBeHHOCTH CD OUIL] EI'C PAH B 2019 1n
¢ HaAOTIOMEHUSIMHU TPEBITYIUX JeT 1 Kypu-
710-OXOTCKOTr0 pernoHa ObUI MOCTPOEH Tpaduk
HaKOTUICHHS YCIIOBHOU jaedopmannu 1o berno-
¢y [Benioff, 1951]:

T

Kak BugHO 13 puc. 9 a, b, B mocneanee ne-
CATUJIETUE CKOPOCTh HAKOIUIEHUS! YCIOBHOMU
nedopmaruu B peruoHe OblJla OTHOCHUTEIIBHO
CTaOWJIbHOM, HECKONBKO BBIICTSIOTCA HAaJH-
YHeM KpYMHBIX ceicmuyeckux coobrtuii 2009,
2013, 2018 rr. Haknon rpaduka B 2019 1. ocra-

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

eTcsl MPUOMU3UTEIBHO MOCTOSHHBIM, CpPaBHHU-
MbIM ¢ nepuogamu 2010, 2014 u 2017 rr. OT0
TOBOPHUT O TOM, YTO BCSI CEHCMUYHOCThH PETHOHA
B 2019 1. oTHOCHTCS K POHOBOIL, HE OTMEUEHO HU
YCUJICHUS, HU OCTIA0JICHUS, YTO MOTJIO OBbI OBITH
IPU3HAKOM MU3MEHEHMSI CEHCMUYECKOTO PEKUMaA
B OKMJIaHUU KPYIHOIO PErMOHaJIbHOIO 3eMile-
Tpsicenus. Ha puc. 9 b moka3zanel HEKOTOpHIE
ONMCAHHBIE BBIIIE KPYIHbIE 3EMIIETPSICEHUS
2019 r., co3naBime 3aMEeTHYIO CTYNEHb Ha rpa-
¢uke benroda. B nmpenenax Bcero peruona mx
BJIMSIHME Ha HAKJIOH rpadyKa He3HAYUTEIbHO.
Ha puc. 10 nokaszan rpaguk moBTOpsieMO-
ctu 3emuerpscennit Kypuno-Oxorckoro peru-
OHa, IOCTPOEHHBIN 1151 uHTepBana 2009-2019,
JUIsL CpaBHEHMsI Ha TpaduKe MOKa3aHbl 3HAUCHUS
MarHUTYIHbIX HMHTEPBAJIOB MO JAaHHbIM 2018
1 2019 rr. MOXXHO OTMETHUTH HEKOTOPBIi Aedu-
IUT CUIBHBIX (M = 5.5-6.0) coObrTuii B 2019 1.
[IpocTpaHcTBEHHOE pacmpeneseHue ceic-
MUYHOCTU 4YacTH Tepputopuu Kypumo-Oxot-
ckoro peruona B 2019 r. (puc. 11 a) u ons
necatwietHero wuHrepBaia 2009-2018 rr
(puc. 11 b) orpaxeHno Ha kapTax ceiCMUYECKON
aKTMBHOCTH JIJIsl SHEPTETHIECKOTO YPOBHS 4,
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Puc. 9. I'papuk benroda mma Kypmino-Oxorckoro pernona mo manHsM Karainoros CO ®UIL[ EI'C PAH 3a 2009-

2019 rr. (a) u oneparuBHOro Karanora 3a 2019 r. (b).

Figure 9. Benioff diagrams for the Kuril-Okhotsk region by the data of the SB FRC UGS RAS catalogs for 2009—

2019 (a) and the operative catalog for 2019 (b).

MIOCTPOEHHBIX METOJIOM CYMMHPOBAHMS C TIO-
CTOSTHHOM JEeTallbHOCThIO [PusHuueHko, 1964].
[Tono6ubIil MeTon ynoOeH [Uis NpeAcTaBICHUs
CEHCMUYHOCTH PErMoOHOB C HEPaBHOMEPHBIM
OXBaTOM TEPPUTOPHUU ceTIMH HaOmoaeHui. [1o-
MHMO 3TOTO JaHHAs METOJIUKa pacuera ciadee
3aBUCHUT OT MOTPENIHOCTEN ONpeAeNieHUs] mar-
HUTYBl CUJIBHBIX 3€MIIETPSICEHHM, YeM MeETO-
UKW pacyera KapT, OCHOBaHHBIX Ha CEMCMHU-
YECKOW AHEPIuu WM CEMCMUYECKOM MOMEHTE,
YTO C y4eTOM 3HauuTeNbHbIX Mpobiem Caxa-
JMHCKOTO (puiuaiia B TOYHOCTH ONPEIEICHUs
MarLurtyj ocoO0eHHO BaxxHO. JleTamu mocTtpoe-
Hus oncanbl B [CadonoB u ap., 2019].

B 2019 r, kak 1 Ha OPOTSHKEHUU BCETO Iie-
puona celcMUYeCKHX HaOMoAeHUH, Hanbolee
CEHCMHMUYECKH aKTUBHOM OCTaeTCs 30Ha KOHTAK-
Ta Tuxookeanckoir 1 OXOTOMOPCKOH JTUTOCPEp-

Puc. 10. I'padux moropsiemocTH 3emiuerpsiceanii Kypu-
no-Oxotckoro perrona B 2009-2019 rr.

Figure 10. Gutenberg-Richter diagram of earthquakes
repeatability in the Kuril-Okhotsk region in 2009-2019.
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HBIX IUTUT, HAXOISAIIASCS MEXKTY TITyOOKOBOTHBIM
XKEJIOOOM M OCTPOBHOM ayrout (cm. puc. 11 a).
OO6nactu 3a- U MPEeNIYroBON BHYTPUILIUTOBOM
CEHCMHUYHOCTH, a TaKkKe 001acTU MOTPyKEHHON
Tuxookeanckoil mInUThl o7 OXOTCKMUM MOpEM
CYLIECTBEHHO MEHEE CEHCMUYECKU AaKTHUBHBI.
Bnpouewm, npo nirybokue o65acTi HeIb3s TOBO-
PUTH C TOJHON YBEPEHHOCTHIO, TaK KakK Mpe-
CTaBUTEJIbHOCTh KaTaJlora OLEHUBAJIACh BJOJb
MOBEPXHOCTHU U Oe3 yuera m1yOouHsl. Tak, paiion
CIWJIBHBIX TIIYOOKHX 3eMIIETPSICEHHMH K 3amary
ot m-oBa Kamuarka, cyas 1mo MarHutyae mHpo-
UCXOJSIIIMX 3/1€Ch B MOCJIETHUE TO/IbI COOBITHIA,
JOJIKEH, M0 KpailHe Mepe, He yCTynarh 1o ak-
TUBHOCTH Haubojee CEeHCMHYHBIM OO0JIacTIM
Kypuinbckoit myru.

W3 cpaBHeHus mokasareneil kod(Quim-
enta A, B 2019 . u B JecCATUIETHUN NEPUON
2009—-2018 moxHO caenaTh BEIBOA, 4TO B 2019 1.
ceficMuueckas aKTUBHOCTb B palloHE ceBep-
HBIX U F0KHBIX KypHIIbCKHX OCTPOBOB ONU3Ka K
CPEHEMY MHOTOJIETHEMY YPOBHIO (4, = 1-2).
Ha cpegnux Kypunax ceiicMuueckass akTUB-
HOCTh B 4—10 pa3 Hmwxke. Kpome Toro, HanmpoTus
npon. KpysenmrepHa nHaOmromaercst o01acTh
HYJIEBBIX 3HAUEHHUI CEIICMUYECKON aKTUBHOCTH,
YTO OTYACTH CBSI3aHO C HU3KOM IpeCTaBUTENb-
HOM MAarHUTyIOW Karajora Ijis 3TOro panoHa
(M_. =4.5), TaK KaK SIULEHTPBI 3€MJIETPICEHUN
HUKE PAacueTHOIO MpPEACTABUTEIBHOTO YPOBHS
(puc. 5) 31eCh OTMEYCHBI.

CornacHO TPHUHSTBIM KPUTEPHUSIM, CEHCMU-
YyecKasi akTUBHOCTh B auanaszone 0.1-1 cuwmra-
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eTcsi ymepeHHoi, Beiie 1 — Bbicokoil [Celic-
Mu4eckoe paloHupoBaHue... , 1978]. Taxum
00pa3oM, CEMCMUYECKYI0 aKTUBHOCTH CEBEp-
HbIX ¥ 10KkHBIX Kypnn B 2019 . MOXkHO cunTarh
BBICOKOM, UTO SIBJISIETCS OOBIYHBIM JIJISI JAHHOTO
pervoHa, ceilcMuyeckas aKTUBHOCTb CPEIHHX
Kypuiibckux OCTpPOBOB XapaKTepHU3yeTcsl Kak
yMepeHHasi, MECTaMH KaK HU3Kasl.

3akJoueHue

B ceticmnueckoMm otHomennu 2019 rox mis
TEPPUTOPUU 30HBI OTBETCTBEHHOCTH CaxayuH-
ckoro ¢punmana OULL «Enunas reodusnueckas
cayx6a PAH» Belmancs omHuM W3 HaumOosee
CIIOKOMHBIX 3a MOCIEAHEE IECATUIETUE: OTCYT-
CTBOBAJIM CEHCMUUYECKUE COOBITUS MarHUTYION
6onee M = 6.2. Bce 3emuerpsiceHus, Mpou3o-

Puc. 11. Ceificmmueckass akTHBHOCTh Kypmimo-OXOTCKOro peru-
OHa MO JaHHBIM Katayora 3emierpsacenuit Cd OUI[ ET'C PAH
3a 2019 . (a) m 32 2009-2018 1. (b). M300MHNN OKOHTYpPHUBAIOT
o0rnacty, rje eXXerogHoe KOIN4YeCTBO 3eMJIETPSICEHIH SHEpreTHye-
ckoro kiacca K. = 10 u3 pacyera na 1000 km* paBHO 160 MpeBBbI-
IIaeT yKa3aHHoe 3HaueHne. [IyHKTHpoM moka3aH NTyOOKOBOIHBIN
%e100 1 KOHTYp KypHiibCKoil KOTIIOBHHBI.

Figure 11. Seismic activity of the Kuril-Okhotsk region by the data
of the earthquakes catalog of the SB FRC UGS RAS for 2019 (a) and
for 2009-2018 (b). Isolines delineate the areas, where the annual
number of earthquakes of the energy class K, = 10 per 1000 km?
is equal to or exceeds the specified value. The deep-sea trench
and the Kuril basin contour are shown with a dotted line.
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Hieiife B IMpeenax COOTBETCTBYIOIIMX
pailoHOB, MOXKHO OTHECTH K (DOHOBBIM
COOBITHSIM.

B IIpuamypse u Ilpumopse kommye-
CTBO U DHEPrus 3eMJIETPSACEHUH, KaK KO-
POBBIX, TaK U TTyOOKO(OKYCHBIX, OKa3a-
JUCh HUXKE CPEIHUX TOJOBBIX 3HAYCHUU
3a 2009-2018 rr. OmyTuMBIX COOBITUI
B 2019 1. He OBLIIO OTMEYEHO BOOOIIIE, YTO
JUIsL OTHOCHUTEJIBHO CJ1a00CeCMUYHOTO
peruoHa He SIBJISETCS UCKIIIOYUTEIbHBIM
SIBIICHUEM.

B CaxanmHCKOM pernoHe npou30Iiio
HECKOJIBKO IPEJICTABISAIONINX HHTEpPEC
JUISL U3YyUYEHHs] KOPOBBIX COOBITUN € Mar-
Hutyno M = 4.6—4.9 na mensde octpo-
Ba, OJHAKO OINACHBIX KONeOaHWH OHU
He BbI3BasiM. OOl ypoBeHb ceilcMuy-
HOCTH, UCXO/ISl U3 KOJINYECTBA U SHEPIUU
POU3OLIEIINX 3eMIIETPSICEHUH, MOXKHO
OXapaKTEepU30BaTh KaK YMEPEHHBIM.

B Kypuno-OxoTckoM peruone mpo-
JOJKUJIACh aKTUBU3AIUsl B oyarax Cujb-
HBIX COOBITHMH MPEOBIAYIINX JIET: 3eM-
JeTpsiceHus Ha 0. Xokkaumo ¢ M = 7.2
B 2018 1. m my6okodokycHoro Oxoro-
Mopckoro 3emiierpsicenus 2013 . M= 8.3
K 3anaay ot n-oBa Kamuarka. OgHako HO-
BBIX CWJIBHBIX (M > 6.5) 3emiieTpsiceHuit
B 2019 . He orMmeueHo. CelCMUYECKYIO
AKTUBHOCTH CEBEPHBIX U I0XKHBIX Kypuiib-
CKHUX OCTPOBOB MOXKHO CUHTATh BBICOKOM
Ha YPOBHE CPEIHUX MHOTOJIETHUX 3Hade-
Hui. Ha cpennux Kypuibckux octpoBax
ceficMuyecKkasi aKTUBHOCTb YMEpEHHa,
noHwkeHHas. CrexyeT oOpaTUTh BHHU-
MaHHe Ha paiioH npoia. KpysenmrepHa,
IJI€ HAMETUIIOCh CEHCMMUYECKOE 3aTHILbE

C MarovuTyabl IpEACTAaBUTCIIBHOCTU KaTa-
nora C® ®ULL ELC PAH (M = 4.5).
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CpenHecpOoyHbIE€ OLIEHKH CEUCMUYECKON ONTACHOCTH
Ha 0. Caxamun metonoMm LURR: HOBBIE pe3ynbTaThl
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Pe3tome. [IpoBeneH peTpOCIEKTUBHBIN aHATN3 CEHCMUYECKOTO peKKUMa IIEHTpalibHOM yacTu 0. CaxanuH
B ieprox 1997-2005 rr. metogom LURR (load/unload response ratio). Pacuets! aiist 3T0# yactu ocTposa
3a YKa3aHHBIN TIEpUoJ paHee He TPOBOMINCH BBy HEIOCTATOYHOCTH JJAHHBIX B PACUETHOW BBHIOOPKE
coOwITHH. B manHO# paboTe mpuBIieYeHa ONOTHUTEIbHAS HHQOPMAIUS U3 JIBYX HE3aBHCUMBIX KaTallo-
roB. [IpoananusupoBan metogom LURR xapakrep celicMUYHOCTH NIEpe YIIIETOPCKUM 3€MIIETPSICEHUEM
4 aBrycra 2000 . (Mw = 6.7), KOTOpOE JI0 CHX ITOP 3HAYMIIOCH KaK MPOIYIIEHHAs [Ieb B CEpUU U3 7 TIPO-
THO3HBIX OLEHOK CaXaJWHCKUX 3€MJICTPSICEHUM C MarHUTYIOM BhIIIE 5.5. Pe3ynbsraTsl pacyeToB BHISIBUIU
npeaBecTHUK — anomanuio napamerpa LURR, Ha ocHOBaHMHM KOTOPOTO TOYHO OMPEEICHO MECTO U Bpe-
Ms YCIIOBHO (PETPOCIEKTUBHO) MPOrHO3UpyeMoro coObITusi. Anomanus mapamerpa LURR 3adukcupo-
BaHa B pacueTHol obnactu B peBpane 2000 ., 3a 6 Mec. 0 3eMIICTPSCCHHUS.

KuaroueBbie cjioBa: ceiicMMYHOCTD, celicMudeckue coobiTus, Mmeton LURR, npeasecTHrk 3emierpsice-
HUS, PETPOCIICKTUBHBINA aHATH3.
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Mid-term assessments of seismic hazards
on Sakhalin Island using the LURR method: new results

Aleksander S. Zakupin®, Nataliya V. Boginskaya

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

Abstract. A retrospective analysis of seismic regime in the central part of Sakhalin Island within the pe-
riod from 1997 to 2005 by the LURR (load/unload response ratio) method is presented. Estimates were
not earlier conducted for the outlined period due to a lack of data in the rated sampling of this part
of the island. In the present work, additional information from two independent catalogues is adduced.
Seismicity behaviour prior to the Uglegorsk earthquake of 4 August 2000 (Mw = 6.7) was considered ac-
cording to the LURR method. This earthquake was up till now considered as a missed target in the series
of 7 predictive assessments of Sakhalin earthquakes having a magnitude above 5.5. The computation
results revealed the LURR parameter anomaly to be a precursor, on which basis the location and time
of the conditionally predictable event were accurately determined. The LURR parameter anomaly was
noted in the rated area in the February of 2000, 6 months prior to the earthquake’s occurrence.

Keywords: seismicity, seismic events, LURR method, earthquake precursor, retrospective analysis.

For citation: Zakupin A.S., Boginskaya N.V. Mid-term assessments of seismic hazards on Sakhalin Island using
the LURR method: new results. Geosistemy perekhodnykh zon = Geosystems of Transition Zones, 2020, vol. 4,
no. 2, pp. 169—177. (In Engl.). https://doi.org/10.30730/gtrz.2020.4.2.160-168.169-177

BBenenue B 00JaCTH CPEHECPOUYHBIX OLIEHOK celicMHYe-
B nocieqHue Heckonbko seT Ha Caxanune CKOHM OMACHOCTH JUIS 3eMJIeTpsiceHnid ¢ Mw > 5.5

coTpyaHuKaMu MHCTUTyTa MOpPCKO# reomoruyu — HOJYYCH sl HHTEPECHBIX pe3yibrartoB. Merto-
u reodpusukn JJBO PAH (MMI'ul' IBO PAH) 7aom LURR [Yinetal., 2000; Yangde etal., 2012]
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3a nepuog ¢ 1988 mo 2019 r. B 6 paitoHax ocTpo-
Ba ObUIM BBISABICHBI aHOMAJUHM B pacrpesese-
HUSIX pacueTHOro mnapaMerpa (3Ha4eHHE OT-
KJIOHSIETCsI OT 0a30BOT0, pAaBHOTO €IMHUIIE), T.€.
MPEIBECTHUKH 3eMIIETPSICEHUH [3aKyIuH U 1p.,
2018; 3akynun, Cemenona, 2018].

Meton LURR B mepBouctounuke [Yin X.,
Yin C., 1991; Yin et al., 2000] cBs3bIBacT 10-
SIBJICHHE AaHOMAJIUH C TIOATOTOBKOM B paCU€THOU
30HE 36MJIETPSICEHUS C MATHUTY/IO0M BBILIE BEPX-
Hell rpaHMIbl pacueTHOH BbIOOpKHU. Ilpu »TOM
HIDKHSSL TPaHMLA PAcueTHOM BBIOOPKH yCTa-
HaBJIMBAETCS IPOU3BOJIBHO JUIS OTCEYEHUS
cnaboii — (oHOBOW celicMuuHOCTH. BepxHss
K€ IpaHMLa TOKa3bIBA€T MUHUMAJIbHYIO Mar-
HUTYIY OXUIAEMOTO 3eMIIETPACEHUs (IJIaBHO-
ro Tomuka). O6a 3THX moOpora MOAOUPAIOTCS
C y4ETOM XapakTepa PErHOHAJIBHOM CeNcMHUY-
HOoCTH. Hamu skcnepuMeHTaJbHO YCTaHOBIE-
HO, YTO IIPUEMJIEMBIM BapUAHTOM IIPU pacdyeTax
s CaxandHa HIDKHSSL TPaHHUIlAa MOXKET OBITh
BbIOpana M = 3.3, a Bepxuss — 5.0. IIpu stom
BBISIBJICHHBIE aHOMAJIMU XOPOIIO COINIACYIOTCS
C 3eMJIETPSICEHUAMHU, Yy KOTOpbIX M > 5.5. Uccie-
noBarenu [Yin et al., 2000; Yangde et al., 2012]
OTMEYaloT, YTO MEPHOJ TPEBOTH C MOMEHTA 00-
Hapy>KeHUs aHOMAJIMU MOXKET COCTAaBIATH OT 2
JI0 HECKOJIBKHX JIET, a 3€MJIETPSICEHUE JTOJIKHO
MPOM30UTH B pacyeTHOM 00NacTh (JIMHCWHBIN
pazmep 100 xm).

Ha Caxanune Bo Bcex IIeCTH pallOHax B Te-
yeHue He Oojee 2 JIeT MOcjie BO3HUKHOBEHHUS
aHOMaJHMi B BBIABIEHHBIX 30HAX IPOU3OILIN
CHJIbHBIE celicMuueckue coobitud. B 4 ciyua-
X aHOMAaJIMM ObUIM OIpeNleleHbl MOCTPaKTyM
JUISL Y>K€ CIIyYMBILHXCSI 3€MJIIETPSICEHUM (B pe-
TPOCHEKTHBE), a 2 U3 6 30H BBISIBICHBI B pe-
KM€ ONEpaTUBHBIX PAcueToB (TaKHe IMPOBO-
nsarest ¢ 2015 r.). DTo MO3BOIWIO CcleNaTh JBa
odunmaneHeix mporno3a: Onopckoro (2016 t.,
Mw = 5.8) u Kpunsonckoro (2017 r., Mw = 5.0)
3emuieTpsiceHui [3akynuH u ap., 2018; 3axy-
nuH, CemenoBa, 2018]. IIporuossr paccmarpu-
BAJIMCh Ha 3aceqaHuax CaxaluHCKOro Quiuana
Poccuiickoro 3kCnepTHOro coBeTa IO YPE3BBI-
yaiiHpIM cuTyanusM. O0a mporHosa npu3Ha-
Hbl TOJHOCTBIO pEaJU30BaHHBIMHU, XOTS HMe-
JUCh HEOOJbIINE OTKIOHEHHS MO MECTy ouara
11t OHOPCKOTO 3eMIleTpsiceHus (Ha Kparo pac-
YeTHOU 30HBI) [3akynuH u ap., 2018] u no mar-
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Hutyne i Kpunsonckoro (Mw = 5.0). 3em-
nerpsiceHurd ¢ Mw > 5.5 Ha 0CTpOBE, COINIACHO
JaHHBIM U3 3 HCIIOJIb30BAHHBIX ISl PacyeToB
CEHCMHUYECKUX KarajoroB [3akynuH H J1p.,
2018], 3a mocnennue 30 net 6su10 7: Hedrerop-
ckoe (1995 ., Mw = 7.2), Yrneropckoe (2000 r.,
Mw = 6.7), [unsryrckoe (2005 1., Mw = 5.6),
I'oprozaBoackoe (2006 ., Mw = 5.6), HeBeunb-
ckoe (2007 ., Mw = 6.2), Yanrckoe (2010 t.,
Mw = 5.7) u Onopckoe (2016 ., Mw = 5.8).

B pacuerax mnsi ceBepHOM 4acTH OCTpOBa
npeumyiecTBeHHO ¢ 50.0° mo 54.0° c.u1. ¢ 2006
nmo 2016 r. mpuUMEHsUICS Karajor CETH CTaH-
muit UMT'ul’ /IBO PAH [Stepnov et al., 2014].
Ortor Karajor (GoOpMUpPOBAJICI U TMOANEPXKHU-
Bajica naboparopueil (U3MKU 3eMIIETPSICeHUN
UMTul’ IBO PAH na ocHOBe gaHHBIX 6 CTaH-
i (omgHa U3 HEX, B T. Oxa, npuHaanexana Ca-
XaJluHcKoMy (unnany denepanbHOIO UCCIEN0-
BaTeJIbCKOro IeHTpa «EnuHas reodusmueckas
ciyx0a PAH» (C® ®UILL EI'C PAH)). Hecmotps
Ha To yto CO OUIL EI'C PAH no teppuropun,
kotopyto nokpsiBana cetb UMTIul’ JIBO PAH,
TOoXe (OPMHUPOBAT CEUCMUYECKHH KaTaJor,
JUISL pacY€TOB PaHEe Mbl MCIIOJIB30BAIM KaTajor
NMTI'ul" IBO PAH no npuuuHe ero Gosnbliei
JOCTYITHOCTH ¥ ONEPAaTUBHOCTH HAIOJIHEHHUS.
C ero moMomiplo OBbUIM BBISIBIECHBI JBE 30HBI
¢ a"gomanusamu B 2008 u 2015 rr. OtmeTum,
yro aHomanusa 2008 r. [3akynuH u 1p., 2018]
ObUTa JTOBOJILHO cllabasi — MmapaMeTp He3Ha-
YUTEJIbHO MPEBBICHWI 3HAYeHHE 2. AHOMaIus
npeaBapsia YaHrckoe 3eMIIETPSICEHUE B MapTe
2010 1., ¥ 30Ha ¢ aHOMAJIMCH MOYTH COBIIAJIA
C JMUILIEHTPOM 3emieTpsiceHus. Bropas anoma-
aust ObUTa 3HAYMTEIBHON (IPEeBBILLICHHE TTOPOra
B [I4Th pa3), HO LIEHTP PacyETHON 30HbI OKa3aJl-
Cs1 CMEILEH 110 OTHOUIEHMIO K SIULEHTPY pean-
30BaHHOTO MporHo3a — OHOPCKOro 3eMyeTpsce-
Hus — Ha 1° B ceBepHOM HanpasieHud u Ha 0.5°
B BOCTOYHOM.

Jl1 peTpOCIEKTUBHBIX PaCU€TOB Ha MEPUOJ
¢ 1988 no 2005 r. mpuMeHsICA KaTajor 3eMiie-
Tpsicenuil o. Caxamus 3a 1905-2005 rr. [Ilo-
riaBckas u ap., 2006]. Ilo manHBIM 3TOTO KaTa-
jgora, B 1988-2005 rT. celicMHMYECKHUX COOBITHI
B Jnarnas3oHne paboueit BeIOOpkH 3.3 <M < 5.0
BO BCEX YacTAX OCTPOBa OBLJIO HEAOCTAaTOYHO
JUTSI IPOBEICHUS CTATUCTUYECKHU 3HAYMMBIX pac-
4eTOB, YTO BECbMa CHI)KAJIO CTENEHb JAOBEPHS
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MoJTy4yaeMbIM pesynbraraM. OHaKo, TOCKOJIbKY
Ha ceBepe 0CTPOBa OBbLIIO0 OTMEUEHO CaMOE CHUJIb-
Hoe celicMuyeckoe coobiTue Ha Caxanune — He-
¢dreropckoe 3emnerpsicerne 1995 . (Mw = 7.2),
JUISL CEBEPHOM YaCTU OCTPOBA OB BBIIIOJTHEHBI
pacueTsl C MOMOIIbIO JaHHOTO (32 HEMMEHHEM
WHOTO JJIS TOTO TIEPHUOo/Ia) Karajiora.

AHanu3 JaHHBIX Ha TEPPUTOPUM CEBEPHEE
51.0° c.m. BBIABHI JBE 30HBI CEHCMHYECKOH
ormacHoctd B 1993 n 2004 r., pacnonoXeHHbIE
HeZaJIeKo JIpyr OT Apyra, — 30Hbl Hedreropcko-
ro u IluneryHckoro semuerpsacenuil. Hecmorps
Ha MMEBILKECS OMAaCeHus, 1e(PUINUT pacueTHBIX
COOBITUI HE MpHUBEN K BBIABICHHUIO JIOXKHBIX
MpU3HAKOB [3aKymuH u 1p., 2018].

Jlist pacdyeToB IO FOKHOM YacTU OCTpPO-
Ba ¢ 2003 mo 2019 r. ucnonws30BanCcs Karajaor
CO OUII EI'C PAH. Ot manHbIe IO3BOIWIIN
BBISIBUTh TIpefBecTHUK Hesenbckoro 3emuie-
Tpsicenus B mae 2007 r. [3akynuH u 1p., 2018],
a TakXKe c/ieNaTh ONEpPaTUBHBIN MPOTHO3 3eMile-
TpsiceHus B paifoHe n-oa KpuinboH nocie oOHa-
pyxenust anomanuu B 2016 r. [3akynun, Ceme-
HoBa, 2018]. Oba 3emierpsiceHHs MPOU3OLLIN
B YKa3aHHBIX 30HaX, HO KpuiboHckoe B ampene
2017 r. umeno marautyny 5.0, 4TO HUXKE ycTa-
HOBJICHHOTO HaMH TOpora OXuJaHus — 5.5.
BBuay ycinoBHOCTH JaHHOTO mopora (ormpene-
JIeHHE MarHUTy/bl 0 FPaHULIaM BBIOOPKH) MIPO-
THO3 3HAYUTCS KaK pean30BaHHBIN.

B nenom cratuctuka no CaxanuHy oOkasa-
Jach BIIEUATIISAIOLIEH, BEb BCErO NEpE] ABYMS
CWJIBHBIMHU 3eMJIETPACEHUAMU U3 8 (BKIIIOYAst
Kpuibonckoe) He Obuln 3a)UKCUPOBAHBI Me-
tonom LURR anomanuu — nepen Yrieropckum
(04.08.2000, Mw = 6.7) u T['opHO3aBOACKHUM
(17.08.2006, Mw = 5.6). Ilpuuunasl B ob6oux
ciayuasx pasuele. Ilo I'opHo3aBomckomy pac-
4yeTbl ObLIIM MPOBEICHBI, HO HE BBISIBICH IpEJ-
BECTHUK, a [10 YIJIETOPCKOMY pacueTsl ISl TOrO
nepuosa u Toi 30HsI (49-51° c.m1.) He MpoBOAU-
JMCh Ha TOM OCHOBAHMH, YTO JAHHBIX B KaTajo-
re [[TomnaBckas u 1p., 2006] myst 3TOTO HEMOCTA-
touHo. OnHako mpenBecTHUK Hedreropckoro
3eMJIETPSICEeHHsI ObLI MOJIy4eH UMEHHO 110 3TOMY
KaTaJlory, KOTOPbI 3aXBaThIBaeT HEOOXOIAUMBIN
JUISL pacdyeTa MepuoJl, a MarHUTyaa YIieropcko-
ro 3emuierpsaceHuss Mw = 6.7 HEMHOTUM MEHb-
me marautyasl Hedreropckoro (Mw = 7.2).
Ero «urnopupoBaHue», ckopee, 00yCIIOBIEHO
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OTCYTCTBHEM KEpPTB (3apUKCUPOBAHBI TOJIHKO
MoBpeXAeHUs KOHCTpykuuit). Ho B cratuctuke
pacuetoB 1o CaxajauHy 3TOT MpooOes, KOHEYHO,
YKEJIATEeIbHO 3allOJIHUTh, C MPUBICYCHUEM MaK-
CUMaJIbHO BO3MOXHOTO 00beMa CEeWcMOJIOTH-
yeckor nHpopmanuu. Jljis 3TOM 1enu UCIOINb-
3o0BaH karaimor C® OUIl EI'C PAH, xotopslit
dbopmupyetcs HaunHas ¢ 1997 . U MOCTOSHHO
MOTOJTHsAETCsI, oxBarbiBasi Becb CaxanuH. bia-
rofapsi ATOMy pe3yasrar 00paboTKH MO peruo-
HajbHOMY Kartajory [[lorutaBckast u np., 2006]
MOXXHO COIOCTaBUTh C PE3YJIETATOM I10 AaHHO-
My KaTajory JJIs MPUHATHS SKCTIEPTHOTO pellie-
HUSL 00 aHOMAJTHSIX.

Ilens manHOM pabOTHI — MPOBEIS METOIOM
LURR pacueTsl 10 BBISIBIEHUIO TPEABECTHUKOB
B 30HE YIIIErOpCKOro 3eMJIETPSACEHUs, T0Ka3aTh
YCHEIIHBIA pe3yNbTaT M0 UCIOIb3yeMOM METO-
JUKEe, WIH, B TIPOTUBHOM CITydae, MOATBEPIUTH
HBIHEIIHUI CTAaTyC 3TOTO 3€MJIETPSICEHUS — ITPO-
MyIICHHAS 1eJTb.

MeTtonnka

Meton LURR 06b11 pa3paboTan KUTaWCKH-
Mu ceiicmooramu B 1990-x romax [Yin X.,
Yin C., 1991; Yin et al., 1995]. Ero Ha3Banue
MOYKHO TIEPEBECTH C AaHTIIUHCKOTO KaK «OTHOIIIE-
HUE OTKJIMKAa CPeIbl Ha HArpy3Ky/pasrpy3Ky».
KopoTko u B yIpOIICHHOM BHUAE CyTh METOIA
COCTOUT B cieayromem [3akynud u jp., 2018;
3akynuH u ap., 2020]. Metoz onupaercs Ha He-
MPOTUBOPEUUBHIE MOZEIU TEOPUH YIIPYrOCTH
(Mozmenp aOCOIOTHO KECTKOM 3eMiIM) U Mexa-
HUKU paspyuieHus (kpurepuii Kymona—Mopa).
OCHOBHOH MOCHUT COCTOUT B TOM, YTO 3a Ipe-
JieaMH YIIpyroro 1eGpopMUpPOBaHUS CPEIbl pe-
aKIMs Ha HArpy3Ky HE COOTBETCTBYET PCAKIIUU
Ha pas3rpy3ky. Co BpeMeHeM 3TO HECOOTBET-
CTBUE TOJBKO YCWJIMBAETCS — BIUIOTH JIO TOTE-
pU YCTOWYMBOCTH DPa3pyIIAIONIErocs OObEKTa.
Meton mpearnoiaracT pernieHne ypaBHCHHIA Te-
OpHUU YNPYTOCTU JUIS ONPEECICHUS KOMIIOHEHT
TEH30pa HANpsHKEHUW Ha IUIOIIAJKe, TIIe pac-
MTOJIOKEH CJIUI-BEKTOP. PacyeThl BBITTOIHSIOTCS
JUTSL KOKJIOTO 3emileTpsiceHust B karajore. [Ipu
3TOM YYHUTBHIBAIOTCS CMEIIEHHUS OT MPUIMBHO-
ro BO3ACHCTBUS B 3aJlaHHOM Touke. Mcromis3o-
BaHHWE B METO/IE€ JYHHO-COJTHEYHBIX MPUIUBOB
OMpaBJaHO TEM, YTO JIPYTrOoro TaKOTo HJeajlb-
HOTO OTKaJIMOPOBAaHHOTO HMHIUKATOpa HArpys-
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KW/ pa3rpy3Kd B reocpenie HaWTH HEBO3MOXKHO.
TexToHMUYECKasT W JIMTOCTAaTUYECKAasl KOMIIO-
HEHTBI HE YUUTBHIBAIOTCS, TaK KaK CKOPOCTU UX
W3MEHEHUS! Ha MOPSAKUA OTIMYAIOTCS OT MpHU-
JUBHBIX. [l pasgesieHust 3eMIIETPSCEHUN Ha
«HArpy304YHBIE» U «Pa3rPy304YHBIE» MPOBOIUT-
cs pacuer kpurepus Kynona—Mopa. Ecnu 3em-
JETPSICEHHE MPOMU30ILIO BO BpEMsl pOCTa 3Ha-
YEHUsl 3TOrO0 KPUTEPHs, TO OHO ONPENEISIETCS
KAaK «IOJOKUTEIBHOE», B IPOTUBHOM CIy4ae
Kak «otrpuiarenbHoey. Hccnemyemblid mapa-
meTp (LURR) oroxkaecTBisieTcs ¢ OTHOIIEHUEM
cymmapHoiu nedopmaruu berboda Beex 1momo-
JKUTEJIbHBIX 3€MJICTPSICEHUM KO BCEM OTpHIla-
TEJIBHBIM 32 HEKOTOPBIN MPOMEKYTOK BPEMEHU
(B MaTremarudyeckor oOpabOTKe ATO BEIUYMHA
CKOJIB3AIIETO OKHA). B ympyrommactuyeckux
cpelax mepen paspylieHHeM HaOltofaeTcs siB-
JIEHUE TEKy4YeCTH, KOIZla IPU HEU3MEHHBIX Ha-
OpsDKEeHUsAX naedopManusi MpoaoKaeT PacTH.
Od4eBUIHO, YTO MPU TAKOM TOJIOKEHUU BeIIeH
pacdeT OTHOIIEHUS OTKJIMKa Ha HArpy3Ky K OT-
KJIUKY Ha pa3rpy3Ky HE UMEET CMBbICIIA (pPeaKIuu
KaK TaKOBOW HET), a MaTeMaTHYECKU MapaMeTp
LURR cHoOBa cTaHOBUTCSI OMM3KUM K €IHHHUIIC.
B oGnactu nepexoaa ot ynpyroro Kk Heynpyromy
ne(hOpMUPOBAHHUIO 3TOT TApaMeTp HAYHET PacTu
1 BOJIM3H pa3pylI€HUsl CPeIbl JOCTUTHET CBOUX
MaKCUMaJIbHBIX 3HaueHuu. MmMeHHO mnosToMy
B CpeJie, [1I€ pean3yeTcs XpPyIKoe pa3pylleHue,
MOXXHO OXHJaTh TJIaBHOE (IIPOTHO3UPYEMOE)
COOBITHE TTOCJIC BBIXOJIa KPUBOM Ha MaKCHMAJTb-
HbIC 3HAYEHUs, a B CPEJE, TJI€ BO3MOXKHO MPO-
SIBIICHUE TUIACTUYCCKUX I(P(EKTOB, BO3HHUKACT
BO3Bpar napamMerpa K (POHOBOMY YPOBHIO U He-
KOTOpasi 3aJiep>kKka (BpEeMEHHOM J1ar ¢ MOMEHTa
ONpeJIeJICHUs] MPOTHO3HOIO IMPU3HAKA, aHOMa-
mun — Bapuauuu LURR) nmo Bpemenu. Beposit-
HO, YTO 3Ta 3aJ€p’KKa 3aBUCHUT OT Ie0JIOrHye-
CKHMX YCJIOBMH, OJJHAKO HOHSTH 3Ty CBS3b IOKA
HE TPEJICTaBIIIOCHh BOBMOXKHBIM. MeTomKa pac-
gyetoB 1o metony LURR noapobHo usnaraercs
B OpUTHHAIBHBIX padorax [Yin X., Yin C., 1991;
Yin et al., 1995; Yin et al., 2000], a Takxe B pa-
0oTax wuccienoBareiei, MCIOIb30BaBIINX Me-
ton [3akynuH u ap., 2018, 2020; Yangde et al.,
2012; n mp.].

Hnsa pacueroB o merony LURR mbI 11pu-
MeHsi pazpaborannbiii B UMI'ul” IBO PAH
MporpaMMHBIN KOMIUTEKC Seis-ASZ ¢ BRIOOpOM
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CTaHJAPTHBIX JIJIS HAILIMX BBIYUCIICHUN Iapame-
TpoB: okHO 360 nuel, casur 30 aHEH, quanazoH
Marautyn 3.3-5.0 [3akynun u ap., 2018].

Hcxonnbie MaTepualibl

Pacuetsr meronom LURR 11 nenTpanbHoi
YacTH OCTPOBa, B TOM YHCJIE pailOHa, I1e Mpo-
M301UI0 YIJIErOPCKOE 3EeMIIETPSICEHHE, MpPOBe-
JeHbl 1O JBYM Kartanoram: «PernonampHOMY
KaTajory 3emjerpsiceHuid octpoBa CaxaluH,
19052005 rr» [Tlomnasckas u np., 2006] u kxa-
tajgory CO OUIL ET'C PAH, npencraBieHHOMY
B TI€YaTH €KETOAHBIMH BBITyCKaMu (Hampumep,
[@okuHa u ap., 2019]). Ang ynoberpa Oynem Ha-
3pIBaTh UX Katajmor Ne 1 u Ne 2.

[lepBelii kaTasior oxBarsiBaeT nepuon ¢ 1905
o 2005 r. u comepxut 6onee 3500 cericmuue-
ckux coOwiTuii 1o o. Caxamun. Karajgor Ne 2
3a TEPUOA HMHCTPYMEHTAIBHBIX HAOIIOICHUN
¢ 1997 r. BkitouaeT B ce0s 3eMIIETPSICEHUs BCEX
peruoHoB CesepHoil EBpazuu ¢ mapamerpamu:
TUIOLIEHTP, MarHUTY/1a, MEXaHU3M Oyara, a Tak-
K€ MakpoceilcMuYecKkue naHHblie. B obonx ka-
Tajorax OTPaXEHbl CEUCMUYECKHUE COOBITUS
¢ marauTynoi M > 3.0.

[ns mpoBeneHuss UCCIeNOBaHUNW B JaHHOM
pabore Oblma BeIOpaHA NPSIMOYTOJbHAS 00-
nactb ¢ koopauHaraMmu ot 48.0° no 50.0° c.m.
u ot 141.0° mo 143.0° B.nm. Breibopka 3emiie-
TPSACEHUM ISl pACUETOB MO KAXKJIOMY KaTajory
caemana ¢ 1997 (3a Tpu roma 10 Yrieropckoro
3emuerpsicerus) mo 2005 r.

Ha puc. 1 npencraBneHsl KapThl, HOCTPOEH-
Hble 110 JaHHBIM KatanoroB Ne 1 u Ne 2, ¢ snm-
[EHTPaMU  3EMJICTPSICEHUH, TPOU3OIIEAIINX
¢ 1997 mo 2005 r. B uccrnegyemoii 3oue. Beidbop-
Ka [0 MEpBOMY KaTaJlory cocTaBwia 363 ceiic-
MHYecKuX coObiTusg ¢ M > 3.0, u3 Hux 188
B auama3one MarHutya (3.3 < M < 5.0), He-
00XOUMBIX JJIsl TIPOBEACHUS PACYETOB METO-
nom LURR. Bribopka mo BTOpoMy Karayiory
566 3emierpsicenuit ¢ M > 3.0, u3 HUX B Jua-
na3oHe 3.3 <M < 5.0 okazanocb 320 coOBITHI.

Ha kaprax npeacraBieHO NpPOCTPaHCTBEH-
HO-TIyOMHHOE  pacrpeiesieHne AMUIEHTPOB
ceficmuueckux coObiTuii. ComocTaBneHne aH-
HBIX TI0 KaTajoraM IO0Ka3ajo sSBHOE pa3linyue
B KOJIMYECTBE COOBITHI, a TaK)Ke HE3HAYUTEIb-
HBIC PACXOKICHHMS B KOOPAMHATAX COOBITHH,
NPOU3OLIEAIINX 332 OJUH M TOT K€ MNEPUOJ
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Puc. 1. Pactipenenenne smueHTPOB 3eMIIETPSICEHUH B pacdeTHOM 00macTu 1o JaHHBIM KataioroB Ne 1 (cieBa)

u Ne 2 (cripaBa) 3a mepuon ¢ 1997 mo 2005 1.

BpPEMEHU B O/IHOI U ToM ke obnactu. [logasins-
fo1ee OONIBIIMHCTBO 3EMJIETPSICEHUN B IIEJIOM
pacnonaraercsi B mHTepBajie royoun 10—15 km,
3a UCKIIFOYCHUEM OJIHOTO 3eMIICTPSACEHHUS C TITy-
6unoi 610 kM, KOTOpOE IPUCYTCTBYET B 00OUX
karajiorax. B unrepBane ry6un ot 3 1o 10 kM,
10 JaHHBIM OOOWX KaTaJioroB, CEeHCMUYECKas
AKTUBHOCTH CHI)KCHA.

CpaBHeHHE [aHHBIX IO JIByM Karajioram
YKa3bIBa€T HA OTPAaHUYCHHOCTH PETHOHAIBHOTO
Karanora 3emiuetrpscenuit 0. Caxanus [Ilomnas-
ckas u p., 2006] HEe TOIBKO B KOJTUYECTBEHHOM
OTHOIIEHUH, YTO HANISIIHO TPEACTaBICHO Ha
KapTax SMUIEHTPOB, HO M B OIIEHKAaX JHEpre-
THUYECKUX BEJIUYUH CEHCMHUYCCKUX COOBITHH,
KOTOpBIE, BEPOSTHO, BHITIOJIHEHBI B Pa3IUYHBIX
MAarHUTYIHBIX IIKajdax. B gaHHOW cuTyauuu
MPOBEPKA pacueTra MyTeM CPaBHEHHUS C PE3YJib-
TaTamMH 10 BBIOOPKE U3 BTOPOIO KaTajora Kpamu-
HE BaKHA. B nanbHENIEM UCIIONIb30BAHUE JIaH-
HbIX Katajora Ne 1 HexxenaTeabHO.
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Pe3yabTarsl

I'paduxu mapamerpa LURR, mocTpoeHHbIC
I10 IByM KaTajioraM JJIsl OJHOM U TOH ke pacyeT-
HOW 30HBI, B LIEJIOM HJECHTHYHBI, M, YTO CaMOe
ITABHOE — aHOMAJHUs Tiepel] YIJIETOPCKUM 3€M-
JETPSICEHUEM OTMEUYEHA B OJTHO U TO e BpeMs
Ha 00oux rpadukax (puc. 2). DT0 BaXHO TaKKe
U B CBSI3M CO 3HAUUTEIbHBIMU PA3IUYUSIMU TaH-
HBIX KaTaJIOTOB MO KOJIMYECTBY 3€MJIETPSICCHUN
Y TIOJIOXKEHUIO STHUIeHTpoB. B despane 2000 .,
3a 6 Mec. 10 3eMJIeTpsiceHus], HaOmonaercs xa-
PaKTEepHBI POCT MapameTpa B HECKOJIBKO pa3
Y 3aTe€M JJOCTATOYHO OBICTPBIN criajl.

Ha puc. 3 mnokazan rpaduxk mapamerpa
LURR gns cobpituit ¢ 1997 mo 2019 r. mo ka-
tanory Ne 2. Kak BunHO u3 rpaduka, 3a 22 rona
KpOME aHOMaJUH nepes YIIeropcKuM COOBITH-
€M OBbLJIM OTMEYEHHI ellle TPU 3HAYUMBIC Bapu-
aIlK, KOTOpPbIE TAaK)Ke OINpe/eNieHbl KaKk aHOMa-
JUM napameTpa. JOTo Bapuanuu B anpeiue 2008,
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Puc. 2. [Tapamerp LURR B pacuetnoit obnactu ¢ koopaunatamu 48.0-50.0° c.ur. u 141.0-143.0° B.1. B mepuox ¢ 1997
no 2005 1. mo karanoram Ne 1 (a) u Ne 2 (b). Ha neBom rpaduike muist mpumepa JIMHUSMH TT0Ka3aHbl MOMEHTHI Hayalia
TpEeBOTH (aHOMaJIUS) ¥ €€ 3aBEPLICHUs, CTPEIIKOH — BpeMsl YIIIETrOPCKOTO 3eMIICTPSICEHUSI.

B HOsi0pe 2014 u B ¢eBpane 2019 r. [Tocnenss
U3 HUX YKa3blBae€T Ha MEPUOJ TPEBOI'M MHHHU-
MyM 110 ¢peBpang 2021 r., YTO MOKHO OLIEHUTh
KaK OIEPAaTUBHBIN MPOrHO3. B Hacrosdlee Bpe-
Msl TaKH€ K€ OLIEHKH IOJYy4YeHBl JIJISl TePPUTO-
pHUH KO’KHEE pacCMaTpUBAEMOM B JAHHOM CTaTbe
obnmactu, U Toxke B pairoHe llentpanpHo-Ca-
XaJIMHCKOTO pas3yioma [3aKynuH, bormHckas,
2019]. B anomammsix 2008 u 2014 rT. HEcmox-
HO Y3HaTh aHOMaJuu nepes YanrckuM u OHop-
CKUM 3eMJIETPSCEHUSIMU, PACCUUTAHHBIE paHee
no karasiory UMI'ul” JIBO PAH [3akynuH u 1p.,
2018]. Hama pacuernas 3ona (48.0-50.0° c.m.
u 141.0-143.0° B.A.) HaxXOOUTCS NPUMEPHO
Ha 200 KM rOKHEE SMUIEHTPA YaHICKOTO 3€M-
JETPACEHHUS, HO IIPU 3TOM aHOMAJMs CTaTHUCTH-
YECKHM 3Ha4MMa, Kak M aHomanus OHOpCKOTro
3eMJIETPSICEHMS], DIULEHTP KOTOporo B 4 pasa

Puc. 3. I'papux napamerpa LURR Ha mepuon c 1997
1o 2019 r. mo manHBIM Katanmora Ne 2 B pacueTHOH o0nacTa
¢ xoopauHaramu 48.0°-50.0° c.imr. u 141.0°-143.0° B.71.

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

Onmmke K pacueTHOM 30He. Panee mo karanory
UMI'ul’ IBO PAH MBI nonyuunu MakcUMallb-
HBIM 1O YpOBHIO MpPHU3HAK JUIsl Y aHICKOTO 3€M-
JETPACEHUS IPAKTUYECKHU PSIIOM C €0 SMHIIEH-
TpoM. Tenepp ke momyuninu 6ojiee OTYETIINBOE
BhIp@)KEHHE IpH3HAKa Ha 3HAUYUTENHHO OOJIb-
LIEM PacCTOSHUU OT 3MULIEHTpa. AHOMAUS AJs
OHOpCKOTO 3eMJIETPSICEHNUS COITOCTaBUMA C TOH,
YTO BBIABIISIACH B MPEIBIIYIINX pacuerax [3a-
KyIHH U 11p., 2018], oqHako Tam pacueTHast 30Ha
Obl1a CWIIBHO yJaJIeHa OT SMUIEHTpa OyIyIlero
3eMJIETPSICEHMUSI.

Jlst mpoBepku 1o karajory Ne 2 ObI10 TIPO-
BE/ICHO CKaHHpoBaHue (mepebop oOlnacTeii-
amuricoB) ¢ 48.0° mo 52.0° c.m. BeisiBieHo,
YTO MaKCUMAaJIbHbIX 3HAYEHU I aHOMAJIUU JOCTH-
raroT B 3JUIAIICAX, YbM IEHTPbl OJU3KHU K 3IH-
LIEHTPaM COOTBETCTBYIOIIMUX 3EMIIETPSACEHUN
(puc. 4 a, b). Taxke 0oTMETUM, YTO AHOMAJH
LURR mnepen VYrneropckum 3emMiIeTpsCEHUEM
HE3HAYUTEJIbHO YCHJIMBAETCS B 30HE-DIUIMIICE,
4eil HeHTp coBHazaeT ¢ AMULEHTPpoM OHOpCKO-
ro 3eMJIeTpsICeHHsI (CeBepHee caMoro YIierop-
CKOTo cOOBbITHA Ha 1°), HO MOTHOCTBIO UCUE3aET
IpH JaJbHEHIIEM CMENIeHUH 30Hbl Ha CEBeEp,
9TO MOYKHO YBUJETH B 30HE C LIEHTPOM, COBIIa-
JAIONIMM C SMULEHTPOM YaHICKOTo 3eMJeTps-
cenus. llpu sTOM B 30HE BIMSHMS YaHICKOTO
MIPOrHO3HOTO Tmpu3Haka (puc. 4 b) ypoBeHb
aHomanuu nepea OHOPCKUM COOBITHEM MpaK-
TUYecKu He ociabeBaeT. daxkTuuecku aHoMa-
ausl YIVIETOPCKOTO 3€MJIETPSICEHMSI BBISIBIICHA
Ha TEPPUTOPUH, OTPAHMUYEHHOW KOOpAMHATAMU
48.0°-51.0° c.m1. m 141.0°-143.0° B.A.
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Puc. 4. Pacuets mapamerpa LURR 1o karamory Ne 2 B 061acTsX, IEHTPBI KOTOPHIX COBMAAalOT ¢ anuiieHTpamu OHOp-

ckoro (a) u Yanrckoro (b) 3emMIIeTpsiCeHHH.

[TocMoTpUM, W3MEHWINCH JH MPOTHO3HBIC
OlleHKH 110 Y aHrckoMy U OHOPCKOMY 3eMIIETpSI-
CEHHUSIM TIOCJI€ TPOBEACHUS AalbTePHATHBHBIX
pacueToB 1o katajnory Ne 2 1o cpaBHEHHIO € Ka-
tamorom UMI'ul” IBO PAH. Ha puc. 5 a noka-
3aHa KapTa ¢ pacueTHBIMU O0NaCTAMHU, I7ie ObLITH
OTMEUYEHBI MAKCHMAaJIbHBIE 3HAUCHHSI aHOMAJIHH,
JUISL 9TUX JABYX KaTajJoroB, a TAK)Ke SMULIEHTPbI
3emueTpsicennii. Ha kapTe BUAHO, 4TO JIydilee
corracoBaHue HaOmomaeTcs Uit katanora Ne 2.

Jig  yaydiieHus BOCHPHSTHS —MacuiTad
npuBeleH K eauHomy BpemeHu (¢ 2006 r)
U Ha puc. 5 b—e mokazansl anomamuu LURR
JUIsl 000MX COOBITHI O JIBYM Karayioram. Bpe-
Msl TIOSIBJICHUSI aHOMAJIMK pa3inyaeTcsl He3Ha-

YUTEIbHO, & BOT MO3MLKS 30H B IPOCTPAHCTBE
i karanora Ne 2 cOnmmkaeTcst ¢ 3MULEHTpaMu
3emiieTpsceHuil. Takke OTMETUM, YTO B LIEJIOM
(a mns YaHrckoro 3emieTpsCceHuss 0COOEHHO)
MaKCHUMaJIbHbl€ 3HAYE€HUs aHOMAJIMW BO3pacTa-
10T. Bpemst nosiBiieHust aHOMaluu 1o Y aHrCKoMy
3eMJIETPSICEHUIO CIBUHYJIOCH HA3aJ C OKTAOps
1o anpenst 2008 1., a mo OHOpPCKOMY, HANPOTHUB,
IPOJBUHYJIOCH BIIEpE]] C oM 10 Hos0ps 2014 1.
HesnaunrenbHeie kojaeOaHUs BO BPEMEHH TOSIB-
JICHUSI aHOMAJIMi HE HAPYUIWIN «CaXaJTUHCKO
CTaTUCTHKH, U CPEAHEE BPEMSI O’KUIAHUS 110 BCEM
CaXaJMHCKUM 3E€MJIETPSACEHUSIM MO-TNPEKHEMY
HE IPEBBIIIACT ABYX JIET. 3HAUUTEIbHOE YIyd-
IIEHUE KayecTBa OLEHOK ceilcMuyeckoil omac-

Puc. 5. Kapra c pacuetasiMu 30HamHu (a), tae ormedersl anomannu LURR mo karamoram UMI'ul” IBO PAH u Ne 2
qutst OHopekoro (rpaduku b ¥ ¢ COOTBETCTBEHHO) U Y aHrcKoro (rpaduku d ¥ € COOTBETCTBEHHO) 3€MJIETPSICEHHIA.
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HOCTH JUISl 3TUX JBYX 3€MJIETPSICEHUI 10 Kara-
aory Ne 2, HECOMHEHHO, MOXKET TOJIOKUTEIBHO
XapaKTepHU30BaTh KaY€CTBO JIAHHBIX.

Takum 00Opa3oM, NpUBJIEUEHHUE K pacueTam
HOBBIX naHHbIX (Katanora CO OUILL EI'C PAH)
MO3BOJIMJIO HE TOJBKO YCTAHOBUTH PETPOCIEK-
TUBHBI TIPEBECTHUK YTIErOPCKOro 3emJe-
TpsiceHUs! (M BBIYEPKHYTh COOBITHE U3 CIIHCKa
IPOIMYIIEHHBIX), HO M YIy4IIUTb PE3YJIbTAThI 11O
0113KUM (TI0 BPEMEHHU U TOJIOKEHUIO) COOBITH-
SIM, KOTOpBIE OBLITM pacCMOTPEHBI paHee.

Onenky >pdexruBHoctr Metoga LURR mo-
CJIe HOBBIX pE3yJbTAaTOB INPOBEJEM IO U3BECT-
Hol Meroauke [['yces, 1974]. Eciu 1o koHKpeT-
HOMY METOJy IPOTHO3 BBIAAETCS Ui OIHOU
Y TOM 7K€ MPOCTPAHCTBEHHON 00JIaCTH U OHOTO
U TOTO K€ SHEPreTHYeCKOro Auamna3oHa, To 3¢-
(eKTUBHOCTH J MOJKHO OIIPEJEINUTD IO CIEYI0-
e popmyiie:

J=N_T(N-T

alarm )’

rae N, — KOIIMYECTBO «OKMIAEMBIX» 3EMIIETPSI-
CEHHH, T.€. COOTBETCTBYIOIIUX YCIICITHOMY TIPO-
rHO3y, N — o0Iee KOITU4eCTBO MPOU3OLIEIIINX
3eMJIETPSICEHUM C IapaMeTpaMu (MEeCTOIOJIOMKE-
HUE U DHEPTrusl), COOTBETCTBYIOLIUMH MIPOTHO3Y,
T, . — obuee BpeMsi TPEBOTH, T.€. CyMMapHas
JUIUTENIBHOCTh BCEX MPOTHO30B, 1" — obliee Bpe-
M1 MOHUTOPHHIA ceiicMU4ecKoi 0OCTaHOBKH IO
paccmarpuBaeMoMy MeTony. DPQPeKTUBHOCTD J
MOKa3bIBAET, BO CKOJILKO pa3 KOJIMYECTBO CITPOT-
HO3MPOBAHHBIX  3€MJICTPSICEHUI  IpPEBBIIIAET
YKCIIO MOMABUINX B 00Illee BpeMsi TPEBOTHU CITy-
qaifHbIM 00pa3oM. O4eBUIHO, YTO IMPU CITyyaii-
HOM yrajeiBanuu 3¢ dexTuBHOCTS J paBHa 1. Tak
BOT, B HaIleM ciydae rnpu N = 8 (ecnu yuuThl-
BaTh U KpmiboHckoe 3emierpsicenre ¢ M = 5),
YCHEUIHBIX MPOTHO3HBIX OIEHOK (BKJIOUasi pe-
TPOCHEKTHBHBIE) ObU10 N, = 7. OOwmuii nepuox
HaOmoneHnid coctaBui 264 mec. (1995-2017 ),
a BpeMsl TPEBOTH, CYMMHPOBAHHOE 110 7 Cilyda-
aMm, — 93 mec. B nrore nmokasarens J okazaics
paBeH 2.48 (mpoTuB 2.28 10 BKIIFOYCHUS TaHHBIX
10 YIIIErOpPCKOMY 3€MIIETPSCEHUI0). DTO 3HAYe-
HUE MPEBBIIIAET CPEIHECTATUCTHUECKHE TIOKa3a-
TEJI M0 KPAaTKOCPOUYHBIM METO/1aM (B OCHOBHOM
Ha 0aze aHoMasHi reoU3nUeCcKHX Mosei) bonee
4yeM B J1Ba pasza [Uebpos u ap., 2013].

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

3akJioueHue

Pesynbrarel  pacueroB mapamerpa LURR
no «PernoHanpHOMY Karajory 3eMJIeTpsCeHUuit
octpoBa Caxamuu, 19052005 rr.» u karamory
C® OUILL EI'C PAH yxkazanu Ha CyiiecTBOBaHUE
B LIEHTpajbHOM YyacTu CaxajauHa 30HbI C aHOMa-
mueit B peBpase 2000 1., koTopas Obliia MpeIBecT-
HUKOM JUIs1 YIJIETOPCKOT0 3eMJIETPACEHUs (aBIyCT
2000 r.). Kpome Toro, nokaszaHo, 4To «OMacHbBIE
30HBD» B IPOCTPAHCTBE ISl YaHrckoro u OHop-
CKOTO 3eMJIETPSICEHHM (MX SHUIEHTPBI COCE-
CTBYIOT C YIJIETOPCKOW pacueTHOM 30HOM) ompe-
nenensl 1o karajgory UMI'ul” IBO PAH (nepuon
HanonHeHus: 2006-2016) ¢ xyxmeit TOYHOCThIO
(oTkioHeHUs 10 1°), yeM Hpu UCTHONb30BAHUU
katasiora CO ®UL EI'C PAH.

YenenHslid peTpOCIEKTUBHBIN pacyeT mapa-
Merpa LURR nepen Yrneropckum zemierpsce-
HUEM MOXHO J100aBUTH K OOIIEMY KOJUYECTBY
CPEAHECPOYHBIX OLEHOK CEHCMHYECKOM omac-
HOCTH Ha 0. CaxaJlMH 3TUM METOJOM. 3a IO-
CIEeIHHUE TPUILATh JIET TAaKUX IMPOTHOCTHYE-
CKHUX OIICHOK JJIsl 3eMJIETPSICEHUHN ¢ MAarHUTYIOM
BbIlIe 5.5 (HWKHUN Tpenes, yCTaHOBJICHHBIN
aBTopamu ais Caxanuna B metone LURR) cne-
naHo 6 (B TOM 4MCIIE€ ONEPATUBHBIA IMPOTHO3
Omnopckoro 3eminetpsicerust B 2016 1.), mputom
YTO pPEAJIbHBIX COOBITH, OTBEYAIOIIUX 3TOMY
YCJIOBUIO, Mpou3ouuio 7. Eile oiuH yCreuHbli
nporio3 meronoM LURR s Kpuibonckoro
3emnerpscenuss (Mw = 5.0) B peanbHOM Bpe-
MeHu ObLI caeiad B 2017 I., HO OH BHIOMBAaETCSA
U3 O0IIeH CTAaTHCTUKH MPOTHO30B 3eMJICTPsICE-
Hui CaxaJvHa TeM, YTO MarHuTyJa OKa3ajaach
1o (paKkTy MEeHbIIIE 0KUAAEMOT0 3HAUYCHUSI.

Ha cerogusmuuii aeHb pe3ynbrarbl, IO-
aydyeHHble metonoM LURR, Ha Ham B3Dsan,
HE HMMEIOT aHaJOroB CpEeAM APYruX METOJ0B
1o creneHu 3p(HEeKTUBHOCTH MOJIyIaeMbIX Olle-
HOK. MeTton, HeCOMHEHHO, OyaeT BOoCTpeOOBaH
UL CPEJHECPOYHBIX OLEHOK CEUCMUYECKOU
onacHocTH Ha o. CaxanuH B JajJbHEUIIEM.
[IpuHIMIHATEHO BO3MOXKHBI J€TANTbHbBIE UCCIIE-
JIOBaHUS B IPYTHX CEHCMOAKTUBHBIX PErHOHAX,
TeM OoJiee YTO OT/ENIbHBIC YCIEIIHBIE OICHKU
y>K€ UMEeJId MECTO B Halllel ITpaKkTUKe paHee (1o
ceiicmuueckuM aaHHbIM HoBoil 3enanguu [3a-
kynud, Kamenes, 2017] u Henana [3akynuH,
Kepnesa, 2017]).
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Mid-term assessments of seismic hazards
on Sakhalin Island using the LURR method: new results
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Abstract. A retrospective analysis of seismic regime in the central part of Sakhalin Island within the pe-
riod from 1997 to 2005 by the LURR (load/unload response ratio) method is presented. Estimates were
not earlier conducted for the outlined period due to a lack of data in the rated sampling of this part of
the island. In the present work, additional information from two independent catalogues is adduced. Seis-
micity behaviour prior to the Uglegorsk earthquake of 4 August 2000 (Mw = 6.7) was considered accord-
ing to the LURR method. This earthquake was up till now considered as a missed target in the series of 7
predictive assessments of Sakhalin earthquakes having a magnitude above 5.5. The computation results
revealed the LURR parameter anomaly to be a precursor, on which basis the location and time of the con-
ditionally predictable event were accurately determined. The LURR parameter anomaly was noted in the
rated area in the February of 2000, 6 months prior to the earthquake’s occurrence.
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Introduction

In the last few years, the staff of the In-
stitute of Marine Geology and Geophys-
ics of FEB RAS (IMGG FEB RAS) obtained
a number of interesting results in the field
of mid-terms assessments of the seismic hazard
for the earthquakes with Mw > 5.5 on Sakha-
lin. The anomalies in the rated parameter dis-
tributions (the value deviates from the basic,
that equals 1), i.e. the earthquakes precursors
[Zakupin et al., 2018; Zakupin, Semenova,
2018], were revealed by the LURR method
[Yin et al., 2000; Yangde et al., 2012] in six
zones of the island during the period from 1998
to 2019.

In the primary source [Yin X., Yin C., 1991;
Yin et al., 2000] the LURR method associates

an anomaly appearance with preparing of an
earthquake with a magnitude above the upper
bound of a rated sampling within the estimated
area. At that the lower bound of the rated sam-
pling is set arbitrarily to cut off the weak — back-
ground seismicity. But the upper bound shows
the magnitude of an expected earthquake (main-
shock). Both these thresholds are chosen sub-
ject to the character of the regional seismicity.
We have found experimentally that when cal-
culating for Sakhalin the lower bound M = 3.3,
and the upper one — 5.0 can be chosen as admis-
sible variations. At the same time the revealed
anomalies agree well with the earthquakes with
M > 5.5. The researchers [Yin et al., 2000;
Yangde et al., 2012] note that the alarm period
may amount from two to several years since

Translation of the article published in the present issue of the Journal: 3akymun A.C., borunckas H.B. Cpenne-
CpOUHBIE OLIEHKH celcMuueckoil omacHocTd Ha o. CaxanuH metonomM LURR: HOBBle pesynwratsl. Translation by

G.S. Kachesova.
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the detection moment, and the earthquake must
occur in the estimated area (a linear dimension
is 100 km).

The strong seismic events occurred
on Sakhalin in all six revealed zones during
no more than 2 years after the anomalies ap-
pearance. In four cases the anomalies were de-
termined after the occurred earthquakes (in ret-
rospect), and two from six zones were revealed
in the mode of operative computing (conduct-
ed from 2015). It allowed to make two offi-
cial predictions of the Onor (2016, Mw = 5.8)
and the Krilyon (2017, Mw = 5.0) earthquakes
[Zakupin et al., 2018; Zakupin, Semenova,
2018]. The predictions were considered on the
sessions of Sakhalin Branch of Russian Expert
Committee on Emergency Situations. Both pre-
dictions were recognized to be fully realized,
although there were small deviations on source
location for the Onor earthquake (at the end of
predicted area) [Zakupin et al., 2018] and on
magnitude for the Krilyon (Mw = 5.0). Accord-
ing to the data of three seismic catalogs used
for estimates [Zakupin et al., 2018], there were
seven earthquakes with Mw > 5.5 on the island
for last 30 years: Neftegorsk (1995, Mw = 7.2),
Uglegorsk (2000, Mw = 6.7), Piltun (2005,
Mw = 5.6), Gornozavodsk (2006, Mw = 5.6),
Nevelsk (2007, Mw = 6.2), Uanga (2010,
Mw = 5.7) and Onor (2016, Mw = 5.8).

The catalog of IMGG FEB RAS sta-
tions network [Stepnov et al., 2014] was used
in the computations for the north part of the is-
land mainly from 50.0° to 54.0° N. This catalog
was formed and supported by the laboratory
of earthquake physics of the IMGG FEB RAS
on the base of data of six stations (one of them,
in the Oha city, had belonged to the Sakha-
lin Branch of the Federal Research Center
“United Geophysical Survey of the RAS”
(SB FRC UGS RAS)). We previously used the
IMGG FEB RAS catalog for estimates due to
its greater availability and populating operabil-
ity, despite the SB FRC UGS RAS also formed
a seismic catalog on the territory, covered with
the IMGG FEB RAS network. Two zones
with the anomalies were revealed with its
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help in 2008 and 2015. Notice that the anom-
aly of 2008 was weak enough — the parameter
slightly exceeded the value of 2 [Zakupin et al.,
2018]. The anomaly preceded the Uanga earth-
quake in the March of 2010, and the zone with
anomaly well-nigh coincided with the earth-
quake epicenter. The second anomaly was sig-
nificant (five times the threshold exceeding),
but the center of the estimated zone was shifted
in regards to the epicenter of realized predic-
tion (Onor earthquake) for 1° northward and
0.5° eastward.

For retrospective estimates during the pe-
riod from 1998 to 2005, we used the catalog
of Sakhalin Island earthquakes for 1905-2005
[Poplavskaya et al., 2006]. By the data of this
catalog, in 1998-2005 the number of seis-
mic events in the range of working sampling
3.3 <M < 5.0 over all parts of the island was
insufficient to carried out the statistically sig-
nificant computations, that highly reduces
the degree of confidence in obtained results.
However, because the most powerful seismic
event on Sakhalin — the Neftegorsk earthquake
of 1995 (Mw = 7.2) — was registered in the north
of the island, the computations for the northern
part of the island were carried out with this cata-
log (due to lack of other for that period).

The data analysis on the territory northward
of 51.0° N revealed two zones of the seismic
hazard in 1993 and 2004 located not far from
each other — the zones of Neftegorsk and Piltun
earthquakes. In spite of concerns, deficiency
of rated events did not bring to false signs detec-
tion [Zakupin et al., 2018].

The catalog of SB FRC UGS RAS was used
for estimates on the southern part of the island
from 2003 to 2019. These data allowed to re-
veal a precursor of the Nevelsk earthquake
in the May of 2007 [Zakupin et al., 2018], as well
as to make the operative prediction in the area
of Krilyon peninsula after the anomaly had been
detected in 2016 [Zakupin, Semenova, 2018].
Both earthquakes occurred in the pointed zones,
but the Krilyon earthquake in 2017 had a mag-
nitude of 5.0, that was lower than expectation
threshold of 5.5 that we set. In view of conven-
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tionality of this threshold (a magnitude determi-
nation by the sampling boundaries) this predic-
tion is considered as realized.

In whole the statistics on Sakhalin appeared
to be impressive, because only two strong earth-
quakes from eight (including the Krilyon one)
had no anomalies, detected using the LURR
method — the Uglegorsk (04.08.2000, Mw = 6.7)
and the Gornozavodsk (17.08.2006, Mw = 5.6).
The reasons in both cases are different. Compu-
tations on the Gornozavodsk earthquake have
been conducted, but a precursor is not revealed,
while the Uglegorsk event for that period and
zone (49-51° N) has not been estimated due to
shortage of data in the catalog [Poplavskaya et
al., 2006]. However, a precursor of the Nefte-
gorsk earthquake was obtained just by this cata-
log, which covered the period needed for esti-
mates, and the Uglegorsk earthquake magnitude
Mw = 6.7 was a little lower than the magnitude of
the Neftegorsk (Mw = 7.2). Its «neglect» is more
likely reasoned with absence of victims (only
constructions damages have been registered).
But in the statistics of estimates on Sakhalin this
gap is desirable to be filled, using such volume
of seismological information as possible. For
this purpose, the SB FRC UGS RAS catalog was
created. It has begun forming since 1997, and
broadened constantly, covering all of the island.
Owing to that, the result of processing by the
regional catalog [Poplavskaya et al., 2006] can
be confronting with the result by this catalog to
take an expert decision on anomalies.

This work aims to conduct the computa-
tions on precursors detection in the zone of the
Uglegorsk earthquake by the LURR method,
and to demonstrate successful result by applied
method, or to confirm current status of this earth-
quake as missed target.

Methodology

The LURR method was worked out by Chi-
nese seismologists in the1990-s [Yin X., Yin C.,
1991; Yin et al., 1995]. The abbreviation mean-
ing is «load/unload response ratio». Briefly,
the method essence is in the following [Zakupin
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et al., 2018; Zakupin et al., 2020]. The method
bears upon the consistent models of the elastic-
ity theory (the model of perfectly rigid earth)
and the fracture mechanics (the Mohr-Coulomb
criterion). The main idea is that behind the limits
of elastic deformation of the medium response to
load does not correspond to response to unload.
In the course of time this mismatch just becomes
stronger — right up to loss of a failed object sta-
bility. The method supposes solving of the elas-
ticity theory equations to determinate the stress
tensor components on the plane, where the slip
vector is located. The estimates are carried out
for each earthquake in the catalog. In doing so,
the shifts due to tidal affect in the specified point
are taken into account. Lunar-solar tides us-
ing in the method is justified with the fact, that
it is impossible to find another such ideal cali-
brated indicator of load/unload in the geological
medium. Tectonic and lithostatic components
are not taken into consideration, because their
variation rates differ by orders of magnitude
from the tidal. The Mohr—Coulomb criterion
computation is carried out to separate earth-
quakes into «loading» and «unloading» ones.
If an earthquake has occurred when this crite-
rion value increasing, it is defined as «positivey,
in the contrary case — as «negative». The studied
parameter (LURR) is identified with the ratio
of the total Benioff deformation of the all posi-
tive earthquakes to the all negative ones for some
time interval (in mathematical processing
it is a value of running window). In elastoplas-
tic mediums the yield phenomenon is observed
prior the failure, when deformation continues to
grow at constant stresses. It is apparent, that, at
this state of things, the computations of the ratio
of a response to load to a response to unload has
no sense (there is not a reaction, as such), and
mathematically the LURR parameter becomes
close to 1 again. In the zone of transition from
elastic deformation to inelastic this parameter
begins growing and reaches its maximum values
near the medium failure. That is why the main
(predicted) event may be expected in the me-
dium, where brittle fracture is realized, after
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the curve have reached the maximum values.
At the same time in the medium, where appear-
ance of the plastic effects is possible, the pa-
rameter returns to the background level and
some time lag appears (the lag since the mo-
ment of prediction sign detection, an anomaly —
the LURR variation). Probably, this lag depends
on geological conditions, however this relation
cannot be understood yet. The methodology
of estimates by the LURR method is described
in detail in the original works [Yin X., Yin C.,
1991; Yin et al., 1995; Yin et al., 2000], as well
in the works of researchers, who has applied this
method [Zakupin et al., 2018, 2020; Yangde et
al., 2012; et al.].

We have applied the Seis-ASZ software suite
worked out in the IMGG FEB RAS for compu-
tations using the LURR method with the setting
of the parameters, which are standard for our
estimates: window — 360 days, shift — 30 days,

range of the magnitudes — 3.3-5.0 [Zakupin et
al., 2018].

Initial materials

The estimates by the LURR method for the
central part of the island, including the area,
where the Uglegorsk earthquake had occurred,
were conducted by two catalogs: «Regional
catalog of Sakhalin Island earthquakes, 1905—
2005» [Poplavskaya et al., 2006] and the catalog
of SB FRC UGS RAS presented in the press
with the annual issues (for example, [Fokina et
al., 2019]). We will label them the catalogs no. 1
and no. 2 for the sake of convenience.

The first catalog covers the period from
1905 to 2005 and contains more than 3500 seis-
mic events over Sakhalin Island. The catalog
no. 2 includes the earthquakes of all the regions
of the Northern Eurasia for the instrumental

Figure 1. Distribution of the earthquakes epicenters within the estimated area by the data of catalogs no. 1 (left)

and no. 2 (right) during the period from 1997 to 2005.
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observation period since 1997 with the param-
eters: hypocenter, magnitude, focal mechanism,
as well as macroseismic data. The seismic events
with the magnitude M > 3.0 are represented
in both catalogs.

The rectangular area with the coordinates
from 48.0° to 50.0° N and from 141.0° to
143.0° E has been chosen for study in present
work. Earthquakes sampling for computations
by each catalog were carried out from 1997 (3
years before the Uglegorsk earthquake) to 2005.

The maps, constructed by the data of the cat-
alogs no. 1 and no. 2, with the epicenters
of earthquakes occurred from 1997 to 2005
within the studied area are presented in the
figure 1. The sampling by the catalog no. 1
amounts 363 seismic events with M > 3.0,
188 from them are in the range of magnitudes
(3.3 £ M <£5.0), which are necessary for com-
putations by the LURR method. The sampling
by the second catalog amounts 566 earth-
quakes with M > 3.0, 320 events from them are
in the 3.3 <M < 5.0 range.

The spatial and depth distribution of the epi-
centers of seismic events is presented in the figure 1.
Correlation of the data by the catalogs showed
an obvious difference in the events number, as
well as minor discrepancies in coordinates of
the events occurred during the same time pe-
riod and in the same area. The most part of the

earthquakes is located in the depths range
of 10—15 km as a whole, except one earthquake
with a depth of 610 km, which is presented
in both catalogs. Seismic activity is reduced in
the depth range from 3 to 10 km by the data
of the catalogs.

Comparison of the data from two catalogs
points to limitation of the regional catalog
of Sakhalin Island earthquakes [Poplavskaya
et al., 2006] not only in a quantitative sense,
that is conveniently represented on the epicent-
ers maps, but in the assessments of energy val-
ues of seismic events, which have been prob-
ably made in different magnitude scales. It is
very important to verify the estimates through
comparison with the results by the sampling
from the catalog no. 2 in this situation. Using
of the data from catalog no. 1 is undesirable fur-
ther.

Results

The LURR parameter graphs, construct-
ed using two catalogs for the same estimated
area, are identical as a whole, and that is the
most important, the anomaly before the Ug-
legorsk earthquake is noted at the same time
in both graphs (fig. 2). It is important also due
to significant differences of these catalogs by
earthquakes number and epicenters location.
Typical increasing of the parameter by several

Figure 2. The LURR parameter within the estimated area with the coordinates of 48.0-50.0° N and 141.0-143.0° E
during the time period from 1997-2005 by the catalogs no. 1 (a) and no. 2 (b). As an example, in the left graph
the moments of alarm beginning (the anomaly) and ending are shown by the lines, and the arrow points to the Ugle-

gorsk earthquake time.
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times and its further rapid enough decreasing
are observed in the February of 2000, 6 months
before the earthquake.

The LURR parameter graph is shown
in the figure 3 for the events from 1997 to 2019
by the catalog no. 2. As it can be seen from
the graph, for 22 years an additional three sig-
nificant variations have been noted, which are
also defined as the parameter anomalies, be-
sides the anomaly before the Uglegorsk earth-
quake. These are variations in the April of 2008,
in the November of 2014 and in the February
of 2019. The last of them points to the alarm
period until at least the February of 2021
and may be assessed as an operative prediction.
At present, the same assessments are obtained
for the territory located southward of the studied
area and also in the zone of the Central Sakhalin
fault [Zakupin, Boginskaia, 2019]. In the vari-
ations of 2008 and 2014 the anomalies before
the Uanga and Onor earthquakes, which have
been early calculated by the IMGG FEB RAS
catalog [Zakupin et al., 2018], can be easily
recognized. Our estimated zone (48.0-50.0° N
and 141.0-143.0° E) is located 200 km south-
ward of the Uanga earthquake epicenter, but
at the same time this anomaly is statistically sig-
nificant, as well as the anomaly of the Onor earth-
quake, which epicenter is four times nearer to the
estimated zone. We have earlier obtained the sign
maximal by a level for the Uanga earthquake al-

Figure 3. The LURR parameter for the period from
1997 to 2019 by the data of the catalog no. 2 within the
estimated area with the coordinates of 48.0°-50.0° N
and 141.0°-143.0° E.
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most near its epicenter by the IMGG FEB RAS
catalog. But now we have received more clear
expression of the sign at a greater distance from
the epicenter. The anomaly for the Onor earth-
quake is comparable to that one, which has been
revealed in the previous estimates [Zakupin et
al., 2018], but there the estimated zone has been
significantly distant from the epicenter of future
earthquake.

Scanning (ellipse-zones searching) was
carried out from 48.0° to 52.0° N for verifica-
tion by the catalog no. 2. It is revealed, that the
anomalies reach the maximal values in those
ellipses, which centers are close to the epicent-
ers of corresponding earthquakes (fig. 4 a, b).
Also note, that the LURR anomaly before
the Uglegorsk earthquake slightly increases
in the ellipse-zone, which center coincides
with the Onor earthquake epicenter (northward
of the Uglegorsk earthquake for 1°). However,
it completely disappears by further zone shift-
ing towards the north, this can be seen in the
zone, which center coincides with the Uanga
earthquake. At the same time, the anomaly level
before the Onor earthquake practically does not
weaken in the zone of the Uanga prediction sign
influence (fig. 4 b). In fact, the anomaly of the
Uglegorsk earthquake is revealed in the territory
bounded with the coordinates of 48.0°-51.0° N
and 141.0°-143.0° E.

Let’s see if predictive assessments on the
Uanga and the Onor earthquakes have changed
after  alternative  computations  perform-
ing by the catalog no. 2 in comparison with
the IMGG FEB RAS catalog. The map with esti-
mated zones is shown in the figure 5 a. The max-
imal values of the anomalies for these two cata-
logs and the earthquakes epicenters are marked
there. The map demonstrates that the best match-
ing is observed for the catalog no. 2.

The scale is brought to the uniform time (since
2006) to enhance the sensing, and the LURR
anomalies are shown in the figure 5 b—e for both
events by two catalogs. The anomalies appear-
ance time differs slightly, but the zones space
position for the catalog no. 2 comes closer to the
earthquakes epicenters. Also note, that the maxi-
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Figure 4. LURR parameter estimates by the catalog no. 2 in the zones, which centers coincide with epicenters of the Onor

(a) and the Uglegorsk (b) earthquakes.

mal values of the anomalies increase at a whole
(especially for the Uanga earthquake). The
anomaly appearance time moved back from
the October to the April of 2008 for the Uanga
earthquake, but it moved forward from the July
to the November of 2015 for the Onor one.
The minor oscillations during the anomaly ap-
pearance have not disrupted the «Sakhalin» sta-
tistics, and the average waiting time still does not
exceed two years for all Sakhalin earthquakes.
To be sure, the significant quality improvement
of the seismic hazard assessments for these two
earthquakes by the catalog no. 2 can positively
characterize the data quality.

Thus, using the new data (the SB FRC UGS
RAS catalog) for the estimates allowed not only to
reveal a retrospective precursor of the Uglegorsk
earthquake (and also remove the event from the
list of missed targets), but to improve the results
for near (by the time and position) events, which
had been considered earlier.

Let’s estimate the LURR method effi-
ciency, after new results have been obtained,
by the well-known methodology [Gusev, 1974].
If the prediction is made by the concrete method
for one and the same spatial zone and energy
range, then the efficiency J may be determined
by the following expression:

Figure 5. The map with the estimated zones (a), where the LURR anomalies by the IMGG FEB RAS and no.2 catalogs
are marked for the Onor (the graphs b and c respectively) and the Uanga (the graphs d and e respectively) earthquakes.
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J=N_T(N-T

where N, — the number of «expected» earth-
quakes, 1i.e. the earthquakes conforming
to the successful prediction, NV — the total num-
ber of occurred earthquakes with the parameters
(location and energy), that conform to the pre-
diction, 7, — the common alarm time, i.e. to-
tal duration of all predictions, the 7" — total
time of the seismic situation monitoring by the
considered method. The efficiency J shows,
how many times the number of predicted earth-
quakes exceeds the number of those, which have
got into the common alarm time by accident.
It is clear, by accident guessing the efficien-
cy J is equal to 1. So, in our case, when N = §
(if take the Krilyon earthquake with M = 5 into
account), there were N, = 7 successful predic-
tive assessments (including retrospective). Total
observation period amounted 264 mos. (1995—
2017), and the alarm time summarized by 7 cas-
es — 93 mos. In the result the J index was equal
to 2.48 (contrary to 2.28 before the Uglegorsk
earthquake data had been included). This value
exceeds the average statistical indexes on the
short-terms methods (mainly on the base of geo-
physical fields anomalies) more than two times
[Chebrov et al., 2013].

alarm )’

Conclusion

The results of the LURR parameter esti-
mates by the «Regional catalog of Sakhalin Is-
land earthquakes, 1905-2005» and the SB FRC
UGS RAS catalogs pointed to the existence
of a zone with the anomaly, which was a pre-
cursor of the Uglegorsk earthquake (the August
of 2000) in the central part of Sakhalin Island
in the February, 2000. Besides, it was shown
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that «dangerous» zones in a space for the Uan-
ga and Onor earthquakes (their epicenters were
a close neighbor of the Uglegorsk estimated
zone) were defined by the IMGG FEB RAS
catalog (20062016 the populating period) with
worse accuracy (discrepancy was up to 1°) than
by the SB FRC UGS RAS catalog using.

We can add the successful retrospective es-
timate of the LURR parameter before the Ugle-
gorsk earthquake to the total number of the mid-
term assessments of the seismic hazard, carried
out by this method for Sakhalin Island. Six such
predictive assessments (including the operative
prediction for the Onor earthquake in 2016)
were made for the earthquakes with a magni-
tude above 5.5 (the lower limit set by the authors
for Sakhalin Island within the LURR method)
during last 30 years, while there were seven
real events satisfying this condition. Once more
successful real time prediction by the LURR
method for the Krilyon earthquake (Mw = 5.0)
was made in 2017. But it stands out from the
common statistics of Sakhalin earthquakes pre-
dictions by the fact, that its magnitude is actually
less than the expected value.

We believe the results obtained by the LURR
method have no analogs among other methods
by the efficiency level of received assessments
nowadays. The method will be undoubtedly rel-
evant for the mid-term seismic hazard assess-
ments on Sakhalin Island in future. The detailed
researches are principally possible in the other
seismically active regions, especially as the sep-
arate successful assessments have been made
earlier in our practice (by New Zealand seis-
mic data [Zakupin, Kamenev, 2017] and Nepal
[Zakupin, Jerdeva, 2017]).
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TeH30p CEUCMUYECKOTO MOMEHTA U JIMHAMHUYECKHUE
rapamMeTpsl 3emieTpsceHut LienTpansaoro Tanb-1ans

© 2020 H.A. Coiyesa

Hayunas cmanyus PAH 6 2. buwxexe, Kupeusus
E-mail: nelya@gdirc.ru

Pe3tome. [To nanasim cetu KNET Ha ocHOBe MeTO/1a BOJTHOBOIM MHBEPCHUU OIPEAEIICHBI TEH30PhI CEUCMHU-
gecknx MoMeHTOB (TCM) 177 3emnetpsicennii ¢ K> 10.5 (M > 3.6), npousomenuux Ha repputopuu Llen-
tpansHoro Tsaub-Ians ¢ 2007 mo 2017 r. Ilonyuennsie pemenus nooasnensl B katanor TCM. [pencras-
JICHbI HEKOTOPBIE XapaKTePUCTHKH moHoro karanora TCM, Brirodaromero 284 cobbitust ¢ 2.8 <M <6
3a 1996-2017 rr. [locTpoeHbI AUarpaMMbl a3UMYTOB INIABHBIX OCEH HAIPSDKEHUI M TpauKu pacipe/e-
neHus yria norpyxxenus. Ock ckaTHs JUisi OONbIICH YacTH COOBITHI UMEET CEeBep-CeBEpO-3aIaHOE Ha-
IIPaBJIEHUE U CyOrOpU30HTAIBHOE MOJIOKEHHE, IUI OCH PACTSDKEHUS HE BBISIBJICHO IPEUMYIIIECTBEHHOIO
HanpaBJIeHHS, [TOJI0KEeHHE ISl OONBIIMHCTBA cOObITHI cyOBepTuKambHoe. it 150 cobsrtuii ¢ 1999 mo
2014 r. B JONONHEHHE K CKAJSIPHOMY CEHCMHUYECKOMY MOMEHTY MOJTYYEHBI IUHAMUYECKHE TapaMeTphl
(AIT): pannyc ouara (paguyc bpiona) u cOpoc KacaTeIbHBIX HalpshKEHUH. MccinenoBanbl KOppensuun
mexay JI1 u marautynoit. HaubGonee cnaboii oka3anach cB3b cOpoca HAPsHKESHUHM ¢ MATHUTYIOM 3eM-
nerpsiceHus. Ha ocHOBe TEH30pOB celicMmueckoro MoMeHTa u3 karaigora TCM mocTpoeHo pacmipenere-
Hue ko3¢ punmenta Jlone—Hanau u ormeuensl Tuns! 1edopMaliiy, XapakTepHbIe AT HCCIIEAyEeMOU Tep-
putopun. IIpoBeneHo conocrapieHne pexxuMoB AedopmManny ¢ BeIMIUHON COPOIIEHHBIX HANPSDKCHUH.

KuroueBble ci10Ba: 3eMIIETPSCEHUE, TEH30P CEHCMUYECKOT0O MOMEHTA, CKAJIAPHBIM CEeHCMUUYECKUI MO-
MEHT, MOMEHTHasI MATHUTY/IA, YIJIOBask 4acTOTa, Pauyc o4yara, COpoc KacaTelbHBIX HANPSKeHUH, KOdd-
¢urment Jlone—Hanawu.

Jna yumupoeanusn: Ceraea H.A. TeHzop celicMI4eckoro MOMEHTA W THHAMHYECKHUE MapaMeTphl 3eMIICTPSICEHUH
HenTtpanbaoro Tauw-llans. I'eocucmemst nepexoonwvix 3om, 2020, 1. 4, Ne 2, c. 178-191.
https://doi.org/10.30730/gtrz.2020.4.2.178-191.192-209.

Seismic moment tensor and dynamic parameters
of earthquakes in the Central Tien Shan

Nailia A. Sycheva

Research Station of Russian Academy of Sciences in Bishkek City, Bishkek, Kyrgyzstan
E-mail: nelya@gdirc.ru

Abstract. In the study, seismic moment tensors (SMT) of 177 earthquakes in the Central Tien Shan
with K>10.5 (M>3.6) occurring from 2007 to 2017 are determined on the basis of the wave inver-
sion method and data from the KNET seismic network. The 177 obtained solutions have been added
to an SMT catalogue, which includes 284 events with 2.8 <M < 6 that have occurred from 1996 to 2017.
Some characteristics of the SMT catalogue are discussed along with constructed principal stress axes
azimuth diagrams and dip angle distribution graphs. For the most part of events, the compression axis
of the seismic events has a north-northwest direction and a sub-horizontal orientation; the direction
of the tension axis does not have a pronounced maximum, while for most events it has a subvertical
orientation. In addition to the scalar seismic moment, the dynamic parameters (DP) of the 150 events
from the SMT catalogue that have occurred from 1999 to 2014 were computed: the source radius
(Brune radius) and tangential stress drop. Studied correlations between the DP and magnitude show
the link between the stress drop and earthquake magnitude to be the weakest. The Lode—Nadai factor
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distribution on the grounds of the seismic moment tensors from the SMT catalogue was constructed
and the deformation types typical for the studied area identified. A comparison between deformation

regimes and stress drop values is presented.

Keywords: earthquake, seismic moment tensor, scalar seismic moment, moment magnitude, corner fre-
quency, source radius, stress drop, Lode—Nadai factor.

For citation: Sycheva N.A. Seismic moment tensor and dynamic parameters of earthquakes in the Central Tien Shan:
translation. Geosistemy perekhodnykh zon = Geosystems of Transition Zones, 2020, vol. 4,no. 2, pp. 192-209. (In Engl.).
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Beenenne

LenTpanbueiii Taue-111ans 3aHnMaeT o0IIMp-
HYIO TEpPpPUTOPHIO, OKaWMIIEHHYIO XpeOTamu:
@depranckum Ha 3amnaze, 3aunuiickum, Kuprus-
ckuM, Tamacckum Anaray — Ha ceBepe, Mepuau-
OHaJIbHBIM Ha BocToke U Kokinaan-Too — Ha rore
(https://silkadv.com/ru/node/410). K CeBepromy
Taup—IllaHi0 NpUHATO OTHOCUTH 3aMIIUHCKUI
Anaray, Kynreit-Anaray, Kermens u Kupruscknii
Anaray (Kuprmsckuii xpeber) (http://tianshan.
alnaz.ru/objekty/hrebty.html). Kuprusckuii xpe-
oer orpanmuuBaetr llenTpanpubiii Tsaab-lllanb
C ceBepa, OTHOCSACh, TAKMM 00pa3oM, OJHOBpE-
MEHHO K o0ouM peruonaM. CeilicMoiornyeckas
cetb KNET, opranuszosannas B 1991 r. Ha Teppu-
topuu CeBepHoro Tsanb-11lans, Bkitoyaer B ceds
10 1mHM@pPOBBIX MIMPOKOMOJIOCHBIX CTAHIIUM.
OcHOBHasl 4acTb CTaHUUN pacHOJIOXKEHA B ce-
BEpHBIX Mpenropbsx Kuprusckoro xpedra u mo
6opram Uyiickoit Bnaguabl. HecMoTpst Ha TO 9TO
cranuuu cetu KNET pacnonoxensl Ha TeppH-
topun CeBepHoro Tsaub-1llansi, OHU MO3BOJSAIOT
PETUCTPUPOBATH 3EMJIETPSICEHUS, IPOUCXOIAIINE
B LlenTpansHom Tsaus-1lane.

Ha ocuoBe nanneix cetu KNET co3nmarores
KaTaJoru 3eMJICTPSICeHH, ompenemnstorcs ¢o-
KaJIbHbIE MEXaHU3MbI U IMHAMUYECKUE MapamMe-
TPBI 3eMIIETPSICEHUI, a TAKXKE PELIAOTCS ApyTHe
Hay4Hble 3a7a4i. JlaHHbIE O (OKAIBbHBIX MeXa-
HU3MaX OYaroB 3€MJIETPSICEHHUI HCIONb3YHTCS
JUIs OLICHKHM HaIpsKEHHO-/1e(hOpMUPOBAHHOTO
COCTOSIHUS cpeabl. JuHamuueckue mapameTpbl
3eMJIETPSICEHHI, B YaCTHOCTH COpPOC KacaTellb-
HBIX HaNpsDKeHUU (najnee cOpoc HampsHKeHHH),
MOTYT TaKX€ XapaKTepU30BaTb PErMOHAJIbHbBIE
0COOEHHOCTH Teo/e(hOPMAIMOHHOTO IPOIIeC-
ca. Hakorienue 3TUX JaHHBIX MO3BOJISET MPO-

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

BOJIUTHh OLIEHKY T'€OJUHAMUYECKHUX IMPOIECCOB,
IIPOTEKAOIIUX B CPEIE.

Jns  pacuera (OKaIbHBIX MEXaHHU3MOB
OYaroB MCHOJB3YETCS [JBa IOAXOJA: OIpele-
JIeHWE MEXaHM3Ma 10 3HaKy Mpuxona P-BoiH
[Reasenberg, Oppenheimer, 1985; Snoke, 1989,
1990, 2000 u np.] u MeTOA BOJTHOBOI MHBEPCUU
[Dziewonski et al., 1981; Fukahata et al., 2003;
Kocrtrok u ap., 2010; u ap.].

OnHUM U3 YCIIOBHM HAJEXKHOIO OIpesese-
HUSl (pOKambHOTO MeXaHW3Ma IO 3HaKaM IpHU-
Xola P-BONH SBASETCA TMOJIHOE OKPY>KEHUE
SMUIICHTPA MyHKTaMu HaOmroneHuit. cxons u3
koHurypanuu cranuuii cetu KNET, ompene-
neHue (poKaTbHOrO MEXaHW3Ma ITHUM METOIOM
BO3MOXXHO TOJIBKO [UIsl T€X 3EMJIETPSICEHUH,
KOTOpbIE TPOU3OILIM HAa TEPPUTOPHUH, OTpa-
HUYECHHOM KOOpJMHATaMH KpAaeBbIX CTaHIUH
cetn: 42.0-43.0° c.m. u 73.75-76.0° B.1., uTO
NPEICTaBISIeT cO00N HEOONBIIYI0 TEPPUTOPHIO
100 x 300 xkm? (puc. 1). [IpumeHenue merozaa
BOJIHOBOM MHBEPCHH IO3BOJISIET HA OCHOBE JIaH-
HbIX ceTd KNET paccuurars TeH30p celicMuye-
CKOTO MOMEHTA, a 3HAYUT, OMPECITUTh (POKAIIb-
HBI MEXaHU3M TaKXe U JJIsl 3eMJICTPSICEHUH,
IIPOU3OILIEIIINX 3a TPAHULIAMH PACIOIOKEHUS
CTaHIMKU ceTH B mpeaenax 1-2° (cm. puc. 1).
DTy TEPPUTOPHIO B JAHHOH paboTe MbI OTHOCUM
K llenrpansHomy Tanb-Illanro.

Meton BOJIHOBOW HMHBEPCHM ISl pacuera
TCM npumensiercs Ha Hayunoii cranuuu PAH
¢ 2006 r. Ha ero ocHOBe OmnpezesieHbl TEH30PbI
ceficmuueckux MomeHTOB 107 3emuerpsiceHuit
3a 1996-2006 rr. [Koctiok, 2008; KocTrok
u ap., 2010]. B [Koctiok, 2008] ormedeHo XO0-
poliee corjiacoBaHUE MOJYYEHHBIX PEUICHUM
C pEHICHUSIMU, KOTOPHIE OBUIM TPEICTABICHBI
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Puc. 1. DnuneHTpaabHOE pacONIOKEHUE 3eMiIeTpsceHni n3 karasora mo naHHeM cetn KNET (6omee 9000 cobbrTnid,
1994-2017 rr.). Tpeyronsuuku — cranmuu cetit KNET. Benoii mrrpuxoBoii muHIEH ycI0BHO 0003HaUYeHA TEPPUTOPHS,
orpaHWuYeHHasi KoopauHaTamMH KpaeBbix craHiii cetn KNET. [y 3emnerpsicenuit 3Tol Tepputopuu (pokaabHbIe Me-
XaHU3MBI OTPECIIAIOTCS 10 3HaKaM mpuxoaa P-soiH. bupro3oBoii THHKEH yCI0BHO 0003HAYEHA TEPPUTOPHS, IS KOTO-

pOﬁ MMPUMECHCH MCTO BOJIHOBOM HWHBCPCUH.

B karasore CMT (Centroid moment tensor)
(https://www.globalcmt.org/CMTsearch.html)
JUTst 3emyieTpsicenuii ¢ M > 4.5 (K > 12).

[Ipu mocTpoeHnr 04aroBOro CrekTpa, Ha Oc-
HOBE KOTOPOTO PACCUMTHIBAIOTCS TUHAMUYECKUE
napaMeTphl 3eMIICTPSICEHHsI, OOJBIIIOE 3HAYCHUE
MMEeT HampaBlIeHHOCTb M3NMy4yeHus ouara. [lo-
aToMy B paborax [Sycheva, Bogomolov, 2014,
2016] mpu uccrenoBaHUU JUHAMHYECKHUX Tapa-
METPOB PacCMaTpUBAIUCH TOJNBKO T€ COOBITHS,
KOTOpbIE MPOU3OIILIN Ha TEPPUTOPUU, HE BBIXO-
nsen 3a mpenensl ceth KNET.

OnHa w3 3a7a4 JaHHOM paboThI — ompene-
JUTh TEH30Pbl CEHCMHUYECKOr0 MOMEHTa st
3emieTpsaceHuii, npousomenmux B 2007-2017
IT. HA TEPPUTOPUU PACIOTIOKEHUS CTAHLIUN CETU
KNET wu 3a ee rpanunamu B mpeaenax 1-2°,
Y, TakuM oOpa3oM, momnojHuThH Karaigor TCM.
B crarbe nprBeieHbI OCHOBHBIE XaPAKTEPUCTUKU
MOJTy4E€HHOTO KaTajora.

Hanuune 3HaYeHMH YITIOBBIX 4acTOT f JUIs
3emsierpacenuit  1999-2014 rr, mnpousomen-
mux Ha teppuropun LlenrpansHoro Tsaup-1lans
[Sychev et al., 2018], mo3BoMMIIO TaKXKE paccyu-
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TaTh JUHAMUYECKHE MapameTphl (paauyc odara
1 cOpoc KacaTeNnbHBIX HAMPSLKEHHUN) TS 3eMIle-
Tpsicenuii ¢ M = 2.8—6 u3 karanora TCM, pacum-
pUB TeM caMbIM OaHK JaHHBIX U, COOTBETCTBEH-
HO, TEPPUTOPUIO, JJIsi KOTOPBIX OHU OIPEICIICHBIL.
B nanpHelimeM nory4eHHbIE JaHHBIE MOXKHO HC-
MOJTL30BATh IS OIICHKH HAIpsHKEHHO-Ae(OPMHE-
POBAHHOTO COCTOSIHUS HCCIIEAYEMOUN TEPPUTOPHH.

I/ICXOI[HLIe JAaHHBbIC  MECTOAUKH

Memoouka pacuema men3zopa celicmuuecko-

20 MoMeHma

s pacuera TCM orGupanuch 3emiuerpsice-
Hust 2007-2017 rT., Ipou3oIIeIe Ha TEPPUTO-
puu pacnonoxkenus cranuuii cetu KNET u 3a ee
IIpeZiesIaMH Ha pacCTOSHUM 1-2° B paanyce u uMme-
ro1ue sHeprerudecknii kiace K> 10.5 (M > 3.5).
PaccMOTpeHO Takke HECKOJBbKO 3eMJIETPSICEHHM
HIDKE 3TOT0 KJ1acca, 171sl KOTOPBIX CTaJI0 BO3MOXK-
HbeIM omnpenenenne TCM. Pacuer TeH3opa ceiic-
MHUUYECKOro MoMeHTa 1 coobitrii 2007—2010 rr.
MPOBOJIMJICS. HA OCHOBE BOJHOBBIX (PopM, IO-
aydeHHbix B miniSEED-¢dopmare ¢ wacroroii
40 T'u c caiira koHcopimyma /RIS (Incorporated
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Research Institutions for Seismology) (https://
ds.iris.edu/ds/nodes/dmc/data/types), a ans co-
obrtuit 2011-2017 IT. MCHONB30BANTKCH 3aIHMCH C
yacroroi 100 I'm u3 apxuBa HayuyHol craHumm
PAH. IIpensaputenbHO 3amMcH 3eMIIETPSICEHUN
obutn peoOpazoBanbl U3 Gopmara S4 (SEED)
B miniSEED-dopmar ¢ wucnonp3oBaHreM aB-
Topckoil mporpammbl [CerueB, CeiueBa, 2018].
OmnpeneneHne BpEMEH BCTYIJIEHHUS P-BOJHBI
MPOBOAWJIOCH C MOMOIIbI0 mporpamMmmbl SAC
(Seismic Analysis Code) (http://ds.iris.edu/files/
sac-manual) mo Bcem kommnoneHTam (E, N, Z).

TeH30pbl celicMUYECKOTO MOMEHTa AJIs HC-
CJeyeMbIX 3eMJIETPSCEHUM OMpeessii ¢ Mo-
MOIIBIO TporpamMmbl, paspadorannoit 0. fru
[Yagi, 2004], koTopasi peaau3yeT METOJl HHBEP-
cuM BosIH. B 310if mporpamme ¢ynkuus [puna
paccuntsiBaetcs o metoxy Kokemy [Kohketsu,
1985], monmudunmposannomy B [Kikuchi, Kana-
mori, 1991], npu 3TOM mpoueaypa HHBEPCUU
crpoutcs cornacHo [Fukahata et al., 2003].

[Tpu pacuere Ppynkuuu [puna nus uccneny-

€MOIi TepPUTOPUH HCIOIb30BATACh CKOPOCTHAS
mozxens Muctutyra nunamuku reochep PAH
[3emHas... , 2006], mIOTHOCTH MOPOA yKa3aHbI
cormacHo [KypckeeB u np., 2004], 3aryxanue
OIpPEZENAIOCh HA OCHOBE I'€OJIOTUYECKOM Kap-
1ol [['eomormueckas... , 1980] u mo Tabmuiam
cBoiictB mopoj [Lay, Wallace, 1995]. Bonee
noAPOOHO METOJl BOJTHOBOW MHBEPCUH ONHCAH
B paborax [Yagi, 2004; Koctiok, 2008; KocTiok
u ap., 2010].

[Iporpamma pacueTa TEH30pOB celicMUYe-
CKOr0 MOMEHTa BbIIAET rpaduyeckue Qaisl,
IPUMEPBl KOTOPBIX NPEACTABIEHBI Ha puc. 2.
[IepBslii npumep (puc. 2 a) 1EMOHCTPUPYET pe-
IIeHUEe, NoJTy4YeHHoe o 18 3amucsaMm 3emierps-
ceHus (9 cranumii), BTopoii — Ha ocHOBe 13 3a-
nuceit (6 crannmii) (puc. 2 b). B o6oux cioyuasx
UMEEM XOpPOIIMH pe3yabTaT MOAEIMPOBAHUSA:
BEJIMYMHA PACXOXKICHHSI BOJHOBOIO MOJEINIHN-
poBanus (variance) paBaa 0.08. DTo roBOpHT
0 TOM, 4TO MPUEMIIEMOE PELICHHE MOXET OBbITh
MOJTYYEeHO M MPH HEOOJBIIOM KOJMYECTBE aHa-

Puc. 2. TIpumep rpaduueckoro BHIXOAHOTO (aiiina pacuera TeH30pa CeiiCMUUECKOro MOMEHTA JIJIsl IBYX 3eMJICTPSICEHHN:
(a) 2017.07.29, K = 11.7; (b) 1998.11.21, K = 12.5. KpacHble JTUHHHA — CHHTETHYCCKUE CCHCMOTPaMMBbI, YSPHBIC — HC-

XOOHBIC CeﬁCMOFpaMMH.
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JU3UPYEMBIX cercMorpaMm. MexaHu3Mbl oda-
TOB, NIPE/ICTAaBJICHHbIE HA PUC. 2, UMEIOT B30pO-
COBBIH XapakTep, U a3UMYT OCH COKAaTUS UMEET
CyOMepHIMOHAIbHOE HANpaBJIEHUE, YTO COOT-
BETCTBYET PETMOHAJIBHOMY I'€OIMHAMUYECKOMY
pexxumy. Beixonnoit rpaduueckuii daiin co-
JIEpKUT HE TOJIBKO Tpaduueckoe n3o0pakeHue
(OKaTFHOTO MEXaHW3Ma W BOJHOBOTO MOJIEIIH-
POBaHMsI, HO U OLIEHKH [apaMeTPOB OYaroB 3eM-
nerpscenuid. K Takum mapameTpaM OTHOCSTCS
YIIIBl, XapaKTepU3YIOLUe MOJI0KEHHE HOAAJb-
HBIX MmIockocteit (strike, dip, slip), kommoHeH-
TBI T€H30pa jAedopmaryu, a TaKke CKaJIsIPHBINA
ceificMudeckuii MomeHT M (ompenensiemMbii
IpU UHBEPCHOM METOJI€) 1 MOMEHTHAsl MarHu-
Tyna M (cM. puc. 2). B nanpHeiiniem 3nave-
HUE YIVIOB HOAAJBHBIX IJIOCKOCTEH HCIOJNB3Y-
eTCsl JUIsl ONpEACNICHHUsS IMapaMeTpoOB IIIaBHBIX
OCel HalpsLKEHWM — a3MMyTa U yIila IOTrpysKe-
HUS — C MOMOIIBIO mporpamMmbl sdr2tpb.m u3
nakera SEIZMO (Passive seismology toolbox
for Matlab & GNU Octave) (http://epsc.wustl.
edu/~ggeuler/codes/m/seizmo).

Memoouxa pacuema Ounamuyeckux napa-

Mempos

Paguyc ouara ompenensercs Qopmyiioi
[Scholz, 2019; Abercrombie, Rice, 2005;
Scuderi et al., 2016]

r=kV,/f, (1)

IJIe f, — yIIIOBas yactora (BpeMs pa3pbiBa B O4a-
re), Vg, — CKOpOCTb S-BOJIHBI, kK — YHCIICHHBIN
K03 GUIMEHT, 3aBUCSIIUI OT MOJENIN pa3pbiBa
B oyare. B HamieMm ciryyae Mbl UCHIOJIB3yEM MO-
nenb bproHa. IIpu ucnonb30BaHuM NpoCTENIIEN
monenu bpiona [Brune, 1970] k£ = 0.37 u BBI-
paxenue (1) onpenenser Tak Ha3bIBaeéMbIH pa-
muyc bprona. Ota Monens owara mpenmnosara-
€T, UTO CMEIIEHUE MPOUCXOIUT OJHOBPEMEHHO
U «MTHOBEHHO» IO BCEHl MJIOCKOCTH pPa3phiBa,
KOTOpas uMeeT (GopMy Kpyra ¢ pauycoM 7. 30Ha
oyara — cpepuueckas, C TeM K€ paJnyCOoM.

OOmiee cOOTHOIIEHHE MEXIY cOpocoM Ha-
NPSDKEHUM, CEHCMUYECKUM MOMEHTOM M TeoMe-
Tpuueckumu napamerpamu oyara [Ruff, 1999;
Madariaga, 1979; Kouapsin, 2016]:

Ac=CM,/S, = CM,IS>. )
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Jnst momaaku paspeiBa B opMe Kpyra pa-
JAUYCOM 7 TUIOIIAb S = 7%, XapaKkTepHbIA pas-
MEp 7, MOXKHO OTOXKIECTBHTH C PajHyCcoM 7,
Y TOT/Ia BRIp)KEHHE [T COPOIICHHOTO HAIPshKe-
Hust Ac npumet Gopmy Ac =C_M / nr. Jlna ciy-
Yas KPyroBOTO pa3pbiBa 3HaueHHE Kod(duiu-
enra C_ onpeneneno B padore [Eshelby, 1957]:
C =7m/16~1.37, n u3 (2) noy4aeTcs BbIPKEHHUE

Ao =TM,/ 167, 3)

KOTOpO€ HamboJiee YacTo HCIONb3yeTCs IS
OLICHKH BEJIMYUHBI AG MO CEMCMUYECKUM J1aH-
HbIM [Brune, 1970, 1971; Scholz, 2019].

Jlns BerumcieHus: paguyca odara (1) HeoO-
XOIMMO 3HaTh YIJIOBYIO 4acTOTYy f, M CKOPOCTb
S-BOJHBI, Al BBIYMCICHHUS cOpoca Hampsxke-
HUuM (3) — cKaNsApHBIA CEHCMUYECKUH MOMEHT
M, n panguyc oyara r.

3Ha4eHus yIIOBBIX 4acToT f, (OmpeneneH-
HBIX 1O S-BOJIHE) B3ATHI M3 paboThl [Sychev et
al., 2018], ckopocTb S-BOJHBI CEHCMOTCHHOTO
cnosi mpuHuUManack 3.5 km/c [Roecker et al.,
1993], a 3HaYeHMsI CKAJIIIPHOTO CEHCMHUYECKOTO
MoMmeHTa B3iThl U3 karajgora TCM. Crout ot-
METHUTh, 4TO JUISl PacdeTa yrIOBOW YacTOTHI f,
B pabote [Sychev et al., 2018] paccmarpuBanuch
BOJTHOBBIC ()OPMBI JIOKATTHHBIX 36MIICTPSICEHHM C
yactoToi 3anucu 100 I'u, mo KOTOpeIM CTpOU-
JIUCh CIIEKTPBI P- 1 S-BOJH.

Pe3yabTarsl
Xapaxmepucmuxu kamanoza TCM

B pesynbrare nmpuMeHeHHs METOJAa WMHBEp-
CHH K IU(POBBIM 3aIHCAM JIOKAJIBHBIX 3EMIIe-
tpsicenuit 2007-2017 rr. onpeneneHs! TEH30PbI
ceficMuueckoro MomeHta 177 3emierpsiceHui.
Kak ormeueno Bbiue, 107 pemenuit TCM
s 3emerpsicenuit 19962006 rr. ObutH TIOITY-
yeHbl B padbotax [Koctiok, 2008; Koctiok u mp.,
2010].

Wroroseiii monuelid karanor TCM Bkitoua-
er 284 coObitus. [To kKaxxIOMy 3eMIIETPSCEHUIO
KaTajor COAEPKUT Jary, BpeMsi, SMULEHTp, [Iy-
OWHY W SHEPreTHYecKyr0 XapakTepucTuky (K),
MapaMeTppl, ONUCHIBAIOIINE KUHEMATUKY Pa3phl-
Ba B Oouare: ymibl, KOTOPbIE XapaKTEPHU3YIOT IO-
JIOKEHUE HOJABHBIX TUIOCKOCTEH (paBHOBEPOSIT-
HBbI€ IJIOCKOCTU Pa3pbliBa), KOMIIOHEHThI TEH30pa
nepopmaiium, a Takke a3uMyT M yToJl TOrpyxKe-
HUS [IaBHBIX Oceil HanpsbkeHud. CransipHbIN
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CECMHYECKUI MOMEHT 1 MOMEHTHAsI MarHUTY 1A
TaKKe MpeACTaBiIeHbl B Karaiore. CKaJaspHBIA
CEUCMHYECKUI MOMEHT CYMTAIOT IMHAMHYECKOM
(ouaroBoit) XapakTepUCTUKONW U paccMaTpUBAIOT
B Ka4e€CTBE MEpPbI MOTEHIUAIBHON SHEPTUH, HE-
00XOMMO JIJIsl IEPEMEIIIEHHSI Mace 110 MTOBEPX-
HocTH pa3psiBa [[Iy3eipes, 1997].

HexkoTopsie cTaTUCTHYECKHE XapaKTEPUCTHU-
KM IIOJIHOTO KaTaJiora IpeJICTaBlICHbl Ha puc. 3.
B karanore mpeo6naaaroT cOOBITHSI ¢ MarHUTY-
noit M = 3.5-4, 3HauuTenbHAs UX YaCTh MpPO-
u3onuia Ha mryoune o 20 kM. Pacnpenenenue
COOBITHII TIO BpPEMEHH HEPaBHOMEPHO. Mak-
CHMaJIbHO€ KOJIMYECTBO CEUCMOrpamM, HC-
MOJIB30BaHHBIX I pemieHus, cocrasisger 30
(mo 3 xommnoneHtsl — E, N, Z Ha 10 cTaHuusx),
HO OCHOBHAsl 4aCTh PEUICHUH MOJTy4YeHa MPHU KO-
JTUYECTBE aHAIM3UPYEMBIX ceiicMOorpaMM OO0JIb-
e 5, Ho menbIne 15 (puc. 3 d).

Pacnipenenenne BETUYUHBI PACXOKICHUS
BOJTHOBOTO MOJICIUPOBaHUs (variance) B UCXO/I-
HOM U OTCOPTHPOBAHHOM BHJE IPENCTABICHO

Ha puc. 3 e, f. MuHIManbHas ommodka COCTaBIIs-
et 0.03, makcumanehas 0.4. [{ns 120 coObiTuit
OIMOKa MOJICITMPOBAHKS HE MPEBBINIACT 3HAYC-
aus 0.1, g 140 coOwiTuii — 0.2 ¥ TOABKO 1A
20 coOwITHiA (7 % OT 00I1IIero Yrcia) HaXOAUTCS
B auana3one 0.2—0.4 (3Haunmas ommoka).

DoKaibHbIE MEXAHUIMDL

OINULEHTPbl 3€MJIETPSACEHU W3  Karajora
TCM (284 coObiTust) 1 BX (POKaTbHBIE MEXaHU3-
MBI MpeacTaBieHbl Ha puc. 4. bonee monoBUHBI
coObITHiA (57 %) coCcTaBIsAIOT B30POCHI U B30PO-
CO-C/IBHTH, TPEThIO YacTh (31 %) — ropuzoHTab-
HBIE CJIBUTH U HAJIBUTH, COPOCHI U COPOCO-CABUTH
masiourcieHHsl (12 %). Ilo reomornueckum uH-
nukatopam CeBepHoro Tsub-I1lansi BoccTaHOB-
nenbl [Cum u np., 2014] obmume (ycpeaTHeHHBIC)
HEOTEKTOHMYECKHE HAMPSKEHUS, pa3IundaroIIn-
ecs JUIsl MOAHATUN U BmaguH. OTMEYeHO, YTO
ne(pOpMHUPOBAHUE TOJOKUTEIBHBIX CTPYKTYP
B HOBEMIIMN 3Tam MPOUCXOOUT BO B30pOCO-
BOM I0JI€ C TOPU30HTAIBHON MEPUANOHAIBHON

Puc. 3. ['ucrorpammMel pactpeseeHus KoauuecTBa coobTuid B Karagore TCM: a — o maruutyne; b — mo niyoune;
¢ — 110 BpeMeHH; d — 10 KOJMYECTBY aHAM3UPYEMBIX celicMorpamm. PacnpeneneHne BeIMYNH pacXoKICHHUS BOJIHO-
BOTO MOJICJINPOBAHMS JUIsI COOBITHI KaTajora TEH30pOB CEHCMHYECKOI0 MOMEHTA: € — HCXOAHBIHN psxd; f — oTcopTu-

POBAHHBIH psi.
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OpHUEHTAIMel OcH C)KaTUs U CyOBEpPTHKAJIbHOM
OCBIO pacTsDKEHHUs, a BO BIaJuMHaX — B cOpo-
COBOM II0JIE C BEPTUKAJIBHOM OCBIO CXKaTHs
U CyOropH30HTAJIBHOU OCBIO PACTSKEHUS, OPH-
E€HTUPOBAaHHOM Ha ceBep-ceBepo-BOoCcTOK. Ha oc-
HOBE aHaiM3a (POKAJIHHBIX MEXaHM3MOB OUYaroB
3emierpsicenuii  CeepHoro u llentpanbHOro
Tanb-1lang ormeueno [KpectaukoB u ap., 1987;
Onra, 1990], uro 115 KcciieyeMon TEppUTOpUn
XapakTepHO pa3HOOOpa3re MEXaHU3MOB O4aroB U
Hanbolee XapaKTePHBIMH SIBIISTFOTCS 3eMIIETpsiCe-
HUS1, UMEIOIIINE B30POCOBBIN, COPOCO-CIBUTOBBIN
Y CIBUTOBBIA MEXaHU3M OYara.

Ha puc. 5 a, b npeacrasieHsl guarpaMMbl
pacrpenenieHusl HalpaBIeHU (a3UMyTOB) Ocei
cxartusi P u pactsokenusa T, Ha puc. S ¢ — KOJU-
YECTBEHHBIE 3aBUCHMOCTH OT yIVla MOTPYKEHUS
3TUX Oceu. [l mocTpoeHus 3aBUCUMOCTEN
3HAYEHHUE a3UMYTOB YCPEIHSUIOCH C IIaroM 5°,
a ymioB norpyxenust — ¢ marom 10°. bonbumH-
CTBO OCEM CKaTus UMEIOT a3uMyT 340°, 4T0 COOT-

BETCTBYET CEBEP-CEBEPO-3allaJHOMYy HarpaBiie-
HUIO, U OCHOBHAs 4acTh OCEH MOMaAaeT B CEKTOP
330°-360°, a3umyThl OCEl pacTsHKEHUSI HE UMe-
I0T SPKO BBIPAXKEHHOTO MakcuMyma. Takoe Ha-
MIpaBJIEHUE OCEH CXKaTHUsL OTMEUAETCS U APYyTUMU
uccnenoparensmu ans  Tsaab-lllanbckoro pe-
ruona [KpectuukoB u np., 1987; KOnra, 1990;
Kypckees, 2004]. bonpas yactb ocel cxaTus
UMeeT HYJIEBOM yros norpykeHus (cyoropusos-
TaJbHOE IOJIOKEHHE), a OCHOBHAsI 4acTh OCEH
PacCTSDKEHUS] UMEET YroJl MOTpy>KeHUsT OIU3KUi
K 60° (cyOBepTHUKAIBLHOE MOJIOKEHHE).

ﬂuuamuuecxue napamempbsl

PaGouast BbIOOpKa ISl pacueTa JUHAMH-
YeCcKUX MapaMeTpoB cocraBuia 150 3emie-
TpsiceHut ¢ M = 2.8-6 3a 1999-2014 rr. u3
karasora TCM. OcHOBHbIE XapaKTEpUCTUKHU
ATUX 3eMJIETPSACEHUI (CKaJspHBIM celicMuue-
CKUH MOMEHT, MOMEHTHAsI MarHUTY/1a, yIJIOBas
4acToTa, pajuyc oyara, cOpoc HampsiKEHUM)

Puc. 4. DnuneHTpanbHOE MOOKEHHE U (POKaIbHBIE MEXaHU3MBI 04aroB 3eMIICTPSICCHUIT U3 KaTaJora TEH30pOB cefic-
Mugeckoro MoMmeHTa (284 cobbrrus). TpeyronpHuKaMu 0603HaueHO monoxkenne cranimii cetin KNET.
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Puc. 5. Pactipenenenue: a — a3uMyToB oceil cxarus P; b — a3uMyToB ocell pacTspkeHust T; ¢ — 3HaYeHUH yIuia morpyxe-

HHS OCEH CXKaTHus U pacTsKECHUA.

npeacTaBieHsl B Tabn. 1 (cM. mpuioxkeHue,
c. 204). CkansipHblii ceiCMUYECKUNA MOMEHT U
MOMEHTHAsl MAarHUTY/Ia JJIsl HUX B3SITHI U3 KaTa-
agora TCM. Paccuutansl paanyc odara (paamyc
Bbprona) u cOpoc KacaTeNbHBIX HAPSKEHUH.
Hapsiny ¢ auHamMuyeckuMu mnapameTpaMu
JUTSL KaXKIO0TO 3€MIIETPSICEHUS] B TAOIMUILy BKITIO-
YeHa JaTa, SMULEHTP, INTyOruHa, SHEPreTHIeCKUA
KJIaCC, MarHUTY/A 3€MJIETPSCEHUS, IEPECUUTAH-
Has u3 knacca K o gpopmyse [Payruan, 1960], a
TaK)X€ KOJIMYECTBO CEHCMOTPaMM, IO KOTOPBIM
nonydeHo peumrenre TCM. 3aBUCUMOCTH YTIIO-
BOM 4YacTOTHI f, CKAISPHOTO CEHCMHUYECKOTO
MomeHTa M, paauyca odyara  u cOpoca Hanps-
KEHUH OT SHEPreTUYECKUX XapaKTEPUCTHUK IO-
Ka3aHbl Ha PUCYHKax 6—8. DHepreTuuyecKuMu
XapaKTepUCTUKaMHM BBIOpaHbl MarHuryga M,

nepecunTaHHas U3 Kiacca K, 1 MOMEHTHas Mar-
HuTyna M , onpeneneHHas pu pacueTe TeH30pa
CelicCMHYECKOro MoMeHTa. /It Bcex paccmarpu-
BaeMbIX 3aBUCUMOCTEN onpeeeHbl Kodphuiu-
€HTBI KOPPEJSILNY, 3HAYEHHUsI KOTOPBIX YKa3aHbI
Ha rpadukax.

Yenoeasa wacmoma nnsa paccmarpuBaemo-
ro kuacca coosituili (M = 2.8-6) Bapbupyer
ot 1.0 mo 8.9 I'm (puc. 6), 4TO COOTBETCTBY-
eT BpeMeHH paspeiBa B ouare 1-0.11 c. Ymio-
Basg 4YacToTa f; M CKaJAPHBIH CEHCMUYECKHH
MOMEHT M, U3 KOTOPOTO ONpPENEISAETCA MO-
MEHTHasi MaruuTyaa M , oiy4eHbl B Pa3HBIX
UCCIIEJOBaHMAX, TEM HE MEHEE paclpejesne-
HHME YIJIOBOM YacCTOTBI B 3aBUCHMMOCTH OT M
ONMCBIBACTCS JTUHENHON MOJENBIO JTydlle, YeM
B 3aBHCUMOCTH OT M. 3Hau€HHE OUCIIEPCUU

Puc. 6. 3aBUCHMOCTD YIJIOBOH YacCTOTHI £, OT MarHUTY/ABI M, ONIpe/ieIeHHON M3 Kiacca 3eMieTpacenus K (a), 1 MOMEHT-

Hol MaruuTyael M, (b).
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Puc. 7. 3aBucumocTts orapudma ckaiaspHOro cericMude-
CKOTO MOMEHTa OT MarHUTYABI M, OTIpeieIeHHON 13 KJlac-
ca 3eMJICTPSICCHNSI.

pacnpeneneHus OTKJIOHEHUM OT JIMHEHHOU
MOJAeNH Iyisi MarHutynbel M cocrtaBmsier D =
389, nus marautyael M| — 322,

Cranapuuli cercmudeckuil MOMEHT JJIs pac-
CMaTpUBAEMOro Kjacca COOBITHH BapbUPYET
B nuanaszone ot 2.03-10" 10 4.3-10' H-m. 3aBu-

CUMOCTB M 0T M XOpOIIO ONMCHIBAETCS JINHEH-
HOW MOJIEIIBIO C TOJIOKUTENBHBIM YITIOM HAKJIO-
Ha: YeM BBIIIE MarHUTY/A, TEM BBILIEC 3HAYCHHE
CKaJIIPHOTO CEHCMUYECKOTO MOMeHTa (puc. 7).
OTa 3aBUCUMOCTh MOXKET OBITh ONHCAHa BBIPA-
xenuem lg(M) = 10.6 + 1.03M, uro Bnonne co-
OTBETCTBYET BhIpaxkeHuto 1g(M ) = 8.4 + 1.6M
u3 pabotel [Pusnnyenko, 1985] (rne M, npen-
craBieH B H'M), a Takke BBIpaXECHHIO, TIO-
JIy4eHHOMY Juisi 3emuleTpsiceHuii (CeBepHOro
Tanp-lans 1g(M)) = 10.1 + 1.1M [Sycheva,
Bogomolov, 2016]. OTkiioHeHHe 3HAUYEHUHN OT-
HOCHUTEJIbHO JIMHUM TPEHAa HMEeT MEHbIIUM
pa3bpoc st coObithii ¢ M > 4.5. 3aBUCHMOCTD
lg(M,) or M mpencrapiser co6ol JMHEHHYIO
(GYHKIMIO, TMOCKOJIbKY MOMEHTHAsi MAarHUTYy-
Ja ompenensercs U3 CeHCMMYECKOro MOMEHTa
¥ HampsMyto 3aBUCHT OT Hero [Kanamori, 1977].

Paouyc ouaea (paouyc bprona) nns uccie-
nyembIx coObITui BappupyeT oT 150 1o 1280 m.
3aBucuUMOCTb paauyca bprona ot M mpencras-
JeHa Ha puc. 8a, a or M — na puc. 8b. Heno-

Puc. 8. 3aBucumocts pammyca r (a, b) u ypoBHS cOpoca HampspkeHHH AG (¢, d) oT MarHUTYABI M, ompenesieHHOH
U3 Kjlacca 3eMIeTpsiceHus (a, ), ¥ MOMeHTHO# Maruutyasl M (b, d).
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CpEeICTBEHHas! CBsI3b MEX]ly paanycoM bproHa u
yrioBoi yactorolt (ypaBuenue (1)) orpaxaercs
U B IIPECTABJICHHBIX paclpeseneHusx: pa3opoc
3HaYeHUU paauyca bpioHa B 3aBUCUMOCTH OT
M menble, 4eM B 3aBUCUMOCTH OT M.

Copoc Hanpsidicenuti, commacHo Tabm. 1
(cm. mpunokenue, c¢. 204), menserca ot ~0.2
no ~130 MIla. 3aBUCHMMOCTH pacHpeneiIcHus
cOpoca HampspDKeHUH oT AByX Marautyn (M u
M) npencrapnena Ha puc. 8 ¢ u 8 d: 3aBucu-
MOCTB COpOCa HalpsUKEHUK 0T M| MMEET MEHb-
M pa3dopoc, YeM 3aBUCUMOCTB OT M, 4TO Tak-
&Ke OOBSACHSETCS TEOPETUUECKON CBsI3bIO cOpoca
HanpsbKEeHU ¢ paanycoM bproHa u cKansipHbIM
CEHCMHYECKUM MOMEHTOM.

AHamu3 kod(duIEeHTa KOppENsSIuA pac-
CMaTpUBaEMBbIX 3aBUCUMOCTEM IOKa3aja, 4YTO
€ro 3Ha4Y€HHE JJII MOMEHTHON MarHUTY/bI MW
BbIIIIe, 4YeM 17151 M. BbICOKHiT ypOBEHb KOppeis-
mun (0.81) momyyeH Ui CKaJIIpHOTO CEHCMHU-
YEeCKOr0 MOMEHTA, HAaMMEHBIIUH — 1 cOpoca
Hanpsokenui (0.43, 0.62 — qus M u M coot-
BETCTBEHHO), YTO MOXKET YKa3blBaTh Ha cIabyro
CBSI3b 9TOW XapaKTEPUCTUKH OT MAarHUTYIbI CO-
ObiTusa. YyTh BbINIE 3HaUYeHHE Kod(hduimeHTa
Koppensuuu ais paaunyca odara (0.55, 0.66).

Ha puc. 9 npencrasnena 3aBUCMMOCTb pac-
IpeaeneHns copoca HaANpPSDKEHUN OT MarHuTy-
abl M, TIpU 9TOM OTIENIBHO PACCMATPUBAKOTCS
W ONUCHIBAIOTCS JIMHEWHOW MO0 BBIOOP-
k1 coObiTuil ¢ Ac < 20 MIla u Ac > 20 MIla
(puc. 9 a), a TakKe 3aBUCUMOCTb cOpoca Hampsi-
KeHui Ac st cobbituii ¢ M <3.6 u M > 3.6

(puc. 9 b). Ha rpadukax Takxe npuBefeHO 3Ha-
YyeHHe KOdPPUIIMEHTa KOpPeNLUN paccMaTpu-
BaE€MbIX 3aBHCUMOCTEH. BEIOOpKH, OTMEUEeHHbIE
Ha pUC. 9 YEPHBIM IIBETOM, ONHUCAHBI JIMHEUHON
MOZIETIBIO C MAJIBIM YIJIOBBIM KO3()(DUITHEHTOM,
T.e. cOpOC HANpsDKEHW MMEET Majio M3MEeHse-
MbI€ 3HAYCHUS Ha PACCMaTPUBAEMOM JHaNa30He
MarHutya. JIuHelHble MOJEIU, ONMUCHIBAIOLIUE
BBIOOPKH, OTMEYEHHBIE KPACHBIM, UMEIOT 00JIb-
IMH YIIIOBOM KOA((HUIIMEHT, OHAKO Ha paccMa-
TPUBAaEMOM JIMala30He MarHUTyja HaOmionaercs
3HAYUTENbHBIN pa3zdpoc 3HaYeHuil 1o 00e cTopo-
HBI OT MozienbHOU TuHUK. KoadduimeHt koppe-
JsuK cOpoca HampsHKeHUH 1 MOMEHTHOM Mar-
HUTYJIBI JIJIsl pACCMaTpPUBAEMBIX BEIOOPOK UMEET
HU3KHE 3HAYCHHUS, UTO MOXKET TaK)Ke CBUIETEIb-
CTBOBATh O TOM, YTO COPOC HANPSHKEHUI Mayo
3aBHCHUT OT MarHUTY/bl 3eMJIETPACEHUS.
Pacnpeoenenue rxoagppuyuenma Jlooe—Ha-
oau u copoc manpsxcenui. Jlinsi TOro 4ToObBI
MOJYYHTh TMPEICTaBICHHE O AePOpMaIy 3eM-
HOM KOpBI B I1I€JIOM, UCHOJb3yeTcsa Koddduuu-
et Jlome—Hanaum p, KOTOpBIA HE 3aBHUCHT OT
KOOPAMHATHOTO TIPENICTABICHHS] TEH30pa U MO-
KET pPaccMaTpHUBaThCS KaK €ro WHBapUaHTHas
xapakTepuctuka. CTOUT 3aMeTUTh, 4YTO, CO-
macHo [@umun, 1975], npu u, = 1 nepopma-
IUsl UMEET BUJ MPOCTOTO CXKaTusi (OTHOOCHOE
cxarue) (npu 4, > 0 npeobnanaer nepopmanus
cxarus), npu u = —1 pedopmanus umeer BUL
IPOCTOTO PACTKEHUSI (OJHOOCHOE paCTsKE-
nue) (npu . < 0 mpeobnamaer nepopmanus
pacTshkenus), npu u = 0 neopmanus MMeeT BUJL

Puc. 9. 3aBucumocTsb pacnpeneneHus: cOpoca HaNpsDKEHUS OT MarHUTYABI A7 3eMileTpsiceHuil: a — ¢ Ac < 20 MIla
(aeprbIe cuMBOIIBI) B Ac > 20 Mlla (kpachbie); b — ¢ M, < 3.6 (depHble cHMBONEI) B M| > 3.6 (KpacHsIe).
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npocroro casura (uucteiii casur). Ha puc. 10
MPEACTABICHO pactpeaesienne Koddduimenta
Jlone-Hanau p, pacc4nTanHoro Ha OCHOBE (o-
KaJbHBIX MEXaHHW3MOB OYaroB 3eMJIETPSICEHUN
n3 karamora TCM (cMm. puc. 4, 284 coObITHS)
Mo METOJuKEe, omucaHHOW B paborax [FOHra,
1990; CerueBa, Mancypos, 2017].

Comacho puc. 10, 3HaunTeNbHAA YaCTh HC-
CIIeTyeMOil TeppUTOPHM XapaKTepU3yeTcs Je-
dbopmarueit ¢ npeobnagaHUeM TPEXOCHOTO CO-
CTOSIHMSL, MEXXTy YUCTHIM CABUIOM M OTHOOCHBIM
cxaruem (i > 0.2). BbicOkoe 3HAYE€HHE ITOTO
k03 dUIMEeHTa XapaKTepHO IS IEHTPATbHON
u BocToyHOW vactu Kuprusckoro xpebOrta, 3a-
najHoM yactu xpedtoB Tepckeit n Kynreit Ana-
tay, oOpamistomux Mccwik-Kynbckyro Bmaau-
Hy, pailoHa Koukopckoii BIaguHbl, BOCTOYHOMN
yactu At-Bammnckoro xpe0Ora, Hapsin Too u
ueHTpanbHoi yactu Tanaco-depranckoro pas-
naoMma. B 3anannoit wactu Kuprusckoro xpeOra
pacroyio)keHa 007acTh JaedopMaliu ¢ Mmpeoo-
JalaHueM TPEXOCHOTO COCTOSHHS, MPOMEXKY-
TOYHOT'O MEKY YUCTHIM CABUIOM U OTHOOCHBIM

pactsokenneM (u, < —0.2). Taxke Ha uccneny-
€MOW TEpPUTOPHUH BBLACISAIOTCA OOJIACTU YH-
CTOTO cABUTa (BHmaauHbl, cM. puc. 10), KoTopbie
YepeAyTCs C BBIIIEOTMEUEHHBIMH PEKUMaMU
nedopmanuu B 30He, mapauienbHoil Tamaco-
@epraHckoMy pasioMy U IPOTSHYTOM C ora
Ha ceBep.

Ha a1y e kapTy BBIHECEHBI MEXaHHU3MBbI
ogaroB 150 3emnerpsicenuit 1999-2014 rr.
¢ M = 2.8-6, Ui KOTOPBIX PACCUMTAHBI JHUHA-
Muyeckue napamerpbl. DokaabHble MEXaHU3MBbI
3eMJIETPSICEHUI OTMEUEHBI Pa3HBIM LIBETOM B 3a-
BHUCHUMOCTH OT BEJIMYMHBI cOpoca HamNpsKEHUH
(cm. mosicaenne k puc. 10). IIpeoGmamarommas
YacTh «IIBETHBIX» COOBITHI MMEET B30pPOCOBBIN
MEXaHM3M Ouara, B MEHbILIEH CTENEHH BCTpeva-
I0TCSL  B30pOCO-CIBUTH. 3HAUUTEIbHBIA cOpoc
HAIPsKEHUN OTMEYaeTCsl B LICHTPAJIbLHOM 4acTy
Tanmaco-®depranckoro pasjioma, Ha KOHIIEBBIX
ydacTkax xpebra baiiouue Too, B BOCTOUHOU
gact xpedTa Monno Too, B mpeAropbsix 3amnai-
Hoit yactu Kuprusckoro xpedta u B €ro BOCTOU-
HOW OKpaWHe, a TaKKe B 3aIaJHON 4acTu Xped-

Puc. 10. Pacnipenenenne kospdurmenta Jlone-Hanau u_ v smmnentpanbHoe pactionoxkenue 150 cobbrruit 1999-2014 rr
¢ M = 2.8-6 (tabmn. 1, cM. mpunoxenue, c. 204), ux ¢poxansHbIe MeXaHU3MBI. KpacHbIH 1BeT (poKaIbHOTO MeXaHU3Ma
— semuterpsicenust ¢ AG = 10 MITa (40 coGeitwit), 3eensiii — 1 < AG < 10 MIla (87 cobwituit), cuamii — AG < 1 Mlla
(23 coObiTHs). JInHUSIMU 0003HAUEHBI PETHOHAIBHBIC Pa3JIOMBI.
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toB Tepckeit m Kynreit Anaray. Otmeudaercs
OTCYTCTBHE cOpOca HaINpsDKEHUM B 30HE couie-
HeHus: Kuprusckoro xpe6ta u Yyiickoit Bnaau-
HbI ¢ 74.5° mo 75.5° B.A. DTOT ke y4acCTOK OT-
CYTCTBUS 3HAYUTENIHLHOTO cOpoca HampsKEHUM
BbIJIesIeH B pabore [Sycheva, Bogomolov, 2016].
3HauuTeIBHAS YacTh COOBITHI ¢ AG > 10 pacmo-
JOXeHa B OOJIACTSIX, XapaKTepHU3YIOIIUXCS Jie-
dbopmanmeit ¢ nmpeodbaagaHuEM TPEXOCHOTO CO-
CTOSTHMSL, MEXTy YUCTHIM CBUTOM U OTHOOCHBIM
cxarreM. CoOpitusi c Ac <1 MIlau 1 <Ac <10
OoJbIIeH YacThIO PacloyiaraloTcsi B TeX ke 00-
nactax. CoobiTus ¢ Ac > 10 MIla orcyTcTBYIOT
B CyycambIpckoll BnajuHe U ee Ompkaifiiem
OKPY)KEHHU. OTO MOXET CBHUJAETEIbCTBOBAThH
0 TOM, 4TO B pe3ysbrare CyycaMbIpCKOTO 3eMile-
Tpsicenus (19.08.1992 r., M = 7.3) npousouuia
paspsaKa HampspDKeHUH B 3Toi oOmactu. B pa-
6ore [CerueB u ap., 2019] karanor 3emierpsi-
CeHMi W adTepIIOKoBas MOCIEI0BATENBHOCTh
CyycaMbIpCKOTO 3eMJIETPSICEHUSI PACCMOTPEHBI
C TO3ULIMI HEPAaBHOBECHOM TEPMOAMHAMMKHI
C MCIIOJIL30BaHUEM CTAaTUCTUKH Tcamtuca, 0000-
HIAIOIIEH KIACCUYECKYIO CTaTUCTUKY bonblmMa-
Ha—I'm60ca [Tsallis, 1988; Chelidze et al., 2018].
OOHapy)xeHbl pa3iIMyus g-TapaMeTpa CTaTH-
ctuku Tcammca nist coOpituii 10 u nocie Cy-
yCaMBIPCKOTO 3€MJIETPSICEHUS, YKa3bIBAIOILNE
Ha pe3K0oe BO3pacTaHHe B3aMMHBIX KOpPpEsSIuil
B paccMaTpuBaéMOM DPETHMOHE /10 IJIaBHOIO CO-
OBITUSI, PE3KOE CHIKEHHE Cpas3y IOCie HEro
C JaJbHEMIINM BO3BpPAaTOM K CPEJHEMY 3Hade-
HUI0, HAOII0JaeMOMY 10 TJIABHOTO TOJTYKA.

3akJIoueHue

Ha ocHoBe MeTona BOJHOBOW HWHBEPCUHU
OTpe/IeTICHBI TEH30PbI CECMUYECKIX MOMEHTOB
177 3emnerpsicennii ¢ K > 10.5, npousomieamumx
¢ 2007 no 2017 r. Ha Teppuropuu Llenrpansaoro
Tsup-1llans. IlomyyeHHsle pernenust goOaBie-
Hbl B Katajor TCM. HToroBslif Karaior BKJIIO-
qaeT mapaMeTphl 284 cOOBITUI, IPOU3OIIEAIINX
B 19962017 rr. IIpeacraBneHbl €ro HEKOTOPbHIE
xapakTepucTuku. IlocTpoeHsl auarpaMMsel a3u-
MYTOB OCE{ DIABHBIX HANPSKEHUW: OCHOBHAs
4acTh OCEH C)KaTus MONaJacT B CEKTOp C Ha-
npasieHueM 330-360°, u3 HUX OOJIBIIMHCTBO
uMeroT yroi 340°, a3uMyThl OCEH pacCTAKEHUS
HE HMEIOT SIPKO BBIPAXKEHHOTO MaKCHUMYyMa.
[Ipeobnagaromias 4acTh OCed CxKAaTUA XapaKTe-

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

pusyercs ONM3rOpU30HTAIBHBIM MOJOXKEHHUEM,
oceil pacTspkeHHst — 6iu3BepTHKaIbHBIM. Ha mc-
CJIeIyeMONl TEeppUTOPUU MPOUCXOIAT 3eMIIe-
TpsICEHUs1 B3OPOCOBOTO U B30POCO-CABUIOBOTO
TUIA, B MEHBIIEH CTENEHU BCTPEYAIOTCS TOpHU-
30HTaJIbHBIE CIBUTH U B3pE3bl, HEOOIBILION TPO-
IIEHT COOBITHI MMEIT COpPOCOBBIM M COPOCO-
CABUTOBBIN XapaKTep MEXaHU3Ma ouara.

Jns 150 3emnerpsicennii ¢ M = 2.8—6 u3 xa-
Tajora TEH30pOB CECMUYECKOTO MOMEHTA pac-
CUMTaHbl JUHAMHYECKHE MapaMeTpbl: paauyc
oyara » U cOpoC KacaTelIbHBIX HalpsDKeHUH AG.
[TocTpoeHbl 3aBUCUMOCTH pacHpeesIeHusl CKa-
JSPHOTO CEMCMHUYECKOTO MOMEHTa, pajuyca
oyara 1 copoca HanpsLKEHUN OT MarHuTynabl M,
nepecuuTaHHoOW M3 kinacca K, ¥ MOMEHTHOHN
MarauTyasl M . KospdumueHTs KOppeNALHH
JUHAMHYECKHUX I1apaMEeTPOB U MOMEHTHOM Mar-
HUTY/IbI BBIIIIE, YEM IMHAMUYECKUX ITapaMeTpOB
U MarHutynsl M. Mexay cOpocoMm Hampsike-
HUW AC ¥ MarHUTy10i HabmomaeTcs 6onee cia-
0ast KOppeNATUBHAS CBA3b, YEM MEXAY CKaJsp-
HBIM CEHCMHYECKUM MOMEHTOM M MAarHUTYIOH
Y paJuyCcoM odara U MarHuTyIOH.

Pacnipenenenne koaddunuenta Jlome—Ha-
Jau [, TOCTPOEHHOE HAa OCHOBE Karajora TeH-
30pOB CEHCMHUYECKOI0 MOMEHTA, IOKa3bIBAET,
4TO OOJBIIAs YACTh MCCIETYyEeMOW TepPUTOPUU
HaxOAMUTCS B YCIOBUSAX Aedopmaruu ¢ mpeodna-
JAaHUEM TPEXOCHOTO COCTOSTHUS, MEXKY YUCTHIM
CIBUTOM W OJHOOCHBIM Cxartuem (u > 0.2),
B CEBEpO-3alaHON YacTH BblIIENIeTcs 0071acTh
nedopmaruu ¢ mpeobIagaHUEM TPEXOCHOTO
COCTOSIHMSI, NPOMEXKYTOUHOIO MEXAY YHCTHIM
CIIBUTOM M OTHOOCHBIM pacTsukeHueM (1 <—0.2),
JU1s OOJIbILIEH YacTH BIAJMH XapakTepHa aedop-
Manus rnpocroro casura (0.2 < u < 0.2). 3na-
yeHus: kodpduuuenta Jlone-Hamau comocras-
JISIIOTCS ¢ BETMYMHAMU cOpoca HanpspkeHu Ac
st 150 3emneTpscennii. 3HaYUTENBHBIN cOpOC
HanpsDKeHUN XapakTepeH s obrnacted ¢ je-
dopmanmeit nmpeobnagaHusl MPOCTOrO CXKATHUS.
OTtmeuaeTcsi OTCYTCTBHE 3HAUUTENBHOTO cOpo-
ca HanpspkeHudl Ha Tepputopun CyycaMblp-
KOM BHNaguHbl M €€ OiIKalIero OKpyKeHus,
YTO CBUJETEIBCTBYET O Pa3psAKe HaNpPsKEHUN
B 3TOM oOnactu B cBsi3u ¢ CyyCaMBIPCKUM 3€M-
nerpscenueM (19.08.1992, M = 7.3) u ero ad-
tepmiokamu (6osee 2000).
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Abstract. In the study, seismic moment tensors (SMT) of 177 earthquakes in the Central Tien Shan
with K>10.5 (M>3.6) occurring from 2007 to 2017 are determined on the basis of the wave inver-
sion method and data from the KNET seismic network. The 177 obtained solutions have been added
to an SMT catalogue, which includes 284 events with 2.8 < M < 6 that have occurred from 1996 to 2017.
Some characteristics of the SMT catalogue are discussed along with constructed principal stress axes
azimuth diagrams and dip angle distribution graphs. For the most part of events, the compression axis
of the seismic events has a north-northwest direction and a subhorizontal orientation; the direction
of the tension axis does not have a pronounced maximum, while for most events it has a subvertical
orientation. In addition to the scalar seismic moment, the dynamic parameters (DP) of the 150 events
from the SMT catalogue that have occurred from 1999 to 2014 were computed: the source radius
(Brune radius) and tangential stress drop. Studied correlations between the DP and magnitude show
the link between the stress drop and earthquake magnitude to be the weakest. The Lode—Nadai factor
distribution on the grounds of the seismic moment tensors from the SMT catalogue was constructed
and the deformation types typical for the studied area were identified. A comparison between deforma-
tion regimes and stress drop values is presented.

Keywords: earthquake, seismic moment tensor, scalar seismic moment, moment magnitude, corner fre-
quency, source radius, stress drop, Lode—Nadai factor.
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Introduction bounds the Central Tien Shan from the north, be-

The Central Tien Chan extends over
the wide territory, bounded with the Fergana
Range in the west, Zailiysk, Kyrgyz and Talas
Alatau ranges in the north, Meridional Range
in the east and Kokshaal-Too Range in the south
(https://silkadv.com/ru/node/410). It is custom-
ary to refer the Zailiysk Alatau, Kungey Alatau,
Ketmen and Kyrgyz Alatau (the Kyrgyz Range)
to the Northern Tien Shan (http://tianshan.al-
naz.ru/objekty/hrebty.html). The Kyrgyz Range

longing thereby to both regions at once. KNET
the seismic network, organized on the Northern
Tien Shan in 1991, includes 10 digital wideband
stations. The major part of the stations is located
in northern foothills of the Kyrgyz Range and
along the rims of the Chuy Depression. Despite
the fact that the KNET network stations are lo-
cated on the Northern Tien Shan territory, they
allow to register the earthquakes occurring in the
Central Tien Shan.

Translation of the article published in the present issue of the Journal: CeraeBa H.A. TeH3o0p celicMU4eckoro MOMEHTA
1 IWHAMIYeCcKue mapaMeTpsl 3emietpsicennii Liearpansnoro Taus-1ans. Translation by G.S. Kachesova.
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Based on the data of the KNET network the
earthquakes catalogues are formed, focal mech-
anisms and dynamic parameters of earthquakes
are determined, and other scientific problems
are also solved. The data on focal mechanisms
of earthquakes are used for estimation of stress-
strain state of the medium. Earthquakes dy-
namic parameters, the stress drop among them,
can also characterize the regional peculiarities
of the crust straining process. These data ac-
cumulation allows to estimate the geodynamics
processes, proceeding within the medium.

Two approaches are used for the focal mech-
anisms of the sources: mechanism determina-
tion by the sign of the P-wave arrival [Reasen-
berg, Oppenheimer, 1985; Snoke, 1989, 1990,
2000; et al.] and the waveform inversion method
[Dziewonski et al., 1981; Fukahata et al., 2003;
Kostiuk et al., 2010; et al.].

One of the conditions of reliable focal
mechanism determination by the signs of the
P-waves arrival is a total surrounding of the ep-
icenter with observation stations. The configu-
ration of the KNET network stations is able
to reveal source mechanisms by this method
only for those earthquakes, that have occurred
in the territory, bounded with the coordinates
of the network marginal stations: 42.0-43.0° N
and 73.75-76.0° E, that represents a small area
of 100 x 300 km? (fig. 1). The waveform in-
version method allows to calculate the seis-
mic moment tensors on the base of the KNET
network data and, consequently, to determine
the focal mechanism also for the earthquakes
occurred in the territory outside the stations
location within 1-2° (see the fig. 1). In present
work we refer this territory to the Central Tien
Shan.

Figure 1. Location of the earthquakes epicenters from the catalogue according to the KNET network (more than
9000 events, 1994-2017). Triangles — the KNET network stations. The white dashed line conventionally indicates the
territory, bounded with the coordinates of the marginal stations of the KNET network. For the earthquakes in this area,
focal mechanisms are determined by the signs of the P-waves arrival. The turquoise dashed line conventionally indicates
the territory for which the waveform inversion method is applied.
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The waveform inversion method for SMT
computation is used at the Research Station
of the RAS since 2006. On its basis the seismic
moments tensors of 107 earthquakes for 1996—
2006 have been determined [Kostiuk, 2008;
Kostiuk et al., 2010]. The solutions obtained in
[Kostiuk, 2008] are noted to conform well with
those represented in the catalog of CMT (Cen-
troid moment tensors) (https://www.globalcmt.
org/CMTsearch.html) for the earthquakes with
M>45(K>12).

The source radiation directivity is very im-
portant when the source spectrum constructing,
on which base the earthquakes dynamic pa-
rameters are calculated. Therefore, only those
events were considered in the works [Syche-
va, Bogomolov, 2014, 2016] when the source
studying, which had been occurred in the ter-
ritory, that was not beyond the KNET network
boundaries.

The present work task is to determine
the seismic moment tensors for the earthquakes,
occurred in 2007-2017 in the territory of loca-
tion of the KNET network stations and out-
side its boundaries within 1-2°, and to update
the SMT catalogue by this means. Basic char-
acteristics of the obtained catalogue are given
in the article.

Availability of values of the f, corner fre-
quency for the earthquakes of 1999-2014,
occurred in the Central Tien Shan territory
[Sychev et al., 2018], have allowed to solve
the second task — to calculate the dynamic
parameters (the source radius and tangential
stress drop) for the earthquakes with M =2.8—6
from the SMT catalog, expanding in this way
the database, and, respectively, the territory, for
which they have been determined. Further, ob-
tained data can be used for estimation of some
parameters of stress-strain state of the studied
territory.

Initial data and methodologies

Methodology of seismic moment tensor

computation

To calculate the SMT, we took the earth-
quakes of 2007-2017 occurred in the KNET
network stations location and outside it at
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a distance of 1-2° in a radius with the ener-
gy class K > 10.5 (M > 3.5). We also consid-
ered several earthquakes below this class, for
which the SMT determination became pos-
sible. The SMT computation for the events
of 2007-2010 was carried out on the base
of waveforms, obtained in miniSEED format
with a frequency of 40 Hz from the website
of'the /RIS Consortium (Incorporated Research
Institutions for Seismology) (https://ds.iris.
edu/ds/nodes/dmc/data/types). And the records
with a frequency of 100 Hz from the archive
of the Research Station of the RAS were used
for the events of 2011-2017. The earthquakes
records were previously converted from the S4
(SEED) to the miniSEED format with the au-
thoring software [Sychev, Sycheva, 2018]. De-
termination of the P-wave arrival time was car-
ried out with the SAC (Seismic Analysis Code)
software  (http://ds.iris.edu/files/sac-manual)
over all components (£, N, Z).

Seismic moment tensors for studied earth-
quakes have been determined with the soft-
ware, developed by Yu. Yagi [Yagi, 2004],
which realizes the waveform inversion method.
In this software the Green’s function is cal-
culated by the Kohketsu method [Kohketsu,
1985], modified in [Kikuchi, Kanamori, 1991],
at that the inversion procedure is constructed in
accordance with [Fukahata et al., 2003].

When the Green’s function calculating
for the studied territory, the velocity mod-
el of the Institute of geosphere dynamics
of the RAS [Zemnaia... , 2006] have been
used, rocks densities are specified accord-
ing to [Kurskeev et al., 2004], the attenuation
have been determined on the base of the geo-
logical map [Geologicheskaia... , 1980] and
from the tables of rock properties [Lay, Wal-
lace,1995]. The waveform inversion method is
described in detail in the works [Yagi, 2004;
Kostiuk, 2008; Kostiuk et al., 2010].

The program for the seismic moment tensors
computation outputs graphic files, which exam-
ples are presented in the figure 2. The first exam-
ple (fig. 2 a) demonstrates the solution, obtained
from 18 records of the earthquake (9 stations),
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the second — on the base of 13 records (6 sta-
tions) (fig. 2 b). In the both cases we have a good
result of the modelling: the value of discrep-
ancy (variance) is equal 0.08. This indicates
that an acceptable solution may be obtained
even with few analyzed seismograms. The fo-
cal mechanisms presented in the figure 2 have
a thrust type, and the compression axis azimuth
has a submeridian direction, that corresponds
to the regional geodynamic regime. Output
graphic file contains not only the graphic im-
age of a focal mechanism, but the assessments
of the earthquake focal parameters. These pa-

rameters are as follows: the angles describing
the nodal planes position (strike, dip, slip),
the deformation tensor components, as well
as the M, scalar seismic moment (determined
when the inversion method using) and the
moment magnitude M, (see the fig. 2). Then,
the values of the nodes of nodal planes are used
to determine the parameters of the principal
stress axes — the azimuth and the dip angle —
with the sdrtpb.m program from the SEIZMO
Suite (Passive seismology toolbox for Matlab &
GNU Octave) (http://epsc.wustl.edu/~ggeuler/
codes/m/seizmo).

Figure 2. Example of graphic output file of the seismic moment tensor computation for two earthquakes: (a) 2017.07.29,
K=11.7;(b) 1998.11.21, K = 12.5. Red lines — synthetic seismograms, black — initial seismograms.
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Methodology of the dynamic parameters

computation

The source radius is determined with the for-
mula [Scholz, 2019; Abercrombie, Rice, 2005;
Scuderi et al., 2016]:

r=kV,/ f, (1)
where f; — corner frequency (inverse fracture
time in a source), V', — S-wave speed, k —numeri-
cal factor dependent on the model of rupture in
a source. We use the Brune model in our case.
The expression (1) determines the so-called
Brune radius for this model [Brune, 1970],
k = 0.37. The simplest Brune model supposes
the slip to occur simultaneously and «instantly»
over all the fault plane, that has a circle form
with the 7 radius. The form of a source is spheri-
cal with the same radius.

General correlation between the stress drop,
the seismic moment and the geometrical param-
eters of a source [Ruff, 1999; Madariaga, 1979;
Kocharian, 2016]:

Ac=CM,/S, =CM,IS". )

The expression for the stress drop (2) may be
simplified for the case of the circular fault plane
with a radius 7, and the square S = . It is ra-
dius » that may be accepted as a typical size
of a source, r,, and the simplified expression
for Ac takes the form Ac = C_ M/ nr°. The val-
ue of the C_ factor for this case is determined
in the work [Eshelby, 1957]: C_=7xn/16 = 1.37,
and we get from (2) the following expression:

Ao =TM,/ 167, 3)

which is most often used to estimate the Ac val-
ue by seismic data [Brune, 1970, 1971; Scholz,
2019].

One need the data on the corner frequency
/f, and the S-wave speed to calculate the source
radius (1), as well as the scalar seismic mo-
ment M and the source radius 7 — to determine
the stress drop from (3).

The values of the f; (determined by the S-
wave) were taken from the work [Sychev et
al., 2018], the S-wave speed was assumed to be
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3.5 km/s [Roecker et al., 1993], and the val-
ues of the scalar seismic moment were taken
from the SMT catalog. It is worth noting, that
the waveforms of local earthquakes with a re-
cord frequency of 100 Hz were considered to
build P- and S-waves spectra and to find the cor-
ner frequency f,in the work [Sychev et al., 2018].

Results
Characteristics of the SMT catalog

The seismic moment tensors of 177 events
have been determined as a result of the inversion
method applying to digital records of local earth-
quakes of 2007-2017. It is already noted, that
107 SMT solutions for the earthquakes of 1996—
2006 have been obtained in the works [Kostiuk,
2008; Kostiuk et al., 2010]. The final full cata-
logue includes 284 events. For each earthquake
the catalogue contains date, time, epicenter,
depth and energy characteristic (K), parameters,
describing the rupture kinematics in a source:
angles, which characterize the nodal planes po-
sition (equiprobable fault planes), deformation
tensor components, as well as azimuth and dip
angle of the stress principal axis. The scalar seis-
mic moment is assumed to be a dynamic (focal)
characteristic and is considered as a measure
of potential energy necessary to move the mass-
es over the fault surface [Puzyrev, 1997].

Some statistical characteristics of the
full catalogue are presented in the figure 3.
The events with a magnitude M = 3.5—4 prevail
in the catalogue. Their major part is occurred
at the depth down to 20 km. The temporal dis-
tribution of the events is nonuniform. Maximal
number seismograms used for solving is 30 (by
3 components — E, N, Z at 10 stations), but most
of the solutions have been obtained when ana-
lyzed seismograms quantity is more than 5, but
less than 15 (fig. 3 d).

The distribution of the value of discrepancy
of wave modelling (variance) in initial and sort-
ed form is presented in the figure 3 e, f. Mini-
mal error amounts 0.03, and maximal — 0.4.
For 120 events the modelling error does not
exceed the value of 0.1, for 140 events — 0.2,
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Figure 3. Histograms of events distribution in the SMT catalogue: a — by magnitude; b — by depth; ¢ — by time; d — by the
number of analyzed seismograms. Distribution of variance values of wave modeling for events in the seismic moment

tensors catalogue: e — initial values; f — sorted values.

and only for 20 events (7 % from the total) it is
in the range of 0.2—0.4 (significant error).

Focal mechanisms

Epicenters of the earthquakes from the SMT
(284 events) and their focal mechanisms are
presented in the figure 4. More than half of the
events (57 %) are thrust faults and strike-slip
reverse faults, one third (31 %) — strike-slip and
overthrust faults, normal and oblique-slip faults
are not numerous (12 %). Based on the geo-
logical indicators of the Northern Tien Shan
the common (averaged) neotectonic stresses,
differing for uplifts and depressions, were re-
constructed [Sim et al., 2014]. It has been
noted, that positive structures deforming with-
in the latest phase occurs in the thrust fault
field with a horizontal meridional orientation
of the compression axis and the subvertical ten-
sion axis. In depressions it occurs in the nor-
mal fault field with the vertical subhorizontal
tension axis, oriented to the north-northeast.
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On the base of analysis of the focal mechanisms
of earthquakes in the Northern and Central Tien
Shan it has been noted [Krestnikov et al., 1987,
Yunga, 1990] that diversity of the source mech-
anisms is typical for the studied territory, and
the most frequent focal mechanisms are thrust,
oblique-slip and normal.

Figure 5 a, b represents the distribution dia-
grams of directions (azimuths) of the compres-
sion P and tension 7 axes. Quantitative depend-
ences on the dip angle of these axes are shown in
the figure 5 c. The azimuths value has been aver-
aged with a step of 5° for dependences construc-
tion, and dip angles value — with a step of 10°.
Most of the compression axes have an azimuth
of 340°, that corresponds to north-northwest-
ern direction, and the major part of these axes
1s in the sector of 330°-360°, azimuths of the ten-
sion axes do not have a pronounced maximum.
Such direction of the compression axes is also
noted by other researchers for the Tien Shan
region [Krestnikov et al., 1987; Yunga, 1990;
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Kurskeev, 2004]. Most of the compression axes
have a zero dip angle (subhorizontal position),
and the major part of the tension axes has a dip
angle close to 60° (subvertical position).

Dynamic parameters

Working sampling of the dynamic pa-
rameters has amounted 150 earthquakes with
M=2.8-6 for 1999-2014 from the SMT catalog.
These earthquakes main characteristics (scalar
seismic moment, moment magnitude, corner
frequency, source radius, stress drop) are pre-
sented in the table 1 (see the appendix). The sca-
lar seismic moment and the moment magnitude
for these earthquakes are taken from the SMT
catalog. The source radius (Brune radius) and
the tangential stress drop are calculated.

Together with the dynamic parameters for
each earthquake, we have included in the table
date, epicenter, depth, energy class, earthquake

magnitude converted from the class K by
the formula [Rautian, 1960], as well as number
of seismograms, on which the SMT solution
has been obtained. Dependences of the cor-
ner frequency f,, the scalar moment M,
the source radius 7 and the stress drop on ener-
gy characteristics are shown in the figures 6-8.
We have chosen the magnitude M, converted
from the class K, as energy characteristics,
and the moment magnitude M , determined
when the seismic moment tensor calculating.
For all considered dependences the correlation
factors are determined, their values are speci-
fied in the figures.

The corner frequency for considered class
of events (M = 2.8-6) varies from 0.1 to 8.9 Hz
(fig. 6), that corresponds to the rupture time
in a source 1-0.11 s. The corner frequency f,
and the scalar seismic moment M, from which
the moment magnitude M is determined, are

Figure 4. Epicenter location and the focal mechanisms of earthquake sources from the catalog of seismic moment ten-
sors (284 events). The KNET stations are designated with the triangles.
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Figure 5. Distribution of: a — azimuths of the compression axes P; b — azimuths of the tension axes T} ¢ — dip angle

values of both compression and tension axes.

obtained in the different studies. Nevertheless,
distribution of the corner frequency depending
on the M, is described with a linear model better
than that depending on the M. The variance val-
ue of distribution of the deviations from a linear
model for the magnitude M amounts D = 389,
and for the magnitude M — 322.

The scalar seismic moment for the con-
sidered class of events varies within the
range from 2.03-10" to 4.3-10" N-m. M, de-
pendence on M is described well with a lin-
ear model with positive dip angle: the higher
is the magnitude, the higher the value of the
scalar seismic moment (fig. 7). This depend-

ence can be described with the expression
lg(M,) = 10.6 + 1.03M, that fully corresponds
to the expression lg(M,) =8.4 + 1.6M from
the work [Riznichenko, 1985] (where M rep-
resented in N'm), and also to the expression,
obtained for the earthquakes of the Northern
Tien Shan 1g(M) = 10.1 + 1.1M [Sycheva, Bo-
gomolov, 2016]. Values deviation relative to
the trend line has lowest variance for the events
with M >4.5. Dependence of 1g(M,) on M is a
linear function, as the moment magnitude is de-
termined from the seismic moment and directly
depends on it [Kanamori, 1977].

The source radius (Brune radius) for the
studied events varies from 150 to 1280 m.

Figure 6. The corner frequency f, dependence on the magnitude M, determined by the earthquake class (a), and the mo-

ment magnitude M_ (b).
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Figure 7. Dependence of the scalar seismic moment loga-
rithm on the magnitude M, determined by the earthquake
K-class.

The Brune radius dependence on M is presented
in the figure 8 a, and on M — in the figure 8 b.
Direct relation between the Brune radius and the

corner frequency (equation (1)) is also reflected
in presented distributions: dispersion of the val-
ues of the Brune radius depending on the M is
less than depending on M.

According to the table 1 (see the appendix)
the stress drop, varies from ~0.2 to ~130 MPa.
Dependences of stress drop distribution
on two magnitudes (M and M ) are presented
in the figure 8 ¢ and 8 d: the stress drop depend-
ence on M has lowest dispersion than on M,
that is also explained with theoretical relation
of the stress drop with the Brune radius and
the scalar seismic moment.

Analysis of the factor of considered de-
pendences correlation has shown its value to
be higher for the moment magnitude M  than
for the M. High correlation level (0.81) is ob-
tained for the scalar seismic moment, and the
least one — for the stress drop (0.43, 0.62 — for M

Figure 8. The radius 7 (a, b) and the stress drop Ac (¢, d) dependences on the magnitude M, determined from the earth-

quake class X (a, c), and the moment magnitude M _ (b, d).
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Figure 9. The stress drop distribution dependences on magnitude for the earthquakes: a — with Ac < 20 MPa (black)
and with Ac > 20 MPa (red); b — with M < 3.6 (black) and with M > 3.6 (red).

and M respectively), that may point to weak re-
lation between this characteristic and the magni-
tude of event. The value of correlation factor is
a little higher for the source radius (0.55, 0.66).
Dependence of the stress drop distribution
on the magnitude M is presented in the fig-
ure 9. Besides, we separately consider and de-
scribe by a linear model the events samplings
with Ac < 20 MPa and Ac > 20 MPa (fig. 9 a),
as well as dependences of the stress drop Ac for
the events with M <3.6 and M > 3.6 (fig. 9 b).
In the graphs the value of the correlation factor
of considered dependences is also presented.
The samplings, marked in the figure 9 with black
color, are described by a linear model with small
angle factor, i.e. the stress drop has slightly vari-
able values within the considered range of the
magnitudes. Linear models describing the sam-
plings and marked with red have greater angle
factor. However, there is a significant disper-
sion of values on both sides of the model line
within the considered range. The correlation
factor of the stress drop and moment magni-
tude for the considered samplings has low val-
ues, that may testify to small dependence of the
stress drop on the earthquake magnitude.
Lode—Nadai factor distribution and the stress
drop. In order for gaining an idea of the defor-
mation of the Earth crust as a whole, the Lode—
Nadai factor u_  is used. It does not depend
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on the tensor’s coordinate representation and
may be considered as its invariant characteris-
tic. It is worth noting, that, according to [Filin,
1975], when u = 1 the deformation has a form
of a simple compression (uniaxial compres-
sion) (when x> 0 the compressive deforma-
tion prevails), when u, = -1 the deformation
has a form of a simple tension (uniaxial ten-
sion) (when u_ < 0 the tensile deformation pre-
vails), when x_ = 0 the deformation has a form
of a simple shear (pure shear). The figure 10
shows the distribution of the Lode—Nadai fac-
tor u , calculated on the grounds of the focal
mechanisms of earthquakes sources from the
SMT catalog (see the figure 4, 284 events) by
the methodology, described in the works [Yun-
ga, 1990; Sycheva, Mansurov, 2017].
According to the figure 10, the major part
ofthe studied territory is characterized by the de-
formation with domination of triaxial state be-
tween the pure shear and uniaxial compression
(1, > 0.2). High value of this factor is typical
for the central and eastern parts of the Kyrgyz
Range, western part of the Terskey and Kun-
gey Alatau surrounding the Issyk-Kul depres-
sion, the Kochkor depression area, the eastern
part of the At-Bashy Range, the Naryn-Tau
and the central part of the Talas-Fergana Fault.
In the western part of the Kyrgyz Range,
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the deformation zone with domination of tri-
axial state between the pure shear and uniaxial
tension (u < —0.2) is located. Also, in the stud-
ied territory the zones of a pure shear (depres-
sions, see the figure 10) are distinguished. They
alternate with mentioned above deformation
regimes in the zone parallel with the Talas-Fer-
gana Fault and extended from south to north.
On the same map we marked the mechanisms
of sources of 150 earthquakes of 1999-2014
with M = 2.8-6, for which the dynamic parame-
ters had been calculated. The focal mechanisms
of the earthquakes are marked with different
colors depending on the value of the stress drop
(see explanation to the figure 10). The major part
of the «colored» events has thrust focal mecha-
nism, and the minor part — strike-slip reverse
mechanism. Significant stress drop is observed
in the central part of the Talas-Fergana Fault,

at the end-areas of the Baibiche-Tau Range,
in the eastern part of the Moldo Too Range, in
the foothills of the western part of the Kyrgyz
Range and in its eastern margin, as well in the
western part of the Terskey and Kungey Alatau
ranges. Absence of the stress drop is marked
in a joint zone of the Kyrgyz Range and Chuy
depression from 74.5° to 75.5° E. The same
area of the significant stress drop absence is
distinguished in the work [Sycheva, Bogomolov,
2016]. The most of events with Ac > 10 are lo-
cated in the zones, characterized by deformation
with domination of triaxial state between the pure
shear and uniaxial compression. The events with
Ac <1 MPa and 1 < Ac < 10 are mostly located
in the same areas. The events with Ac > 10 MPa
are absent in the Suusamyr depression ant its vi-
cinity. It indicates possibly that the stress drop
occurred in this area as a result of the Suusamyr

Figure 10. The Lode—Nadai factor u_ distribution and epicentral location of 150 events of 1999-2014 with M = 2.8-6
(table 1, see the appendix) and their focal mechanisms. Red color of the focal mechanism — the earthquakes with
Ac > 10 MPa (40 events), green — 1< Ac < 10 MPa (87 events), blue — Ac < 1 MPa (23 events). The regional faults are

marked with black lines.
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earthquake (19.08.1992, M = 7.3). In the work
[Sychev et al., 2019] the earthquakes catalogue
and aftershock sequence of the Suusamyr
earthquake have been considered in the context
of nonequilibrium thermodynamics with us-
ing the Tsallis statisitics, generalizing the clas-
sic Boltzmann-Gibbs statistics [Tsallis, 1988;
Chelidze et al., 2018]. The differences in g-
parameter of the Tsallis statistics have been
revealed before and after the Suusamyr earth-
quake. Also, an abrupt increase of cross-corre-
lations took place in the studied region before
the main shock, with the sharp decrease imme-
diately after it, and further return to the average
value, observed before the mainshock.

Conclusion

Based on the waveform inversion method,
we determined the seismic moment tensors for
177 earthquakes with K > 10.5, occurred from
2007 to 2017 in the territory of the Central Tien
Shan. Obtained solutions have been included
in the SMT catalog. The final catalogue in-
cludes the parameters of 284 events, occurred
in 19962017 Some its characteristics are pre-
sented. The diagrams of the azimuths of princi-
pal stresses axes are constructed: the major part
of compression axes falls in the sector with a di-
rection of 330-360°, most of them have an an-
gle of 340°, the azimuths of tension axes do not
have an explicit maximum. The dominant part
of compression axes is characterized with near-
horizontal position and tension axes — with near-
vertical one. A majority of earthquakes occurred
in the studied territory are of thrust and strike-
slip reverse type of fault, and the minority —
strike-slip faults and incisions. Only small frac-
tion of the events has a normal and oblique-slip
type of focal mechanism.

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

For the 150 earthquakes with M = 2.8-6
from the seismic moment tensors catalogue
the dynamic parameters have been calculat-
ed: the source radius 7 and the stress drop Ac.
The dependences of the scalar moment distri-
bution, the source radius and the stress drop
on the magnitude M converted from the class
K, and the moment magnitude M_have been
constructed. The correlation coefficients of the
dynamic parameters and the moment magni-
tude are higher than that of the dynamic pa-
rameters and the magnitude converted from the
class. Weaker correlation takes place between
the stress drop Ac and the magnitude in com-
parison with the correlation between the scalar
seismic moment and the magnitude, as well as
between the source radius and the magnitude.

The Lode—Nadai factor x_distribution, con-
structed on the base of the seismic moment cat-
alogue, demonstrates that the most part of the
studied territory is in the conditions of deforma-
tion with triaxial state between the pure shear
and uniaxial compression domination (x_> 0.2),
in the north-western part the deformation area
with of triaxial state between the pure shear and
uniaxial tension domination (u < —0.2) is dis-
tinguished, for the major part of the depressions
the pure shear deformation (0.2 < < 0.2)
is typical. Values of the Lode—Nadai factor are
compared with values of the stress drop Ac for
the 150 earthquakes. The significant stress drop
is character for the areas with the deformation
of a simple compression prevailing. Absence
of the significant stress drop in the territory of the
Suusamyr depression and its vicinity is noted.
This may be a signature of nonlocal stress un-
loading resulted from the Suusamyr earthquake
(19.08.1992, M = 7.3) and its aftershocks (more
than 2000).
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Appendix /[Ipuioxenue

Table 1. Some parameters of the 150 earthquakes of 1999-2014, M = 2.8-6 and their dynamic parameters
Tabnuya 1. Xapakrepuctuku 150 3emaerpsicennii 1999-2014 rr. ¢ M =2.8—-6 u uxX ITMHAMHYeCKHE MapaMeTPbI

Ne Date Time ©° A° |H,km| K M Mﬁ_rlr?m M, | f,Hz| r,m ﬁg’a N,
1 |14.04.1999 12:41:22.19 | 43.64 7450 1590 10.66 03.70 1.01 327 559 233 348 6
2 124.05.1999 07:39:21.39 | 42.66 75.04 06.80 10.65 03.69 1.15 331 488 267 264 7
3 |13.02.2000 09:46:07.60 | 41.71 73.00 04.10 12.02 0446 13.8 4.03 393 332 16.52 7
4 101.07.2000 20:33:58.86 | 41.16 73.63 00.00 11.75 0431 546 443 269 485 21.00 10
5 114.07.2000 08:22:46.84 | 41.38 73.17 00.10 10.62 03.68 185 4.11 242 539 517 13
6 |28.07.2000 08:56:26.91 | 42.58 74.80 1620 11.19 0399 132 335 404 323 172 15
7 108.08.2000 01:15:07.58 | 42.24 76.89 0020 12.72 04.84 181.0 4.77 2.00 652 28.56 8
8 102.03.2001 06:18:30.26 | 40.88 74.08 00.00 10.62 03.68 528 3.75 235 555 135 7
9 110.04.2001 00:13:24.43 | 41.77 73.19 00.00 1032 03.51 401 3.67 223 585 0.88 10
10 {09.05.2001 11:14:16.23 | 41.74 73.08 00.00 10.04 0336 134 340 235 555 034 19
11 (22.05.2001 15:02:33.55 | 42.15 76.18 13.20 12.06 04.48 161 4.08 195 668 236 17
12 (08.07.2001 11:51:52.68 | 42.14 7498 14.10 11.18 03.99 1.60 341 640 204 827 10
13 {18.08.2001 01:12:04.20 | 42.17 73.25 05.80 10.04 0336 1.10 3.14 3.83 340 122 7
14 {20.08.2001 01:27:05.74 | 42.14 7498 0690 1047 03.59 1.64 341 383 340 1.82 11
15(13.09.2001 12:00:30.35| 41.30 75.63 0090 11.56 04.20 422 435 3.73 349 4325 8
16 (09.10.2001 00:24:30.84 | 42.01 76.40 00.00 11.31 04.06 5.07 3.74 248 526 1.53 8
17 [18.11.2001 01:28:55.44 | 42.59 74.14 06.50 12.65 04.81 20.0 4.14 334 390 1470 15
18 {26.02.2002 01:37:22.48 | 42.74 73.09 00.00 1147 04.15 423 3.69 488 267 9.72 11
19 {28.03.2002 22:36:21.12 | 41.60 73.29 0520 1140 04.11 294 358 623 209 1404 14
20 {17.06.2002 21:03:47.98 | 42.14 73.75 0790 10.97 03.87 256 354 415 314 3.62 14
21 (31.08.2002 17:46:38.13 | 41.59 73.27 10.00 1041 03.56 080 321 343 380 0.64 8
22 (27.10.2002 01:26:38.65 | 42.92 76.23 07.00 10.26 03.48 1.05 329 559 233 3.64 6
23 108.12.2002 22:10:39.77 | 41.87 72.40 00.10 1091 03.84 620 380 157 830 047 11
24 (21.02.2003 10:35:22.15 | 42.53 7447 13.10 11.66 0426 2.10 349 544 240 6.68 8
25109.03.2003 00:32:05.75 | 41.23 7297 00.10 11.68 0427 1.17 465 179 728 1327 19
26 (22.05.2003 18:11:55.01 | 42.99 72.81 07.00 1426 0570 143 537 133 980 66.60 14
27 (22.05.2003 19:03:57.95| 4299 72.82 05.70 11.02 0390 333 362 325 401 226 5
28 (22.05.2003 19:34:47.18 | 43.06 72.83 06.60 11.21 04.01 353 363 334 390 2.60 10
29(23.05.2003 00:16:04.86 | 43.00 72.81 0640 1147 04.15 8.07 3.87 6.76 193 4924 14
30 (25.05.2003 22:44:22.26 | 42.98 72.81 12.20 10.14 0341 1.11 330 2.69 485 043 9
31 (28.07.2003 04:57:29.84 | 41.64 74.67 02.80 11.44 04.13 675 382 343 380 538 16
32 |26.08.2003 18:58:17.38 | 40.98 74.94 00.90 10.37 03.54 659 382 292 446 324 11
33 106.10.2003 02:51:34.14 | 41.25 76.45 00.00 11.13 0396 534 375 2.69 485 2.05 12
34 (06.10.2003 16:42:13.93 | 42.50 74.48 1640 1195 0442 219 350 415 314 3.09 13
35(18.11.2003 06:49:56.55 | 41.26 76.46 00.00 10.83 03.79 2.07 348 3.00 434 1.11 9
36 [16.01.2004 09:06:17.90 | 42.55 75.30 14.00 13.68 0538 792 454 126 1035 3.13 17
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M,, 10"

Ao,

No Date Time ©° A° |H,km| K M Nem M,  |f,Hz| r,m MPa N
37125.04.2004 04:15:18.19 | 41.54 7493 1550 10.85 03.81 239 352 383 340 2.65 10
38102.06.2004 17:15:10.82 | 42.28 7491 1790 1325 05.14 36.7 431 1.95 668 538 16
39 102.08.2004 18:20:11.89 | 41.35 72.90 00.60 09.88 03.27 154 339 235 555 0.39 6
40 [26.08.2004 20:23:22.86 | 41.85 72.56 00.00 10.49 03.61 1.80 3.44 1.61 810  0.15 6
41 15.10.2004 13:45:56.82 | 41.02 74.56 00.00 11.25 04.03 7.78 386 427 305 1197 8
42127.11.2004 12:42:54.30 | 42.61 74.84 15.10 10.57 03.65 093 325 3.00 434 0.50 14
43129.11.2004 00:44:54.94 | 41.62 7531 17.00 11.78 0432 129 401 544 240 40.99 19
44 120.04.2005 17:48:53.10 | 42.41 7649 06.70 11.33 04.07 443 3770 334 390 3.26 13
4508.06.2005 21:05:21.44 | 42.16 75.09 1720 10.63 03.68 098 326 4.63 282 1.93 8
46 120.06.2005 14:25:01.50 | 42.77 7438 2330 1195 0442 233 351 463 282 456 14
47105.07.2005 03:07:24.82 | 41.60 74.76 18.40 1247 04.71 333 428 343 380 26.53 6
48 107.07.2005 19:22:05.42 | 42.66 74.84 11.90 10.89 03.83 127 334 3.00 434 0.68 9
49107.07.2005 21:00:07.50 | 42.65 74.82 11.00 10.78 03.77 132 335 242 539 037 12
50 (03.10.2005 09:28:26.24 | 42.65 74.82 1190 10.75 03.75 082 321 277 471 0.35 8
51 (08.10.2005 06:25:58.93 | 42.10 76.05 06.80 1234 04.63 382 433 438 298 63.48 13
52127.12.2005 00:55:30.54 | 42.71 75.89 06.20 11.60 0422 3.60 3.64 6.76 193 21.99 12
53 128.12.2005 01:52:48.29 | 42.69 75.41 1250 11.92 0440 192 412 144 905 1.13 12
54129.12.2005 08:50:32.76 | 42.69 7539 0640 10.51 03.62 1.5 339 427 305 235 8
55101.01.2006 08:56:53.85 | 42.60 75.25 2220 1097 03.87 336 3.62 223 585  0.73 6
56 127.03.2006 09:49:33.57 | 42.16 73.23 00.00 09.88 03.27 198 347 427 305 3.05 9
57 124.05.2006 13:17:54.27 | 42.67 7296 12.60 11.65 04.25 13.8 4.03 488 267 3173 19
58 112.06.2006 17:53:49.37 | 41.44 7584 01.20 09.79 0322 293 358 559 233 10.10 11
59 108.07.2006 18:58:20.37 | 41.61 73.25 13.50 10.46 03.59 239 352 3.73 349 245 8
60 (13.07.2006 10:09:30.85 | 42.76 75.85 11.10 09.47 03.04 1.19 332 438 298 1.98 5
61(22.07.2006 05:08:23.35| 41.67 76.13 0740 10.09 0338 0.87 3.23 438 298 1.44 7
62 124.07.2006 15:53:48.77 | 41.64 73.15 08.30 1053 03.63 320 3.61 590 221 1296 7
6330.07.2006 11:48:16.11 | 41.65 72.67 03.00 11.80 0433 68.1 449 3.63 359  64.34 11
64 [30.07.2006 13:13:40.61 | 41.67 72.78 00.00 10.05 0336 1.10 330 530 246 324 7
65 [13.08.2006 06:10:13.41 | 41.65 72.75 00.00 11.95 0442 204 4.14 2.05 636 347 17
66 |15.08.2006 18:58:22.87 | 42.60 75.11 10.20 10.18 03.43 1.17 331 463 282 2.28 10
67 [18.08.2006 15:41:10.87 | 41.67 72.75 00.00 10.56 03.64 243 353 292 446 1.19 7
68 [29.08.2006 07:54:16.36 | 41.69 72.83 00.00 10.33 03.52 236 352 530 246 6.95 5
69 [22.10.2006 11:01:32.21 | 42.16 73.36 06.60 1093 03.85 3.64 3.64 3.63 359 343 9
70108.11.2006 02:21:26.94 | 42.56 7536 18.60 13.37 0521 9420 459 248 526 2837 21
71108.11.2006 02:26:50.84 | 42.57 7535 20.10 1094 03.86 3.70 3.65 4.75 274 7.84 4
72 125.12.2006 20:00:58.32 | 42.11 76.03 00.10 14.83 06.02 4370.0 5.70 1.02 1278 91.51 12
73102.01.2007 04:06:54.03 | 42.31 77.97 0040 09.99 0333 580 3.78 427 305 8.91 6
74102.03.2007 12:57:05.93 | 41.27 73.04 01.60 09.82 03.23 0.54 3.09 575 227 2.01 4
75120.03.2007 03:17:54.83 | 41.34 73.54 04.60 10.75 03.75 339 3.62 559 233 11.70 4
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76 [27.05.2007 01:30:53.75| 41.74 73.05 14.40 11.75 0431 11.6 398 2.05 636 198 18
77106.06.2007 11:09:25.58 | 42.57 75.40 13.00 13.25 05.14 1350 4.69 184 708 16.65 21

Ne Date Time ©° A |H,km| K M

78 109.10.2007 16:00:41.39 | 42.98 77.67 00.00 12.82 04.90 803 454 229 569 19.05 7
79 121.10.2007 14:08:44.42 | 42.57 7535 13.60 1096 03.87 121 333 242 539 034 7
80 [04.01.2008 15:38:16.48 | 43.36 75.41 07.00 10.75 03.75 276 3.56 640 204 14.27 6
81 08.01.2008 18:04:13.75 | 42.05 7520 16.80 11.00 03.89 142 337 334 390 1.04 5
82 (12.01.2008 01:53:05.09 | 43.28 74.85 13.00 10.09 03.38 032 294 502 260 0.79 6
83 130.01.2008 15:28:43.39 | 41.63 73.19 11.20 10.29 0349 2.01 347 475 274 426 7
84 103.02.2008 04:57:07.55 | 41.94 76.47 00.00 09.99 0333 157 340 373 349 1.6l 8
85104.04.2008 07:21:26.61 | 41.54 72.60 10.00 41.80 21.00 126 334 383 340 140 7
86 [25.06.2008 21:09:29.86 | 41.30 73.89 00.70 1028 0349 496 373 383 340 5.50 18

87119.08.2008 19:52:39.54 | 41.32 75.70 00.10 0943 03.02 0.64 3.14 404 323 0.83 6
88 (21.08.2008 17:19:51.67 | 41.97 76.02 14.20 11.78 0432 144 404 269 485 552 19
89 120.09.2008 04:15:52.27 | 42.27 74.86 21.70 10.60 03.67 080 320 7.33 178  6.20 4
90 {19.10.2008 01:27:14.11 | 41.34 75776 07.10 09.66 03.14 3.53 3.64 886 147 4847

91(02.11.2008 17:58:26.98 | 42.71 76.49 04.10 1031 03.51 141 337 7.53 173 11.92 5
92 103.12.2008 04:26:28.64 | 42.68 73.20 11.00 12.75 04.86 61.7 446 242 539 1727 19
93122.01.2009 12:55:14.19 | 42.61 74.49 1690 09.86 03.26 148 338 6.07 215 6.54 4
94101.02.2009 11:25:38.02 | 42.75 73.86 1490 1229 04.61 9.07 391 3.83 340 10.06 15
95127.04.2009 20:04:12.18 | 42.97 72.41 08.80 12.85 04.92 2360 4.85 141 924 13.06 11
96 [05.05.2009 06:19:05.59 | 41.47 73.50 00.00 09.93 03.29 1.73 343 3.00 434 0.92 7
97 116.05.2009 05:38:46.20 | 42.59 74.19 06.00 10.10 0339 082 321 7.14 183  5.89 7
98 [24.05.2009 00:08:40.93 | 42.61 74.60 12.60 10.54 03.63 041 3.01 6.58 198 230 11
99 125.07.2009 14:57:10.42 | 42.58 75.71 12.10 1046 03.59 185 345 3.00 434 099 8
100{07.08.2009 04:32:46.39 | 42.01 75.72 05.60 11.80 0433 422 3.69 404 323 549 7
101{24.09.2009 07:57:10.94 | 42.08 77.51 0820 11.85 0436 900 457 415 314 12710 5
102|11.10.2009 06:25:45.82 | 43.14 7497 20.10 11.69 0427 521 375 229 569 1.24 4
103(02.11.2009 19:46:34.03 | 41.67 75.01 17.80 10.39 03.55 1.71 342 6.76 193 1041 3
104|07.12.2009 18:05:51.07 | 41.35 75.86 00.00 10.15 0342 222 350 242 539 0.62 13
105(22.12.2009 05:54:31.37 | 41.75 73.14 00.10 11.04 0391 509 3.74 1.6l 810 042 15
106(24.12.2009 02:15:46.95 | 42.88 7245 14.40 11.17 0398 872 390 242 539 244 7
107(02.03.2010 01:55:36.02 | 42.43 75.66 19.30 13.34 05.19 232.0 485 223 585 50.71 16
108(02.03.2010 04:17:40.13 | 42.44 75.65 1990 1095 03.86 2.18 350 530 246 6.42 9
109(03.06.2010 10:36:14.15 | 41.88 76.70 02.40 09.46 03.03 1.83 344 623 209 8.73 10
110{24.07.2010 04:19:32.96 | 41.42 73.11 0020 09.53 03.07 1.60 341 427 305 246 5
111{09.09.2010 18:31:50.35| 42.31 75.15 18.80 11.04 0391 0.65 3.14 575 227 242 8
112(20.09.2010 09:07:15.09 | 41.59 73.19 1220 10.17 0343 228 351 3.17 411 1.43 4
113|29.09.2010 07:30:07.97 | 42.25 7545 17.10 10.01 0334 062 3.13 774 168 5.65 4
114|27.10.2010 04:48:02.87 | 41.46 73.24 10.80 11.80 0433 202 414 152 858 1.40 24
115/19.12.2010 19:12:48.85 | 42.54 7470 06.90 09.84 0324 020 281 7.74 168 1.86 5
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Mﬁ;fm M, |f,Hz| r,m 16[%@1 -
116[18.03.2011 09:36:26.66 | 43.02 7495 1630 12.19 0455 10.6 395 383 340 1174 17
117(23.03.2011 20:19:43.71 | 43.02 74.89 18.50 1049 03.61 245 353 544 240 779 7
118[09.04.2011 12:30:24.93 | 42.02 74.84 20.60 1249 0472 290 424 1.65 790 257 21
119[02.12.2011 00:24:02.64 | 42.52 7626 00.10 10.72 03.73 5.62 377 277 471 236 11
120[16.12.2011 03:14:40.13 | 42.30 75.88 1320 1020 03.44 097 326 607 215 428 8
121]24.12.2011 09:20:07.10 | 41.64 73.19 1120 11.96 0442 210 415 277 471 880 12
12205.02.2012 07:10:18.06 | 41.57 7479 17.10 12.79 04.88 1420 471 116 1124 439 21
123/10.02.2012 06:49:17.11 | 42.94 7457 1580 10.15 0342 042 3.02 795 164 412 9
124[19.02.2012 05:23:03.04 | 43.66 76.64 02.50 09.80 0322 2.13 349 334 390 157 8
125[20.02.2012 02:23:56.17 | 41.48 73.13 00.00 10.80 03.78 66.0 448 255 511 2161 15
126(20.02.2012 04:18:07.52 | 41.32 72.85 00.10 09.57 03.09 213 416 277 471 893 16
127]28.03.2012 12:54:01.43 | 4249 7473 16.80 1042 03.57 051 3.08 733 178 397 14
128[16.05.2012 03:26:40.57 | 42.48 7492 1590 10.63 03.68 041 301 530 246 1.19 12
129(27.08.2012 00:24:59.09 | 41.32 7553 03.10 10.08 0338 4.00 3.67 590 221 1624 11
130[29.09.2012 21:35:04.01 | 41.69 73.04 09.10 1021 03.45 2.04 348 195 668 030 15
131[14.10.2012 16:30:08.24 | 40.90 74.14 00.00 1036 03.53 215 416 161 810 177 8
13215.11.2012 16:07:43.48 | 41.65 74.58 18.10 09.80 0322 6.51 381 393 332 780 5
133]28.11.2012 05:30:08.53 | 41.89 77.70 0030 11.62 0423 176 410 200 652 278 7

6

5

Ne Date Time ©° A |H,km| K M

134(29.11.2012 18:18:46.58 | 40.95 74.84 00.00 09.64 03.13 582 3778 516 253 1580

135/04.04.2013 16:07:21.72 | 42.62 75.54 2030 1037 03.54 032 294 695 188  2.15

136/02.05.2013 04:52:25.03 | 42.20 73.63 0620 10.59 03.66 341 3.63 255 511 1.12 14
137(06.06.2013 03:03:07.42 | 42.27 76.43 2330 1025 0347 066 3.15 676 193  4.05 12
138(24.06.2013 00:59:55.09 | 42.15 76.10 14.40 09.99 0333 036 297 7.74 168 3.27 6
139|15.07.2013 18:19:08.03 | 42.49 74.89 1420 1047 0359 033 295 817 160 3.58 9
140|25.07.2013 03:39:16.67 | 41.37 75.72 08.90 1044 03.58 1.02 328 817 160 11.01 22
141120.09.2013 16:28:25.99 | 42.34 76.50 06.80 11.46 04.14 154 406 516 253 4190 11
142|21.09.2013 04:03:34.86 | 41.95 76.15 03.00 09.59 03.11 0.69 3.16 415 314 097 5
143(17.10.2013 06:19:21.09 | 42.63 7498 09.30 10.59 03.66 049 3.06 7.53 173 4.11 7
144|23.11.2013 09:42:06.75 | 42.43 75.69 09.90 1346 0526 101.0 4.61 334 390 74.12 8
145|21.01.2014 20:46:36.20 | 42.11 75.14 14.70 1233 0463 138 4.03 373 349 1416 14
146/ 14.02.2014 18:43:03.71 | 42.30 76.01 15.90 10.07 0337 0.73 3.18 4.04 323 0095 6
147|22.02.2014 04:24:12.46 | 41.47 74.65 00.00 4720 24.00 1.10 330 277 471 046 6
148|27.04.2014 14:04:51.57 | 41.84 72.80 00.10 09.09 02.83 0.63 3.13 530 246 1.84 6
149|13.05.2014 01:18:44.89 | 42.27 75.05 06.70 11.02 0390 299 359 438 298 496 13
150|28.05.2014 02:25:58.35| 4249 7480 12.10 11.88 0438 4.10 3.68 427 305 6.30 15

Note. ¢ — latitude, A — longitude, H — depth, K — class, M — magnitude, f, — corner frequency, M — scalar seismic moment, 7 — source
radius, Ac — stress drop, N —number of seismograms, on the which base the seismic moment tensor is obtained.

Ilpumeuanue. ¢ — mmpora, A — nonrora, H — raybuna, K — knacc, M — MarHuTy#a, f, — ymioBas 4actora, M, — cKalsApHBIH
CeHCMUYECKUI MOMEHT, 7 — pajiuyc odara, AG — cOpoc HanpsukeHUi, N | — KOIMYECTBO CEHCMOTpaMM, Ha OCHOBE KOTOPBIX TIOJTy4eH
TEH30p cellcMUYeCKOro MOMEHTa

FEOCUCTEMBI NEPEXOAHbIX 30H Tom 4 Ne2 2020 207



SEISMIC MOMENT TENSOR AND DYNAMIC PARAMETERS OF EARTHQUAKES IN THE CENTRAL TIEN SHAN

208

References

1. Abercrombie R.E., Rice J.R. 2005. Can observations of earthquake scaling constrain slip weakening?
Geophysical J. International, 162: 406—424. https://doi.org/10.1111/1.1365-246x.2005.02579.x

2. Brune J.N. 1970. Tectonic stress and the spectra of seismic shear waves from earthquakes. J. of Geo-
physical Research, 75(26): 4997-5009. https://doi.org/10.1029/jb0751026p04997

3. Brune J.N. 1971. Corrections. J. of Geophysical Research, 76: 5002.

4. Chelidze T. et al. (eds) 2018. Complexity of seismic time series: Measurement and application. Amster-
dam, Netherlands: Elsevier, 548 p. https://doi.org/10.1016/¢2016-0-04546-1

5. Dziewonski A.M., Chou T.-A., Woodhouse J. H. 1981. Determination of earthquake source parameters
from waveform data for studies of global and regional seismicity. J. of Geophysical Research: Solid Earth,
86(B4): 2825-2852. https://doi.org/10.1029/jb086ib04p02825

6. Eshelby J.D. 1957. The determination of elastic field of an ellipsoidal inclusion and related problems.
Proceedings of the Royal Society of London, A241(1226): 376-396. https://doi.org/10.1098/rspa.1957.0133

7. Filin A.P. 1975. [Applied mechanics of deformable solids], vol. 1. Moscow: Nauka, 832 p. (In Russ.).

8. Fukahata Yu., Yagi Y., Matsu’ura M. 2003. Waveform inversion for seismic source processes using
ABIC with two sorts of prior constraints: Comparison between proper and improper formulations. Geophysi-
cal Research Letters, 30. https://doi.org/10.1029/2002g1016293

9. Geologicheskaia karta Kirgizskoi SSR [Geological map of the Kyrgyz SSR]. 1980. [On a scale 1 : 500 000].
Ed.-in-Chief S.A. Igemberdiev. Leningrad: MinGeo USSR, 6 sheets. (In Russ.).

10. Kanamori H. 1977. The energy release in great earthquakes. J. of Geophysical Research, 82(20):
2981-2987. https://doi.org/10.1029/jb0821020p02981

11. Kikuchi M., Kanamori H. 1991. Inversion of complex body waves-II1. Bulletin of the Seismological
Society of America, 81(6): 2335-2350.

12. Kocharyan G.G. 2016. Geomekhanika razlomov [Geomechanics of faults]. Moscow: GEOS, 424 p.
(In Russ.).

13. Kohketsu K. 1985. The extended reflectivity method for synthetic nearfield seismograms. J. of Phys-
ics of the Earth, 33: 121-131. https://doi.org/10.4294/jpe1952.33.121

14. Kostyuk A.D. 2008. [The mechanisms of earthquakes sources of intermediate intensity at the North-
ern Tien Shan]. Vestnik Kyrgyzsko-Rossiiskogo Slavianskogo universiteta [Vestnik of the Kyrgyz-Russian
Slavic Univercity], 8(1): 100—105. (In Russ.).

15. Kostyuk A.D., Sycheva N.A., Yunga S.L., Bogomolov L.M., Yagi Y. 2010. Deformation of the Earth’s
crust in the Northern Tien Shan according to the earthquake focal data and satellite geodesy. Izvestiya, Physics
of the Solid Earth, 46(3): 230-243.

16. Krestnikov V.N., Shishkin E.I., Shtange D.V., Yunga S.L. 1987. [Stressed state of the Earth crust
of the Central and Northern Tien Shan]. Izv. AN SSSR, Fizika Zemli = Izvestiya, Physics of the Solid Earth,
3: 13-30. (In Russ.).

17. Kurskeev A K. 2004. Zemletriaseniia i seismicheskaia bezopasnost’ Kazakhstana [Earthquakes and
seismic safety of Kazakhstan]. Almaty: Evero, 501 p. (In Russ.).

18. Kurskeev A.K., Belosliudtsev O.M., Zhdanovich A.R., Serazetdinova B.Z., Stepanov B.S., Uzbe-
kov N.B. 2004. Seismologicheskaia opasnost’ orogenov Kazakhstana [Seismic hazard for the orogens of
Kazakhstan]. Almaty: Evero, 294 p. (In Russ.).

19. Lay T., Wallace T. (eds) 1995. Modern global seismology. San-Diego: Academic Press, 517 p. (Inter-
national Geophysics; 58).

20. Madariaga R. 1979. On the relation between seismic moment and stress drop in the presence
of stress and strength heterogeneity. J. of Geophysical Research, 84: 2243-2250. https://doi.org/10.1029/
jb084i1b05p02243

21. Puzyrev N.N. 1997. [Methods and objects of seismic research]. Novosibirsk: SO RAN Publ.:
NITsOIGGM, 300 p. (In Russ.).

22. Rautian T.G. 1960. [The energy of earthquakes]. Metody detal 'nogo izucheniia seismichnosti [Meth-
ods of detailed study of seismicity]. Moscow: USSR Acad. of Sci. Publ., 176: 75-114. (In Russ.).

23. Riznichenko Iu.V. 1985. [Problems of seismology]. In.: Izbrannye trudy [Selected works]. Moscow:
Nauka, 408 p. (In Russ.).

24. Scholz C.H. 2019. The mechanics of earthquakes and faulting. 3" ed. Cambridge: Cambridge Univ.
Press, 519 p. https://doi.org/10.1017/9781316681473

25. Scuderi M.M., Marone C., Tinti E., Di Stefano G., Collettini C. 2016. Precursory changes in seismic
velocity for the spectrum of earthquake failure modes. Nature Geoscience, 9(9): 695-700.
https://doi.org/10.1038/ngeo02775

GEOSYSTEMS OF TRANSITION ZONES VoL. 4 No 2 2020


https://doi.org/10.1111/j.1365-246x.2005.02579.x
https://doi.org/10.1029/jb075i026p04997
https://doi.org/10.1016/c2016-0-04546-1
https://doi.org/10.1029/jb086ib04p02825
https://doi.org/10.1098/rspa.1957.0133
https://doi.org/10.1029/2002gl016293
http://www.gps.caltech.edu/uploads/File/People/kanamori/HKjgr77.pdf
https://doi.org/10.1029/jb082i020p02981
https://doi.org/10.4294/jpe1952.33.121
https://doi.org/10.1029/jb084ib05p02243
https://doi.org/10.1029/jb084ib05p02243
https://doi.org/10.1017/9781316681473%20
https://doi.org/10.1038/ngeo2775

GEOPHYSICS, SEISMOLOGY

26. Sim L.A., Marinin A.V., Sycheva N.A., Sychev V.N. 2014. The pattern of the paleo- and present-day
stresses of Northern Tien Shan. Izvestiya. Physics of the Solid Earth, 50(3): 378-392.
https://doi.org/10.1134/S1069351314030100

27.Snoke J.A. 1989. Earthquake mechanisms. In: Encyclopedia of geophysics. Van Nostrand Reinhold
Company, 239-245. https://doi.org/10.1007/0-387-30752-4 2

28.Snoke J.A. 1990. Clyde and the gopher: a preliminary analysis of the 12 May 1990 Sakhalin Island
event. Seismological Research Letters, 61: 161.

29. Snoke J.A. 2000. FOCMEC: FOCal MEChanism determinations: A manual.

URL: www.geol.vt.edu/outreach/vtso/focmec/ (access date: 10.04.2020).

30. Sychev 1.V., Koulakov I., Sycheva N.A., Koptev A., Medved I., Khrepy S.E., Al-Arifi N. 2018. Col-
lisional processes in the crust of the Northern Tien Shan inferred from velocity and attenuation tomography
studies. J. of Geophysical Research: Solid Earth, 123(2): 1752—1769. https://doi.org/10.1002/2017JB014826

31. Sychev V.N., Sycheva N.A. 2018. Programmnyi kompleks CodaQ rascheta dobrotnosti sredy na
osnove modeli odnokratnogo rasseianiia [The CodaQ software complex for the O-factor calculating on the
base of single scattering model]: [authorship certificate 2018610919 (KG); Research Station RAS in Bishkek
city. no. 2017614787]; application 25.05.2017; publ. 19.01.2018. (In Russ.).

32. Sychev V.N., Sycheva N.A., Imashev S.A. 2019. Study of aftershock sequence of Suusamyr earth-
quake. Geosistemy perekhodnykh zon = Geosystems of Transition Zones, 3(1): 35—43. (In Russ.).
doi.org/10.30730/2541-8912.2019.3.1.035-043

33. Sycheva N.A., Bogomolov L.M. 2014. Stress drop in the sources of intermediate-magnitude earth-
quakes in Northern Tien Shan. Izvestiya, Physics of the Solid Earth, vol. 50 (3): 415-426.
https://doi.org/10.1134/s1069351314030112

34. Sycheva N.A., Bogomolov L.M. 2016. Patterns of stress drop in earthquakes of the Northern Tien
Shan. Russian Geology and Geophysics, 57(11): 1635—1645. https://doi.org/10.1016/j.rgg.2016.10.009

35. Sycheva N.A., Mansurov A.N. 2017. Comparison of crustal deformation rates estimated from seismic
and GPS data on the Bishkek Geodynamic Polygon. Geodinamika i tektonofizika = Geodynamics & Tectono-
physics, 8(4): 809-825. https://doi.org/10.5800/gt-2017-8-4-0318

36. Reasenberg P.A., Oppenheimer D. 1985. FPFIT, FPPLOT and FPPAGE: FORTRAN Computer Pro-
grams for Calculating and Displaying Earthquake Fault-Plane Solutions. US Geological Survey Open-File
Report, 85-739. 109 p.

37. Roecker S.W., Sabitova T.M., Vinnik L.P., Burmakov Y.A., Golvanov M.I., Mamatkanova R., Mu-
nirova L. 1993. Three-dimensional elastic wave velocity structure of the Western and Central Tien Shan.
J. of Geophysical Research, 98(B9): 15779-15795. https://doi.org/10.1029/93jb01560

38. Ruff L.J. 1999. Dynamic stress drop of recent earthquakes: Variations within subduction zones. Pure
and Applied Geophysics, 154: 409—431. https://doi.org/10.1007/s000240050237

39. Tsallis C. 1988. Possible generalization of Boltzmann-Gibbs statistics. J. of Statistical Physics, 52(1-2):
479-487. https://doi.org/10.1007/bf01016429

40. Yagi Yu. 2004. Determination of focal mechanism by moment tensor inversion. Tsukuba: IISEE Lec-
ture Note, 51 p.

41. Yunga S.L. 1990. [Methods and results of study of seismotectonic deformations]. Moscow: Nauka,
191 p. (In Russ.).

42. Zemnaia kora i verkhniaia mantiia Tian -Shania v sviazi s geodinamikoi i seismichnost’iu [The Earth
crust and upper mantle of the Tien Shan in connection with geodynamics and seismicity]. 2006. Ed. A.B. Ba-

kirov. Bishkek: Ilim, 116 p. (In Russ.).

About the Author

SYCHEVA Nailia Abdullovna (ORCID 0000-0003-0386-3752), Cand. Sci. (Phys. and Math.), Senior Researcher,
the GPS laboratory, Research Station of the RAS in Bishkek city, Kyrgyzstan, nelya@gdirc.ru

TEOCUCTEMBI NEPEXOQHbLIX 30H Tom 4 Ne2 2020 209


https://doi.org/10.1134/s1069351314030100
https://doi.org/10.1007/0-387-30752-4_2
https://jgr-solidearth-submit.agu.org/cgi-Journal
https://doi.org/10.1002/2017JB014826
https://doi.org/10.30730/2541-8912.2019.3.1.035-043
http://www.sciencedirect.com/science/journal/10687971
https://doi.org/10.1016/j.rgg.2016.10.009
https://doi.org/10.5800/gt-2017-8-4-0318
https://doi.org/10.1029/93jb01560
https://doi.org/10.1007/s000240050237
https://doi.org/10.1007/bf01016429
mailto:nelya@gdirc.ru

FEOMOP®OIOrusi U 3BONIIOYNOHHASI FEOrPA®US1 / GEOMORPHOLOGY AND EVOLUTIONARY GEOGRAPHY

YK 551.248.2,551.89 https://doi.0org/10.30730/gtrz.2020.4.2.210-219.220-229

['unpounsocrazus kak (paxkTop, MOBIUSBIINIMA
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Pe3rome. B cratbe paccmarpuBaroTcst ()akTOphI, BIMSIOLIIME HA XOA MOCJIEIECAHUKOBOW TPaHCIPECCHH
Ha [Ipumopckom nobepexsbe (Teppuropun HeiHenHero [Ipumopckoro kpast) u mwensde Jansuero Bocto-
ka Poccun. OcoOeHHOCTBIO 3TOr0 PeruoHa 0Ka3aJoch 3aMETHOE OTCTABaHUE HACTYIUICHHUS MOps B Hada-
JIe TOJIOLIEHA, [TOCTIe 3aBEPIICHHS XOJIOAHOTO CTauaa mo3IHero apuaca. [Ipuuunoii sToro psia aBTopos
CUUTAET HUCXOAALIMN XapaKTep TEKTOHNUECKUX ABWKCHUH, JOMUHUPYIOLINHA B 3TOM PETHOHE HA MPOTSI-
KEHUH Bcero KaitHo304. OqHako oOHapy)KEHHbIE OAHATHIE CIIebl APEBHUX OEPETOBBIX JTMHUI B IEPHUOA
KJIMMaTHYECKOTO ONTHMYMa TOJIOLEeHa MPOTUBOPEUAT BHIBOLY O PABHOMEPHOM TEKTOHHMYECKOM OITyCKa-
Huu. [Ipenyoxkeno o0bsICHEHNE JAHHOTO IPOTUBOPEUHS KOMIICHCALEH THIPON30CTaTUIECKON Harpy3KH
3a CUET YNPYro-BS3KHX CBOMCTB MaHTHHHBIX CJIOEB MOCJE 3aBEPLICHUS TasHUS JIEAHUKOB IOCIEIHETO
OJICICHEHHs C MOCTYIUICHHEM OOJbIIMX 00BEMOB BOABI B OacceitH SnoHckoro mops. JoMuHupyomye
HHUCXOJSIIINE TEKTOHMUECKUE IBIXKEHHS 3anaHoro 0opra Snonckoro Mops u Ilpumopckoro nobepexbst
[PEPBAIMCH TUAPOU30CTATHYECKH O0YCIOBICHHBIM BO3IbIMAHUEM B ATJIAHTHYECKOE BpeMs 5—6 ThIC. JI.H.
UucnenHsle pacueTsl nocneneaHuKoBol Tpancrpeccuu B mporpammax SELEN 2.9 u SELEN 4 nokasainu,
YTO FMAPOU30CTAaTHUECKOE BIUSHHE IPH yBEIMUCHUN 3HAYEHUH BI3KOCTH MAaHTUHHBIX CIIOEB BEET K 3a-
MEIJICHUIO TpaHcrpeccur. Peonorniyeckne XxapakTepuCcTUKA MaHTUHHBIX CiI0eB B paiioHe [IpuMopckoro
no0epesxbsi UMEIOT 0oJIee HU3KME 3HAYCHUS B CPABHEHUH C SIMOHCKMMHU OCTPOBaMH, PacIolOKEHHBIMH
OJMKe K 30HE COBPEMEHHOH CyOIyKIIHU.

KuroueBble ci10Ba: mocieiaeHUKOBAs TPAHCTPECCHS, BI3KOCTh MaHTHH, THAPOU30CTA3HS, BEPTUKAIb-
Hble JBxeHus, [Ipumopse Jlanbuero Bocroka.

Jna yumuposanun: bynrakos P.®., Adanacse B.B., Urnaros E.W. I'mapousocrasus kak (paxrop, IMOBIUSBIIHNA
Ha XOJI TIOCIIETICAHUKOBON TpaHCIpeccHt Ha 1menbde u mobdepexbe [IpuMophsi, o pe3yiisraraM YUCICHHOTO MOJIe-
nupoBanus. [ eocucmemsl nepexoorwix 301, 2020, T. 4, Ne 2. ¢. 210-219.
https://doi.org/10.30730/gtrz.2020.4.2.210-219.220-229

Effect of hydroisostasy on postglacial transgression
on the shelf and coast of Primorye as revealed
by computer modelling

Rustam F. Bulgakov*!, Victor V. Afanas’ev',|Evgeniy I. Ignatov?

Unstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2 Lomonosov Moscow State University, Moscow, Russia

*E-mail: rbulgakov@imgg.ru

Abstract. Factors affecting the process of postglacial transgression on the shelf and coast of the Primorye
(the territory of modern Primorsky Kray) in the Russian Far East are considered. The main regional feature
consists in a significant lag of the sea level rise at the beginning of the Holocene following the completion
of the Younger Dryas cold stadial. While some researchers explain this phenomenon in terms of descending
tectonic movements that predominated in this region over the course of the Cenozoic era, traces of the Holo-
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cene climatic optimum sea level highstands along the coastline contradict the conclusion that tectonic sub-
mergence was uniform. In order to explain this contradiction, the hypothesis of hydroisostatic load compen-
sation due to the viscoelastic properties of the mantle layers following the end of the last period of glaciation
and involving the influx of huge volumes of water to the basin of the Sea of Japan is proposed. Dominating
tectonic submergences of the western rim of the Sea of Japan and the Primorye coast were interrupted by
hydroisostatic emergence during the Atlantic period between 5—6 ka BP. The use of a computer simulation of
postglacial transgression in the SELEN 2.9 and SELEN 4.0 software environments demonstrates a transgres-
sion lag under hydroisostatic influence along with the increasing viscosity of mantle layers. The viscosity of
mantle layers in the Primorye region is shown to be lower than for the Japanese Archipelago, which is located
closer to the recent subduction zone.

Keywords: postglacial transgression, mantle viscosity, hydroisostasy, vertical movements, Primorye,
Russian Far East.
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Beenenne

[TocnenennukoBas Tpancrpeccus B [Tpumop-
CKOM paiioHe poccuiickoro [lanpHero Bocroka
MPOXOJIUJIa C 3aMETHBIM OTCTaBaHUEM OT TPAHC-
rpeccuu, 00yCIOBICHHOM TOIBKO 3BCTATUYECKUM
(dakTOpOM, TIPU 3TOM BJOJb BCEro MOOEPEKbs
OTMEUAIOTCS TOAHSTHIE BBIIIE COBPEMEHHOTO
YPOBHS MOPSI CIIE/IBI APEBHUX OEPETOBBIX TUHUIA.
ITo manueM [Park et al., 2000; ITnetnes, 2012],
SlnoHckoe Mope Jaxke B MAaKCHUMYM MOCJIEAHETO
OJICICHEHUS] HE TEPsUI0 CBSA3b C OKEaHOM, IO-
ATOMY TEPEPHIBOB B MOCTYIICHUN BOAHBIX MACC
B pe3ysbraTe U30sun SnoHckoro Mopsi or Mu-
POBOTO OKE€aHa HE MPOMCXOIUJIO M Ha OTCTaBa-
HUE XO/1a TPAHCTPECCUU OHU HE BIIMSLIH.

Jnist  BbIsBICHUS (AKTOPOB, BIUSIONINX
Ha XOJl TPAHCTPECCUM, HAMU MPEIINPUHITO MO-
JIETUPOBAHUE M3MEHEHHWH ypPOBHS MOpPS B pe-
3yAbTaTe TasHUS JIEJHUKOB B 3aBHCHUMOCTHU
OT PEOJIOTUYECKHUX IapaMeTPOB MAaHTHUHHBIX
cioeB. MonenrpoBaHue, BBIIOJIHEHHOE B IPO-
rpaMMHbIX nakerax SELEN 2.9 u SELEN 4.0,
M0Ka3ajo CyllecTBeHHOE BiusiHue 3 dexra ru-
JIPOU30CTA3UH HA XOJ TPAHCTPECCHUHU.

[Iporpammubie maketsl SELEN 2.9 wu
SELEN 4.0, npenHa3Hau€HHbIE AJIs PELICHUS
YpaBHEHUS MU3MEHEHMsI YPOBHSI MOPSI C y4eTOM
[JISIAO- U THUAPOU3OCTATUYCCKOW KOPPEKIIHH,
pa3palboTaHbl U MPEACTABICHBI B OTKPBITOM JI0-
CTYII€ KOJJIEKTUBOM aBTOPOB TI0J] PYKOBOACTBOM
I'. Cmana [Spada, Stocchi, 2006; Spada, Stocchi,
2007; Spada et al., 2012; Spada, Melini, 2019].

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

B pabote npu ananuze auTeparypHbIX JaH-
HBIX 00 U3MEHEHHUSAX YPOBHS MOPS, ITOTYYSHHBIX
B pE3yJbTare MOJIEBbIX UCCIEI0BAHUN IMpele-
CTBEHHUKaMH, YYHUTBIBAJIUCh PEKOHCTPYKIUU
BBICOTHOTO TMOJIOKEHUSI M BO3pacTa JIPEBHUX
CJIEIOB MOpS$1, BBIIIOJTHEHHbIE METOAAMH MUKPO-
MaJCOHTOJIOTMYECKOr0 aHajdu3a M IOATBEPK-
JICHHbIE a0COIIOTHBIMU OTIPEIETICHUSIMU BO3pac-
Ta. KauecTBO JaHHBIX MO3BOJISET UCIOJIB30BAThH
UX Kak OIOpPHbIE OTMETKH Ui MOJEJINpOBa-
HUSL KPUBOM MOCIJIEIECAHUKOBOW TPAaHCTPECCUU
YPOBHSL MOpsSl U OLIEHOK BKJIaJa 3BCTAaTUYECKON
TPAHCIPECCUU U TEKTOHUUYECKUX JIBHYKEHHI.

HN3menenue ypoBus mops B [Ipumopse
10 pe3yJibTaTaM I0JIeBbIX HAOIIOIeHU I

Kopotkuii ¢ coaBropamu [KopoTkuit u p.,
1980] ormeuaroT, 4TO BCIEACTBHE KaWHO30M-
CKOTO TOTPYKEeHHsI TpuOpexHoi nojockl [Ipu-
MOpbSl M YHHYTOXKCHHUS JIPEBHUX OEPETOBBIX
JUHUHA OIpeielieHne IIECHCTOIEHOBBIX 3TaIloB
pa3BHUTHUSA TOOEPEXKbsI BeChbMa 3aTPyIHUTEIBHO.
Ha mensde [Tpumopes 0oOHaApYKEHO HECKOJIBKO
MOJIBOJTHBIX aOpa3MOHHBIX Teppac Ha TIIyOMHAX
20, 3040, 100120 m, BO3pacT KOTOPBIX, OJI-
HaKo, Heu3BecTeH. OHU MOTYT JaTUpPOBATHCS
pPaHHUM, WM CPEIHUM, WU MO3AHUM IUIEHCTO-
[IEHOM, a MOTYT (PMKCHpOBATh CTATUU TOCIE-
JICIHUKOBOW TPAHCTPECCHH.

HecomueHHO, 4TO B TeUCHHUE ILICHCTOLICHA Ha
uienbde [IpuMopbsi HECKOJBKO pa3 CMEHSUIUCHh
TPAHCTPECCUBHBIE W PETPECCUBHBIC PEKHUMBL.
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TpaHcrpeccuu u perpeccuu, BUIUMO, ObLTH CHH-
XPOHHBI OOIIEIUTAHETAPHBIM VISIIHOIBCTATHYC-
CKUM KoIleOaHHsIM YpOBHS MHPOBOTO OKeaHa.
OnHako AJOCTOBEPHBIX CIEAOB 3TUX U3MECHEHUH
YPOBHSI MOpS TPAKTHUYECKH HE OOHApYKEHO.
Ha menbde oHu, BEpOSATHO, Pa3MBITHI, TaK KakK
npu OypeHHH IO CJI0EM MPUOPEKHO-MOPCKUX
TOJIOLICHOBBIX U BEPXHEIJIEHCTOIIEHOBBIX OTJIO-
JKEHUM Yallle BCETO0 BCKPBIBAIOTCS OTIOXKEHUS
HeoreHa u 0oJjiee IPeBHUX AIOX.

Ha moGepexbe cienoB MeXISTHUKOBBIX
TpaHCTpecCUil Taxke He oOHapyxeHo. Hc-
KJIFOYEHUEM SIBIISIFOTCSl HAWJEHHBIE B HECKOJIb-
KHX OyXTax MOPCKHE OTJIOKEHHS, 3aJeTraoliue
Ha ypoBHe, OJHM3KoM coBpeMeHHoMY. OHU Tipes-
CTaBJICHbI OEPEroBHIMHU U JIATYHHBIMH OTJIOXE-
HUSIMU C KOMIUIEKCAMH CYyOIMTOpPabHBIX U Jia-
TYHHBIX JTUATOMEH W TBUIBLION TETTOMIOOUBBIX
pacteHuid. Bo3pacra 3THUX OTJIOKEHHM aBTOPBI
[Kopotkuit u np., 1980] He yka3blBalOT aaxe
MIPEOI0KUTENIBHO.

B Hauane romouneHa IOBeAEHHE KPUBOU
ypoBHs Mopst Koporkuit n np. [1980] xapak-
TEpU3YIOT cienyromuM obpasom: «B amyp-
ckyto (mpebopeanbHyto) a3y OeperoBas TUHUS
SInoHCKOrO MOpsi pacroyiaraeTcs Ha OTMETKax
(=50... =70) m. Ocanku, OTBEYAIOIINE TPOHHUK-
HOBEHHIO MOPCKHMX BOJA B IEpeyniyOJIeHHbIe
nonuubl pek Tymannas, Pasznonbhas, Kueska,
BCKpBITHI Ha TiryOuHax (—48.7) u (—43) m. Hau-
0osiee JOCTOBEPHO IMOJIOKEHUE YPOBHS MOPS
B Ipebopearie onpeesieHo B CKB. 2 B AMypCKOM
3anuBe, e (anuaibHas TpaHuIa, OTACISIONAs
KOHTUHEHTAJbHbIE OTJIOXKEHHUS OT MOPCKUX,
npoxonut Ha ormetke (—42.9) m» [Koporkuit
u ap., 1980, c. 183].

Takum 06pazom, B Hayase rojiolieHa 3aMeT-
HBIX OTCTaBaHUU OT XapaKTEPHOW IS IBCTA-
TUYECKON KPUBOM TPAHCIPECCUM YPOBHS MOpS
eI1e He OTMEYEHO.

Ho mnozxe, Mo OKOHYaHUHM MO3THETO JIPU-
aca, B IEPHOJ MMILYJbCA MOCTYIUIEHUS TaJlOi
Bosibl MWP-1B (melt water pulse-1B) [Peltier,
Fairbanks, 2006; Tanabe et al., 2010], npuBen-
HIETO K YCKOPEHHIO IOCJENEAHUKOBOM TpaHC-
rpeccuu, Ha MPUMOPCKOM Ieibde yxe Guxcu-
PYIOTCSI OTCTaBaHUSI B XO/I€ TPAHCTPECCHH.

Tax, B cpenneM [Ipumopre, HecMOTps Ha pel-
KYyI0O BCTPEUAaEMOCTh TOJOLEHOBBIX M BEpXHE-
TUICHCTOIICHOBBIX OTIIOKeHUN Ha menbde [pu-
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Mopbs, onucad [Ky3pmuHa u np., 1987] takon
pas3pes, yIauHO BCKPBITHIM CKBaXKMHAMU B OyX-
te KueBka, Ha rmyoune mops 16-35 m. Ilpen-
JIOKEHO MPUHATH €r0 KaK CTPATOTHI T'OJIOLIEHA
Mopckux ocankoB IIpumopbsa. Asropsl [Ky3b-
MHHA W Ap., 1987] cuMmTaroT, 4TO CKBa)KMHA
pacnosiaraercsi B OTHOCUTEIbHO TEKTOHUYECKU
crabunpHOM, 10 [Kynakos, 1973], paiione, xoTs
CBUJCTENBCTBYIOT, UTO ATOT pailoH mpuypoueH
Kk LeHnTpanbHo-CuxoT3-ANMHBCKOMY TEKTOHHU-
yeckoMy IIBY. B paspe3e oTmeuaeTcs Hempe-
PBIBHOE OCAJKOHAKOIJICHHE C CAPTAaHCKOTO MO-
XOJIOJaHUSl — BPEMEHHOH HMHTEpBajl OCAaJIKOB
20-25 Teic. J1.H. Pa3pe3 mnajeoHTOIIOIHYECKU
OXapaKTepHU30BaH M JAaTUPOBAH PaJAHOYyIIIEPOI-
HBIM METOJIOM.

B ckBaxune Ne 132, npoOypeHHOM Ha MIeTb-
¢be, Ha myOuHe 20 M IOTy4YeHBI TaTUPOBKH MPHU-
OpeXHBIX 0CaaKOB Bo3pacToM 9660 + 160 ner
(MTI'Y-822), xotopsle, kak cuntarotT [Ky3pmuna
u gap., 1987], chopmupoBanuch Ha OTMETKax
yyTh HUXE 48—49 M OT COBPEMEHHOIO YpPOBHS
MOpS U 0 CBOEMY (alliaibHOMY COCTaBY CBHU-
JIETEJIbCTBYIOT O MOJIOKEHUH YPOBHS MOPS B 3TO
BpeMSL.

[To pesynbrataM MaJMHOJOTUYECKOTO aHa-
JU3a JIaTUPOBAHHBIA CIIOM XapaKTepU3yeTCs
PE3KUM IOTEIUIEHUEM KJIMMaTa, YTO MOXKET SIB-
JSTHCS CBUIETEIHCTBOM MPOJOHKEHUS UMITYIIb-
ca mocTyruieHus Tanoi Boasl MWP-1B — cobbl-
THS1, CMEHUBIIETO MO3HUHN Jprac, KakK 3To ObLIO
oOHapy»xeHo Ha 0. bap6anoc [Peltier, Fairbanks,
2006; Tanabe et al., 2010]. ®opmupoBacs ciou
B 00OCTaHOBKE OKHCIIUTEILHOTO U aKTHBHOTO T'H-
JIpoanHaMu4eckoro pexuma [Kyspmuna u mp.,
1987].

I[T.A. Karmun [Kamnmun, 1978], npoananu-
3UpOBaB pPE3yJbTaThl PaboOT J1abOpaToOpHH HO-
BEUIIINX OTIOKCHHUH M Iajieoreorpaduu miei-
croriena MI'Y Ha AnoHckoM Mope U 0000IIHMB
HMEIOLIUECS JINTEPATYPHBIE CBEICHUS, IPUILIET
K BBIBOAY, uTO Ha meibde [Ipumopss BblsBIie-
HBI TPU KOMILJIEKCA CJIEI0B APEBHUX OEPETOBBIX
nuHu. [IBa npeacTraBieHbl aKKyMYJISTUBHBIMU
¢dopmamu Ha niryOuHax 45-50 u 35-40 M ¢ BO3-
pactom Oosiee 40 ThIC. JI.H. ¥ OJTMH HA TTyOMHAX
20-25 M ¢ Bo3pacToM 7—8 ThIC. JI.H.

Cnensl npeBHel OeperoBoil JTMHUM BO3pac-
TOM 7—8 ThIC. J.H. OOHapy>KeHbl Ha IITyOMHaX
20-25 M, B TO BpeMsl Kak Ha JIpyrux mnooepe-
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KbSIX, B TOM YHCII€ HA PacloiO)KEHHOM HE Tak
nanexko o. OkuHaBa, ciefbl OSperoBbIX JTUHHUN
ATOTO BO3pacTa HaxoAaTcs Ha youHax 10—-15 m
[Evelpidou et al., 2019]. 3To Takxe moaTBEPK-
naet (hakT OTCTaBaHMS XOJa IOCIEIeTHUKOBON
TPAHCTPECCUH HA PUMOPCKOM IIebde.

Hpyroii XapakTepHOW OCOOCHHOCTBIO TIO-
CJIEJIE/IHUKOBOM TPAaHCIPECCUN Ha TOOEpexnbe
IIpuMoOpbst SABISETCS NPEBBILIEHUE COBPEMEH-
HOTO YpPOBHSI MOpSI B ONITUMYM ToOJIOIleHa. AK-
KyMYJISTUBHBIE (POPMBI penibeda roloneHOoBOro
BO3pacTa, pacrojiararluecs BbIIIE COBPEMEH-
HOT'O YpOBHSI MOPsI, 4aCTO COCTOSIT U3 HECKOJIb-
KHX TeHepaluii OeperoBbix BajoB.

Hanpumep, B Oyxte PyaHas BeLACTSIOTCS TPH
TaKue reHepaluy, UX BbICOTa OT Oepera BIIyOb
cymu 2, 3—4 u 5—6 M. OHH pa3zzeneHsl 3a00510-
YEHHbIMHM TOHW)XEHUSMU — OBIBIIMMHU JIaryHa-
MH. AKKYMYJIATUBHBIE (DOPMBI CIIO’KEHBI TONIIECH
MECYaHO-TPABUNHBIX OTIOKEHHUH, BKIIOYAIOIINX
auH3bl Wia. [0 oTIOKEeHUsIM aKKyMYJISITUBHBIX
¢dbopM MoTy4eHO OOJBIIOE KOJTMYECTBO PAIUOYT-
JIEpPOJHBIX JIaT B AUana3oHe ot 5.5 10 1 Teic. J.H.
[Arnatog, 2004].

B ammantudeckoe Bpems KyspmMuHa u ap.
[1982] onpenenstoT noxbeM ypOBHS MOPsI BBILLIE
COBpeMEHHOro Ha 2—3 M. OHHM MonararoT, 4To
B 3TO BpeMs (opMupoBasiuch (2.5-3)-mMeTpoBast
MOpCKasi Teppaca M OCHOBaHME 3.5-METpOBOM
JaryHHOU Teppackl modepexnbs. [1ozxke, B Hauane
cy00opeana, mpou3oIIa HeOOIbIIast Perpeccus
MoOpsl, IOATBEPKACHHAs HAXOAKaMU apXeOJIOTU-
YEeCKHUX CTOSIHOK: CTOSTHKM OOHapy>keHbI Ha abpa-
3MOHHOW TOBEPXHOCTHU BBICOTOM 4.5 M, cpasy Mno-
CJIe BBIXO/1a €€ U3 BOJIHONIPUOOIHOM 30HBI.

Jlis CpeaHeroyoneHoBOro BpeMeH! (aTiiaH-
THYECKOT0), OapabaiieBCKOW 3MOXH, aBTOPHI
[Kopotkuii 1 ap., 1980] BeIIENSAIOT MOTHATYIO
TOJIOLICHOBYIO TEPpPAcCy MPAKTUYECKU 110 BCEMY
MaTepUKOBOMY MOOEpexkbi0 SMOHCKOrO MOpS.
B roro-3anmannom Ilpumopbe oHa mpencranie-
Ha OOIIMPHON HU3MEHHOW paBHUHON XacaH-
CKOTO B3MOpBbs, KOTOpas Jajee K CEBEpO-BOC-
TOKY OTMEYAaETCsl B YCThSIX PEK W H3TOJOBBSIX
OyxT. Ee BbIcoTa Kosebnercs B npeaenax 4—-8 m.
3a 30HOM JPEBHUX IITOPMOBBIX BaJIOB BBIJEIIS-
€TCsl aJUTIOBUAJIBHO-JIATYHHAsl Teppaca BhICOTOMN
3—4 M. AMITUTYIa OTHOCHUTENIBHBIX TOAHITHI
npUOpeKHON CyIIM OLEHUBAETCS HEOIHO3HAY-
HO: 2-3, 5-8 u 11-13 M. IloaTOMy B KauecTBe
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perepa Uil OTCYEeTa MpeNeNIbHBIX KoneOaHuin
ypoBHs SIMOHCKOTO MOpSl B CPEHEM TOJIOLICHE
IpeIaraloT UCIHOIb30BaTh BHICOTHBIE OTMETKHU
KpPOBJIM JIaTYHHBIX CJIO€B B pa3pese 3—4-meTpo-
BOi1 Teppacskl [Kopotkwuii u ap., 1980].

Bo3pact mauyku JaryHHBIX — OTJIOKEHUH
B pazpe3e 3—4-MEeTpOBOU Teppachl KOJIEOIETCs
ot 736 £ 160 ner (MI'Y-UOAH-229) B ycThe
p. bapabameska mo 4500-5000 et B ycThe
p. UepHas. DTy naryHHble OTIOKEHUS XOPOLIO
KOPPEIUPYIOT C HAKOIUICHUSIMU TUISIKEBBIX OT-
JIO)KEHUH B pa3pes3e 5S-MeTpOBOM MOPCKOW Tep-
pacel, pajuoyIIepOJHbIE NAaTUPOBKU KOTOPBIX
5530 £ 110 ner (I'MH-738), 5630 + 110 ner
(T'MH-739a), 6000 + 130 ner (I'MH-7396) [Ko-
poTkuii u ap., 1980].

Hanee, B amOuHCKyI0 (cyOO0pean) ¢asy, Bbl-
JENAETCs] IOHM)KEHUE OTHOCUTENIBHO MaKCUMyMa
amantuka Ha 2.5-3.0 m [Kopotkuii u ap., 1980].

Bo Bropoii nonoBune cybOopeana, B mnepu-
OJl TOTEIUICHHUsS] KJIMMaTa, OTMEYaeTCs BHOBBb
MOJbEM YPOBHSI MOpS, MOATBEPkACHHBIN TO-
CEJICHUSIMH JIPEBHUX JIIOAEH HAa CTPYKTYPHO-/1€e-
HyJAIlMOHHBIX TOBEPXHOCTAX BbicOTOM 20—40 M
[CenuBanoB, CtenaHos, 1982].

B cybatnantuke Mope perpeccupyer, IpeB-
HUE TIOCEJICHUs JIIOJEH (SHKOBCKasi KyJbTypa,
2500-2000 51.H.) HaliAEHBI HE TOJIKO Ha BHICOTE
4—5 M, HO 1 Ha COBPEMEHHOM ypOBHE Mops. B cy-
Oatnantuke-2 (SAT2) Ha 2.5-MeTpoBOil MOpCKOiT
AKKyMYJISITUBHOM Teppace AaTUPOBaHbI MOJLIIO-
cku 1420 = 18 (MI'Y-758) u 1400 £+ 200 ner
(MI'Y-810), 4TrO TOBOPUT O TpaHCTPECCUU
SAnoHckoro Mops. ApXEOJOTrMYECKUE JIaHHBIE
CBUJICTENLCTBYIOT O MOTrpebeHnn apredakToB
SIHKOBCKOM KYJBTYpBI B IUISHKHOM IIECKE U Tallb-
K€ NMpUOpEeX)HBIX BaJIOB BoicoTOM 4.2 M [CennBa-
HOB, CtenanoB, 1982].

Takum oOpazoMm, oOmEeld 0COOCHHOCTHIO
XOZa TOCIIENEeIHUKOBOM TpaHcrpeccuu B lIpu-
MOpbE€ B HayaJjle ToJIOLEHa, NI0CIE 3aBEPIICHUS
XOJIONIHOTO CTajuala — IMO3JAHEro Japuaca, siB-
JSIeTCSl OTCTAaBaHUE OT 3BCTATUYECKOW TpaHC-
rpeccuu [Kamun, 1978; Kopotkuit u ap., 1980;
Kyspmuna u np., 1987]. Ilpu sToM orcraBanne
MOJbEMa YPOBHSI MOPS MPOAOIDKAETCS U MOCTe
TOr0, KaK CKOPOCTb HOCTYIUIEHHS Talod BOZbI
BHOBb YBEJIMYMIIACH.

Jpyroii xapakTepHOW OCOOCHHOCTBIO TIIO-
CJIeNIeIHUKOBOM TpaHcrpeccun B [Ipumopne
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SBJISIETCSl MPEBBILICHHE COBPEMEHHOIO YpPOBHS
MOps B aTJIAHTUYECKOE BPEMs C MOCIEAYIOIUM
IUTaBHBIM CIIaJI0OM, COIIPOBOKIAEMBIM OCLIUILIISA-
LUSAMU PETPECCUM U TPAHCIPECCUN C aMILIUTY-
JTaMH B TIEPBbIE METPHI.

Xapakrep XoJa TPaHCIPECCUH/MHIPECCUU
SInoHCKOro Mopsi MO PeYHbIM JOJIMHAM M pHa-
coBbIif THN oOepexbst [IpuMopks moaTBepKAa-
10T MpeoliajjlaHie OTPUILIATEIbHBIX TEKTOHUYE-
CKHX BEPTUKAJIBHBIX IBUKEHHI B 9TOM PETHOHE.
Ho noBcemecTHOE pacnpocTpaHeHHE MOIHATHIX
OeperoBbIX JIMHUHM aTJIAaHTUYECKOTO BPEMEHU
CBUJIETEIILCTBYET O YEPEIOBAHUM HUCXOASIINUX
TEKTOHUYECKUX JIBHIKEHUN C BO3bIMAHUSIMHU.

BbIBOZT O MpepbIBUCTHIX, UMITYJIBCHBIX TEK-
TOHUYECKUX JIBUKEHUSX, XaPAKTEPHBIX B LIEJIOM
JUISL pEerroHa, HE MPOTUBOPEUUT pe3ybTaraM
aHaiM3a celicMopaspe3oB [AHTunos, 1987],
KOTOpbIE MOKA3bIBAIOT, YTO SIITOHOMOPCKUI ITy-
OOKOBOJHBIN OacceilH ObLI CO3AaH JABYMsI MM-
nyiabcamMu  1uddepeHupoBaHHBIX KPaTKOBpe-
MEHHBIX OIyCKaHUI: MpeACPEeAHEMHOLEHOBBIM
Y TIO3THEYEeTBEPTUYHBIM. {7151 GopTOB SmoHCKO-
T'0 MOPS XapaKTepPHbI «(PIEKCYPHO-pa3pbIBHBIE)
30HBI [AHTUNOB, 1987], MO KOTOPBIM HPOUCXO-
JWIA TEKTOHUYECKUE ABU)KECHUS.

MoaenupoBaHue MOCJIeJIeHUKOBOMI
KPHUBOH U3MEHEHHsI YPOBHSA MOPS
s Ipumopbs

C ucronp30BaHMEM IaKeTa MPOrpamm ¢ OT-
kpbITbiM KoioM SELEN 2.9 B pabote BbITION-
HEHBI PacueThl C LENbI0 MOMYyYUTh KPUBBIE TO-
CJIETICIHUKOBOTO M3MEHEHUS YPOBHSI MOpS IS
paiiona no0epexbs [Ipumopbs.

[Iporpammubiii maker SELEN 2.9 npenna-
3HAUEH JJIsl pEIICHUs TaK HAa3bIBAEMOTO ypaBHe-
Husi ypoBHs Mops (SLE — sea level equation)
[Spada, Stocchi, 2006]. Pemenne «ypaBHEHHS
YPOBHSI MOpS1» HaXOAUTCA B 00IacTU 3HAYEHUH
IPOCTPAaHCTBEHHO-BPEMEHHOW ~M3MEHUYUBOCTHU
penbeda gHa MHpPOBOrO OKeaHa MPHU COXpPaHe-
HUHM TPAaBUTAIIMOHHOTO TOTEHIHMATa MOPCKOU
MOBEPXHOCTHU, TOCTOSTHHOM JIJIs1 KOHKPETHO B3SI-
TOTO CLIEHApUsl TAasHUS TOKPOBHBIX JICTHUKOB
JIEIHUKOBOM STIOXU U BA3KO-3JIACTHYHOUN MOZeNn
3emim [Wu, Peltier,1983]. IIporpammusblii ma-
KET peasnu3yeT OCHOBOIIOJIATa0INe PUHIIHIIbI,
npemioxkennsie [Farrel, Clark, 1976] nns pacue-
Ta U3MEHEHHI ypOBHS MOPS MOCJIe Nepepacpe-
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JIeJIeHUsl TaJOW BOJIbI U3 JIETHUKOB IO MOBEPX-
HOCTH BSI3KO-2JIACTUYHON MOZAEIN 3€MIIH.

PacueTsl caenaHbl JUisi pa3HBIX PEOJIOTHU-
YECKHUX XapaKTePUCTHK CJIOEB MAaHTUU 3eMIIU
U TIPU Pa3HBIX CICHAPUSX TAasSHUS JICTHUKOB.
JIOTIOJTHUTENBHO B TECTOBOM PEKUME MPOBEIU
MOJICIMPOBAHHUE C TMOMOUIbIO MOCTENHEH Bep-
cuu maketa rporpamm SELEN 4 [Spada, Melini,
2019]. HoBas Bepcust mporpamMmbl OTIMYAETCS
ot npensiaymeit SELEN 2.9 takumu oOHOBIIE-
HUSMH, KaK y49eT BpalleHUs] 3eMJTu, U3MEHEHUS
KOH(UTYpalluu CyIId U OKeaHa M0 Mepe TMOBbI-
HIEHUs1 YpOBHS MUpPOBOrO OK€aHa BCIIEACTBUE
TasHUSA TO3IHEIUICHCTOIICHOBBIX  JIETHUKOB,
CABUI TIOJIOCA [0 Mepe Jerpajaluu JeIHU-
KOB. [l MopenupoBaHuUsl TasHUSA JIETHUKOB
B SELEN 4 ucnonp3yercs 0OOHOBICHHAs BEPCHUs
MOJIEIM TIO3/IHEIUIEHCTOLIEHOBOTO OJI€IEHEHUS
ICE6gC ¢ peonormyeckoil MOAENbIO MaHTUU
VM5a [Peltier et al., 2015]. Cnenyer 3amMeTuTh,
YTO [TOKA HE MOYYUIIOCh I00UTHCA YCTOMYMBBIX
pe3ynbraToB B nporpamMmmHoM nakere SELEN 4,
MIOATOMY IPUBOJUTCS TOJIBKO OAUH PacyeT.

B Tabnuue mpuBeneHbl 3HAUEHHs! BA3KOCTU
MaHTHIHBIX CIIOCB, MCIIOJNb30BaHHbIC [Nakada
et al.,, 1991] nna oueHKM MaHTHIHON PEOJIOTUU
SINOHCKUX OCTPOBOB U B3SIThle HAMH JJISl pacye-
ToB. OH npeanoxui 3 Tuna BSI3KOCTHOM Xapak-
TEPUCTUKU MaHTUIHBIX cioeB 3emun: A, B u C.
Yerseptoiid TUn D, ¢ mpenenbHbIMU 711 MaH-
TUUHBIX CJIOEB 3HAUYEHUSIMU BSI3KOCTH, 100aBJIEH
HaMH B Ka4eCTBe «Haubosee BsI3Koro» [bynrako
u 1p., 2020]. HazBanust moneneit B Tabmuiie co-
CTOSIT U3 OOO3HAUEHHsI MOJENM CLEHapusi Mo-
cnenenaukoBoro Tassaust — ICE3g [Tushingham,
Peltier, 1991] u ICESg [Peltier, 2004], ¢ no6aBe-
HUEM CHMBOJIA, YKa3bIBAIOIIETO HA TUI BS3KOCT-
HOW XapaKTEPUCTUKU MAaHTHUHHBIX CIIOE€B 3€MJIH.

Takum o0Opa3oM, K MpuMepy, 00O3HauYeHHUE
ICE5gA roBoput, 4TO NpU pacuere HUCIOJIb-
30Bajiach Mozenb TasgHus jeaHukoB ICESg mo
[Peltier, 2004] ¢ BA3KOCTHOW MOAENBIO THIA A
no [Nakada et al., 1991].

B pesynbrare pacueroB ObUIM MOTYYEHBI
KpUBbIE U3MEHEHUSI YPOBHS MOPSI [TOCIJIEIEIHU-
KOBbSl NI BCEX MEPEUYUCICHHBIX BA3KOCTHBIX
XapaKTEepUCTUK M MOJEJEH ClieHapheB TasHUsS
JIETHUKOB TOceqHero oneneHenusa. Ha puc. 1
MIPEICTABICHBI MOTYYEHHbIE KPUBBIC JI1 TOUKU
MecTtoHaxokaeHus: . Haxoaka. OOo3HaueHUs
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Tabnuya. BA3KOCTHBIE XapaKTePUCTHKH MAHTHIHBIX cJioeB, [1a-c

Cron Mopennb
ICE3gD | ICE3gB | ICES5gA | ICESgB | ICESgC | ICESgD | SELEN 4
Jlutocdepa, BIZKOCTH o, 55 o0, 30 oo, 50 oo, 30 o, 30 o, 55 o0, 90
Y TOJILMHA, KM
Bepxusia manTus
cioi 1 1022 210" 1022 5-10%
ciom 2 102 2-10%° 2-10%° 2-10% 2:10%° 102 5-10%
TpaH3uUTHBIN CIIOH, 10% 2-10% 102 5-10%
400-670 kM
Huwxusis manTHS
cion 1 10% 102 10% 1.5-10%
cI1oif 2 10% 102 10% 3.2-10
ciou 3 10% 10% 102 10?2 102 10% 3.2-10%
cioit 4 3.2-10
ciou 5 10% 102 10% 3.2-10%
cIoi 6 3.2-10%
Snpo 0 0 0 0 0 0 0
Ipumeuanue. O0bsicCHEHH K 0003HAYCHUSIM MOJIETICH TaHBI B TEKCTE.
KPUBBIX COOTBETCTBYIOT OOO3HAYCHHUSIM MOJIC- Oo0cy:xnenue

Jneii B Tabnuue.

Cxoxue pe3yapTaThl pacyeTroB Xoja IIo-
CJIEJIEAHUKOBOM  TPAaHCIPECCUU  IOJIy4MIIU
[Evelpidou et al., 2019] B mporpaMMHOM makeTe
SELEN c monenamu ICE6g n1 VMS5a st cpas-
HUTENIbHO Onu3koro k Ilpumopsio permona,
0. OxunHaBa apxunenara Prokro. Pe3synbrars
pacueToB MCIOJIb30BAJIUCH NPU YTOUHEHUU TO-
JEBBIX JJAHHBIX, CBUIETEJIBCTBYIOIIUX O IIpe-
BBIIIEHUU YPOBHS MOpPSl B ONTHMYM TOJOLIEHA
B palioHe apxunenara Prokro.

P. Pirazzoli [Pirazzoli, 2005], cpaBHuB pe-
3yJBTAThl YUCIECHHOTO MOJAEIUPOBAHUS ToJIoLIe-
HOBOW TPaHTPECCUH, BBIMOJHEHHOTO Pa3HBIMHU
aBTOpaMH JJIsi HECKOJIbKUX MOJENel Xoma Tas-
HUS JIETHUKOB, C TaHHBIMH IOJIEBBIX HaOMIONE-
Huil B Cpen3eMHOM MOpe, MPUIIET K BBIBOIY,
YTO B OJHHUX CIIy4asX pe3ylbTaThl pPacyeToB
MPEBBIIIAIOT U ONEPEKAOT OIEHKH, IOTYYICH-
HBbIC TIPHU TOJICBBIX HAOMIONEHUSX Ha ToOepe-
KBbSIX, & B IPYTUX OTCTAIOT OT HUX. AHAJIN3, BbI-
noHeHHbIN [Pirazzoli, 2005], moka3pIiBaeT, 4To

Puc. 1. KpuBsle mocienetHIKOBOH TpaHCTpeccHu B paitoHe T. Haxonka.
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YHCIIEHHBIE METO/IbI TIOKa HE MOTYT B TOYHOCTHU
BOCITPOM3BOAMTD XOJI TPAHCIPECCUU BO BCEX pe-
ruoHax MupoBoro okeasa.

Hano oroBoputhcsi, 4TO 3Ta CUTyalus co-
XpaHseTcs A0 CUX IOp, HECMOTpPsSI Ha 3Hauu-
TEIbHOE COBEPUICHCTBOBAHUE KaK METOJUK
pacueToB, TaK U MOJENEH XOAa TasiHUSI JICTHH-
KoB. B Hacrosmielr paboTe pacueTsl HCTONb3Y-
10TCS B OONbINEH Mepe AJIsl OIEHKU TEHICHIIHIA,
YeM JUIS TIOJTY4YeHHUS] TOYHBIX 3HAYEHUN BBICOTHI
MOPCKHUX MaJe0ypPOBHEM.

W3 pe3ynbTaTtoB MONEBBIX paloT, MpeacTas-
JICHHBIX BBIIIE, HanOoNee HAJeKHOW BBITJISIAUT
OLIEHKa YpOBHS SIMOHCKOTO MOpsi, ONpeieleHHast
1o ckB. 132 ¢ Bo3pactom 9.6 ThIC. J1.H. Ha TITyOH-
Hax okono —48... —49 M [Ky3pmuna u ap., 1987],
KOTOPasi CBUJIETENLCTBYET 00 IKCTpEeMaIbHO HU3-
KOM ypOBHE MOps 3Toro BpeMeHH. OleHka ais
XPOHOJIOTHYECKU TOCIEAYIOLIETO IOJIOKEHUS
ypoBHs SImoHcKoro Mops Ha ryounax 20-25 m
B MHTEpBajie BpeMeHHu 7—8 TbIC. J.H. [Karmuh,
1978] mnonTBepx’AaeT BHIBOA O 3aMEIJICHUU
TPAHCTPECCHH U PACIIMPSET BPEMEHHON WHTEP-
BaJjl, Ha KOTOPOM (PUKCHUpYETCS ITO 3aMe/IJICHUE.

Ecnu 3Hauenue ypoBHs Mopst 9.6 ThIC. JI.H.
(puc. 1) cpaBHUTH C YpPOBHEM MOpsi, MOJTYUEH-
HBIM IO Pe3yJIbTaTaM UCCIIEIOBAaHUS CKBAXKHHbI
Ne 132, BusHO, 9TO HanboIee OJIM3KA K ITUM pe-
syasraraM kpusasd ICE3gD (puc. 1, tunus opas-
JKEBOTO 1IBETA), AJIs1 KOTOPOH ypOBEHb MOpsI OJn-
30K K —37 M. Takas >xe TeHAeHIIUA — HanOOoIbIIas
01M30CTh K HAOMIOJICHHBIM 3HAYEHHUSM — BHJIHA
JUIST UHTEpBaJia BpeMeHH 7—8 ThIC. JI.H., KOTna
yYpOBEHb MOps 1O HaOMIOACHUAM HAXOAMJICS
Ha nryOune 20-25 M, a Ha xpusoit ICE3gD —
Ha rmyoune 10-19 m.

Hns momenu ICE3gD, kak crnemyer u3 ee
0o003HaueHus, MpU pacyere MCIOIb30BAIACH
Mozenb nocneneaqaukoBoro tasuus ICE3g. Ok-
BUBAJICHTHAsI KPUBAasi U3MEHEHHUI YPOBHS MODS
JUTSL MOJIETM TIpuBeieHa Ha puc. 2 a. CommacHo
9TON KpUBOH, OOIIMII 00BEM BOJBI, MOCTYIIHB-
el B OKeaH 3a 22 ThIC. JIET, 5KBUBAJICHTEH T10-
BBILLICHUIO ypOBHS MOps Ha 113.49 M, 4TO MEHB-
111€ BEJIMYMHBI, PACCUUTAHHOMN 3a TOT K€ IEPUOJ
BPEMEHM [UIsl CKOPPEKTHUPOBAaHHOW MOZAEIU
ICESg,— 127.11 m. Pa3Hunia Mexay KpUBBIMHU
JIBYX MOJIENIell 0COOCHHO 3Ha4YMMa JJIsi OTpe3-
Ka BpeMeHH oT 6 1o 22 teic. 1.H. He BoaBasce
B aHAIM3 MPUYHH, MPOCTO YYTEM, YTO CKO-
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POCTh TPAHCTPECCUU B UHTEPBAJIE BPEMEHH OT 6
110 22 ThIC. J1.H. Ha kKpuBoil Mozenu ICE3g Huxe,
yem Ha nocienytomnieit Bepcuu ICESg.

C onHOM CTOPOHBI, CKOPOCTh TPAHCTPECCUU
3a CYeT MOCTYIUIEHHs BOAbl B paiioHe [Ipumo-
pbsl OKazajlaCh CHHUKEHHOH, XOTS Ha MHOTHMX
MOOEPEXKbAX STOTO BPEMEHHU OTMEYACTCS HM-
MyJbC YCKOPEHUS OCTYILJIEHUS BOJIbI OT TasiHUS
nenaukoB — MWP-1B [Lambeck et al., 2014].
W HyXHO y4YUTBIBAaTh, YTO U30JSALHUU STOHCKO-
ro Mopss oT MuUpOBOro OkeaHa He MPOUCXOIU-
JI0, TIEPEPHIBOB B MOCTYIJIEHUU BOJHBIX Macc
B SImoHCKOE MOpe He ObUIO U Ha XOJ TPaHCTpeC-
cuu oHM, 1o AaHHeIM [Park et al., 2000; ITnert-
HeB, 2012], He BusIn.

C npyroii ctopoHbl, TUN D BSA3KOCTHOHN Xa-
PaKTEPUCTUKH MAHTHIHBIX CJIIOEB UMEET Haubo-
Jiee BBICOKHME 3HAYCHUS BA3KOCTH (CM. TaOIuILy),
IIPU KOTOPBIX MOJYYEHHbIE pacueTHbIe KPUBbBIE
W3MEHEHUS! YPOBHS MOPS JIEMOHCTPHUPYIOT HaU-
Oosbliiee 3anma3abIBaHUE TPAHCTPECCUU.

Ecnu npoananu3upoBath KPUBBIE MO IPYTUM
pacueTHBIM MOJIETISIM, TO BBIIETISIETCS 00IT[ast TCH-
JICHITUS: YEM BBIIIE «BSA3KOCThY» MAaHTUHHBIX CIIO-
€B MOJIEJIN, TEM MEIJICHHEE TPAHCTPECCHSI K HUKE
OZHOBO3PACTHBIE YPOBHHU MOPS. ITO XapaKTEPHO
JUIst 00EMX MOJIeTIel X0/1a TasTHHS JISTHUKOB.

Ha monensix ¢ HU3KUMH 3HAYEHUSIMU BSI3KO-
cTH, kak, Hanpumep, ICESgC, ckopocTh TpaHc-
rpeccun HauOojiee BBICOKAash U CPEIHErojole-
HOBBIC TIPEBBINICHUS HaWOOJEe 3HAYUTEIIHHBI.
Hano 3ameTuTh, 4T0 HAUOOBIINE MPEBBILICHUS
B CEpearHE TOJIOIEHA TOMYyYMIIMCh Ha KPUBOU
SELEN 4, koTopasi BBINOJHSIACH [0 YCOBEP-
[IICHCTBOBAHHOMY CIICHAPHUIO TasHUS JICTHUKOB
ICE6g 1 MaHTUITHOW MOJIENIA C HU3KUMU 3Haue-
HUSMH BSI3KOCTH.

B oTHOLIEHUN CpeaHEeronoLueHOBOM TpaHC-
rpeccud, KOTopas COBNAJaeT C KIUMaTH4e-
CKAM ONTHMYMOM TOJIOIICHA U 3aUKCHUpOBaHA
HA MHOTHX TO00OEpekbsix MHPOBOrO OKeaHa,
clieyeT oOpaTHTh BHUMaHHE, YTO B MOJAEISAX
TasiHUA JIeTHUKOB (puc. 2 a, b) HUKAaK HE YUUTHI-
BAIOTCSl KIIMMAaTUYECKHUE OCLWLISLNU, KOTOPbIE
MOBCEMECTHO 3a(UKCUPOBaHbI Kak OMOCTpaTu-
rpaduyecKUMU METOJIaMH, TaK ¥ IO U3MEHEHHIO
COOTHOULIEHUM H30TONOB Kucioponaa [Kamuw,
1978]. To ecth nnsi oOpa3oBaHUs CIEAOB Tpe-
BBIIIICHUS COBPEMEHHOTO YPOBHS MOPSI B aTJIaH-
THYECKUI KJIMMATUYECKU ONTHUMYM TOJIOLEHA
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Puc. 2. DxBHUBaJICHTHBIC KpUBBIC n3MeHeHus ypoBHs Mopsi (ESL) mst monenu ICE3g (a) u momenmu ICE5g (b). ka — 10° ner.

He TpeOyeTcs OMOJHUTENbHBI 00beM Taon
BOJIbI U3 JIEAHHUKOB, a JIOCTAaTOYHO pPeJaKCalluu
auTocepbl U MAHTUH MOCIIE THAPOU30CTaTHYE-
ckoro HarpyxeHus [Lambeck et al., 2014].

Ecnu Takoli MexaHHU3M OOBSICHSIET CPEIHEro-
JIOLIEHOBOE IPEBBIIIEHUE COBPEMEHHOTO YPOBHS,
TO OyJeT IOMyCTUMO HE HCKIIIoYaTh MOJOOHBIN
BKJIaJ] TUIPOU30CTATUYECKOW pellakcaluud |
B OTHOIICHUH IMOCIIEAYIOMHNX KoJeOaHUi ypoB-
HsI MOPS1, HAOTIOMEHHBIX Ha ToOepexbsax [Ipumo-
pbst. D10 perpeccus B cybbopeae (4 ThiC. JI.H.),
HeOOoJIbINass TpaHCTPEeCCHsl B KOHIIE cyOOopeana,
perpeccusi B cyOammantuke (2—2.5 ThICc. JLH.)
U TpaHcrpeccus B cybarmianTrke-2 (1.4 Thic. J1.H.).

B noarsep:keHre HIeH TOM, YTO BEAYILYIO
poJb B KOJNEOAHUSAX YPOBHSI MOpS MOCJIE OKOH-
YaHUS TasHU JISAHUKOB MIPajd BEPTHKAIbHBIE
JIBIDKCHUSI 3€MHOW KOpPBI B pe3yJbTare THIPO-
M30CTAaTUYECKON peNakcallid, MOXXHO IpHUBe-
CTH pe3yJbTaThl, MOTyUYEHHBIE Ha 0. XOHCIO, I1Ie
OJHOBO3PACTHBIN YPOBEHb CPEIHETOIOLEHOBO-
r0 TIPEBBIIICHUS] YPOBHS MOpPSI B pa3HBIX TOY-
KaX OCTpOBa MEHSETCS OT MOJHOTO OTCYTCTBHS
JI0 HECKOJIBKHX METPOB BHIIIE COBPEMEHHOTO
ypoBHst Mopst [Nakada et al., 1991], gero Henb3s
ObUTIO OBl OXKMIATh NPU OCHMJUIALUHN MOCTYIUIE-
HUS TaJION BOJBI.

3a mpenenaMu oOCYKJIEHUM B 3TOM CTaThe,
KaK IMpeIMeT OTIAEIbHOTO M3y4YeHHsI, OCTaeTcs
BOIPOC O BKJIaJIE THJIPOU30CTaTUUYECKOTO HATrpy-
JKEHHUS TaJlOW BOAOH JIETHUKOB MOCIEIHETO I10-
KPOBHOTO OJIEICHEHHS Yamu SIMOHCKOTO MOpS,
KaK YCUJIMTENSI U YCKOPUTEIs HUCXOSIINX TEK-
TOHUYECKHX JIBM)KCHMM, XapakTepHbIx 1 [ Ipu-
MOpBbSI B TE€UEHUE BCETO KaiftHO304l.

Cpenu BSI3KOCTHBIX Mojeliel TuUmoB A, B,
C, 3aMMCTBOBaHHBIX M3 HCIOJb30BAHHBIX JJIS
Anonckux octpoBoB [Nakada et al.,, 1991],
HanloJiee BBICOKOE CPETHETOJIOLEHOBOE IIpe-
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BBIIIIEHUE YPOBHS MOPS MIPU pacyeTax Aajid MO-
JIeJTN ¢ TTIOHMKEHHOU BA3KOCTHIO TUTa C, B KOTO-
PBIX COBPEMEHHBIN YPOBEHb JOCTUTHYT OKOJO
8 Teic. 1.H. 1 HA00OpOT, CpeaHEroNI0IEeHOBO-
rO TPEBBIILICHUS] COBPEMEHHOIO YpPOBHSI MOpS
HE TTOKa3aJId MOJICNIA ¢ HAanOOJIBIIMMHU 3HAYEHHU-
SIMH BsI3KOCTH Tuma D.

Peonornveckne xapakTEepUCTHKA MaHTHUN-
HBIX CJ0€B B parnoHe [Ipumopss, ckopee Bce-
ro, ommke k moaeaam thmna A u B. Ha monenn
Thna B HET Takol U3JMILIHE BBICOKON CKOPOCTH
TpPaHCTPECCUH, KaKk Ha Monenu tuma C, HO Tipe-
BBIIIICHUE COBPEMEHHOTO YpPOBHSI B CEpeauHE
roJIOIEHA Bce-Taku oTMedaeTcs. Kpusas, nomy-
YeHHasi M0 MOJEIM TUMa A, OYeHb MOXOXKa Ha
KpHUBYIO TUIa B, HO MpU ATOM UMEET MOITHOCTh
mutochepsr 50 kM, uyTo OMIKE K JAaHHBIM, TO-
Jy4eHHBIM TreoduznueckumMu Metomamu [Pox-
HUKOB U 1p., 2005]. HenmomHoe cooTBeTCTBUE
MOJIEBBIM HAOJIONEHHSIM OOBICHSIETCSI HECOBEP-
HIEHCTBOM MOJEJIeH X0Aa TastHUS JIETHUKOB.

[TomyuyeHnHbie HA KPUBBIX OCOOEHHOCTH TO-
BEJICHUSI YpPOBHS MOpsi B TMOCJEJIEIHUKOBYIO
TPAHCTPECCHUIO MO3BOJISIOT MPEANOI0KHUTh, YTO
MaHTHIHBIE clou B paiioHe [Ipumopss OGomnee
«BSA3KHE» CPABHUTEIIBHO C pailOHOM SMOHCKUX
OCTpPOBOB.

Ha Bocrounom O6opty SmoHckoro Mops,
Ha paBHuHe HMuwuro (Dturo) o. XoHCL, MO-
CJl€ JNeTallbHOTO M3YYCHHS KEPHOB CKBAXKUH
[Tanabe et al., 2010] ycraHoBuIM B HHTEpBAE
BpeMeHu 9.9-9.7 ThIC. JL.LH. YCKOPEHHE TpaHC-
TPECCUU, KOTOPOE OMUCHIBAIOT KaK YHUKAIBHOE
SIBIICHHE, TIPUCYIIEE TOJBKO ATOMY MOOEPEKBIO
SInoHCKOTO MOps M HE BCTpeyarolleecs B Ipy-
rux paiioHax MupoBoro oxeaHa. CBS3bIBalOT
3TO YCKOPEHHUE C KOCEUCMHUECKUMHU TEKTOHUYE-
CKHMH TIOTPY>KCHHUSIMHU 110 aKTUBHOMY Pa3JioMYy,
orpaHM4MBarolieMy paBHuHy Muuro c 3amana.
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TMAPON30CTA3UST KAK ®AKTOP, [TOBJIUSIBLUNIA HA XOf ITOCJIEJIEAHUKOBOM TPAHCIPECCUN HA LUENTb®E U MOBEPEXBE [TPUMOPBLS

[Tpu 5TOM YpOBEHB MOpPS B 3TOM paiioHe, mocie
ydeTa BKJIaJla CEWCMOTEKTOHUKH, U BO3pac-
Ta 9.6 THIC. JI.H. OLIEHUBAIOT HA YpOBHE —33.5 M
[Tanabe et al., 2010] (nns cpaBuenus, B [Tpumo-
pbe uyTh Bbilie —48... —49 m).

Y4uThIBas, 4TO pe3y/IbTaThl MOACITUPOBAHUS
nokazanu jyist [[puMopbst mpuOIMKeHne K OTMET-
KaM, MOJTYYEHHBIM IPU TIOJIEBBIX HAOTIONCHHSX,
HO BCE-TaKU HE JOCTUIIU ITHX OTMETOK, MOXHO
MIPETIONOKHITh, YTO B 3aJICPIKKY MOCIIEICIHUKO-
BOM TpaHCTPEeCCHUH BHECIM CBOM BKIAJ KOCEic-
MHUYECKHE TEKTOHIICCKHE OITYCKaHUS TOOSPESIKbS
u menbda [Ipumopbs o aHanoruu ¢ 0. XOHCIO.
XOTs aKTHBHBIX TOJIOIICHOBBIX PAa3JIOMOB BJIOJb
nooepexbst [IpuMopbs 1oKa He BBISBICHO, CEHiC-
MOTEKTOHHUYECKHE TMPOCAIKU TOOEPEKDbS H IIEITh-
(ha MOIJIH ITPOHUCXOAUTH MO «(PIIeKCYpHO-pa3phIB-
HBIM 30Ham» (110 [AHTHUTIOB, 1987]).

3akaoueHune

Pesynprarel MozenupoBaHUs TMOCIENIEIHU-
KOBOW TpaHcrpeccuu B paiione [Ipumopbs mo-
Ka3aJM, YTO MPU OMPENEIECHHBIX YCIOBUAX XOJ
MOCIIEJIEAHUKOBOM TPAHCTPECCUU TPUOIIIKACT-
sl K 3a()MKCUPOBAaHHBIM IO TOJIEBBIM HaOIIONIE-
HHSIM OTMETKaM ypOBHS SIIIOHCKOTO MOPS B paid-
one nobepexbs [Ipumopss.

OtcTraBaHue xo/1a MOCJIEIEAHUKOBOM TpaHC-
IPECCUU OT DBCTAaTHYECKOM B 3TOM palioHE
B IMOJIHOM Mepe BO3MOXKHO OOBSCHUTH TOJIBKO
HaJMYHEM IPEPBIBUCTBHIX BO BPEMEHHU CEUCMO-
TEKTOHUYECKUX MOTPYKEeHUH 1enbda B nepBon
IIOJIOBUHE IOJIOLEHA.

OOO0OCHOBAaHHO BBINIAAAT OOJIEE BBICOKHE
3HAUEHUsl BSI3KOCTU MAHTHUIHBIX CJIOEB B paii-

Cnucok Jureparyphbl

M.: Hayxa, 86 c. (Tpyast T1IH; Bbim. 412).

epagus wenvgpa. M.: Hayka, 157-164.
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oHe [IpuMOphsi CpaBHUTENBHO C BSI3KOCTHBIMU
XapaKTepUCTUKAaMU MaHTHHHBIX CJIOEB paiioHa
SAnonckux octpoBoB. Eciau SnoHckue octposa
pacIoIokKEHbI HEOCPEICTBEHHO HAJl 30HOM co-
BPEMEHHOW CyOMYKLIMU U HAXOIATCS O] BIHS-
HHEM 3TOro Ipornecca, To Ha paioH [Ipumopss
B3aMMOJACHUCTBHE IUIUT BIUAET YK€ B MECHbBIIEH
CTETICHHU.

[IpeBbilIEHUs] COBPEMEHHOTO YPOBHS MOps
B ATIAHTMYECKUH ONTUMYM TOJIOL€Ha — OKOJIO
5—6 ThHIC. J.H., 3a()UKCUPOBaHHbIE Ha MPHUMOP-
CKUX TMOOEpPEeXbsIX, MOTYT OBITh OOBSICHEHBI
peakiueldl Ha TUAPOU30CTAaTUYECKOE MOrpyKe-
HUe OeperoBoil JINHUM BCIIEICTBHE OTHOCUTEb-
HO OBICTPOTrO TMpPUPAILIEHUS BOAHON Harpys3Kku,
107 BO3/IEHCTBHEM KOTOpOH Ha menbpe ycH-
TWICS OOIMMN TPEHJI HUCXOMAIINX JIBUKCHHIA,
a 10 OKOHYaHUH MOCTYIJICHUS TaJOW JIETHUKO-
BOM BOJIbI, 3 CUET YIPYro-BsA3KHX CBOICTB MaH-
TUU, HUCXOAALIMHA TPEH] MpepBajics U Ienbd
BEpHYJICS Ha CBOM cOaTaHCUPOBAaHHBIN YPOBEHb.

B ocumwuisiuun koneGaHMi ypOBHSL MOpS
II0CJIE JIOCTUKEHUS CPEJHETOJIOLIEHOBOIO MakK-
cuMymMa — perpeccun B cyOOopeasie OKOJIO
4 TeIC. .H. U Hadaje cybamiaHTHKa 2—2,5 ThIC.
J.H. — MOIVIM BHECTH 3HAUUTEJIbHBIN BKJIAJ TEK-
TOHHUYECKHE (PAKTOPBI, C YCUICHUEM TCHICHIIUH
HUCXOJAIIMX IBWXKEHHUH. DTO CTaBUT BOIPOC
O CIELHAJbHBIX HCCIEJOBAHMUSIX JOJIU BKJIA-
Ja KoJleOaHuH KIMMaTa B OCUMJUIALUMU YPOBHS
MOps TOCJE TOJOLIEHOBOIO KJIMMATUYECKOTO
ONTHMYyMa, €CJIM NPUHATH BO BHUMAHUE OKOH-
YaHue Jerpajaluy JIEAHUKOBOIO NMOKpoBa AH-
TapKTUAbI 4—6 ThIC. JI.H.
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Effect of hydroisostasy on postglacial transgression
on the shelf and coast of Primorye as revealed
by computer modelling
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Abstract. Factors affecting the process of postglacial transgression on the shelf and coast of the Primorye
(the territory of modern Primorsky Kray) in the Russian Far East are considered. The main regional feature
consists in a significant lag of the sea level rise at the beginning of the Holocene following the completion
of the Younger Dryas cold stadial. While some researchers explain this phenomenon in terms of descend-
ing tectonic movements that predominated in this region over the course of the Cenozoic era, traces of the
Holocene climatic optimum sea level highstands along the coastline contradict the conclusion that tectonic
submergence was uniform. In order to explain this contradiction, the hypothesis of hydroisostatic load com-
pensation due to the viscoelastic properties of the mantle layers following the end of the last period of glacia-
tion and involving the influx of huge volumes of water to the basin of the Sea of Japan is proposed. Dominat-
ing tectonic submergences of the western rim of the Sea of Japan and the Primorye coast were interrupted by
hydroisostatic emergence during the Atlantic period between 5—6 ka BP. The use of a computer simulation
of postglacial transgression in the SELEN 2.9 and SELEN 4.0 software environments demonstrates a trans-
gression lag under hydroisostatic influence along with the increasing viscosity of mantle layers. The viscos-
ity of mantle layers in the Primorye region is shown to be lower than for the Japanese Archipelago, which
is located closer to the recent subduction zone.

Keywords: postglacial transgression, mantle viscosity, hydroisostasy, vertical movements, Primorye,
Russian Far East.
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Introduction In order to reveal the factors affecting

In the Primorye region of the Russian Far
East, where traces of Holocene -coastlines
raised above the contemporary sea level can
be observed along the entire coast, significant
postglacial transgression lag can be explained
in terms of the eustatic factor. According to the
data of [Park et al., 2000; Pletnev, 2012], there
was no interruption in water mass influx to affect
a lag in the course of transgression since the Sea
of Japan never became isolated from the World
Ocean even during the last glaciation maximum.

the course of marine transgression, a computer
simulation of sea level changes as a result of gla-
ciers melting in dependence on rheological pa-
rameters of the mantle layers was carried out.
Performed using the SELEN 2.9 and SELEN 4.0
software suites, developed by a collective of au-
thors under the guidance of G. Spada [Spada,
Stocchi, 2006; Spada, Stocchi, 2007; Spada et
al., 2012; Spada, Melini, 2019], the simulation
set out to examine the influence of hydroisostasy
on the course of marine coastline transgression.

Translation of the article published in the present issue of the Journal: Bynrako P.®d., ApanacseB B.B., Urnaros E.}.
T'unponsocTasus kak GpakTop, MOBIUSIBIIHNA Ha X0 MOCIEISAHUKOBON TpaHCTpeccHy Ha 1ienbde u nodepexse [pu-
MOPB3L, [0 PE3yJIETaTaM YUCIICHHOTO MoneupoBanust. Translation by G.S. Kachesova.
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When analysing the literature data on sea level
changes carried out by the methods of micropal-
eontological analysis and confirmed by means
of absolute age determinations in the course
of field researches, we took the altitude and age
reconstructions of the traces of ancient coast-
lines into account. The quality of the data is suf-
ficient to permit their use as reference marks for
simulation of the curve of postglacial marine
transgression and assessments of the relative
contributions of eustatic transgression and tec-
tonic movements.

Sea level change in the Primorye
according to the results of field research

Korotkiy and co-authors [Korotkiy et al.,
1980] note that achieving accurate determination
of the Pleistocene stages of the shore develop-
ment is extremely challenging due to the Ceno-
zoic submergence of the Primorye coast and de-
struction of ancient coastlines. Although several
abrasion terraces have been revealed on the Pri-
morye shelf at depths of 20, 3040, 100—-120 m,
their age is unknown. On the one hand, they may
be tentatively dated to the Early, Middle or Late
Pleistocene, but on the other, it is possible that
they mark stages of postglacial transgression.

In any case, it should not be doubted that shelf
transgression and regression regimes on the Pri-
morye coastline changed more than once dur-
ing the Pleistocene epoch. Although transgres-
sion and regression are apparently synchronous
with planet-wide glacioeustatic oscillations
of the World Ocean level, an accurate record
of these sea level changes has yet to be practi-
cally revealed. On the shelf they have probably
been eroded, since, when boring under coastal-
marine layers of the Holocene and Upper Pleis-
tocene sediments, it is typically sediments from
the Neogene and later periods that are uncovered.

No traces of interglacial transgressions have
been discovered apart from marine sediments re-
vealed in several bays at levels close to the con-
temporary coastline. These traces are presented
by littoral and lagoonal deposits having com-
plexes of sublittoral and lagoonal diatoms along
with the pollen of thermophilic plants. The au-
thors [Korotkiy et al., 1980] do not even tenta-
tively specify the age of these sediments.
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At the beginning of the Holocene, the be-
haviour of the sea level curve is characterised
as follows: “During the Amur (Preboreal) phase,
the coastline of the Sea of Japan is located at
around the —50 to —70 m marks. Sediments cor-
responding to the penetration of sea water into
the valleys of the Tumannaya, Razdolnaya and
Kievka rivers have been uncovered at the depths
of (—48.7) and (—43) m. The most reliable posi-
tion of the sea level during the Preboreal is deter-
mined in the well 2 in the Amur Bay, where the
facies contour, separating continental sediments
from marine, passes at the (—42.9) mark” [Ko-
rotkiy et al., 1980, p. 183]. Thus, at the begin-
ning of the Holocene, notable lags from the sea
level transgression, typical for eustatic curve,
were not yet noted.

However, following the completion
of the Younger Dryas period, within the period
of melt water flow pulse MWP-1B (melt wa-
ter pulse 1-B) [Peltier, Fairbanks, 2006; Tan-
abe et al., 2010], which accelerated the process
of postglacial transgression, the resultant lags
in the course of transgression are already being
marked on the Primorye shelf.

Thus, despite the rare occurrence of the Hol-
ocene and Upper Pleistocene sediments
on the middle Primorye shelf, Kuz’mina et al.
[1987] describe such a section revealed by drill-
ing on the shelf in the Kievka bay at a sea depth
of 16-35 m, proposing to adopt it as the Holo-
cene stratotype of the Primorye marine sedi-
ments. Although the authors suppose the loca-
tion of bore to be relatively tectonically stable,
as described by Kulakov [1973], they show that
this area corresponds to the Central Sikhote-
Alin geosuture. Continuous sedimentation tak-
ing place since the Sartan glaciation is recorded
in the section with a sediments time interval
of 20-25 ka BP. The section is paleontologi-
cally characterised and dated by the radiocar-
bon method.

In the borehole no. 132, drilled on the coast-
al shelf at the depth of 20 m, coastal sediments
dated to 9660 + 160 (MGU-822) were obtained,
which, according to Kuz’mina et al. [1987], were
formed a little lower than 48—49 m from the con-
temporary sea level, with their facies composi-
tion comprising evidence of the sea level posi-
tion at that time.
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According to the results of pollen analysis,
the dated layer is characterised by abrupt cli-
matic warming, providing evidence of a melt
water influx pulse MWP-1B — the event fol-
lowing the Younger Dryas, as it has been shown
on the Island of Barbados [Peltier, Fairbanks,
2006; Tanabe et al., 2010]. The layer was being
formed under conditions of an oxidising and
active hydrodynamic regime [Kuz’mina et al.,
1987].

Analysing the results of works of the labora-
tory of recent sediments and Pleistocene pale-
ogeography of MSU in the Sea of Japan and
generalising existing literature data, P.A. Kaplin
[Kaplin, 1978] concludes that three complexes
of the ancient coastlines traces are revealed on
the Primorye shelf. Two of these are represent-
ed with cumulative forms at depths of 45-50
and 3540 m respectively, having an age more
than 40 ka BP, while the third occurs at a depth
0of 20-25 m and is dated to 7-8 ka BP.

Ancient coastline traces dated to 7-8 ka BP
also occur at depths of 20-25 m, while on other
coasts, including Okinawa Island, coastline trac-
es from this age are identified at depths of 10—
15 m [Evelpidou et al., 2019]. This also confirms
a lag in the postglacial transgression occurring
on the Primorye shelf.

Another feature of postglacial transgression
on the Primorye coast can be seen in the change
of the contemporary sea level relative
to the Holocene optimum. Accumulative land-
forms of the Holocene age, located higher than
the contemporary sea level, often consist of sev-
eral generations of the beach ridges.

For example, in the Rudnaya Bay three such
generations are distinguished extending into
the land and having a height above the coast of
2, 3—4 and 5-6 m respectively. These are sepa-
rated from swamped depressions comprising
former lagoons. Accumulative forms consist of
a series of sand and gravel deposits, which in-
clude sand-silt lenses. A large number of radio-
carbon dates were obtained from the deposits
of accumulative formswithin the interval from
5.5 to 1 ka BP [Ignatov, 2004].

Kuz’'mina et al. [1982] identify a raised
sea level of 2-3 m during the Atlantic period
as compared to the contemporary sea level.
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They observe the apparent appearance of a
(2.5-3)-metre marine terrace during this time
to form the base of a 3.5-metre lagoonal coastal
terrace. Later, at the beginning of the Subboreal
period, a slight regression of the sea occurred,
confirmed in the finds of archaeological sites:
the sites are revealed on abrasion surface at a
height of 4.5 m above its outcrop from the surf
zone.

For the Middle Holocene period (Atlantic),
Korotkiy et al. [1980] identify a raised Holocene
terrace covering practically the entire coast of
the Sea of Japan. At the southwestern Primorye it
is represented with an extensive low-lying plain
of the Khasan seaside, that is observed onwards
towards the north-east in the rivers’ mouths
and bays heads. Its height ranges within 4-8 m.
There 1s an alluvial-lagoonal terrace with a height
of 3—4 m behind a zone of ancient storm walls.
The amplitude of relative raises of a coastal land
is ambiguously estimated: 2-3, 5-8 and 11—
13 m. Therefore Korotkiy et al. [1980] propose
to use height marks of the lagoonal layers roof
in a section of 3—4-metre terrace as a benchmark
against which to calibrate the extreme sea level
oscillations of the Sea of Japan during the Mid-
dle Holocene.

The age of the lagoonal deposition in
a section of 3—4-metre terrace ranges from
736 £ 160 years (MGU-IOAN-229) in the mouth
of Barabashevka river and to 4500-5000 years
in the mouth of Chernaya river. These lagoonal
sediments correlate well with accumulations
of’beach sediments in a section of 5-metre marine
terrace with the following radiocarbon datings:
5530 £+ 110 years (GIN-738), 5630 + 110 years
(GIN-739a), 6000 + 130 years (GIN-739b) [Ko-
rotkiy et al., 1980].

Further, within the Ambin (Subboreal)
phase, a depression is observed relative to the
maximum of the Atlantic for 2.5-3.0 m [Korot-
kiy et al., 1980].

During the second half of the Subboreal,
at a period of climatic warming, an observed
increase in the sea level was confirmed with
the settlements of ancient people at the structural-
denudation surfaces at a height of 2040 m [Se-
livanov, Stepanov, 1982].
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During the present Subatlantic age, a regres-
sion in the sea level has place too. Evidence
of ancient human settlements (Yankovskaya
culture 2500-2000 years ago) appears not only
at the height of 4-5 m, but also at the contem-
porary sea level. In the Subatlantic-2 (SAT2)
on the 2.5-metre marine accumulative ter-
race, molluscs 1420 + 18 years (MGU-758)
and 1400 £ 200 years (MGU-810) have been
dated to demonstrate a transgression of the Sea
of Japan. Archaeological data comprises evi-
dence of the burial of the Yankovskaya culture
artefacts within beach sand and pebble of coastal
walls at a height of 4.2 m [Selivanov, Stepanov,
1982].

Thus, a common feature of the postgla-
cial transgression course in the Primorye at the
Holocene beginning, following the Younger
Dryas cold stadial consists of a lag behind the
eustatic transgression [Kaplin, 1978; Korotkiy
et al., 1980; Kuz’mina et al., 1987]. Here, a lag
of the sea level rise was continuing even follow-
ing an increase in the rate of melt water influx.

The other characteristic feature of post-
glacial transgression in the Primorye is an in-
creased sea level at the Atlantic period, followed
by a smooth decline, accompanied with oscilla-
tions of regressions and transgressions with an
amplitude of a few metres.

The character of the transgression/ingression
course of the Sea of Japan on river valleys and
rias typical of the Prymorye coast confirm the
dominance of negative tectonic vertical move-
ments in this region. Conversely, the general
spreading of the raised coastlines of the Atlantic
period comprises evidence of alternation of de-
scending tectonic movements with rises.

The conclusion concerning abrupt, pulsed
tectonic movements typical for the region
as a whole, does not contradict the results of seis-
mic sections analysis [Antipov, 1987], which
shows that the deep-water basin of the Sea of Ja-
pan has been formed by two pulses of differen-
tiated short-term descents: the Pre-middle Mio-
cene and Late Quaternary. For the rims of the
Sea of Japan, “flexural-fault” zones [Antipov,
1987], with which tectonic movements are as-
sociated, are typical.
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Simulation of the postglacial curve
of the sea level change for the Primorye

Using the SELEN 2.9 open code software,
computations have been carried out in the work
with the aim of obtaining the curves of postgla-
cial change of the sea level for the area of the
Primorye coast.

The SELEN 2.9 software suite is intended for
so-called sea level equation (SLE) solving [Spa-
da, Stocchi, 2006]. The solution of the “sea level
equation” lies in the range of values of spatio-
temporal variability of the World Ocean’s floor
structure by keeping gravity potential of the sea
surface, constant for a specific melting scenario
of the Ice Age sheet glaciers and viscoelastic
model of the Earth [Wu, Peltier, 1983]. The soft-
ware suite realises the fundamental principles
proposed by Farrel and Clark [1976] to calculate
the sea level changes following the redistribu-
tion of meltwater over the surface of a viscoelas-
tic model of the Earth.

The computations were made for different
rheological characteristics of the Earth mantle
layers and under different glacial melting sce-
narios. In addition, within the test mode, we
have conducted a simulation with help of the lat-
est version of the SELEN 4.0 software [Spada,
Meline, 2019]. New software version differs
from the previous SELEN 2.9 with such updates
as consideration of the Earth rotation, changes
of the land and ocean configuration as the World
Ocean level increases because of the Late Pleis-
tocene glaciers melting, pole shift as glaciers
degradation. The updated version of the ICE6gC
model of the Late Pleistocene glaciation with the
VM5a rheological model of a mantle [Peltier et
al., 2015] is used to simulate glaciers melting
in the SELEN 4.0. Only one computation is giv-
en here due to the failure to obtain stable results
in the SELEN 4.0 software.

The values of viscosity of the mantle lay-
ers, used by Nakada et al. [1991] for estimation
of mantle rheology of the Japan Archipelago
and taken by us for computations, are given
in the table below. He proposes three types of
the viscous characteristic of the Earth mantle
layers: A, B and C. We have added the fourth
type D with viscosity values, ultimate for the
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Table. Viscous characteristics of the mantle layers, Pa-s

Model
Layer
ICE3gD | ICE3gB | ICE5gA | ICE5gB | ICE5gC | ICE5gD | SELEN 4
Lithosphere, viscosity
and thickness, km o, 55 oo, 30 oo, 50 oo, 30 oo, 30 o, 55 o0, 90
Upper mantle
layer 1 10 2-10" 102 5-10%°
layer 2 102 2-10% 2-10% 2-10% 2-10% 10% 5-10%°
Ig%{sgggigyer’ 102 2100 | 102 | 5102
Lower mantle
layer 1 10% 10% 10% 1.5-10*
layer 2 10% 10% 10% 3.2:10%
layer 3 10% 1022 1022 102 10% 10% 3.2:10%
layer 4 3.2:10%
layer 5 10% 10% 10% 3.2:10%
layer 6 3.2-10%
Core o o o0 o o0 00
Note. The explanation of models’ designation is given in the text.
mantle layers, as “the most viscous” [Bulgakov Discussion

et al., 2020]. Models names in the table consist
of a designation of a model of the postglaciation
melting scenario — ICE3g [Tushingham, Peltier,
1991] and ICESg [Peltier, 2004] with the addi-
tion of a symbol that represents the type of vis-
cous characteristic of the Earth mantle layers.

Thus, for example, the ICESgA designation
stands for the computation of the ICESg glaciers
melting model on [Peltier, 2004] with a viscous
model of A type on [Nakada et al., 1991].

As a result of computations, the curves
of the sea level change in the postglacial peri-
od have been obtained for all the listed viscous
characteristics and models of scenarios of melt-
ing of the glaciers of last glaciation. The ob-
tained curves for the location point of Nahodka
city are presented in Fig. 1. The curves designa-
tions match the models’ names in the table.

Similar computation results of the course
of postglacial transgression of the Primorye
were obtained [Evelpidou et al., 2019] in the
SELEN software for the ICE6g and VM5a mod-
els for the Okinawa Island of the Ryukyu Archi-
pelago located comparatively nearby to the Pri-
morye region. The computations results used
when clarifying of the field data show the ex-
cess of the sea level at the Holocene optimum
in the area of Ryukyu Archipelago.
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In comparing the results of numerical
simulation of the Holocene transgression car-
ried out by different authors for several mod-
els of the course of glaciers melting with data
of the field observations in the Mediterranean
Sea, P. Pirazzoli [2005] concluded that in some
cases the computations results exceed and fore-
stall the estimations obtained by the field ob-
servations at the coasts, while in the other cases
they lag them. The analysis made by Pirazzoli
[2005] shows that the numerical methods can-
not precisely reconstruct the course of trans-
gression in the all areas of the World Ocean.

It is necessary to point out that this situation
continues despite the significant enhancement
of both the computation methods and glacial
melt models. In the present work, the computa-
tions are applied primarily in order to estimate
the tendencies rather than to compute accurate
height values for the marine paleolevels.

From the results of the field works pre-
sented above, the estimation of the level of the
Sea of Japan seems the most reliable. This has
been determined from the borehole no. 132 with
an age of 9.6 ka BP at the depths about —48...
—49 m [Kuz’mina et al., 1987], providing evi-
dence of the extremely low sea level at this pe-
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Figure 1. Postglacial transgression curves in the vicinity of Nakhodka.

riod. The assessment for chronologically sub-
sequent position of the Sea of Japan level at
depths of 20-25 m within the time interval
of 7-8 ka BP [Kaplin, 1978] confirms the con-
clusion about the slowdown of transgression
and expands the time interval in which this
slowdown is marked.

A comparison of the value of the sea level
of 9.6 ka BP (Fig. 1) with the sea level obtained
by the results of no.132 borehole observation
shows that the ICE3gD curve (the orange line),
for which the sea level is about —37 m, is closest
to these results. The same tendency — the closest
proximity to the observed values — is clear for
the time interval of 7-8 ka BP, when, according
to observations, the sea level has been located
at the 20-25 m depth, while on the ICE3gD
curve, the depth is 10—-19 m.

For the ICE3gD model, as shown in its
designation, the ICE3g model of postglacial
melting was used when perform computations.
The equivalent curve of the sea level changes
for this model is shown in Fig. 2. According
to this curve, the total volume of the water that
flowed into the ocean for 22 ka BP is equi-
valent to a sea level rise of 113.49 m, which
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is lower than the value of 127.11 m calculated
for the same period for the corrected ICESg
model. The difference between these two mod-
els’ curves is especially important for the time
period from 6 to 22 ka BP. Rather than try to
explain why this occurred, we will simply note
that the transgression rate within the time period
from 6 to 22 ka BP on the curve of ICE3g model
is lower than on the successive ICESg version.

Although, on the one hand, the transgression
rate has decreased due to water influx in the Pri-
morye area, on many coasts at this time a pulse
of accelerated water influx from the glacial
melting has been observed - MWP-1B [Lam-
beck et al., 2014]. Here it is necessary to con-
sider that, since the Sea of Japan was not iso-
lated from the World Ocean, no interruptions
were observed in water mass flow into the Sea
of Japan; therefore, these could not have affect-
ed the transgression course by the data of [Park
et al., 2000; Pletnev, 2012].

On the other hand, the D type of viscous
characteristic of the mantle layers has the high-
est viscosity values (see table), at which ob-
tained calculated curves of the sea level change
demonstrates the greatest transgression lag.
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Figure 2. Equivalent sea level (ESL) curves for ICE3g (a) and for ICESg (b).

When analysing the curves by the other
computation models, a general trend can be
distinguished: the higher the “viscosity” of the
mantle layers of model, the slower the trans-
gression and the lower the even-aged sea levels.
This is typical for both glacial melting models.

On the models with low viscosity val-
ues, such as ICE5gC, the transgression rate
is the highest and the Middle Holocene excesses
are the most significant. We note that the great-
est excesses in the middle of the Holocene were
obtained on the SELEN 4 curve, which was car-
ried out by the advanced IVE6g scenario of the
glaciers melting and the mantle model with low
viscosity values.

Concerning the Middle Holocene transgres-
sion, which coincides with the climatic opti-
mum and is noted on many coasts of the World
Ocean, it is necessary to pay attention to the fact
that the climatic oscillations, which are regis-
tered everywhere both by biostratigraphic meth-
ods and by the change of oxygen isotopes ratio,
are not considered in models of glacial melting
(Fig. 2 a, b) [Kaplin, 1978]. That is, an addition-
al volume of melting water from the glaciers
is not necessary to explain the observed traces
of excesses of the contemporary sea level dur-
ing the Atlantic climatic optimum of the Holo-
cene, since the lithospheric and mantle relaxa-
tion following hydroisostatic load is sufficient
for this purpose [Lambeck et al., 2014].

If this mechanism explains the Middle Hol-
ocene excess of the contemporary level, then
it will also be reasonable not to exclude such
a contribution made by hydroisostatic relaxation

226

in respect of additional oscillations of the sea
level observed on the Primorye coasts, includ-
ing the regression in the Subboreal (4 ka BP),
the small-scale transgression in the Subatlantic
(2-2.5 ka BP) and the transgression in the Sub-
atlantic-2 (1-4 ka BP).

On Honshu Island, the even-aged level of the
Middle Holocene excess of the sea level in the
various points of the island changes from total
absence to several metres higher than the con-
temporary sea level [Nakada et al., 1991], which
could not be explained in terms of oscillating
melt water. These results may be given in sup-
port of the idea about the leading role of verti-
cal movements of the Earth’s crust in the result
of hydroisostatic relaxation in the oscillations
of the sea level following glacial melting.

We leave the question of whether the hy-
droisostatic load of the Sea of Japan basin
with melt water from the glaciers of last sheet
glaciation acted as an amplifier and accelera-
tor of descending tectonic movements typical
for the Primorye throughout the Cenozoic as
a topic for a separate study, since it is beyond
the scope of the present article.

Among viscosity models of A, B, C types
borrowed from those applied for the Japanese
Archipelago [Nakada et al., 1991], the highest
Middle Holocene sea level excess was obtained
when calculating for the models of C type with
reduced viscosity, in which the contemporary
level has been reached about 8 ka BP. Converse-
ly, the models of D type with the highest viscos-
ity values do not show the Middle Holocene sea
level excess.
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The most likely rheological characteristics
of the mantle layers in the Primorye area are
closer to the models of the A and B types. Here,
although the transgression rate on the model
of B type is not as high as that seen in C-type
model, some increase relative to the contem-
porary level during the middle of Holocene
is nevertheless noted. The curve obtained
on the model of the A type is very similar to
the curve of the B type; nevertheless, the litho-
sphere thickness of 50 km is closer to the data
received using geophysical methods [Rodnikov
et al., 2005]. The incomplete correspondence to
the field observations is explained with an im-
perfection of the models of the course of glacial
melting.

The peculiarities of sea level behaviour dur-
ing the postglacial transgression obtained from
the curves imply that the mantle layers in the
Primorye area are more “viscous” in compari-
son with the area of Japanese Archipelago.

On the Echigo plain of Honshu Island at
the eastern rim of the Sea of Japan, it was de-
termined from core samples that the transgres-
sion accelerated within a time interval of 9.9—
9.7 ka BP [Tanabe et al., 2010]. This is described
as unique phenomena inherent only to this part
of the coast of the Sea of Japan and did not occur
in the other regions of the World Ocean. This ac-
celeration is associated with coseismic tectonic
submergences along the active fault, bounding
the Echigo plain from the west. Here, the sea
level after taking into account the contribu-
tion of seismotectonics is estimated at the level
of —33.5 m for the age of 9.6 ka BP [Tanabe et
al., 2010] (by comparison, in the Primorye it is
just higher at between —48 and —49 m).

Taking into consideration that the simula-
tion results approximate to the marks obtained
by field observations for the Primorye region,
but nevertheless are not identical with them,
we may suppose, that coseismic tectonic sub-
mergences of the coast and shelf of the Primo-
rye have contributed by analogy with Honshu
Island. Although no active Holocene faults
were revealed, the seismotectonic subsidences
of the coast and shelf of the Primorye coast
could occur along the ‘“flexural-fault” zones
[Antipov, 1987].
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Conclusion

The results of the postglacial simulations
in the Primorye area show that, under certain
conditions, the course of postglacial transgres-
sion approximates to the marks of the Sea of Ja-
pan level registered by the field observations
in the area of the Primorye coast.

The lag of postglacial transgression from
eustasis in this area may be fully explained
only by the presence of intermittent seismotec-
tonic submergences of the shelf at the first half
of the Holocene.

In comparison with viscous characteristics
of the mantle layers of the Japanese Archipel-
ago area, the effect of higher viscosity values
of the mantle layers in the Primorye area seem
to be more justified. The Japanese Archipelago
is located directly above the contemporary sub-
duction zone and is influenced with this process,
while the interaction of plates affects the Primo-
rye area to a significantly lesser extent.

Excesses of the contemporary sea level at
the Atlantic optimum of the Holocene (about
5-6 ka BP) noted on the Primorye coasts may be
explained by the reaction to hydroisostatic sub-
mergence of the coastline owing to a relatively
rapid increase of the water load under which ef-
fect the common trend of descending movements
has intensified on the shelf. Following the com-
pletion of glacial melt water influx, the descend-
ing trend has been interrupted and the shelf has
returned to its balanced level due to viscoelastic
properties of the mantle layers.

Coupled with an increase of the tendency
of descending movements, the tectonic factors
might make a significant contribution in the sea
level oscillations following the attainment
of the Middle Holocene maximum, i.e. the re-
gression at the Subboreal about 4 ka BP and at
the beginning of Subatlantic 2-2.5 ka BP.
This raises the question about a special study
on the contribution of climate fluctuations
in the sea level oscillations following the
Holocene climatic optimum, taking the com-
pletion of the Antarctica ice cap degradation
at 4-6 ka BP into account.
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Abstract. Results of a biostratigraphic study carried out on a paleolake discovered on Shkot Island in the
Eugénie Archipelago within Peter the Great Gulf of the Sea of Japan are presented. The study, which included
diatom and pollen analyses, identified the presence of non-pollen palynomorphs and microcharcoal deposited
during the formation of the island’s tombolo, providing a record of environment changes taking place dur-
ing the second half of the Middle Holocene. A reconstruction carried out on the basis of this data shows an
evolution through the stages of desalinated lagoon and freshwater lake, whose active swamping began around
1240 cal BP, with the formation of a peat bog taking place over the course of around 1000 years. At the base
of the peat bog, B-Tm volcanic ash marking the caldera-forming eruption of the Baitoushan volcano was
identified. Most of the volcanic glass grains have a trachyte composition. The approximate dates of invasions
of sea water in the paleolake having occurred during strong storms or tsunamis were determined. In addition
to marine sublittoral diatoms, neritic and silicoflagellate species were found in the sediments. It is shown that
the lake was once rich in aquatic vegetation, including rare species. During the Holocene optimum, the is-
land was covered by forests with a large participation of broadleaf tree species, including oak and hornbeam.
The degradation of these forests during short-period climate fluctuations with an overall cooling trend was
determined along with the main vegetation development phases. Conifers appeared on the island under the
cooler conditions of the Late Holocene, with Korean pine being most common in the Medieval Warm Period.
Forest vegetation became sparser during the Little Ice Age. The human impact on paleo landscapes, associ-
ated with the settlement of the island and the activity of ancient humans, was revealed. Traces of paleo fires
were identified along with their age and influence on local vegetation patterns.

Keywords: island landscapes, paleolake, climatic changes, middle-late Holocene, South Primorye.

For citation: Razjigaeva N.G., Ganzey L.A., Makarova T.R., Kornyushenko T.V., Kudryavtseva E.P., Ganzei K.S.,
Sudin V.V, Kharlamov A.A. Paleolake of Shkot Island: natural archive of climatic and landscape changes.
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BbaaronapnocTu u ¢puHAHCHpPOBaHNe

Astops! BelpaxatoT Omarogaprocts C.JI. IIpokonmy (MIHCTHTYT MCTOpHHM, apXeoJOrHu M 3THOrpadMH HapoJ0B
Jamerero Boctoka /IBO PAH) 3a kKOHCYyIBTaIIUM IO apXEOJIOTHIESCKUM CTOSTHKaM ocTpoBoB Pycckmii n Lllkora u ¢oto-
rpaduto o. [lIkoTa 1 penieH3eHTaM 32 KOHCTPYKTUBHBIC 3aMEUaHHSL.

Paboma evinonnena npu ghunancosoii nooodepaicke Poccutickozo Hayunozo ¢ponoa (npoexm Ne 18-77-00001).

BBenenue

Majpie OoCTpoBa 3aHMMAIOT 0CO0OE MECTO
B ocTpoBHOM JaHmmadToBeneann. Crenudu-
Ka pa3BUTHS JaHAMA(TOB TaKHMX OCTPOBOB BO
MHOTOM OTPEAENSAeTCS OCOOCHHOCTSAMH H3MeE-
HEHUSI OMOTUYECKUX KOMITOHEHTOB B YCIIOBHSX
HEOOJIBIIION TEPPUTOPUHU, OCOOYIO POJIb 37ECh
urpaet ¢akrop uizonsauuu. Jlaxke Ha MaTepUKO-
BBIX OCTPOBaX, PACIOJIOKEHHBIX OJH3KO K KOH-
TUHEHTY, W30JSAIUs KOTOPHIX HACUYUTHIBACT
HECKOJIBKO TBHICSY JIET, MOTYT BO3HUKHYTbH CIIE-
nuuyeckue pactuTelbHble accouuanuu [He-
nonyxko, enucos, 2001; Kpecros, Bepxomnar,
2003; Ponnuxosa u ap., 2012], a xox ux pa3Bu-
THSL MOXKET CYIIECTBEHHO OTIIMYAaThCsl OT OO0JIb-
[I0T0 MacCHBa OCTPOBHOM CYIIM WU OT JaHJ-
madToB OIM3NIEKAIET0 MOOEPEKbS MaTepuKa
[JIsmeBckas, 2015]. Manetimnee BMemaTeabCTBO
YeJioBeKa B TAKOT'O poJia OCTPOBHYIO SKOCHCTE-
My MOXET MPHUBECTU K ee ObICTpoii TpaHChOp-
Mallid U PAa3BUTUIO TEOKOMIUIEKCOB C THUIIEP-
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TPO(UPOBAHHBIM JIOMUHUPOBAHUEM TOTO WIIU
MHOTO BMJIa WIM PACTUTENIbHBIX aCCOLMALINMI,
HE TPUCYIIUX OCTPOBHOM duiope.

Ha neGonpummx ocTpoBax ¢ HU3KOTOPHBIM
penbedoM OOBIYHO TPYAHO HAWTH OOBEKTHI JJIS
najneopekoHCTpyKiui. IlepcnekTuBeH MOHCK
OEperoBbIX Maie003€ep, B OTIOKEHHUSIX KOTOPBIX
HauOoJee JeTallbHO 3aluchiBajach HHGpoOpMa-
sl 0 MayieoJaHMApTHBIX CMEHAaX, MO3BOJISAIO-
111asi BOCCTAHOBUTD X C BBICOKUM Pa3pEIICHUEM.

Bo3MOXHOCTH HCNONB30BaHUS TaKUX Ma-
Jeo3ep B KadeCTBE NIPHUPOJHOIO apXuBa H3-
MEHEHUH cpenbl MOKa3aHbl B JaHHOW pabo-
Te Ha npumepe o. lllkora, pacmosoxeHHOro
B 3aJI. [lerpa Benukoro. [Insg ocTpoBa BriepBbie
BBITIOJIHEHBI KOMIUIEKCHBIE JaHIIIa(THBIE HC-
CJIeIOBaHUs, BKIIIOUAIONIME KaK Ha3eMHBbIE,
TaK M TOABOAHBIC JaHAMIA(PTHI, HaXOIALIHE-
csi B TECHOM mapareHerndyeckon csa3u [['aH-
seit K.C. u ap., 2019 6, B]. Ilaneoreorpadu-
YECKHE MCCIEN0BaHUsA, PE3YJIbTaThl KOTOPBIX

231



[MAIEOO3EPO OCTPOBA LLIKOTA: NPUPOAHbIA APXUB U3MEHEHW KITUMATA U JIAHGLWA®TOB

MIPEACTABIIEHBI B 3TOM CTAaThe, UMEIIH LENbIO BbI-
SIBUTh PEAKIIUIO OCTPOBHBIX JaHAIIAPTOB Ha KO-
POTKOIIEPUOJHBIE KIMMATHYECKUE W3MEHEHUs
B CpeAHEM—IIO3JHEM TIOJIOLICHE, OIPENEINUTh
BpeMsl M MPUYUHBI JJaHIIMA(THBIX CMEH W TCH-
JICHLIMM UX Pa3BUTHS, a TAKKE BKJIaJ aHTPOIO-
TeHHOTo (pakTopa B pa3BUTHE PACTUTEIHHOCTU
B [TAJIEOACIIEKTE U B ITOCIEAHUE IECATUICTHS.

Kparkas xapakrepucTuka
paiioHa uccJie10BaHui

OctpoB llIkoTra pacnosnoxeH K ry ot o. Pyc-
CKUH W OTNEJICH OT MbICa 3a0BIThIA MPOJUBOM
mupuHOr 10 780 M. AKKymynsaTHUBHas (opma
(Tomb0110), 0Opa3oBaHHAasE B 30HE BOJHOBOI
TeHH, U namba coenuusuim o. [llkora ¢ o. Pyc-
ckuil. Panbuie 3mech Oblia gopora [Crparu-
eBckuii, 2012], B Hacrosmiee Bpems agamoOa
(Ha ywactke nnuHoW 120 M) pasmbiTa U Koca
OCYIIAeTCs TOJBKO B  CUJIbHBIA omiuB. [lno-
aab ocTpoBa 2.46 KM?, penbed) HU3KOTOPHBIH,
MakcuMasibHas Beicota 147 M. B mannmadtHON
CTPYKTYpe Bbl€JEHO 16 enuHuIl B paHre ypo-
yuin [[anzeit K.C. u gp., 20196]. I'ocnoacTByto-
[IUM THUIIOM PaCTUTEIBHOCTH SIBJISIETCS JIECHOM.
Tepputopusi ocTpoBa 3aHATa MIHUPOKOIUCTBEH-
HBIMHU JIECaMU C mpeodiagaHueM aybda MOH-
TOJIbCKOTO C y4acTHEeM Tpada CEep/lenCTHOrO,
JIUTIBI AaMYPCKOM, SICEHsI HOCOJIMCTHOTO, KJICHOB
MEJIKOJIMCTHOTO, JIOKHO-3U00IbI0Ba U 3elie-
HOKOpOTO, WibMa SAMNOHCKOro. KycTapHHMKOBBIN
spyc BkitodaeT kanuHy CapikeHTa, 4yOylIHUK
TOHKOJIUCTHBIM, XUMOJOCTH Pympexra u 30-
JIOTUCTOLBETKOBYIO, JICHLIMHY MAaHBYKYPCKYIO
u 1p. HeGomnpime miomaay 3aHUMaOT TMENH-
HOTOJNBIHHUKU (Artemisia gmelinii) ¢ y4actu-
€M Jiecrne/elbl JABYIIBETHOM U Pa3HOTPaBbS U
JYTOBBbIE co00IIecTBAa. AKKYMYISTUBHYIO (hOp-
My 3aHUMAIOT KYCTapHHUKOBO-Pa3HOTPABHbBIC
coobmectBa. Juddepenmuanus nanamapToB
BO MHOTOM OOYCJIOBJIEHA DKCIIO3UIIMOHHBIM 3(-
(eKTOM: BBICOKOCOMKHYTHIE Jieca 3aHUMAIOT
CKJIOHBI, MAaKCUMAJIbHO 3alIUIICHHBIC OT BIIU-
SITHUSL MOps, Pa3peKEeHHbIE HU3KOPOCIbIE Jieca
U KyCTapHUKOBBIE 3apOCid TATOTEIOT K Be-
TPOOOMHBIM IOKHBIM U BOCTOYHBIM YYaCTKaM.
EnunnyHO BCTpeuaeTcs cocHa T'yCTOIIBETKOBAs
(Pinus densiflora) [I'anzeit K.C. u np., 20196;
PonnuxoBa u np., 2012]. OcTpoB aKTUBHO HC-
HOJIB30BAJICS B BOGHHBIX 11e/1X B XX B. Haubo-
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nee TpaHc(OpMUPOBaHbI JJaHAMA(THI TPUBOIO-
pa3feNbHOM 4acTu U BJOJb JOPOT, €CTh CIIEIbI
M0YKapoB, PaCIpPOCTPAHEHUIO KOTOPBIX CIIOCO0-
CTBYET aKTUBHOE PEKPEALMOHHOE HCIIOJIb30Ba-
Hue ocTpoBa. Ha /101110 aHTpONOreHHO H3MEHEH-
HBIX JTanamadToB npuxoautcs 2.12 % momaau
octposa [["anzeit K.C. u ap., 20196]. C BocTou-
HOM CTOPOHBI Nepelieiika COXpaHWINCh MHOTO-
YHCJICHHbIE OETOHHBIE YaHbI, UCTIOJIb30BABILNECS
Jutst 3acoku pbIObI ([lanbrocpeidnpom) B 1930-¢
ronb! [CtparueBckwuid, 2012].

AKKyMYJIATUBHBIN Tiepeneek (GpopMupoBa-
Csl Kak JIBOMHOE TOMOOJIO 3a CYeT IOTOKOB Ha-
HOCOB, ITOCTYIIaBUIMX C Pa3HbIX CTOPOH OCTPO-
Ba. [Ipu 3aMbIKaHNM KOC BO BHYTPEHHEUN 4acTh
0CTaJI0Ch MOHIKEHHE, B KOTOPOM 00pa30BaIoCch
6eperoBoe 03epo (170 x30 m), BEITSIHYTOE BAOIb
MIOJHOXbSI CKJIOHAa. Ha KOCMOCHHMMKE XOpOIlIO
BbIpa)K€Ha MPOTOKA, COEANHSIBILAS 03€pO C OyX-
tor HoBbit /[xurut. Takoe pa3BUTHE aKKymy-
JSTUBHBIX MPOLECCOB JIOBOJIBHO TUIIUYHO MJIS
octpoBoB 3ai. Ilerpa Bemuxkoro. Ilpumepamu
ABIJIIFOTCSL 03epa Ha ocTpoBax bonbsmon [lemnc
[bop3oBa u ap., 1981] u Crennna [JIdmeBckas
u ap., 2017a]. AHamoru4HBIM 00pa3oM yCTpPO-
€Hbl aKKyMYJSTHBHbIE (OPMBI, COEIMHUBILINE
I1aJIe00CTPOBa, HBIHE MoiyocTpoBa I[lecuansii
n JloMmoHocoBa, ¢ MarepukoM. B Hacrosiee
BpeMs 03epo Ha o. llIkoTa noinHOCTHIO 3apocio,
Ha €ro MecTe B MOHMXEHHU Pa3BUTO OCOKOBO-
TPOCTHUKOBOE 0OJIOTO.

MarepuaJjbl 1 METOIbI

Pa3pe3 3amoxkeH B LEHTpaIbHOW YacTH Ma-
neoo3epa (42°56'56.2" N, 131°49'47.8"" E).
3nech ObUIO MPOBENEHO py4YHOE OypeHHe U BbI-
koraH mypd (puc. 1). MomHOCTh BCKPBITHIX
OTIOXKeHUH coctaBuia 1 M. BepxHiowo uacTth
paspesa ciaraetr Tophsauk (0-0.5 m) u Topds-
Hucthii aneBput (0.50-0.55 M), HUXKE 3ayeraer
cepsiii aneBputoBbiid wi (0.55—1.00 M), ¢ apec-
BOil B ocHOBaHuu. B uHT. 0.15-0.20 M 06Hapy-
’KEHBI THE3/Ia CyTIIIMHKA, Ha Tyoune 0.20-0.25 M
HalIeH peakuii rpaBuii (10 4 mm). B ocHoBaHuuM
topdsauka (uHT. 0.48—0.50 M) 3ayeraer ByJKa-
HUYECKUN Temels, MPeICTaBICHHBIN THe3JaMu
3€JIEHOBATO-CEPOro aJIeBPUTA.

buocrparurpaduueckoe n3yueHue BKIIOYA-
JIO IMaTOMOBBIA U CIIOPOBO-TIIBUIBIIEBOM aHAJIH-
3bl, BHITIOJTHEHHBIE 110 CTAHIAPTHBIM METOMKAM
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[AuatomoBsie... , 1974; Ilokposckas, 1966].
[Ipu ompenenseHUH 3KOIOTO-reorpadGuyecKux
XapaKTEPUCTUK BMJIOB JHMAaTOMEN MCIIOJIb30Ba-
HBI cBefieHus u3 padot [Lloi, O6peskosa, 2017;
Krammer, Lange-Bertalot, 1986, 1988, 1991].
Ha nuarpammy BbIHECEHBI OCHOBHBIE BU/IbI, OT-
pakalollue CMEHY 3KOJIOTUYECKUX YCIIOBHIA.
O06paboTka nMpoOd Ha CIOPOBO-TBUIBIIEBON aHa-
o3 crenana no merony B.IL. I'puuyka [['pu-
yyk, 1940]. [TomcueT nporieHTHOTO COAepKAHUS
TaKCOHOB MTPOBOIMJICS JUISI TBLIBIIBI APEBECHBIX,
TPaBSIHHUCTBIX W KYCTapHUYKOB U crmop. Jua-
rpaMma noctpoeHa B nporpamme Tilia v. 2-0-41
[Grimm, 2004]. IIpuibia KyJbTYpHBIX 3JIaKOB
UIEeHTU(DUIIMPOBAHA IO KPUTEPHSIM, TPEIIOKEH-
HbIM E.A. Ceprymesoii ¢ coaBropamu [Cepry-
mieBa u ap., 2016]. Ilpu npocMotpe npenaparos
OTMEYaJIOCh NMPUCYTCTBUE YITIEH U 0OYIIIEHHBIX

Puc. 1. Cxema paiiona paboT 1 MOJIOKEHUE U3YIEHHOTO pa3pe3a Ha o. [1Iko-
Ta. (a) cxema SInonomopckoro peruona; (b) o-sa Pycckuit u Illkora u
TIOJIOKEHUE HW3YYEHHOTO paspesa; (C) MOJIOKEHHE H3YYeHHOTO paspesa
Ha o. IlIxora; (d) pororpadus o. [lIkoTa u HepechITH, COCTUHSIONMEH ero  IIbI

¢ 0. Pycckuii, nonoxxenue najieoosepa.

Figure 1. Studied area and position of studied section on Shkot Island.
(a) — The Sea of Japan Region; (b) — Russky and Shkot islands and location
of studied section; (c) — Shkot Island and location of studied section;

(d) — photo of Shkot Island and paleolake location.
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KJIETOK pacTeHui. JlaTuHCKIe Ha3BaHUsI pacTe-
HU TpuBeAcHBI B cooTBeTcTBUM ¢ “The Plant
List a working list of all plants species”
(http://www.theplantlist.org).

Pagnoyrneponnoe narupoBaHue (CM. Ta-
Onuiry) BbInosniHeHO B MHcTUTyTE Hayk o 3eM-
ne Cankr-IlerepOyprckoro rocyaapcTBEHHOTO
yHHuBepcuTeTa. KannbpoBka paauoyriepoaHbIx
nat nposeneHa B nmporpamme OxCal 4.3 ¢ xanu-
6poBouHoii kpuBoii «IntCal 13» [Bronk Ramsey,
2017]. UnenTndukanus UCTOIYHUKA TEPPHI ClIe-
JlaHa Ha OCHOBAaHHWHU XMMHYECKOTO COCTaBa BYII-
KaHM4YeCcKoro crekisia. CKaHUpYIOLas 3JIeKTPOH-
Hasi MHUKPOCKONHSI W PEHTI€HOCIEKTPAIbHBIN
MUKpPOAHAIU3 NPOBOJWINCE B MOCKOBCKOM
roCyJlapCTBEHHOM yHuBepcurere uMm. M.B. Jlo-
MoHocoBa Ha mnpubope LEO SUPRA 50 VP
(Carl Zeiss, I'epmaHus) ¢ HCIIOJIB30BAaHUEM

SHEProJUCIIEPCUOHHOIO  aHAJIH-
3atopa X-MAX 80 (Oxford Inst.,
UK) mpu yckopsitomeMm Harps-
xeHuu 25 kB u pasmepe anepry-
pet 60 Mxm. IIpoanamm3upoBaHO
15 3epeH, naHHbBIE TEPECUUTAHBI
Ha 0e3BOJIHBII OCTATOK.

Pe3yabTarsl
U 00CyKIeHue

T'eoxpononozus, ckopocmu na-
Konnenus omnoxcenui. Onpe-
JieJIeHNe BO3pacTa HIKHEH yacTu
paspesa, CIOXEHHOW TeppuUreH-
HBIMH OTJIO)KCHHSIMHU, BBITIOJHE-
HO Ha OCHOBAHUHU KOPPEISIIUU
CIIOPOBO-TIBUIBIIEBBIX  JTAHHBIX
Y YCTaHOBJIEHHBIX 0COOEHHOCTEH
pacTUTEIILHOCTH BPEMEHH WX Ha-
KOILJICHUSI C MAJTMHOJIOTMYECKUMHU
3aMucsAMU U (PUTOIEHOTUYECKH-
MU PEKOHCTPYKIIHSIMH, TOTy4YeH-
HBIMU T10 TOJIOIICHOBBIM pa3pe3am
Oonmxaimmx paiioHoB. B ocHoBa-
HUU TOJIIN WIOB 3a(UKCUPOBAHO
MaKCHMaJIbHOE KOJIMYECTBO IbLIb-
[IMPOKOJIMCTBEHHBIX  MOPOJ]
(mo 89.5 %), B TOM umcIe u rpada
(Carpinus — no 24.6 %), uto no-
3BOJISIET TPENNONOKHUTh, YTO Jia-
ryHa Ha ocTpoBe oOpa3oBajiach
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Tabnuya. Pe3yabTaTsl paanoyIJ1epoIHOro TaTHPOBAHUS OTJIOKEeHUI majieoo3epa Ha o. Illkora

Table. Results of radiocarbon dating of the paleolake sediments of Shkot Island

Howmep VHTepBaL M Marepman Papnoyrneponusiii | Kanudposaunsiii | JlabopatopHsiid
obpasua pBar, p BO3pACT, JIET BO3DPACT, KaJl. JeT HOMeEp
1/318 0.5-0.55 TopdsuucTbIi 1340 + 120 1240 + 130 JIY-9254
aJIEBPUT
2/318 0.2-0.25 Topd 90 + 60 140 £ 80 JIY-9255
3/318 0.3-0.35 Topd 730+ 70 680 + 60 JIY-9256

B ONTUMYM cpeAHero rojoueHa. Ha cesepe
0. Pycckuii B pazpese «llognoxbe 1» manuHo-
CHEKTPBI C MAKCUMAJIbHBIM COJIEPKaHUEM IbLITb-
LBl IIUPOKOJIUCTBEHHBIX JepeBbeB (79-92 %),
B TOM uucie rpabda (20-25 %), mo3BoamiIu ycra-
HOBUTB, 4TO 0K0J10 6600—6400 KaJ1. 1.H. yCI0BUS
ObUIM HAMHOTO TeIjiee M BIA)KHEE COBPEMEH-
HBIX ¥, BO3MOXKHO, JJOCTUTAJIM MaKCHMAJIBHOTO
ypoBHA B rojoueHe [Mukumuz u np., 2019].
B paspese «IlocnenoBo» maamHOCHEKTPHI € CO-
JepkaHueM ThUIbIBI Tpada (17 %) oTmedyeHsl
JU1s1 “tHTEpBalia okoio 5500-5460 kan. i1.H. [Mu-
kuiuH, ['Bo3neBa, 2014].

[Iupokoe pa3BUTHE aKKYMYISTUBHBIX (OpM
9TOr0 BO3pacTa XapakTEpHO Uil MOOEpexbs
IIpumopss [Kopotkuit u np., 1997]. Me1 npen-
0Jlaraem, 4YTo IPUMEPHO B 3TO BpeMsi 00pa3oBa-
10chb 03epo Ha 0. llTkora. CkopocTH HaKkOIIEHUs
OTJIIOKEHUH B BojioeMe ObUIM HU3KUMH — OKOJIO
0.1 MM/rom, OCHOBHBIM HMCTOYHHKOM TEppH-
TeHHOT0 MaTepuana ObUl IUIOCKOCTHOM CMBIB
¢ abpa3MOHHO-/IEHYIAIIHOHHOTO YCTyNa, PSII0M
C KOTOPBIM pacrioyiarajics BOJI0eM.

B pesynbrare HMHTEHCUBHOIO 3apacTaHus
03€pa Ha4aJloCh OPraHOT€HHOE 0CAaIKOHAKOILIEe-
Hue. M3 mepekphiBaomero Wikl TOp(SHUCTO-
ro anesputa (0.50-0.55 m) monyuena *C-nmara
1340 £+ 120 m1.1., 1240 + 130 kan. 1.1, JIY-9254,
a B OCHOBaHUU Top(a oOHapy:keH npociioit Ted-
PBI, COMOCTABISIEMBI ¢ MApPKUPYIOIIUM BYJIKa-
Hu4eckuM nerminoM B-Tm kanbnepoobpasyroiie-
ro u3BepxeHus BiIK. baiToymans 946/947 rr.
[Caxno, 2007; Chen et el., 2016]. Briepssie mpo-
CJIOM ByJIKaHMYECKOro nermia B-Tm B KOHTHHEH-
TaJIbHBIX OTIOXKEHUAX [IpuMOpbs HaliIeH Ha T10-
oepexbe Oyxtel Kut [[an3zeit JILA. u ap., 2015]
U B pajge apyrux Oyxt. Ha o. Pycckuii Tedpa
(MoImHOCTHIO 710 3 ¢M) OOHapyXeHa B pa3pesax
TOp(SHUKOB U MOYB B 0OpaMIIEHUH OEpEroBbIX
o3ep Ha mobOepexbe OyxT [lapuc m Cnokoii-
Hasd. B TopHBIX paliOHaX BYJIKaHUYECKHUH IeIel
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B-Tm naiinen Ha IlIkotoBckom, CepreeBckoMm,
[ydanckom mnato W BEPXOBBAX pP. YCCypu
[Pazxuraesa u ap., 2019].

Kak u B Ipyrux Toukax, B COCTaBe Te(phbI
Ha o. llIxkora mpeoGmamaer OeciBETHOE BYII-
KaHWYEeCKOE CTEKJIO, IPE/ICTAaBICHHOE BOJIOK-
HUCTO-YIJUHEHHBIMU U TY3bIPYaTBIMU DPA3HO-
craMu (Ooplass 4yacTh 3€peH UMEET pa3Mmep
200-300 mxm) (puc. 2). MakposneMEHTHbIN
cocTtaB (B %) OosbllIel yacTu 3epeH XapaKTepu-
3yercs HeOObIMM pa3dpocoM 3HaueHui: SiO,
(65.92-68.82), AlLO, (14.67-15.58), xapak-
TepHO BbICOKOE cozepxanune K O (5.34-5.92),
Na,0O (4.59-6.13), K,O+Na,O (10.46-11.05),
nuskoe TiO, (0.40-0.68), CaO (1.03-1.43),
MnO (<0.21), FeO (4.69-5.01). biu3kuii cocta
UMEEeT U BYJIKAHUYECKOE CTEKJIO ATOT0 BO3pacra
U3 OTIIOKEHUI AMypckoro 3anuBa [AKylIn4eB
u n1p., 2016]. I1o cocTaBy ByJKaHHYECKOE CTEK-
JI0O aHAJOTMYHO TPAXUTOBBIM PA3HOBUIAHOCTSAM
W3 MPOKCUMaIbHOW W auctanbHOW 30H [Chen
et al., 2016; McLean et al., 2016]. PuonutoBsrit
COCTaB, TUITUYHBIN /7151 Te(hpbl HaYaIbHOH (ha3bl
u3Bepkernust [Chen et al., 2016], uMeeT TOIBKO
onHO 3¢epHoO (B %): Si0, 70.80, A1,0, 13.98, K,O
5.29, Na,0 6.50, K,O+Na O 11.78, CaO 0.37,
FeO 3.06, MgO, TiO,, MnO — mwke mpenena
YYBCTBUTEIHLHOCTH MIPHOOPA.

3apacTtaHue 03epa MPHUBEIO K YBEITHYCHHIO
ckopocTel ocaakoHakoruieHus: ot 0.26 MM/ roj
(HakoruieHHe TOP(SHUCTOTO aneBpuTa) J0
0.4 wmwm/ron, xorga oOpas3oBaics TOP(SHUK.
B wmambiit  nemnukoBsiii  mepuox  (M*C-mara
730 = 70 n.H., 680 = 60 xan. n.H., JIY-9254)
ckopoctu yBenumumwiauch 1o 0.5 mm/rox. [lara
JIY-9255 (cm. Tabnuity) paccMaTpuBaeTcsl Kak
OMOJIOKEHHas!.

Cmaouu pazeumus naneoosepa. B otnoxe-
HUSX pa3pe3a 00Hapy)eHo 82 BUIA M Pa3HOBHI-
HOCTH TIPECHOBOJHBIX M 9 BHJIOB COJIOHOBATO-
BOJIHBIX M MOPCKHUX JHAaTOMOBBIX BOJOPOCIEH.
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Puc. 2. Bynkann4ueckoe CTEKIIO U3 OTIIOKEHUH Maneoo3epa o. [lkora: (a) mopdomnorus; (b) coornomenwue SiO, n K,0
B BYJIKaHMYECKOM CTeKJe, HaiaeHHOM Ha 0. IlIkora (1) u pa3pesax rojouneHOBBIX OTIIOKEHHUI M3 APYTHX PailoHOB

IIpumopss (2).

Figure 2. Volcanic glass from paleolake sediments of Shkot Island: (a) morphology; (b) SiO, versus K,O plot
for volcanic glass found on Shkot Island (1) and Holocene deposits from other sites of the Primorye (2).

HaubGonee pasznooOpa3Hbl JIOHHBIE BHIBI (43),
MEHBIIIe BUIOB oOpacTtanus (28), ciabo mpe-
cTaBJIeHbI IIaHKTOHHBIE Auaromen (11). [Ipeood-
J1a/1at0T KOCMOTIONUTHI (56 BUIOB), OOpeasIbHbIX
BCcTpeueHo 13 BuaOB, apkrobopeanbHBIX — 4.
Ilo ornHomenntro k pH cpeasl JOMHHHMPYIOT
ankanupunel (36), UUPKyMHEUTpaANbHBIX BU-
noB — 24 u auunodpunoB — 13 BUIOB; MO OT-
HOILIGHUIO K coieHocTu 38 BunoB — uHIU(Dde-
pentsl, 14 — ranodo6st u o 10 — ramoduios
u Me3orano0oB. Vi3MeHeHue copepkaHusi BUJIOB
IUaToMel 1O pa3pe3y MO3BOJMIIO BBIICIHTH
4 KOMILIEKCa, OTPAKAIOIIUX SBOJIIOLMIO MAJIe0-
o3epa (puc. 3). [lo mepe u3MeHeHUs COIEHOCTH
U Tpo(HOCTH BOAOEMAa MEHSUJICA U COCTaB BO-
IHBIX pacTeHuit (puc. 4).

Ha navanpaOM 3Tane (okono 6600 kai. j1.H.)
o0pa3oBaiack MEITKOBOHAS PACIIpeCHEHHAsI JTa-
ryHa. B cocraBe auaromeii (komruiekc 1) mpe-
00JIaZlafoT TPECHOBOAHBIE BUIBI-00pacTaTEeNN
(mo 87.5 %). JoMuHaHTOM siBisieTCsl ranodui
Staurosira subsalina (1o 51 %), npeanounTaro-
M clIerka COJIOHOBAThIE BOJIbI, CyOJOMUHAHT —
Pseudostaurosira elliptica (no 36 %). O6a Buna
XapaKTEPHBI JJIsl METKOBOIHBIX 03€p CO CTOAUYEH
BOJIOM, 3apOCIIMX BOJHOW PAaCTUTEIBHOCTHIO.
3aMeTHO ydacTHe IUIaHKTOHHBIX Aulacoseira
granulata w Cyclotella meneghiniana. Ilo ot-
HOLIEHUI0O K pH JOMUHHPYIOT anmkaauguibl
(mo 64.3 %), 110 OTHOILIEHUIO K COJICHOCTH — Ta-
noduist (1o 54.8 %). IlouTu moaHOE KMCUYE3HO-
BeHue Epithemia adnata, mIMpoKo pacmpocTpa-
HEHHOTO MPECHOBOAHOTO OJUT0-ME30TPO(PHOro

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

BUJa, OTPAXKAET yBEIUYEHUE TPO(YHOCTH BOJO-
ema oxosio 3050 kan. yi.H. Poct uucneHHoctu
Aulacoseira granulata ToBOpUT 00 yMEpPEHHO
SBTPO(HBIX yCIOBUSIX.

Cnucok MOPCKUX U COJIOHOBATOBOAHBIX IHA-
TOMEH BKJIIO4aeT 14 TaKCOHOB, UX COAEpKAHUE
coctaBisieT 8.8-20.6 %, 4TO CBUAETEIIbCTBYET
0 JIOBOJIBHO €1a00M BOJIOOOMEHE JIaryHbl ¢ MO-
pem. IIpeobmagaroT XapakTepHble ISl JIaryH
COJIOHOBATOBOJIHBIE OCHTOCHBIE Navicula pereg-
rina, Gyrosigma acuminatum, COJIOHOBaTOBOJI-
HO-IIPECHOBO/IHBIN IUIAHKTOHHBIN Thalassiosira
bramaputrae. llocTymnieHue MOPCKUX BHJIOB
MIPOUCXOMIIO B CHIIBLHBIC IIITOPMA WITH I[yHAMHU.
Haubonee nHTeHCHBHOE MOCTYIIIEHUE MOPCKON
BOJIbI B JIATyHY (UKCHpPYETCS B MiIaX W3 IOJ0-
miBbI pazpesa (6600—-6400 kan. 1.H.). 31ech oT-
MEYEHO MAaKCHMaJbHOE KOJUYECTBO MOPCKUX
U COJIOHOBaTOBOAHBIX nuatomeit (20.6 %), Haii-
JICHBI BUJBI, XapaKTePHBIC JJISI OTKPBITOTO TIO-
Oepexbss — OCHTOCHBIE Pinnunavis yarrensis
(o 8.6 %), Cocconeis scutellum, a Taxxe OeH-
TOCHBI Amphora mexicana var. major, Xapak-
TEPHBIN JIJIS1 TETUTBIX MOPEH.

[Tuku comepkanuss Mopckux BuuoB (11 —
18.9 %) cBUAETEILCTBYIOT 00 YCHUJIICHUH ILITOP-
MOBOI1 aKTMBHOCTH B MHTEPBaJie BpPEMEHH OKOJIO
3050-1840 xai. i1.1H. B unax ormeuena Tabularia
fasciculata (no 1.1 %), xonoHuanbHas MPUKpPE-
IUICHHAs: MHUKPOBOJIOPOCIIb, OObIUHAs It 00pa-
CTaHUsS TBEPABIX MOBEPXHOCTEH M MaKpOBOJIO-
pociieit, IpeAnoYnuTaroas BoLy, 000ralieHHYIO
pPacTBOPEHHBIM  OPraHUYECKUM  BEHIECTBOM
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[beryn u ap., 2011]. Bo Bpemst mTopmMoB B BO-
JI0OEM TOCTyNal TEIUIOBOAHBIA HEPUTHUYECKUHN
Chaetoceros vanheurskii (no 4.7 %). 210
JOBOJIBHO peaxkui miua 3an. Ilerpa Bemuko-
ro BuA. OnNTUMaIbHBIE YCIOBUS UL €r0 pas-
ButusA: coseHoctb 30-35 %o, Temmeparypa
20-30 °C [Shevchenko et al., 2006]. YBenuue-
HUE ero cojepxkanus (1o 4.7 %) B unax, HaKo-
IJICHHE KOTOPBIX MPOUCXOAMIIO OKoJo 2450—
1840 kan. JI.H., CBUAETEIbCTBYET O XOpOUIEH
MpOrpeBaeMOCTH MOpPCKOil Boabl. [Ipu3Hakamu
3aryecka MOPCKHUX BOJI B CHJIbHBIE ILITOPMA WU
LlyHAMH SIBJISIFOTCS] U HAXOJKU CUIIMKO(IareisaT
(4255-3652 u 24501843 kan. mn.H.), obuTaro-
X TOJBKO B MOPCKUX Bonmax. O0a WHTEpBaa
COBIMAJIAIOT C MAJIOAMIUIUTYJAHBIMU TpPaHCTpec-
cusimu [Kopotkuit u np., 1997].

B narynHom o3epe Obuia Ooraras BojHas
pacTUTENbHOCTh. [IpUCYTCTBHE MbBUIBLIBI €XKe-
rojoBHUKa (Sparganium), BOISHOTO oOpexa
(Trapa), xysumnku (Nymphaeaceae), my3bip-
yatku (Urticularia), pnecta (Potamogeton) cBu-
JIETENILCTBYET O TOM, UYTO B OTJEJIbHBIE KPATKO-
cpouHble (a3bl BOJAOEM CTAHOBUIICS HMPECHBIM.
OTa TEHJACHUHMS CTaja OCOOCHHO SICHO TIIpO-
CMaTpPUBATHCSI TIOCIIC CHIDKEHUS YPOBHS MOPS
B TIOXOJIOJIAHUE HA TPaHUIIE CPEAHETO—TI03/IHETO
rojoneHa. Oxono 4860 kai. J.H. 03ep0 HavyaJio
aKTUBHO 3apacTtarb poro3om. [losiBieHue Bo-
JISTHOTO Opexa MPUYpPOYEHO K ONTUMYMY CyO-
Oopeana (4255-3650 kan. n.H.). B Hame Bpems
Ha 0. Pyccknii M3BECTEH BOISHOM OpeX JIOXK-
HoHanpe3anuwlii (Trapa pseudoincisa Nakai)
B 03. M3BecTKOBOE Ha Oepery Oyxtol [Tapuc [He-
noiyxko, Jleaucos, 2001].

B n3ydeHHOM pazpese cpeau HENbUIbLEBBIX
najguHoMop( BcTpeueHa 3eJeHas BOAOPOCIh
Botrycocus, cnocoOHass oOuTarh B COJIOHOBA-
TOBOAHBIX M TPECHOBOJIHBIX Bojpoemax. Korma
03epo cTajno Oojiee paclpecHEHHBIM, MOIyYHU-
Ja pacrpoCTpaHEHUE 3eJeHasi BOJOPOCiIb poja
Pediastrum, oGpa3zytoias KOJOHUU HA JHE He-
[TyOOKHMX YHMCTBHIX, B OCHOBHOM IIPECHOBOJIHBIX
BOJIOEMOB. B cocTaB IuIaHKTOHA BXOAWJIM HUT-
yarele CHHe-3elieHble Bojopocinu Anabaena,
oOHTaroIMe B IPECHBIX U c1ab0COJIEHBIX BOJO-
€Max U BBI3BIBAIOIIINE [[BETEHUE CTOSUEH BOIBI.

ConeHOCTh BOJOEMA CHIIKAETCS, U OKOJIO
1240 xan. JI.H. 03ep0O CTAHOBUTCA MPAKTUYECKHU
MIPECHBIM, HAYMHAETCS OPraHOI€HHOE OCAaJKO-
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HakoIuleHHe. B cocraBe amaromeit ucye3aror
MOPCKHE BUJbI, COKpAIAETCsl COAEPIKaHUE CO-
JOHOBaTOBOAHBIX nuaromeit (2.3-3.1 %). Ilo-
SIBIITIOTCSL  pa3HOOOpPA3HBIE BHJIBI W3 POJIOB
Eunotia, Pinnularia. Pacter m pa3HooOpasue
BUJIOB U3 pona Gomphonema, KOTOpbIE MOTIIU
MOCTYNaTh CO CTOYHBIMU BOJAMH, YTO KOCBEH-
HO TOBOPUT O (POPMHPOBAHUU JIO)KKOBOU CETHU
Y pa3BUTHU BPEMEHHBIX BOIOTOKOB. Pe3Ko yBenu-
quoch (10 4.2 %) yuactue snudura Lemnicola
hungarica, 0OBIYHO COCYIIECTBYIOIIETO C pa3-
HbIMH Bugamu psicku [Buczko, 2007], pacty-
e TOJIBKO B MIPECHOM CTOSYEH BojEe. 31eCh ke
HaiiieHa npuibLa psicku (Lemna), 4To yKa3bplBaeT
Ha Ooree TeruIble yCIIOBHS BomoeMa. Bcemblika
Planothidium delicatulum (4.1 %), Buga-3mM-
MICAMUTA, TATOTCIOMIETO K BETeTallMi Ha Iec-
yaHoM rpyHre [banamosa u ap., 2016], B cioe
Toppa c¢ Teppoil B-Tm, BeposiTHO, CBsI3aHa
C BYJIKAHUYECKHM IEIUIONaI0M.

B manbiii nexnukoBbiii nepuon ('“C-mara
730 £ 70 n.H., 680 £ 60 kan. n.H., JIY-9256)
YCWIWJIUCH MPOIECChl 3apacTaHus U 3a0omaqu-
BaHus o3epa (komruieke 2). Bo3zpocno xommue-
ctBo rajodoboB (mo 17.1 %) m aummodunon
(mo 23 %). B cocraBe npecHOBOAHBIX AUATOMEM
COKpAaTWJIOCh KOJUYECTBO CTBOPOK BHJIOB-00-
pactareneit (mo 56.6 %) u yBenuuunace J0Js
noHHbIX BUJOB (10 50 %). JlomuHupyeT mo-
npexHemy Staurosira subsalina (no 30 %),
HO YBEJIMYMBAETCA COJEp)KAaHUE XapakTep-
HBIX JJI1 OOJOTHBIX OOCTaHOBOK BHJIOB POJIOB
Eunotia (E. paludosa, E. glacialis, E. bilunaris,
E. exigua w np.) n Pinnularia (P. subcapitata,
P, viridis, P. rupestris). Bo3pacraer cogep:kanue
HACEeJISIIOIIETo CUIIbHO Kucible 6onota Navicula
festiva. Cpemu TOHHBIX CTaio MHOTO Navicula
cincta, KOTOPBIA MOT OOMTATh B CIIETKA COJIEHBIX
yCIOBUSIX. B 11e70M, y4acTre COIOHOBaTOBOJI-
HBIX BUJOB CHUJIBHO COKPAIAETCs, YTO TOBOPHUT
O JalbHEHIIeM YMEHBIIEHUH CBA3M BOJIOEMa
C MOpEM.

Cpenu BOAHBIX paCTEHUN MOSIBUIIACH YPYTh,
KOTOpasi pa3BUBAETCS TPU IIIyOMHE HE MEHee
0.5 M, OBLIO MHOTO pJIECTA.

Poct pomm a-me3ocampobuonta Navicula
cincta u [-me3ocanpoOHOHTOB  Stauroneis
phoenicenteron u Gomphonema parvulum mo-
JKET CBUICTENHCTBOBATH O TMOBBIMICHUU TPOQ-
HOCTH Boabl oOkojo 450 xan. n.H. Ilpuuem
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obpacrarens G. parvulum, Kak IpaBUIIO, IPE/-
MOYUTAET OJUTOTPO(YHO-ME30TPOPHBIE BOJIBI.
VBenuuenne KoJIMuecTBa OOpeasbHBIX BHUIOB
CBHJICTEIILCTBYET O 0O0JIee XOJIOMHBIX YCIOBH-
sx. [IpucyrcTBHe TPHOPEKHO-MOPCKHUX JIHA-
TOMEN CBs3aHO cO ITOpMaMu U 1yHamu. Co-
JIOHOBAaTOBOJIHO-MOPCKON Pinnunavis yarrensis
(mo 1.3 %) 3aHocuics B 03ep0 B CHIIbHBIC
mropMa. Haxonka Cocconeis scutellum v npu-
CyTCTBHE B TOpde rpaBUsi MOXKET OBITh CBH-
nerenbcTBoM ItyHamu (450-340 xanm. J.H.).
3ameck Obutr HEe meHee 140 M; BeposTHO, 3a-
TaIUIMBAJICS BECh mepelieek. BoaMoxHo, 371ech
3adukcupoBansl creas! iyHamu X VII B., ocan-
KM KOTOPOTO HaiifieHbl U Ha Oepery OyxThol Crio-
KOWHas, BOCTOYHOE mobepexbe 0. Pycckuii
[[anzeit JI.A. u np., 2016]. B SAnonckom Mmope
OBLIIO 1Ba CUJIBLHBIX IyHaMu: 26 HOsiOps 1614 1.
(mpedextypa Humrara) u B oktsa0pe 1644 r.
(mpedexTypa AkuTa), BBICOTA BOJIH Ha 0. XOH-
cro nocruraina 6 M [lida, 1984].

Brinensercs KpaTKOBpEeMEHHBIH CyXOW Iie-
puon (~340-230 kai. J1.H.), KOTJa IJIOIIaab 03€-
pa cuipHO CoOkpamanach. JlmaromoBas ¢ropa
(komIIeKC 3) XapaKTepu3yeTcsl YBEIUYEHHEM
KOJIM4eCTBa JOHHBIX BUIOB (110 70.4 %), ymeHb-
nieHueM BuaoB-oOpactareneit (mo 35.5 %)
U HCYE3HOBEHUEM IUIAHKTOHA. J[OMUHHPYIOT
noHHble Hantzschia amphioxys — BUJ, coco0-
HBII OOMTAaTh HA OCYIIKAX W XapaKTEPHBIN IS
nouB, Lemnicola hungarica, Navicula cincta,
Gomphonema parvulum. Bpicokoe copmepxka-
Hue snuduta L. hungarica (no 18.6 %) roBopur
0 TOM, YTO BOJIOEM OBbLIT BECh 3aTSIHYT psickoid. [To-
SBJSIFOTCS. apKTOOOpeanbHble BUABL: Pinnularia
ignobilis (no 4.7 %), Pinnularia divergentissima
(mo 2.5 %), 4TO CcBHIETENBCTBYET O Oolee XO-
noaHbIX ycnoBusix. [locneanuii Bua xapakrepeH
TSt c1a0OMHHEpaTH30BaHHBIX BOJI, MOXKET 00U-
TaTh B adPOOHBIX MeCTax Ha MxaX [XapHUTOHOB,
2010; Krammer, Lange-Bertalot, 1986]. Cocrtas
JMaTOMEN YKa3bIBaeT HA YMEHBIIIEHNE BOJHOCTH
BojloeMa U obmeneHue. OTCYyTCTBUE MOPCKUX
U COJIOHOBAaTOBOJIHBIX BUJIOB CBHJIETEIHCTBYET
0 TIOJTHOM MPEKPAILEHUU CBSI3U BOJOEMa C MO-
peM. Cyxue ycloBHs HE MCKIIOYAIOT MPOXOXK-
JI€HUE OTACNbHBIX KaracTpo(puuecKux JTUBHEH,
CBSI3aHHBIX C CWJIBHBIMU TaiipyHamu. BeposT-
HO, BO BpEMs TaKOro COOBITHS 3a CUET WHTEH-
CHUBHOTO IUIOCKOCTHOTO CMbIBAa 00pa30oBajKCh
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rae3na cymuHka. CoctaB nuaTomeil B HUX Onu-
30K K BMeImaroneMy Top(dy, HECKOIBKO BBIIIE
coziep)kaHue NMouBeHHON H. amphioxys.

ITocaemune 200-230 ner HaOIIOIATIOCH
O0OBOJTHEHHE BOJIOEMA 32 CYET YBEIMUYCHHS aT-
MocdepHbIX ocaakoB. Cpenu auaromeit (Kom-
TJIeKC 4) YBEIMYMUBACTCS KOJIMYECTBO BUIOB-00-
pacrareneii, BHOBb MOSIBISIIOTCS IJIAHKTOHHBIC
Bunsl (mo 1.6 %). Homunupytor Staurosira
subsalina (no 28 %), Gomphonema parvu-
lum (mo 27 %), 3aMeTHO y4YacThUe IOHHBIX
Hantzschia amphioxys, Navicula cincta, Pin-
nularia viridis. B xpoBie cios yBeIUYUBACTCS
nonst Pinnularia subcapitata, P. divergentissima,
YKa3bIBAIOIIMX Ha pa3BUTHE OOJOTHBIX MpOLIEC-
coB. OTHOCHUTEIBHO BBICOKHM OCTACTCS YHCIIO
apkToOopeanbHbIX U O0peaIbHbIX BUI0B. Me3o-
rajo0bl MPaKTUYECKU UCUE3al0T.

Ha 3akmiounTensHOM JTarme, IMOKa Cylie-
CTBOBAJIO 03€PKO, CPE/IM BOAHBIX pacTeHUH poc
penkuii Bu — kajbae3us noukosunnas Caldesia
reniformis (D. Don) Makino, koTopslii ceituac
BCTpedaeTcs B OacceifHax pek Pa3monbHas, Y-
CYpH ¥ 03. XaHKa U HaXOJUTCS HA TPaHU HCYE3-
HoBeHus [KpacHas kHura..., 2008].

Hcmopua pacmumensnocmu. VIameneHus
COCTaBa CIIOPOBO-TIBUIBLIEBBIX CIIEKTPOB IO pa3-
pe3y TMO3BOJIWIO BBIAECIUTh 4 NaJIMHO30HBI
(puc. 4), oTpaxkarolue IUHAMHUKY pPaCcTUTEINb-
HoCTH 0. [IIkOTa M B KAKOH-TO MEPE FOKHOTO T0-
Oepexbsi 0. Pycckuil, oTKyzna men BO3AyIIHBINA
MEPEHOC TbUIBIIBL.

[ManuHOCTIEKTPHI ¢ TPeoOIaaHueM MbLIb-
bl IpEBECHBbIX pacTeHuil (10 76 %) orpaxa-
I0OT pa3BUTUE BO BTOPOM MOJOBUHE CPETHETO
rojoueHa (6600—4554 xan. J1.H.) COMKHYTBIX
ny00BO-TPa0OBBIX JIECOB C y4acTHUEM HUIIbMa,
opexa, JIUIbI, SICeHsI, KJICHOB (MmaJuHo30Ha 1).
VYyacTue MHUPOKOIUCTBEHHBIX IOPOA B JEC-
HOM pacTUTEIBLHOCTU OBUIO HAMHOTO BBIIIE,
yeM B Hacrosiee BpeMsa. OT4acTH 3TOMY CIO-
COOCTBOBAJIM M 3KCIO3ULMOHHBIE YCJIOBUS,
MOCKOJIbKY CEBEpHBIE M 3amajJHble CKJIOHBI,
oOpaleHHbie K 03€py, SBISAIOTCA Hambojee
TEpPMOOOECIIEYEeHHBIMU — OHU 3aKpBITH OT Be-
TPOB C Mops U 0. Pycckuil mpuKpbIBaeT HX
OT CEBEPHBIX U CEBEpO-3alaJHbIX 3UMHUX Be-
TPOB. 37€Ch ceiuac pa3BUThl BHICOKOCOMKHY-
Thie MmUpokosrcTBeHHbIe Jieca [[anzeit K.C.
u ap., 20196]. Copepxanue nbUIbIBI Ipaba
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(mo 24.6 %) B CpeaHETOJIONEHOBBIX MAJIMHO-
CIeKTpax B 4 pasa BBIIIE, YeM B TTIOBEPXHOCTHOM
po6e (5.6 %). DTo MOATBEPKIACT TOUKY 3pe-
HUS O TOM, 4TO Tpad ObLI MpeCTaBIEeH B JIECHOU
PaCTUTENHFHOCTH OCTPOBOB 0oJiee MIMPOKO, YeM
B KOHTHMHEHTaNbHON yacTu IIpumopss [Muku-
mvH U Ap., 2019]. B HebodbIIoM KOIUYeCTBE
B necax Ha o. lllkora mpucytctBoBana Oepesa.
B kycTapHHKOBOM sipyce BCTpedaach JICHIMHA.
[Tp1B11a KEAPA KOPEUCKOTO, CKOpee BCero, Obla
3aHeceHa BeTpoMm. Ha o. Pycckuii B ycrmoBusax
ONTUMAJILHOTO TIOTEIJICHUSI XBOWHO-IIUPOKO-
JUCTBEHHBIE JieCa 3aHUMaJd TOJBKO BEPIIH-
Hbl conok [MukumuH u ap., 2019]. B wunax,
HAKOIUIEHUE KOTOpbIX mpoucxogwio 6040-
4860 xan. JN.H., HalJeHA NBLIbIA IIECIKOBUIIBI
(Morus). OOunue MBLIBIBI MIETKOBHIBI OOHA-
PY’KEHO B paspese najgeoo3epa Ha 6epery OyXTbl
Kpacnas, tor o. Pycckuii, 5750-4920 kan. j1.H.
[KopHtomenko u ap., 2019]. Becrpeuennas B usz-
YUYEHHOM pa3pese MbUIblia OJIbXOBHUKA, KyCTap-
HUKOBOW Oepe3bl, BEpOSTHO, MNEPEOTIONKEHA.

['MenMHOTIONBPIHHUKY 3aHUMAIM HEOOJbIINE
YUYaCTKH Ha CKJIOHAX U, CKOPEE BCEro, KaK U B CO-
BpeMeHHbIX ycnoBusix [[anzeii K.C. u np.,20196],
TATOTENHU K y4acTKaM, oOpalieHHbIM K Mopro. Ha
CKaJIUCTBIX MPUOPEKHO-TYTOBBIX CKIIOHAX OBLIO
MHOTO JIHIUH, 37aKoBbIX. [l0 JecHBIM pyubsim
BCTpEUAIUCh Oanb3aMUHOBBIE ([mpatiens), 4acTh
BHUJIOB OTHOCHUTCSI K COpHBbIM TpaBam [Hemomyx-
Ko, Jlenuncos, 2001]. B ocHOBaHMM CKJIOHA HA ChI-
PBIX yyacTKax pocia oibxa. Huzkoe conepxanue
TPaB TOBOPUT O TOM, YTO aKKyMYJIITUBHAS popMa
TOJIBKO Hayalla 3apacTarb. 37ech IMpeoliananu
pacTeHusl, MPEeANOYUTAIONINE BIIAXKHBIE MECTO-
obutanusa. Okojo o3epa ObUTH MPEICTaBICHBI
OCOKOBBbIE TPYIMIUPOBKH, POCIU KpOBOXJIEOKa,
XBOIII, U3 KYCTApHUKOB — BOCKOBHUK, Ha4al (op-
MHUPOBATHCSI MOXOBOM sipyc u3 carnyma. Cie-
JyeT OTMETHUTb, YTO B HACTOSIIEE BpeMs IOXKHAs
TOYKA MPOU3PACTaHUS BOCKOBHHMKA OOJIOTHOTO Ha
MaTepPHKOBOM TIOOEpEeKbe A3WUM HAXOMUTCS Ha
nobepexbe OyxThl Kut (ceBepree 43° c.imr.) [XKy-
noBa, 1967], pactionoxxeHHoi B 200 kM Kk ceBepo-
BOCTOKY OT MCCJIEyeMOro parioHa. Ha BiaxHbIx
Jyrax BCTPEYAJIUCh 3J1aKH, 30HTHUHBIE, TPEUHIII-
HbIE, TOPEYABKHU.

Knumar Obl1 HAMHOTO Temjiee W BIaXkKHEE
coBpeMeHHoro. CpenHeronoBas TeMmIeparypa
Ha OCTpPOBax B ONTHUMAaJbHYIO (ha3y cpenHero
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rosorena (6600—6400 kan. JI.H.) OILICHHBAETCS
Ha 4—6 °C BbIllIE COBPEMEHHBIX 3HAYEHU, CYyM-
MbI ocankoB oT 900—1200 mm/ron [KopoTkwuit u
ap., 1997] mo 1100-1600 mm/ron [MukumuH
u qp., 2019]. PekoHCTpyKIMu Ha TI0OAIBHOM
YPOBHE IMPEIONAraroT, 4YT0 TeMIepaTypbl ObUIH
Ha 2 °C BbIIe coBpeMeHHbIX [Benuuko, 2012],
YTO IpeACTaBIsIeTCs 00JIee peaTuCTUIHBIM. D -
(eKT MmoTernaeHus: Ha OCTPOBaX MOT YCHIIMBATh-
Csl BIMSIHUEM TEIJIOT0 TeYeHHs, KOTOpoe ObLIOo
Oosiee MHTEHCUBHBIM B 3TOT nepuon [Lutaenko
et al., 2007].

Kimmarnyeckass puTMUKa B IIEPBOM IOJIO-
BHHE Mo3aHero rosoneHa (mo 1840 kam i1.H.)
HE OKa3aja CyIIECTBEHHOTO BJIMSHUS Ha pPa3-
BUTHE MHOTOMOPOIHBIX IIMPOKOJIMCTBEHHBIX
JecoB Ha ocTpoBe (manuHo3oHa 2). Brigene-
HUE JIByX MOP(OTUNOB MBUIbILLI Quercus TO-
3BOJISIET TPEAMNONOKHTh, YTO B Jecax ObLIO
nBa BUAa AyO6oB. B obunmuum poc kanomaHakc
(Kalopanax), nosiBmiiace s6moHs. bonee pasHo-
o0pa3HBIM CTaJl MOJJIECOK, HAPSAAY C JICIIMHOMN
pOCTH KaJliHa, CUPEHb, OOSPHIIHUK. B Tpassi-
HOM TIOKPOBE CTaJI0 MHOTO TTalIOPOTHUKOB. Bo3-
MOXHO, Ha CKaJIaX POC MOXCKEBEIBHUK. MOKHO
OTMETUTH JIMIIb HEKOTOPOE YMEHBIIEHUE POJIU
rpa6a. Ero yuactue B JI€CHOI pacTUTEIBHOCTH
pe3ko cuuzminock (Carpinus — 16.3 %) B mo-
XOIIOJJaHUE HAa TPAHUIIE CPEAHETO M TO3/IHEro
ronomena (5460—4860 kam. J1.H.). DTo coObITHE
HE MPOSBUIIOCH SPKO HA ONM3NIEKAIIMX MaJbIX
OCTpOBax, IJe ObUIH pacpoCTpaHEHbI IIUPOKO-
JMCTBEHHBIE Jieca OOraToro BHIOBOTO COCTaBa
(oxomo 4470 £+ 140 m.H., 5120 + 190 kan. m1.H.,
JIY-7528) [JIsmeBckas, 2015].

B mnoremnsieHue, comocraBisieMoe C OITH-
MyMoM cyObOopeana (4860-3650 xai. IH.),
Ha o. Illkora rpab® cran Gomee pacmpocTpa-
HeH (Carpinus — no 18.8 %). Teruible u BrIax-
HBIE YCJIOBUSI ObUIM OJIarONpPUSITHBI 7S SICEHS
(Fraxinus — o 6.9 %). B Gonee mpoxiagHbIx
ycnousix okoio 3050 kam. J.H. ponb rpada
BHOBb cHWkaercs (Carpinus <13.7 %). B ma-
JMHOCHEKTPaX CTajll0 MEHbBIIE W IBUIBIBI
LIMPOKOIMCTBEHHBIX (<65.5 %). CmeHna mu-
POKOJIMCTBEHHBIX COOOIIECTB Ha OEPEe30BO-IIH-
POKOJIMCTBEHHBIC 3a(pUKCHpPOBAHA B IMOXOJIO/AA-
Hue 3.5-3.0 TeIC. J.H. U HaA APYTrUX OCTPOBAX
3ai1. [lerpa Benukoro [JIsmesckas, 2015]. B ro-
pax aToT pybex marupoBan okosno 3010 kai. j1.H.
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[PazxuraeBa u ap., 2016; 2019]. Ha o. Pyc-
CKHIl yMEHBIIICHUE POJU HIUPOKOIMCTBEHHBIX
JIECOB YCTAHOBJIEHO B IIOXOJIOAAHHUE OKOJIO
2700 kaun. n.H. [MukumuH, ['Bo3aesa, 2014].

C 3050 xain. 1.H. B cOCTaBE PaCTUTEIbHOCTU
o. lllkora crana npuHUMaTh y4yacTHE COCHA Ty-
crouBetkoBasi (Pinus s/g Diploxylon — no 6.4 %),
9TO 0COOCHHO SIPKO IEMOHCTPUPYETCS B TATTHHO-
CIEKTpax, MOTYYCHHBIX M3 MOYBEHHBIX MPOdu-
Jiel B IEeHTpalbHOM YyacTu ocTpoBa [PonHnkoBa
u ap., 2012; JIsmesckas, 2015]. bonee nnTeH-
CHUBHBIM CTaJl 3aHOC MbUIbIIbI KEIPA KOPEUCKOTO
¢ 0. Pycckwmit u marepukoBoii yactu. Ha 6onore
B KYCTapHHKOBOM SIpyc€ MOMHMO BOCKOBHHKA
MOSIBUJIACh CIUpEs, BO3MOXXHO, MPHUCYTCTBOBA-
na Oepes3a oBanbHONUCTHAS (Betula ovalifolia).
Cpenu TpaBSHUCTHIX OBUIM PaCHPOCTPAHEHBI
0000BBIC, BACHIIMCTHHUK, CTAJI0 MHOTO TPEUHIII-
HBIX, Ha CBHIPBIX Jyrax — ropuoB (Polygonum
sect. Persicaria), poc nepoenauk. Ha mecuanpix
y4acTKaxX aKKyMYJISITUBHOW ()OPMBI MOT pacTu
XBOWHUK (Ephedra), coobiecTBa KOTOPOro OT-
MEYEHbl Ha rore 0. Pycckuili u nIpyrux octpo-
Bax 3an. Ilerpa Bemuxoro [JIsmesckas, 2015;
Kopnromenko u np., 2019]. B merpodunsabIx
TPYNIUPOBKAX W Ha OEperoBBIX cCKajlax poc-
J1 MapeBble, TOJICTIHKOBBIC, KallyCTHBIE, BO3-
MOKHO, OpUEBBIN MOX JHKAJIHIITA CKpydYeHHAas
(Encalypta streptocarpa Hedw.).

Hannune menkux yrien CBHIETENIbCTBYET,
410 0K0JIo 3650—-1840 kai. n.H. peryiaspHo cTa-
JI TIPOXO/IUTh MAaJIbl, BO3MOXKHO aHTPOIIOTE€HHO-
ro npoucxoxaeHus. [[pusHakoM aHTPOIOr€HHO-
rO BIUSHUS Ha JaHIA(THI ABISIOTCS HAXOAKU
nbeUIbIEl KOHOIUU (Cannabis sativa), KyapTyp-
HBIX 371ak0B (>30 MKM) W IIENKOBHIIBI. Bpems
obpazoBanus omnoxeHui (4260-3650 kan. J1.H.;
3050-1840 xan. J.H.) OTBeUaeT IMO3THEMY He-
OJIUTY U paHHEMY KEJIE3HOMY BeKy. ApXeoso-
TUYECKHUE MaMSITHUKHA STOTO BO3pacTa IIUPOKO
npeacrarieHsl Ha 0. Pycckwmii [[Tomos, Jla3uH,
2011; barapmes u np., 2011].

Cpenu HembUIBIEBBIX MaguHOMOP(d BCTpe-
yeHa Puccinia, 4T0 TOBOPUT O IIMPOKOM pac-
MPOCTPAHEHUH  PXKAaBUYMHBI HA  PACTEHUSX
BO BJI&XKHBIX yclioBusax (4860-3650 kan. ji.H.).
Ee pasButHio, BUAMMO, CHOCOOCTBOBAJIM Ya-
cTele TymaHsl [BacunbeBa, 1953]. Ecth cBe-
JIEHUS O Ppa3BUTUU PIXKABYUHHBIX TPHOOB
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(49203840 xau1. 11.H.) Ha 1ore 0. Pycckuii (Oyx-
ta Kpacnas) [KopHromenko u np., 2019].

B ycnoBusx cHmkeHus Ttemmeparyp (Oko-
ao 1840 kanm. m.H.) B JECHOHM pacTUTEIHHO-
ctu o. llkora (masmHO30HAa 3) CYIIECTBEHHO
yBEJIMYUIACh polib Oepe3bl maypckoi (Betula
davurica). Crana 6onee pacnpocTpaHeHa COCHA
T'YCTOIIBETKOBAs, U, BEPOSITHO, B ATOT MEPHO Ha
OCTpOBE TOSBUJICS Kelp Kopeickuid (Pinus s/g
Haploxylon — 4.6 %). B cpIppIX jJecax wid Ha
OTKPBITBIX MECTax poc rpo3aoBHUK. Ha ckamax
nosiBuJyICs TutayHok (Selaginella). Ha mopckom
Oepery ObuT1O0 MHOTO TOpu4HUKA (Spergularia).
B manmHOCHEKTpax TMOSBWIIACH MBUIBIA TIOMIO-
POXXHUKOBBIX, XapaKTePHBIX I COBPEMCH-
HeIX TpynnupoBok mnepecbinu [[anzeit K.C.
u 11p., 20196]. OTmeueHHast B CeKTpax MbLIbIA
Cleyera mormna ObITh 3aHECEHA C I0Ta Tall(pyHAMHU.

Brlmen3inoxxeHHbIE Pe3yIbTaThl XOPOILO CO-
MOCTABJIIOTCS ¢ JAHHBIMU TIO JIPYTHM OCTPO-
BaM: moxononanue 1820-1440 kan. n.H. ObUTO
pyOexoM, CyIIeCTBEHHO HM3MEHHBIIMM COCTaB
pacTUTEIBHBIX CO00IIEeCTB OCTPOBOB I[lyTaTHH,
Puxopna, TOMHUHHUPYIOIIYIO POJb CTAIM UTPATh
0epe30BO-ITUPOKOTUCTBEHHBIE JIeCa, TMETHHO-
MOJIBIHHUKH, TIOSIBUJIACh KyCTapHHUKOBasi Oepesa
[JIsmeBckas, 2015].

Bcemnpimika pa3Butus kezpa kopeinckoro Obuia
B MaJlblii ONITUMYM TOJIOIIEHA, YTO XapaKTEePHO
u s npyrux paiionoB [Ipumopss [Razjigaeva
et al., 2019b]. ITox XBOMHO-IITMPOKOJINCTBEHHBI-
MU JIecaMu B TIOAJIECKE MOIJIa PAacTH Beirena
paHHss. B 0ojiee TEIIIBIX BIIAKHBIX YCIOBHUSIX
okoio 890-680 kan. n.H. cTano Oonblie rpada
(Carpinus — no 13.2 %), opexa MaHBYKYPCKOTO,
SCCHS. YBEJIIMUCHHUE POJIM IIMPOKOJMCTBEHHBIX
NOPO/ B KOHIIE Majioro ONTUMyMa 3a(UKCHPO-
BaHO Ha 0. Pycckuii, mobepexnse n-osa Mypa-
BbE€BAa-AMYpCKOIro M B TOpHBIX paiioHax Ilpu-
Mopbs [Muxumus, ['Bo3nesa, 2014; JlgmeBckas
u ap., 20176; Razjigaeva et al., 2019 a, b].
B KkycTapHHKOBOM sipyce HIMPOKOJIHMCTBEHHBIX
JIeCOB OBUTM IIUPOKO TMPEACTABICHBI KUMOJIO-
CTH, OepecKIIeT, Jecnenena. B manopoTHuKoBoM
MOKPOBE OBLI0O MHOTO YHUCTOYCTHUKA KOPUYHO-
ro (Osmunda cinnamomea), XapakTepHOTO s
BIIaXKHbIX JiecoB [Henomyxko, [lenucos, 2001].
B coctaBe nyroBoii pacTUTENBHOCTH U 3apoc-
JSX KYCTapHHKOB CTaj0 MHOTO MapeHOBBIX
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(Rubiaceae — 4 %). [loqmapeHHUK HACTOSITUI
(Galium verum L.) pactipoCcTpaHeH B COBpEMEH-
HBIX neTpouTHbIX rpynnuposkax [["anzeit K.C.
u 1p., 20196].

CpenHeromoBasi ~ TeMmIieparypa  IMOBBICH-
nack Ha 1-1.3 °C, yBeIMYUIOCH KOJIUYECTBO
armocepHbix ocankoB [Razjigaeva et al,
2019b]. dns SmoHoMoOpckoro pervoHa B 750—
1200 rr. H. 3. OTMEYEHO YCUJICHHUE JIETHETO MYC-
coHa u ocinabnenue 3uMHero [Yamada et al.,
2010].

Pe3koe yBennueHne B MATHHOCIEKTpax
JIOJIM TIBUIBIBI TPAB TMOKA3bIBAET, YTO AKKyMY-
asTuBHasS ¢opma Hayala aKTUBHO 3apacTaTrh
okoino 890 kan. JLH. B YCIOBUSAX CHUXCHHS
ypoBHs1 Mopsi. [IbuTblIa TPaBSIHUCTHIX PacTeHUMN
CYMMapHO XapaKTepHu3yeT M3MEHEHUsl B TpaBs-
HOM IOKPOBE Pa3HBIX THIIOB PACTUTEIHHOCTH.
B manunHOcnekTpax MosBWJIACH MbUIbLIA KOJO-
KOJIBYMKOBBIX, PACIPOCTPAHEHHBIX KaK B Jie-
cax, Ha OITyIIKaxX, TaK ¥ B TMEJIMHOTIOJIBIHHUKAX
YW Ha JIyrax; HOPHYHUKOBBIX M TBO3TUKOBBIX,
TaK)Ke XapaKTEPHBIX ISl TMEITMHOIOJIBIHHUKOB
u syroB. Halinena meuiebnia aessicuna (Inula),
pacrpoCTPaHEHHOTO B 3apOCIsAX KyCTapHUKOB
¥ Ha CBHIPBIX Jyrax. B majmHOcmekTpax crano
0O0JIbIIIe TBLIBIIBI 000OBBIX, THITMYHBIX JJIS TIPU-
MOPCKHX TE€CKOB W TalleuHuKoB [Hemomyxkko,
Henucos, 2001]. Cpenu Me30(pUTHBIX JIyroB
MOT pacTu Masyc, B [Ipumopse BcTpeuarores 1Ba
BUJA: ANOHCKUN — Mazus japonicus (Thunb.)
Kuntze u uucrenonuctusli M. stachydifolius
(Turcz.) Maxim, B HacTosIIIee BpEMSI Ha OCTPO-
Bax OHM He OOHapyxeHbl. Ha BIaxHBIX MecTax
CTalM PacHpoCTpaHEeHbl JIOTHUKOBHIE, JepOEH-
HUK (Lythrum), KOTOpPBIA MOT pacTH M Ha Oepe-
ry o3epa. JIokainbHO 0K0JI0 00JI0Ta pa3BUBAIUCH
IJ1ayHbl. B Manblil ONTUMYM TOJIOIEHA COKPATH-
Joch yyacTue Oepes3bl OBaJbHOJIUCTHOM, HCYE3
BOCKOBHUK.

[Ipu3HakaMyd  aHTPOIIOTEHHOTO  BIIASTHUS
Ha PaCTUTEILHOCTH SBIISTIOTCS HAXOJKU TTHUIBIIBI
KYJIBTYpHBIX 37aK0B (>30 MKM) B OTJIO)KEHHSIX,
HaKOIUJIEHHE KOTOpbIX npoucxoawio 1840-1240
u 890-790 xan. s.H. OOpamaer BHHMaHUE,
YTO JUIs TIEPBOTO BPEMEHHOTO MHTEpBaJia Xa-
pakTepHa MbUIbIA SOJOHHU, CIIUBHI, IEITKOBUIIBI
U TIpUHCENUU KuTaiickol (Princepia sinensis),
KOTOPYIO PAacCMaTPHUBAIOT KaK OCTaTOK 3eMiIe-
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JeNbuecKuX Kyiabryp [bpomneir m ap., 1977].
SI0OKU-TMYKH TPAJMIIMOHHO HCIOIb30BATIHChH
npeBHUM HaceneHueM lIpumopss [Bocrpenos,
2009]. [na Broporo mnepuona 3adUKCUpOBa-
Ha MbUIbIA AypHUIIHUKA (Xanthium), copHOTO
pacTeHus, pacTylero cenyac Ha o. Pycckuii o
ob6ounnam gopor [Henomyxko, lenucos, 2001].
Haxonku nbiibiel Xanthium B KyIbTYpHBIX CIO-
X apXCOJOTUUYECKUX CTOSHOK CUMUTAIOTCS CBH-
JIETEIILCTBOM CEJILCKOXO3IHCTBEHHOU IEeATENb-
HoctH [Jia, 2005]. EcTh 1 mbuIbIIa MICITKOBUIIBI
(mo 3.6 %), mukopuenbIxX. [lepBbIii mepuos 3axBa-
ThIBa€T KOHEI] KPOYHOBCKOW KYJBTYPBI U MOX3,
BTOPOM — WKYPWKIHbCKYIO 310Xy [Ky3spmun
u 1p., 2005]. Apxeosnornueckue naMsiTHUKU paH-
HETO JKEJIE3HOTO BEKa M PAHHETO CPETHEBEKOBbS
(Mox9) u3BecTHBI Ha 0. Pycckuii [IlomoB, Jla3uH,
2011; Kpynsuko u ap., 2016]. Ha o. IlIxoTa unu
Ha Ommkaiimem Oepery o. Pycckuii Toxxe MoryT
OBITh apXEOJOrMYECKUE MAMATHUKU ITOTO BO3-
pacta. Bo3M0HO, pe3Ko€ COKpaIllEHUE TbLIbLIbI
npesecHbix (18.5-33.1 %) mocnennue 790 ner
TaK)X€ CBSI3aHO C AHTPOIOIEHHBIM BIIUSHHUEM
Y YaCTUYHBIM YHUUYTOXKEHHUEM JIECa.

B nepByro MOJIOBUHY MAaJlOro JIEAHUKOBO-
ro nepuona (680-340 kan. m.H.) Ha o. IlIkoTa
YBEJIMYWIINCH TUIOMIAAM, 3aHSAThIE COCHOU Ty-
cTonBeTKoBoM (manmHo30Ha 4). Kemp xopei-
CKUI eciiu U OblI, TO B HEOOJBIIOM KOJIUYECTBE.
[IupoKoNMCTBEHHBIE JIeCa 3aHUMAJd OTPaHU-
YEeHHbIE YYAaCTKH, B UX COCTaBE PE3KO COKpaTu-
nock yuactue rpabda (Carpinus <7.3 %), sicens,
nemusbl. [lomyunna pacnpocTpaneHue 6epesa
pebpucras, ceiiyac pactymas Ha 0. Pycckuit
B CMEIIAHHBIX JiecaX Ha CEBEPHBIX CKJIOHAX
[Hemomy»xxo, [lenucos, 2001]. B moanecke mnpo-
M3pacTajgo MHOTO OepecKiieTa, Ha OCBETICHHBIX
y4acTKax — apajud, MO0 KaMEHMCTBIM CKJIO-
HaM — Beurensl. Ha Ba)XHbIX CKajax MmosBuiach
JIEHHIITEATHs U IJIayHOK. Ha akkymynsaTuBHOU
¢dopme Oomblee pacHpoCTpaHEHHE IMOMYYHIIa
Oepes3a oBanmbHONMMCTHas. OKOJIO 3apacTarolie-
ro 03€pa pa3BUBAJIOCHh TPOCTHUKOBO-OCOKOBOE
60510T0 ¢ OOMIMEM KpOBOXJEOKH, HPHCAMHU,
C XOPOIIIO BBIPAXEHHBIM SIPYCOM M3 C(HarHOBBIX
MxOB. [IprucyTcTBHE MBUIBLIBI POCSHKH XapaKTe-
pHU3yeT OJTUTOTPOPHYIO CTAIUIO Pa3BUTHS 00JI0-
Ta. B cocTtaBe TpaB MOSBUIUCH CI0KHOIBETHBIE,
SICHOTKOBBIE.
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Haxonku menkux yrieid GUKCHpPYIOT ToXKap
okoso 730 = 70 n.H., 680 = 60 xan. n.H. (JIY—
9256), CUIBLHO MOBPEIUBIINI 3apOCIU TMEIIUHO-
IIOJIBIHHUKOB — COJEp>KaHUE NbUIbLBI Artemisia
CYILIECTBEHHO COKPATUJIOCH. B XOJIOAHBIX BIaX-
HBIX yCJIOBUSIX OKoJI0 560—450 kai. j1.H. Ha pac-
TEHUSIX BHOBb pa3BHBaJIach pkaBunHa. B Topde
ATOTO BO3pacTa OOHAPYKEHO MHOTO IBUIBIIBI
KyJABTYPHBIX 3JIaKOB, €CTh IbUIbI[A TPYIIU
(Pyrus). Dnu30114€CcKOe MPUCYTCTBUE MbUIbLIBI
oynnneu (Buddleja) MoxHO 0OBSICHUTH €€ 3aHO-
CoM TaiipyHamu.

Bo BTOpO¥ MOJIOBHHE MAJIOTO JIEIHUKOBOTO
Mepuoja JIpeBeCHas PacTUTEIbHOCTh CTAHO-
BHUTCS O0siee pa3pekeHHON. XBOWHBIX IMOPOJ] Ha
OCTpOBE CTaJO OOJIbINE, YBETHMUMIACH POJIb KaK
COCHBI TyCTOIIBETKOBOH, TaK 1 Ke/Ipa KOPEHCKOTO.
Poct konmuuectBa nbuibiel Pinus s/g Diploxylon
3a(pKCHPOBAH U B MAJTMHOCIIEKTPAX U3 BEPXHEH
YacTH MOYBEHHBIX npodueii [Pognukosa u ap.,
2012; JIsmesckas, 2015]. Kenp xopeiickmii ctan
Oosee pacrpocTpaHeH Ha rore o. Pycckuii mo-
cnequue 360 kan. jer [KopHromenko u ap.,
2019]. bonee akTUBHO B OTIIOKEHUS TTAJIE003€pa
MPOUCXOWII BETPOBOW 3aHOC IMBUIBLIBI THXTHI,
YTO OTBEYAET €€ PacHpOCTPAHEHHUIO Ha 0. Pyc-
ckuit [[anzeit K.C. u ap., 2019a]. B mmupokonu-
CTBEHHBIX Jiecax 1y0 CTAaHOBUTCS JTOMUHAHTOM.
Pe3koe yBenuueHue nbUIbIEI Oepe3bl AaypCKOi,
HapsAy C PE3KUM CHIKEHUEM JOJIH IITUPOKOJIU-
CTBEHHBIX, 0cobeHHo rpada (Carpinus — 1.9 %),
U ipeoliiajanueM ay0a cpey IMMPOKOTUCTBEH-
HBIX, [T0-BUIMMOMY, OTBEUAET KPATKOBPEMEHHO-
MY XOJOAHOMY 3mu30ay. Ha BIakHBIX yd4acTKax
BCTpeyaiach B OOUIMM CMOPOJMHA, HA BIaYKHBIX
nyrax — aepOeHHuK (Lythrum). Oxono o3epa
OBUTIO Pa3BUTO TPOCTHUKOBO-OCOKOBOE 0OOJIOTO
€0 charHOBBIMH MXaMH.

CropoBO-TIBUIBIEBBIE CIIEKTPHI U3 MOBEPX-
HOCTHOTO CJI0si Top(a OTBEUAIOT COBPEMEHHOM
naHAmwadTHOW CUTyallud Ha OCTPOBE C OTPAHU-
YEHHBIM PACHPOCTPAHEHUEM IIHPOKOIUCTBEH-
HBIX JIECOB C MpeolnagaHueM 1y0a MOHTOIBCKO-
ro u 6epes, pa3BUTUEM TPABSIHUCTHIX COOOIIECTB
U KyCTapHUKOBBIX IpynmupoBoK. [lannHocmnek-
TPBl CBUJETEIBCTBYIOT, YTO COCHA T'yCTOIIBET-
KOBasi, KOTOpasi ceiiuac BCTpedaeTcsi eAMHUIHO
[[anzeii K.C. u np., 20196], eme HenaBHO (I10-
BUJUMOMY, J0 Ha4yaJla CTPOUTEILCTBA Ha IPUIIE-
rarolieil reppuropun ) Oblia OoJiee pacmpocTpa-
HEHa — J0Jis1 ee MmbUIbLbl cocTaBuser 11.5 %.

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

Ha akkymynsatuBHOW (opme okoiio o3epa co-
KpaTuJIoCh pa3HooOpasue Tpas, CTajIM mpeodia-
JaTh 37aKu (TPOCTHHUK), OCOKOBBIE, MOSIBHIIOCH
MHOT'O 30HTUYHBIX U KPECTOLBETHbIX. B manu-
HOCTIEKTPAax MOSBUIIACH IbUTbLA puanku. U3 He-
IBUIBLIEBBIX MATUHOMOP( BCTPEUYEHBI CHOPBI
rpuboB Gelasinospora — UHAMKATOPOB TIOXKapPOB
[Shumilovskikh et al., 2015]. YacTeie HU30BBIC
HOKapbhl MOIIIM MOCITYXUTh NMPUYUHONW COKpa-
IICHUS] TMEJTMHOIOJIBIHHUKOB — JIOJISl TBUIBIIBI
MOJIBIHU Pe3K0 yMeHbImiach (10 9.4 %).

BriBoabI

Ha o. IIkota o6Hapy>xeHO maneoo3epo, 00-
pa3oBaBIIIeecs B pe3yJIbTaTe MHTEHCUBHOTO pas3-
BUTHSI aKKyMYJISITHBHBIX IMTPOIIECCOB B 00JacTh
BOJTHOBOM TEHM M pocTa TOMOOJO CO BTOpOH
NIOJIOBUHBI CpeHero roioneHa. Hecmorpst Ha
HEeOOBIION pa3Mep, BOAOEM CYIIECTBOBAI JUIH-
TEJIbHOE BPEMs M TPOIIENI HECKOJIbKO CTaaui
pa3BUTHs OT PACIPECHEHHOW JIaryHbI JIO TIpe-
CHOBOJHOTO 03€pa, KOTOpPO€ Ha’yajlo HHTEH-
CUBHO 3apactarb okosno 1240 kain. n.H. C 3TOrO
BPEMEHH HadajoCh OPraHOTEHHOE OCAJKOHAKO-
rieHue. ToppsHUK 1Mo ero oOpaMJICHHIO Havall
dbopMHpOBaThCS B Mallblii ONTHMYM TOJIOIICHA,
npolecchl 3a00MauMBaHUsl U 3apacTaHusl yCH-
JWINCH B MAJIBIN JICTHUKOBBIN MEPUOJI, 0COOCH-
HO B KpaTKOBPEMEHHBIN cyxo#l smm3oj (~340—
230 kan. JI.H.), HEKOTOpoe 00BOJHEHHE 0ooTa
nociennue 200 neT oTBeyaeT TEHACHIUU K YBe-
JUYEHHUIO KOJIMYEeCTBAa aTMOC(EpPHBIX OCAaJKOB
B YCJIOBHUSX MTOTEIUICHUSI.

[leproanueckoe MOCTYMJIEHUE B BOJOEM
MOPCKHUX BOJI CBA3aHO CO IITOPMOBOW aKTUBHO-
CTBIO U, BO3MOXXHO, ¢ IlyHaMu. Kak npaBuiio, 3a-
IUIECK MOPCKOH BOJIbI ObUT 00JI€€ MHTEHCUBHBIM
BO BpPEMs MaJOAMIUIUTYIHBIX TpPaHCTPECCHH.
B o3epe Oblna pa3BuTa pazHooOpa3Hasi BOJHAsS
pacTUTENIBHOCTh, €€ COCTaB CBHUJIETEIILCTBYET,
4YTO OOJBIIYIO YaCcTh TO/a BOOEM ObLT IIPECHO-
BOJIHBIM, YacTO C 3aCTONHBIM PEXKUMOM.

B ontumyMm rosoneHa Ha OCTpoBe ObUIM
pacnpocTpaHeHbl JyOOoBO-rpaboBhIe Jieca Oora-
TOTO BHJIOBOTO COCTaBa. Yuactue rpaba ObLIo
Ooylee BBICOKMM, 4Ye€M B TIO3JHEM TOJIOICHE.
Knumarnueckass puTMHKa B TEPBOI MOJOBUHE
MIO3THETO TOJIOIIEHAa HE OKa3aja CyIIEeCTBEH-
HOTO BIIMSIHMSI Ha Pa3BUTHE MHOTOMOPOIHBIX
IIMPOKOJIIMCTBEHHBIX JiecoB. [locTeneHHo yda-
cTue rpada COKpaTmiIoCh, CTajao OobIe Oepes.
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[MAIEOO3EPO OCTPOBA LLIKOTA: NPUPOAHbIA APXUB U3MEHEHW KITUMATA U JIAHGLWA®TOB

CocHa TyCTOIBETKOBas  TOSBHJIACH  OKO-
70 3050 kan. J1.H., a Keap KOPEHCKUI — OKOJIO
1840 kay. n.H., oH Hamboyee pacrnpoCTpaHeH
B MaJIbId ONTUMYM TosoleHa. J[peBecHas pac-
TUTEIBHOCTh JIETPAJAMPOBaja B MaJbli JieTHU-
KOBBIU MEPHOJ, aKKyMYJISTHBHAs ¢opma Hadaia
OBICTPO 3apacTark, COCTaB TPaB cTaj Oojee pas-
HOOOpa3HbIM.

BoisiBieHsl  MpU3HAKW — @HTPOIIOTEHHOTO
BIMSHUSL Ha PACTUTEIBHOCTb, IO-BUIMMOMY
CBSI3aHHBIE C 3aCEJIEHUEM OCTPOBa U JEATENb-
HOCTBIO JPEBHEr0 YeJOBEeKa, HauhHas OKOJIO
4.2-3.6 ThIC. Kau. J1.H. OO0 3TOM CBHIETEIBCTBY-

Cnucok JuTeparyphbl

https://doi.org/10.7868/S0869565216240166

crok: OO0 Pes, 41-48.

Hayunvie mpyowt Jlanvpeibemysa, (24): 13—-19.

Yecypuiicrkozo 3anoeeonuxa. M.: Hayka, 173 c.

cKue umenus, 3: 23-42.

2: 59-68.

cmeosnanus, 5: 116-124.
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€T MPHUCYTCTBHE B CHOPOBO-IIBUIBIIEBBIX CIEK-
Tpax MbUIbLBI KOHOIUIM, KYJIBTYPHBIX 3J1aKOB,
[IEJTKOBUIIBI, MPUHCENHU KUTAMCKOW, TpyLIH,
CIIUBBI, $IOJIOHW, IypHUIIHUKA, LUKOPHEBHIX.
HaiinenHble MUKpOYIIIM MO3BOJISIIOT BOCCTAHO-
BUThH JIETONHUCH MokapoB. Haubonee cuibHbIN
noxkap okono 680 kaj. J.H. CHJIBHO MOBPEANI
3apoci TMEJIMHOMNONBIHHUKOB. Ckopee Bcero,
ajeonoKapbl UMEIU aHTPOIIOT€HHYIO PUPOAY
U Hapsay ¢ KIMMaTHU4ecKuM (pakTopoM MOIIH
OBbITb OJTHOW M3 NPUYMH CHI)KEHHS 3aJIeCEHHO-
CTH OCTPOBA.
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Pe3tome. [IpencraBieHsl pe3ynsraTsl n3ydeHus BosHeHHs B OyxTax LlepkoBHas, JlumurpoBa 1 Ha BOC-
ToyHOM nobepexne 0. Lllukoran (Manast Kypunbckas rpsiaa) no JaHHBIM HaTYPHBIX HAOMIOAEHUI 3a BOJI-
HenueM B Tedenue 2015-2018 rr. Llenpio uccnenoBanmii ObUT aHAINU3 OTIACHOTO BOIHEHHS B IIHPOKOM
JMana3oHe MepHo0B, ero NPOosBICHUH B OyXTax v MpuOpexHOH 30HE ocTpoBa. [lokazaHo, uTo B OyxTax
XOpOILIO BBIPAKEHBI CEHILEBbIC KoJeOaH s, KOTOPbIE MOTYT YCHJIMBAaThCS NpU Mpuxoae mwropmos. Hau-
OOJIBIIYIO OACHOCTD MPEACTABISIOT CEHIIN B AUAa30HE MIEPUOAOB CYIIECTBOBAHUS TATYHA C IIEpHOIa-
MU okouto 3 muH B Oyxte lumurposa u 3.8 muH B Oyxre LlepkoBHas. PacueT 1o0poTHOCTEH HCCIenyeMbIX
OyXT MOKa3aJl, YTo IJIsl IPUXOIAIIMX Ha BXOA OYXT BOJIH C MEprHoAaMu OMM3KUMH K PE30HAHCHBIM BO3-
MOXXHO PE30HAHCHOE YCUIIEHHE aMILTUTYAbI 10 6.5 pa3. [lo3ToMy MOXXHO 0KHMIaTh MPOSBICHUS B OyXTax
TATYHA, KOTOPBIM MPEACTABISAET OMACHOCTh Il MAJIOMEPHBIX CYI0B, HAXOIAIINUXCS B OyXTax BO BpeMs
mropma. [lokazaHo pacmpocTpaHeHnEe KpaeBhIX BOJIH BO BHELIHEH, O€peroBoii 30He, KOTOpbIE IPOHUKA-
10T B 00€ OyXTHI, a Taxke BO30y>KACHUE HIeTb(POBON CEHIIH ¢ IEPHOIOM OKOMIO 15 MHH.
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Study of waves in the bays and on the coast of Shikotan Island
in the Lesser Kuril ridge
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Abstract. The results of a study of waves occurring in the bays of Tserkovnaya, Dimitrov
and on the east coast of Shikotan Island (the Lesser Kuril ridge) according to field observations during
20152018 are presented. The purpose of the research was to analyse dangerous waves occurring over
a wide range of time periods and their manifestations in the bays and coastal zone of the island. It is shown
that the bays have well-defined seiche fluctuations, which increase as a consequence of storms. A signifi-
cant hazard is represented by seiches characterised by harbour oscillation having periods of about 3 min-
utes in the Bay of Dimitrov and 3.8 minutes in the Bay of Tserkovnaya. The calculation of the Q-factor
of the studied bays showed that for waves with periods close to harbour resonance occurring at the en-
trance of bays, an amplification of the amplitude up to 6.5 times is possible, posing a danger to small ves-
sels moored in the bays during times of storm. It is shown that the propagation of edge waves in the outer
coastal zone, which penetrate into both bays, as well as the excitation of the shelf seiche, has a period
of about 15 minutes.
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BBenenue

Mopckue OyXThl UCHOIB3YIOTCS B pa3iny-
HBIX LEJAX: I yCTPOMCTBA IOPTOB, IUIKEH,
npyroit uHdpacTpykTypsl. IlosToMy u3yde-
HHUE JUHAMHYECKHUX MPOIECCOB B OyXTax MMe-
eT OOJBIIYI0 MPAKTUYECKYI0 LEHHOCTh. OmHO
U3 pacCIpOCTPAHEHHBIX SIBICHHHA B OTPaHUYCH-
HBIX OacceifHax — CeHlIM, OHU HAOMIOTAIOTCS
KaKk B BOJO€Max B LIEJIOM, TaK U B OTIEIBHBIX
Oyxtax [Manumok, Yepkecos, 2017; Honrux
u ap., 2016; Illesuenxo u ap., 2010].

Ceifllin UrparoT BaXXHYIO POJb B JIUHAMUKE
3aJIMBOB WJIM OYXT M OKa3bIBAIOT 3HAUYUTEIHHOE
BJIMSIHME HA YCJIOBUS pabOThI PACIIONIOKEHHBIX
Ha WX TOOEpEeXbe MOPTOB M JAPYTHX MPOMBIII-
JeHHBIX 00beKTOB. [l mobepexns Kypunbckux
OCTPOBOB M B HECKOJIBKO MEHBIIICH CTENICHH ISt
CaxanuHa 3TH COOCTBEHHBIE KOJIEOaHMs acco-
[UUPYIOTCS TPEXKJIE BCETO ¢ MpoOiIeMoil myHa-
MU — J17151 OOJNBIIMHCTBA OYyXT UX PE30HAHCHBIE
nepuoasl ONMM3KKM K XapakTepHBIM IEpHOAaM
MPOSIBJICHHSI BOJIH IIyHAaMU (OT HECKOJIbKUX MH-
HYT JIO HECKOJIBKHUX YacOB).

OctpoB Illukotan pacmonaraercsi B ceBe-
po-3amagHoi yacth TUXOro okeaHa W BXOIHT
B cocTaB ocTpoBoB Maroi Kypunbckoil rps-
1bl. BocTounoe moGepexbpe ocTpoBa oOparieHo
K okeany 1 Kypuino-Kamuarckomy xenody ¢ pes-
KUM HapacTaHuem DiyouHbl. Tak, Ha paccTos-
HUU OKOJIO 5 KM 0T Oepera miyOMHa TOCTUraeT
80—100 m. ITosToMy npobnema yKpbITUS MajbIX
PBIOOTIPOMBICIIOBBIX CYAOB, paOOTAIOIINX BOJIH-
31 OCTPOBA, C BO3MOKHOCTBIO SIKOPHOM CTOSIHKH
BO BpeMs IITOPMOB INPHU BeTpax 3amaJHbIX Ha-
NPaBJICHUN SBIISETCS aKTyaJbHOM.

Puc. 1. Pacrionoxxenue o. llIukoran u nccieayeMsix OyxT.
ITokazaHbI MECTa yCTAaHOBKH PETHCTPATOPOB BOJIHEHUSI.

Figure 1. Maps of Shikotan Island and Dimitrov and
Tserkovnaya bays with the devices location.
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Byxtel JlumutpoBa u LlepkoBHas, pacnoio-
JKEHHbIE Ha BOCTOYHOM mobOepexne 0. Illuko-
TaH (puc. 1), XOpoUIO 3alIUIIEHbI OT HKHBIX,
3amaJHbIX U CEBEPO-3aMaHbIX BETPOB U MOTYT
CIIy’)KUTh SIKOPDHOM CTOSIHKOW ISl MAJIbIX CYIOB.
Byxra llepkoBHas Oomee 3akpbITas, W 31€Ch
OTHOCHUTEJIbHO CIOKOWHO Ja)Ke MpH IITOPMAax
C BOCTOYHOW CTOPOHBI OCTPOBA. 3UMOM OyXThI
HE 3aMep3atoT, HO IIPU FO’KHBIX U BOCTOYHBIX Be-
Tpax 3a0UBaIOTCs APEHQYIOMUM JIbIOM, KOTO-
PBI B HUX JJOJITO HE 33JIeP>KUBACTCHI.

B To xe BpeMs mpuxojsias U3 OKeaHa Ha
BX0/ OyXThl 3bI0b WM BOJIHA IIyHAMHU MOXKET
BbI3BaTh YCHJICHHE COOCTBEHHBIX KoyeOaHUil
B OyXxTax W Jla)ke MOsIBICHUE TATYHA, YTO MOXKET
0Ka3aThCsl OMACHBIM JJISl CYIOB, HaXOISIIMXCS
B Oyxtax. [ToaToMy HE0OX0mMMO U3ydeHue co0-
CTBEHHBIX KOJIeOaHMA OyXT.

C 5TOl 1enblo, a TakkKe Il PErucTpaluu
BO3MOXXHBIX BOJIH IIyHaMH B OyxTax JIuMuTpo-
Ba 1 llepkoBHas Ha TPOTSKECHUHU MHOTHX JIET
WNHcTuTyTOM MOpPCKOM Teojoruu U reousuku
JABO PAH ycranaBnuBaloTCs perucTpaTopbl
BosiHeHHs. C 2009 1. MHCTUTYT Ha4Yasl UCIOJIb-
30BaThb HOBBIE PETUCTPATOPHI BOJIHEHUS C Ce-
KYHJHOM TUCKPETHOCTHIO U aBTOHOMHOCTBIO J10
1 roga, mo3Bossrone Oojee JeTaabHO U Kade-
CTBEHHO MIPOBOAUTH U3yUYEHHE BOJHEHUS B MPHU-
OpexHoli 30He. IHTepec K ceifmamM o0ycIoBIeH
HEOOXOJMMOCTBIO PEIIeHUs 3a7ad HE TOJIBKO
YUCTO NPUKIAAHOTO XapaKTepa, HO U, B OCHOB-
HOM, 3a/au (pyHIaMEHTaJbHBIX, CBSI3aHHBIX C
9HEpProooMeHoM reocdep, MEXaHH3MOM BO3-
Oy>KJIeHUS CEeHIll, X JTMHEHHBIM U HEJTMHEHHBIM
MOBEJICHUEM.

Henpto HacTosiIIEro HCCIEAOBaHUS ObLI
aHaJIM3 OMACHOTO BOJIHEHHS B IIMPOKOM JHa-
na3oHe IEepHOAOB, €ro MPOsBICHUN B OyxTax
U npuOpexHO 30HE ocTpoBa. Panee paboTh
JIpYTUX HCCIefoBaTeNell B 3TOM peruoHe ObuLin
c(hokycHpoBaHbl B OCHOBHOM Ha INpolsiemMe I1y-
HaMHU, TAE€ MOJOBas CTPYKTypa COOCTBEHHBIX
KoJiebaHuit B OyXTax paccMmarpuBajiach JIUIIb
KaK Ba)KHAsl XapaKTEPUCTHUKA MPOSIBJICHUH 1yHa-
mu [IlleBuenko u ap., 2017; LlleBuenko u ap.,
2018], Torga kak HacToOsIIEEe UCCIIEIOBAHUE T10-
CBAILIEHO aHAJIM3Y MOJIOBOM CTPYKTYphI B Kaue-
CTBE MHTEPECHOW U CAMOCTOSTEIBbHOW 3aJauu,
KaK, HanpuMmep, B [Manwiok u 1p., 2019].
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MarepuaJjbl 1 METOIbI

B nacrostiieit padote mist Oyxtel JlumurpoBa
AQHATM3UPYIOTCS BPEMEHHBIE PSIbl KoJleOaHUit
YpOBHSI MOpsS (BOJHEHHS]) C AMCKPETHOCTHIO
1 ¢ pnurenbHOCTRIO 5 Mec. B 2015 . u 14 mec.
B 2017-2018 rr. 3a 5T0 Bpems HaOIIOAATUCH J1BA
CcIIbHBIX mTopMa: 8 okra0pst 2015 1. ¢ BbICO-
TOM BOJH 110 2.2 M 1 23 siuBapst 2018 1. ¢ BbI-
COTOM BOJIH 70 2 M. B ocTanpHBIX IITOPMOBBIX
cllydasix BeIcoTa BOJIH Obuia okojio 1 M. Criegyer
OTMETUTh, YTO C CEpeIUHBI (heBpast 10 cepenu-
HBI CEHTSIO0pst Mope B OyxTe [lumuTpoBa 0OBIY-
HO OTHOCHTEIBHO CIIOKOMHO, C BBICOTOM BOJH
1o 30 cMm.

st OyxThl LlepkoBHast ucmonb3oBaics Bpe-
MEHHOU psif ¢ oKTsA0pst 2017 mo centsOps 2018 1
MPOAOIKUTENBHOCTBIO 12 Mec. Bbicota BonH
3]1eCh CYIIECTBEHHO HIXE, 4yeM B Oyxte Jumu-
TpoBa, BO Bpems mrtopma 23 suBaps 2018 1. BbI-
coTa BOJIH JocTurana Toibko 30 cM. D10 00bsc-
HeTCs OONbIIeH 3aKPBITOCTBIO OyXTHI. Crieyer
TaK)Xe OTMETHTh, 4TO C OKTAOps 2017 1o ssHBaphb
2018 r. 3anMcu NPOBOAUINCH CHHXPOHHO B 00e-
ux OyxTaxX, ¥ 3TO MO3BOJISIET MPOBECTU B3aUM-
HO-CIIEKTPAJIbHBIN aHaJN3 BOJHEHHs, KOTOPOE
MOXKET BO30YXIAThCS MPUXOMAIIIMHU Ha BXOI
OyXT BOJIHAMH, U YCTAHOBHUTH CBSI3b MEXKIY IIPO-
SIBIICHUSIMU BOJTHEHUS B 00eHnX OyXTax.

Pesyabrarsl H 00cy:KI1eHUE

C wucnosp30BaHUEM CHEIMATBHOM, pa3pa-
O0oTaHHOM B J1abOpaTopuy BOJHOBOW JWHAMU-
k1 ¥ npubpexusix Teuennit UMIul’ IBO PAH
nporpammbl Kyma [Kosanes, 2018] 6pu1a ripoBe-
JIeHa BU3yaJIU3allysl U BBIIIOJHEH CHEKTPaIbHbIN
Y B3aMMHO-CIEKTPaIbHbBIN aHAJIN3 MOITYYEHHBIX
BPEMEHHBIX psifoB. ClieyeT OTMETUTB, YTO C I1e-
7pi0 OoJiee IeTAIbHOTO aHaJIn3a M3y4eHHE BOJI-
HEHMsI TPOBOAWJIOCH B JUara3oHax IEepHOIOB
BOJIH OT 2 ¢ 10 200 MHuH ¢ HeOOXOAUMOU JAeTallu-
3anuen JUIsl UCCIIEAYEMBIX TUIIOB BOJTHEHMS.

B nuanazone BEeTpOBBIX BOJIH U 3bI0M B OyX-
tax Jlumutposa u LlepkoBHAas C MPUXOIOM IITOP-
Ma BHa4aJie HaOJItoAaeTCs MOSBICHUE KOPOTKUX
BETPOBBIX BOJIH C nepuonamu ot 2.5 ¢ (puc. 2).
Wx neprnonx MeUIEHHO pacTeT U MPUMEPHO 4e-
pe3 12 4 BoHEHHE NEPEXOANT B 3bI0b, IEPUOIBI
KOTOpPOM TaK»e pacTyT B TeueHue 12 4, moka He
JOCTUTHYT MakcumyMa 15-18 ¢ B Oyxte Jumu-
TpoBa U npumepHo 15 ¢ B Oyxre LlepxoBHasl.
[Ipu sTOoM moBeneHNE BOJHEHHs B OyXTax, Kak
MOKa3bIBAIOT JJaHHbIE HAOMIOACHUH, HE 3aBUCUT
OT BPEMEHHU Trofia.

C nosBrneHueM 3bI0M C MEPHOAAMU OKOJIO
12 ¢ B pe3ynbrare HEITUHEHHOTO B3aUMOJECH-
CTBUS 9TUX BOJIH HAYMHAETCS TeHepalus HHPpa-
rpaBUTAIMOHHBIX BOJMH [Munk, 1949; Tucker,

Puc. 2. CriekTps! BonHeHHs B OyXTax Juis [uanasoHa nepuonos 2—100 c.

Figure 2. Wave spectra in the bays for the period range 2—100 s.
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1950] Ge3 sipko BBIpa)KEHHOW MOJOBOW CTPYK-
TYpHl B JAMana3oHe MepHonoB oT 18 ¢ g0 mou-
@ 10 MuH. DT UMHparpaBUTallMOHHBIE BOJI-
HBI CIIOCOOCTBYIOT T€Hepalyu B OyXTax CemI,
B TOM YHCJI€ U OTBETCTBEHHBIX 3a SIBJICHUE TS-
ryHa. CieyeT OTMETHUTh, YTO BO BpeMs HAIIMX
UCCIIeIOBAHUN BOJTHEHUS B MPUOPENKHON 30HE
0. CaxanuH BHauaje perucTpupoBajach 3bIOb,
INPUXOJAIIAs OT YJAJIEHHOIO IUTOPMA, U TOJb-
KO C IIPUXOJOM HLITOpMAa HAYMHAJIOCh BETPOBOE
BotHeHue [Kosanes u ap., 2019].

Takoe TOBeIeHNE BETPOBBIX BOJTH, OTIEpEkKa-
IOIIHX MPHUXOJ 36101, 00YCIIOBIEHO TIPEXK/IE BCE-
IO pO30M BETPOB ISl JAHHOTO paiioHa. Tak, nu-
arpamMMa po3bl BETPOB Ui OMU3KOTO K paiioHy
HaOmonaeHnit nyHkra Ha o. Kynaummp B FOxHo-
Kypunscke (1o ganusM https://www. meteoblue.
com/) MOKa3bIBaeT, YTO OCHOBHbIE HaIIpaBJe-
HUS BETPOB FOXKHOE U ceBepo-3amnaanoe. Kaprsl
CKOPOCTEH MOBEpPXHOCTHOIO BETpa HaJ OKea-
HOM, mpuBenceHHble Ha caiite NASA (https://
worldview.earthdata.nasa.gov/), Takxke MOJ-
TBEP)KAAIOT, YTO BETpa ISl PacCMaTPHBAEMOTO
coObITus 2224 siHBaps ObUIM CEeBEpO-3amaHo-
ro HamnpasieHus. 1, no-sunumomy, o. Illvkoran
3aKpbIBaeT OYyXTbl BOCTOYHOTO IOOEPEk,bs OT
paHHEro NMpuxoja B HUX 3bI0H.

[To cekrpam Juist AMana3oHa NEPUOJOB JI0
1 MUH BHMJHO, YTO 3allMCH BOJIHEHHS B 00EHX
OyXTax CXO0)KHM, HO BETPOBOE BOJIHEHHUE M 3bIOb
B Oyxte [luMuTpoBa MMEIOT OONBIINE BBHICOTHI
BOJIH, ueM B llepkoBHOM, B CBA3U ¢ OoJbliei
3aKpBITOCTBIO nocnenHen. [loaromy u 3HEprus
UH(parpaBUTAIIMOHHBIX BOJH, SIBIISIOLINXCS pe-
3yJBTAaTOM B3aWMOJICHCTBUS BOJIH 3bI0H, B OyXTe
Jumutposa Gosblire.

CrekTpbl Ul Jauana3oHa  MEpPUOJOB
1-40 mua (puc. 3) CBHJACTEILCTBYIOT, YTO
B KaXJOW OyxTe MMeeTCsl CBOs CHCTeMa CeHlIl
C pa3IMyHBIMHU IE€pUOJaMM KojeOaHWH, 3Hep-
TSI KOTOPBIX YBEITMYHUBAETCS BO BPEMsI IITOpMA.
HHuTepecHolt 0COOEHHOCTHIO SBISETCS] HAIUYUE
B 00enx OyxTax KojieOaHWi ¢ MEPUOJOM OKOJIO
15 MHH, KOTepEHTHOCTh Ha 3THX MEPUOAAX JI0-
cturaert 0.8.

PaccmoTpuM noapoOHee BOJTHOBBIE MpoLiec-
Chbl B Anana3oHe nepuogoB 1 — 40 MuH, A Ko-
TOPOro OBUIM paccUMTaHbl CHEKTPhl KolneOaHUH
YPOBHsI MOpsi, IpUBEICHHBIE Ha puc. 4. BuaHo,
YTO MPH IITOPME SHEPTUsl BOJHEHUS B AMAIA30-

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

HE MepHooB 10 6 MMH BO3PACTaeT Ha JBa IO-
psaaka. IIpy 3TOM OCHOBHBIE HEPrOHECYIIHE
MUKW, HAa KOTOPBIX MOXKHO OXKHUJATh MpOsIBIIE-
HUS TATYHA, PACIIOJIOKEHBI HA MEPUOax OKOJIO
3 MuH ans Oyxtsl JumurtpoBa u 3.8 MuH U1
Oyxthbl LlepkoBHasl.

N3BectHo [PabunoBuy, 1993], uro crnoco0-
HOCTh YCHJIUBATh MPUXOIAIINE HA BXOJ OyXThI
BOJIHBI oOmpesensercs J0OpOTHOCTbIO OyXThlI.

Puc. 3. BpemeHssle psapl HAOMIONESHIH W B3aNMHO-CIICK-
TpaJbHbIC XapaKTePUCTHKH BOMHEHHs Uit OyxT Jnumu-
TpoBa u LlepkoBHas Ay mepronos BoiH OT 1 110 40 MuH.

Figure 3. Time series of observations and cross-spectral
characteristics of waves for Dimitrov and Tserkovnaya
bays for wave periods from 1 to 40 minutes.
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Pacuer no6potHOCTH O pPE30HAHCHOM CUCTEMBI
aKBaTOpUIl OyXT U YKa3aHHBIX BBIIIE MEPHO-
JIOB TIPOBOAMJICS M3 CIEKTPOB, OCHOBBIBASICh
Ha TOM, YTO JOOPOTHOCTH OIpENesieT OTHOCU-
TEJIbHYIO BEJIMYHMHY PE30HAHCHOTO MaKCHUMyMa
B DHEPreTUUYECKOM CIIEKTpe KosieOaHuii [ 3epHOB,
Kaprmos, 1972]. Eciiu cuctema obnamaer pocra-
TOYHO BBICOKOU TOOPOTHOCTHIO, TO OHA OTIPEIe-
JISACTCA BBIPAKCHUCM:

Q = wo/Aw, 6]
TI€ @, — PE30HAHCHAs 4acTOTa CHCTEMBI (Pe30-
HAaHCHOTO MaKCHMyMa), A@w — IIMpUHA MaKCH-
myMma. [Ipu 3TOM mMpuHA MakcuMyMa oIpese-
JsieTcs KaK MoJ0ca 4acToT, B Ipeesiax KOTOpon
sHeprusi Kosiebanuii cragaer B 2 pasza [3epHOB,
Kapmnos, 1972].
MaxkcumManbHoe (Pe30HAHCHOE) 3HauYeHHUe
aMIUTUTY/IBl BBIHYX/ICHHBIX KOJICOAHMI MOXHO
OIIPEJENINTh U3 BBIPAKECHUS:

Ape3 = ABHw(ZJ/ 26 /(a)g - 52)’ (2)

re 6 — kodhduument 3aryxanus (6 = o /2Q), w,~
pEe30HaHCHAs 9YaCTOTa CUCTEMBI, A o~ AMILTHTYZIA
npuxosmei BoaHbl [Pabunosuy, 1993].

Pacuer mnokasan, 4ro JOOPOTHOCTH pE30-
HaHCHOM cucTemMbl OyxThl [lumutpoBa 6.1,
a Oyxrtel LlepkoBHast 6.3, u mpH 3TOM ClieAyeT
OKUJIATh PE30HAHCHOTO YCUJICHUS MPUXOASIIINX
Ha BXOJl OyXT Ha PE30HAHCHBIX MEepPUOAaX BOJH
npuMepHo B 6.5 paza. Takum 006pa3om, BOZMOXK-

Puc. 4. Cnextpsl konebannii ypoBHS Mops B Oyxtax JuMuTpoBa (CILIONIHAS

nuHnA) 1 LlepkoBHast (TyHKTHpHAS JTHHUS ).

Figure 4. Spectra of the sea level fluctuations in Dimitrov (solid line)

and Tserkovnaya (dotted line) bays.
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HO 3HAUUTEJIbHOE YCWJIEHHE BOJIH U MPOSIBIIE-
HUE TATyHa B 00enx OyXTax Ha Mmepuojax OKo-
JI0 3 MuH. 3aMeTHUM, YTO Ha ONM3KHX K 3 MHUH
NepHuosiax TATYH MposiBIIAeTCsA B OyXTax MOPTOB
Xonmck u Kopcakos [Kosanes u np., 2007; Ko-
BasieB, 2012], u 3TOT epuo onpeaensieTcs, mo-
BUJUMOMY, OCOOCHHOCTSIMU CYJOB U HUX MEHb-
1IEH YCTOMYMBOCTBIO K PACKauKe.

[anee npoBeneM pacyeT COOCTBEHHBIX KoOJIe-
0aHMii B M3y4aeMbIX OyXTax U CPaBHHUM C JKCIIe-
PUMEHTAIBHBIMU TaHHBIMHA. [[pMeHEeHHE CITOXK-
HOM Monenan ¢ KOH(MOPMHBIM OTOOpakeHUEM
o0nactu OyXThbl Ha KPYT WU KOJIBIO C TOMOIIIbIO
PEKYPPEHTHOTO  YHCIIEHHOro R7T-anropurma
[PabunoBuu, Tropun, 1983 a, 6] cymiecTBeHHO
YCIIOXKHSAET pacueT, HO HE JaeT 3HAYUTEIbHOTO
BBIMTPBIIIA B TOYHOCTH OTPENIEICHHUS IEPUOIOB
CEeHII B CBS3M C M3MEHEHUEM IITyOWHBI U Oepe-
TOBOW JMHWM HAa MPUIMBHO-OTIMBHOM IIHMKIIE.
Pacuer ceitin nmpoBogmiCcs € MCIOJIB30BAHUEM
(GhopMyIIBI 11 OTKPBITOTO C OJHOTO KOHIIa Oac-
ceitHa no ¢opmysne (3), npuBeneHHON B pabore
[PabuHOBHY, 1993]:

4L
T,=— 3)
(Zn+1),/gH
rne L — ayuna Gacceiina, n = 0,1,2,... — HOMep

MoJibl, H — TTyOHHa, g — YCKOpEHHE CBOOOIHOTO
Ma/ICHUsI.

Hapsiny ¢ (3) ucrnosnb3oBanoch BbIpaXeHUE
u3 [Manumok, Yepkecos, 2016] nns Beaucie-
HUS TIEPUOJIOB CEHIIEBBIX KO-
ne0aHui KUIKOCTH. PacyeTsl,
BBITMOJIHEHHBIE B JIMAlla30HEe
nepuoaoB ot 0.5 mo 10 muH,
MOKAa3aJlyd, 4TO JUIi XOPOILIO
BBIPQ)KEHHBIX B CIEKTpax Iu-
KOB OJIM3KHE K HAOII0HaeMBIM
3HA4YeHUs TepHoaoB B 00e-
ux OyxTax HOJy4eHBI C MpH-
MEHEeHHeM ypaBHeHus (3).
Bbuncnenuss  moaTBepAMIIH
HaJlMyue CEWIl Ha Mepuoaax
okoji0 3 MuH Ans OyxTthl [u-
muTpoBa u 3.8 MuH i Oyx-
TbI LlepkoBHas.

Pacuetsl mokazanu Hayim-
YK€ TUKOB B CIIEKTPax BOJIHE-
HUS 17151 00enx OyXT Ha nepu-
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onax okoyio 18 mun mida llepkoBHoi u 17 muH
Uit JluMuTpoBa, 4TO comacyercs ¢ JaHHBIMU
HaOJIIOIEHUH U IPUCYTCTBUEM B CIIEKTpax 00Oe-
ux Oyxt (puc. 4) MMPOKOro MaKCUMyMa Ha yKa-
3aHHBIX MEPHO/axX, NMpHU 3TOM B Oyxre dummu-
TpOBa €ro BeJIWYMHA 3HAYUTENBHO OOJIblle
JIOBEPUTEJIBHOTO MHTEpBaJa. TEeKyIIHe CIEK-
TPBl TAKXKE MMEIOT MAaKCUMYyMBI Ha IEpHOAAX
18 1 17 MuH. OTH MaKCUMyMBbl COOTBETCTBYIOT
Hyl1eBbIM MoaaMm (Monam [enbmroibia) ans
00enx OyXT.

OpHako paHee OTMEUEHHBIN Ha JuUarpaMme
KOI'€pEHTHOCTH (puc. 3) y3KMi MakCUMyM pac-
1ojlaraercs Ha nepuozie Okojio 15 MuH, KOTOpbIi
Ha CIEeKTpax KojeOaHHi ypoBHS MOpPs BU3yallb-
HO HE 0OHAPYKUBAETCS, TOCKOJIBbKY €r0 SHEPTHs
Ha [OPSAJI0K MEHBIIIE, YEM SHEPIUsI CEHIII C HyIIe-
BOM MO0, ¥ OH Kak OblI CIIMBAETCs C UX IHKa-
Mmu. Jluarpamma Tekyiie ¢aspl MOATBEPKIAET
Hain4yue KojeOaHWil B OyXxTax ¢ ATUM HEpUO-
JIOM, OOYCIIOBJIEHHBIX, MO-BUANMOMY, BOJHOMU
C IIepHoAOM 15 MuUH, IpUXOASILEH U3 BHEIIHEN
aKBaTOPUM M, BO3MOXKHO, IE€pPENAIOLIEH JHEp-
r'U0 OJIM3KUM 110 neprozaaM BoaHaMm. To, 4To 310
BOJIHA M3 BHEILHEH aKkBaTOpUU — NMPHUOPEKHON
(wenbgosoit) 30HbI 0. [lIukoTan, Kak pa3 u Moj-
TBEP)KJIAE€T KOTE€PEHTHOCTh, IOKa3bIBasi BbICO-
KyI0 CTEIIeHb CBSI3U MEXIy BOJIHaMHU B OyXTax,
1 9Ta CBSI3b MOXKET OCYLIECTBIISTHCS TOJIBKO Ye-
pE3 BHEUIHIOIO aKBATOPHUIO.

PaccMoTpuM BO3MOXKHOCTB Cy-
IIECTBOBAHUS BOJHBI C NEPUOIOM
OKOJI0 15 MUH B KpaeBoi o0iacTu
BOnu3wM o. [lIukoran. JIjist 3TOrO0 HC-
MoJIb3yeM Mpoduiab MIyOuHBI s
ATOTO pailoHa, KOTOPBIM MpHUBE-
neH B [PadunoBuu, 1993]. Tam xe
B3STHl U BBIPAXXEHHUS Ul pacueTa
JUCIIEPCUOHHOM JMarpaMMmbl s
MOJIEJIM BBIIYKJIOTO 3KCIIOHEHIIU-
aJIbHOTO MPOQUIIS.

Pacuer nucnepcuoHHon naua-
rpaMMBbI [10Ka3ajl, YTO AJIsi MOZENN
npopuis,  aNIpOKCUMUPYIOLIETO
peasibHbIl TPOQHIIb IITyOUHBI, BO3-
MOXXKHO CYLIECTBOBAaHHME KpaeBOU
BOJIHBI C mepuogoM 15.2 mMuH u
qHon 25.3 kM. Ilpu paccrosHun
Mexay Oyxramu llepkoBHas u J{u-

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

MUTpOBa OKOJO 12.4 KM 3Ta AMCTaHIMs Oyner
COCTaBJIATh OKOJIO 2 JJIMHBI KPAcBOW BOJIHBI.
U 510 Oynetr cooTBeTCcTBOBATH (ha30BOMY CIIEK-
Tpy (puc. 3) ¢ pasHocThio (a3 okoso 3 pap.
B sToM citydyae BoiHa pacmpocTpaHsieTcs ¢ ce-
BEpa U CHauyaja MpOXOJHT K BXonay B Oyxty u-
MUTPOBA, a nanee K Oyxre LlepkoBHasi.

[Ipu ananuze xoneGaHuil ¢ NEPUOIOM OKOJIO
15 MuH npoBepsuUINCh BCE BO3MOXKHBIE BapUaH-
ThI TE€HEpAIMK BOJIH C 3TUM IIEPUOJIOM B paccMa-
TpuBaeMoM paifone. [loatomy ObLIM paccunta-
HBl MEPUOABI MIETb(POBBIX CEHII Il HAKIOHA
aHa o = 0.036 u mwupussl wenbda L = 225 km
no npuBeaeHHoM B [PabunoBuy, 1993] dopmymne:

T, = 8VL/(n\[ga), (4)
rne n = 1,3,5.., — HoMep Mozabl. Beruucnenus

MOKa3aJH, YTO MEPUOJT CEABbMON MOJIBI MIETb(O-
BOil ceilin paBeH 15.2 MuH u On1M30K K OOHa-
PYXEHHOMY MaKCUMyMYy B CIIEKTpax Ha IEPUO-
Je 15 MuH. DTO MOATBEPKIAET MPEANOIOKEHNE
0 TOM, YTO MPOXOJIAIIAs KpaeBasi BOJIHA BO30YK-
JaeT menb(oBble CEHIU B PE30HAHCHOW aKBa-
TOPUU BOCTOYHOTO IoOepexbs 0. [lnkoTaH.
Ananus CIICKTPOB JId JUalla30oHa ICPUoI0B
30-200 muH (puc. 5) moKka3ana HATMIHE HECKOJIb-
KUX MaKCUMyMOB BOJHOBOW SHEpPrMH B 00EmX
Oyxtax. Pacuersl, cenaHHble ¢ LENbIO HICHTH-
(bHKaHI/II/I THUIIOB BOJIH, ITO3BOJIMJIM YCTaHOBHUTD,

Puc. 5. Cnextpbl konebaHWil ypoBHS MOpS JUIsl UAna3oHa IMEPHOOB
30-200 MuH N0 AaHHBIM HaOmoneHnH B OyxTax JumMuTpoBa (IyHKTUpHAS
nuHuA) U LlepkoBHas (crutonrHast TMHUSA). KorepeHTHOCTh — CIIJIONIHAS JIH-
HUS, (a3a — MyHKTUPHAsL.

Figure 5. Spectra of sea level fluctuations for a range of periods of 30—

200 minutes according to observations in Dimitrov (dotted line) and
Tserkovnaya (solid line) bays. Coherence is a solid line, phase is a dotted line.
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YTO BOJIHBI C TMIEPHOIOM OKOJIO 35 MHUH 00YyCIIOB-
JIeHBl TpeTbel Moo 1menbhoBoil ceitmm. Bom-
Hbl 00JI€€ JUIMHHBIX IEPUOJOB, COIVIACHO PACCUU-
TaHHOM JJUCTIEPCHOHHOM IarpaMMe, MOTYT OBbITh
OTHECEHBI K KpaeBbIM BOJIHAM. B To ke Bpemd,
IIOCKOJIbKY KpaeBbI€ BOJIHBI PACIIPOCTPAHSIIOTCS
B/I0JIb MOOEPEXbs, JIOJKHA CYLIECTBOBATh Pa3-
HOCTbH (pa3 MKy JBYMsI TOUKAMH HAOIOICHUS.

Paznocts (a3 mexnay Oyxramu Jumutpo-
Ba U llepkoBHas yMeHbIIAETCS C YBEIMYEHUEM
JUIMHBI TIEpUOJA, MOCKOJIBKY IIPU 3TOM pacTeT
U JyuHa BOJHBL. [loaTOMy Ha paccTosHUM OKO-
70 12 xm Oosiee ATMHHBIE BOJHBI OyIyT UMETh
MEHbIINM Haber ¢asbl, ¥ pa3sHOCTh (a3 Oymer
YMEHBILATHCS C yBEJIMYEHUEM Ieprozaa. Pacue-
ThI ITOKa3bIBAIOT, YTO JJIsi KPA€BOW BOJIHBI IIEp-
BOI MOJIbI C 11€pHOAOM 42 MUH JIMHA BOJIHBI CO-
craBisieT okosio 440 kM. ITpu aTom HaGer ¢asbl
Ha nuctanmuu 12 kM paseH 0.18 panx. U3 rpa-
¢uka (puc. 5) MOXXKHO BUIETh, YTO Pa3HOCTH (a3
HEeCKoJIbKO Oosbie — okono 0.25 pan. Bo3zmox-
HO, 4TO 3TO PACX0XKJIEHUE CBSI3aHO C U3PE3aHHO-
CTbIO OEperoBod JIMHUM WU JONMYIIECHUSIMU IpU
annpoxkcumanuu. Ilpu panbHeimem ysenuue-
HUM TIepUOAa KPaeBbIX BOJIH HaOer (asbl J0I-
KEH YMEHBIIAThCS, YTO U HAaOJIoaeM Ha rpadu-
ke (ha3wl puc. 5.

JakiaoueHue

[IpoBeneH feTanbHBIA aHAIW3 BOJIHEHUS
B Oyxrax [dumutpoBa u llepkoBHas, pacroso-
YKCHHBIX Ha BOCTOYHOM ToOepexbe o. [llnkoran
Mamnoit KypuiibCckoit rpsifibl, ¢ €O UCCIEI0Ba-
HUSI OTIACHBIX CEUIIEBBIX KOJICOaHU 17151 oOecre-
yeHus: 0€30MacHOCTH MOpEIUIaBaHus B OyXTax u
B YaCTHOCTH SIKOPHOM CTOSTHKH MaJIbIX CY/IOB.

AHann3 BOTHOBBIX MPOIIECCOB B TUAMa30HE
neprozoB 30 ¢ — 40 MUH O TaHHBIM HAaTypPHBIX
HaOIOICHNH TIOKa3all HATMYue B OyXTax XOpo-
10 BBIPAKEHHBIX CUCTEM COOCTBEHHBIX KOjeba-
HUii. OCHOBHbBIE PHEPrOHECYIINE MUKU B CIEK-
Tpax pacloyOKeHbl Ha MEePHOAAaX OKOJIIO 3 MHUH

Cnmcok Jureparypsbl

st Oyxtel JlumutpoBa u 3.8 MuH g OyXThl
[lepkoBHas.

[Tokazano, uto 1OOPOTHOCTH OyXThI JUMu-
TpoBa 6.1, a Oyxtel LlepkoBHas 6.3. U Ha me-
pHOIax OKOJO 3 MMH CIELYET OXHUOAaTh Pe30-
HAHCHOTO YCHWJIEHUS aMIUIMTyAbl 10 6.5 pasza
NPUXOIAIIMX HA BXOJ OyXT BOJIH C HEpUOAAMHU
OnMM3KUMH K pe3oHaHCHbIM. [losToMy Ha maH-
HBIX IEPHOAAX BO3MOYKHO IPOSIBICHHUE TATYHA,
OIIaCHOTO ISl MAJIOMEPHBIX CYJI0B, HAXOIAINX-
csi B OyxTax BO BpeMsl LITOpMa.

Pacuer nepuonos ceiimi B Oyxtax JJuMuTpoBa
u LlepkoBHas MoKa3ayl BO3MOXKHOCTh I'€HEpalun
ceim ¢ nepuoaamu ot 1.6 10 9 MUH U COOTBET-
CTBUE IEPUOJOB CEHII 3apErUCTPUPOBAHHBIM
B CIIeKTpax makcumymam. Kpome Toro, B cnek-
Tpax BBIJCISIIOTCS MAaKCUMyMbl C IEpUOJAMU
18 mun st Oyxtel LlepkoBHas u 17 MuH nis
OyxTbl JIUMUTPOBA, YTO COIVIACYETCS C JAHHBI-
MU pacyeToB A MoJ [ enbMromnpiia 3Tux OyXT.

Ha paccunrannoii quarpamme TeKyuien Ko-
IEpEHTHOCTH HAOJIONAaeTCs yCTOMYMBBIA Mak-
cumyM, nocturapomuii 0.8 Ha mepuone Koie-
O0aHuii okoino 15 MUH, KOTOpBIM Ha CHIEKTpax
KoJIeOaHUN YpOBHSA MOpSI HE BbIIEISETCS, MO-
CKOJIBKY €T0 3HEpIus Ha NOPSAAOK MEHbIIE, YEM
CEHIII ¢ HyJIeBO MOJIOH, U OH KaK ObI CITMBACTCSI
¢ ux nukaMu. OOBsSCHEHUE 3TOMY BOJIHOBOMY
MPOLIECCY JAHO IyTEM pacyeTa, MMOKAa3aBIIEro
CYLIECTBOBAHME KPAE€BOW BOJIHBI C IEPHOAOM
15.2 muH Ha BOCTOYHOM ToOepexne 0. [lIuko-
TaH, YTO MOATBEPKIAETCS U PACCUUTAHHOM 1Ha-
rpammoit Tekytiei ¢asbl. [TokazaHo, 4To mpoxo-
Jsiast KpaeBasi BOJIHA BO30y»K1aeT 1menb(oBbie
CEHIIN B PE30HAHCHOW aKBATOPUM BOCTOYHOI'O
nobepesxbs o. llukoTaH.

CriexTpsl KojeOaHWil ypOBHS MOKa3alu Ha-
JMYKE BOJIHOBBIX IPOLIECCOB B JMAara3oHE Iie-
puonos 30-200 MuH. YcTaHOBIIEHO, YTO NIEPBBIN
13 HUX, C IEPUOJIOM OKOJIO 35 MUH, BbI3BaH Tpe-
The MONOM meab(OBOM CeHIn, a APYyrHe OT-
HOCATCSI K KPA€BbIM BOJIHAM.

1. Honrux I'U., Bynpun C.C., Honrux C.I', [Inotaukos A.A., Yynun B.A., [lIgen B.A., SxoBenko C.B.
2016. CobcTBeHHBIC KoeOaHHs YPOBHS BOIEI B OyxTax 3anuBa [lockera SnoHCKOTO MOpsi. Memeoponozus
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MonenupoBaHue mporecca OnepaTuBHOIO MPOTrHO3UPOBAHUS
Onekotanckoro nmyHamu 25.03.2020
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Pe3rome. Llenbro paboOTHI IBISETCS IEMOHCTPAITHS BOZMOKHOCTH HCTIONB30BAHUS TAHHBIX TEHCTBYIOIICH
craniui DART 21416 u Bupryansaoit cranmuu DART 21402 ans oneparuBHOro nmporuo3za OHEKOTaH-
ckoro iyHamu 25.03.2020 B HaceneHHBIX MyHKTaX Kypuibckux ocTpoBOB. PeTpocrniekTHBHAs OlleHKa BbI-
MOJTHEHA CIIOCOOOM (PKCIPECC-METOIOM) OTNEPATHBHOIO MPOTHO3a IyHaMH. 3a0J1IarOBPEMEHHOCTh TPO-
THO3a 0 JaHHBIM BUpTyanbHOU ctanimu DART 21402 Brimne, uem no nanaeiM ctaniima DART 21416,
ona cocrtasisieT 41 muH ans CeBepo-Kypuibcka u Oonee 60 MUH Uil OpYTHMX HACENICHHBIX ITyHKTOB
Kypunbckux octpoBoB. Pacuernble ammmuTyasl myHamu coctaBuian 30 cMm BOMM3M ypesa Boasl B Ce-
Bepo-Kypuibcke, B ApYyruX HaceleHHBIX MyHKTax Kypuiabckux ocTpoBoB — 10 4 cM. Ilpu peanusanuu
AKCTIPECC-METOl MOXKET OBITh Oosee A((EKTUBHBIM CPEICTBOM OIEPATHBHOTO MPOTHO3a IIyHAMH, YeM
croco0 SIMOHCKOTO METEOpPOIOTUIECKOTO areHTCTBA, COTIAcCHO KOTOpoMy Ha KypmibcKHX ocTpoBax
OKHAIHCH BOJHBI ¢ aMIuIiTyaaMu 1-3 M npu daktrgeckux 10 0.5 M.

KaroueBble cjoBa: IIyHaMH, MarHuTyla 3eMJIeTpsAceHus, TpeBora IyHamu, OnHexoraH, Kypunbckue
octpoBa, CeBepo-Kypuiibck, onepaTruBHbIN POTHO3 I[yHAMU, 3a0J1arOBPeMEHHOCTh 1porHo3a, DART.

Jna yumuposanusn: Kopones 10.I1., Kopones I1.}O. MonenupoBaHue npoiiecca onepaTuBHOTO MPOTHO3UPOBAHUS
Omnexkoranckoro myHamu 25.03.2020. [eocucmemvl nepexoonsix 30w, 2020, T. 4, Ne 2, ¢. 259-265.
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Simulation of the process of short-term forecasting
of the 25.03.2020 Onekotan tsunami

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. This work aims to demonstrate the potential application of the data from the DART 21416 opera-
tion station and the DART 21402 virtual station for the short-term forecast of the 2020 Onekotan tsunami in
the localities of the Kuril Islands. The retrospective assessment has been made using the method (express-
method) of a short-term tsunami forecast. The forecast lead time according to the virtual DART 21402 sta-
tion is higher in comparison with the data of DART 21416 station. It is 41 min for Severo-Kurilsk and more
than 60 min for other settlements of the Kuril Islands. The estimated amplitudes of the tsunami were 30 cm
nearby the water’s edge in Severo-Kurilsk, and up to 4 cm in other settlements of the Kuril Islands. When
implemented, the express-method may be a more effective means of real-time tsunami forecasting than
the method of the Japanese Meteorological Agency, according to which the waves with amplitudes of 1-3 m
have been expected at the Kuril Islands, while the actual amplitudes have reached just 0.5 m.

Keywords: tsunami, earthquake magnitude, tsunami alarm, Onekotan, Kuril Islands, Severo-Kurilsk,
real-time tsunami forecast, forecast lead time, DART.
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BaarogapHocT u puHaHCHpPOBaHUE

ABTODBI BEIPaXKAIOT OJIAaroqapHOCTh PELICH3EHTaM 3a II0JIC3HbIC 3aMEYaHus 1 IPEATI0KEHH S, KOTOPBIE ObUIH YUTECHbBI
Ipu AOPaOOTKE CTATHH.

Paboma evinonnena 6 pamxax cocsadanus UMIul’ JJIBO PAH Ne AAAA-A18-118012290123-8 «Haeoouenus
Ha MOPCKUX bepe2ax: MOHUMOPUHE, MOOETUPOBAHUE, NPOSHO3.
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MOLJENNPOBAHUE NMPOLECCA OMEPATUBHOIO ITPOrHO3UPOBAHUSI OHEKOTAHCKOIO LJYHAMM 25.03.2020

BBenenue

3emieTpsiceHre MarHUTyI0 7.3 ¢ amuileH-
TpoMm B 220 kM BocTouHee 0. OHekoTaH (puc. 1)
npousonuio 25 mapta 2020 . B 13:49 caxanun-
CKOTO BpEMEHM (HUXKE YKa3bIBa€TCSl CaxallliH-
ckoe Bpemsl, pazHuua cocrtapisier +11 u c UTC
1 +8 4 ¢ MOCKOBCKUM BpemeHeM) [ 06 yeposze yy-
Hamu...]. BiocnencTBuu Marautyza Obljia yTod-
HeHa 110 7.5 [National Centers...]. 3emuerps-
CEHHE BbI3BAJIO cinaboe LyHamHu. JTO IyHAMHU
MOXKHO Ha3biBaTh OHEKOTAHCKUM IO Ha3BAHUIO
OmKaiilliero K odary ocTtpoBa (IO aHaJOruu
¢ HauMeHOBaHUAMH CHMYIIUPCKUE IyHAMU
2006, 2007 u 2009 rr.).

NudopmaiimorHo-00padaThIBAIONUM  TICH-
TpoM «tOxkH0-Caxanunck» CaxamuHcKoro (u-
mnaa OUL[ EI'C PAH 0Opina oObsiBeHa Tpe-
Bora nyHamu B 14:00 no Cesepo-Kypuibckomy
paiiony [O6 yeposze yynamu...]. Cioyxba npen-
YOPEXKACHUS O LIyHaMH JISHCTBOBAJIa B COOTBET-
CTBUHU C PEIIAMEHTOM, OOBSIBUB TPEBOTY Ha OC-
HOBAHUU MarHUTYIHOTO KPUTEPUSI.

Puc. 1. Cxema pacueTHOi oOnacTv. 3Be3goYKa — OIHIEHTP 3EMIICTPSICEHUS
25.03.2020, poMOBI € 3aIMBKON — JIeHCTBYIOIIIE, POMOBI 0€3 3aJIMBKH — HEICHCTBY-
omue cranuuu cucteMbl DART, TpeyronsHUK — ocT u3MepeHuid ypoBHs Mops «Bo-
nonagnas. C-K — CeBepo-Kypunbsck, K — Kypmisck, b — Bypesectank, FO-K — FOx-

Ho-Kypuinsck, C — Crapogy0Ockoe.

Figure 1. The scheme of the computation area. The asterisk marks the epicenter

TUXOOKEaHCKHHA LEHTP MNpEeAyNpeXICHUSL
o iryHamu B 13:57 BellTycTHI OIOJIETEHB C MPEI-
yHIpexIeHHeM 00 OMACHBIX BOJHAX I[yHAMH IS
nobepexns B ipenenax 1000 kM ot smuIieHTpa
3emieTpsiceHus. SIMOHCKOe METEOPOIOrHIecKoe
areHTcTBO (FIMA) B 14:16 Takxke npemynpenu-
JI0 O BO3MOKHBIX pa3pyLIUTENbHBIX BOJHAX ITy-
HamMu Ha KypuUIbCKHX OCTpPOBax C aMILIUTYAON
1-3 M [O6 yeposze yynamu...].

[Tpuxon nmynamu B CeBepo-Kypuiabck 0xu-
nancst B 15:04 MectHoro BpemeHu. DBakyanus
HaceleHus B 0e30macHyl0 30HY 3aBepllieHa
K 14:30. OBakyupoBaHo okojo 400 yveir.

CornmacHO  BU3yaJbHBIM  HAOIIONECHUSM,
B 1.2 kM roknHee nopra CeBepo-Kypuibck mnep-
Bas BOJIHA MpHILLIa yepe3 | 4 mocie Hayansa 3eM-
nerpsicenus. Ha ¢oHe mTOpMOBOro BOJHEHHUS
BBICOTA I[yHaMH OlleHHBajach B 50 cM.

He6onbmioe myHamMu ObLTO 3aperUCTPUPO-
BaHO IIOCTOM M3MEpPEHMI YpoBHS Mops «Bomo-
nagHas» (Kamuarka, Poccust), mapeorpadamu
Ha ocTpoBax Yoiik u Munaysit (CLHA). Cnenbt
I[yHaMu 3aperucTpupoBa-
Hbl B Crapomyockom (Ca-
xanuH, Poccust) [O6 yepose
yyHamu...).

TpeBOXKHBIN peKUM CO-
xpansuics 1o 17:57.

WNudopmanus o coObI-
tusax 25.03.2020 omyGnu-
koBaHa B CMWU (manpu-
Mmep, https://sakhalin.info/
news/186919/).

OtcyTcTBHE  MHCTpY-
MEHTAJIBHBIX ~ U3MEPEHUI
ypoBHs Mopss B Cesepo-
Kypunbcke, kak 1 Ha Bcex
Kypuibckux octpoBax, He
MI03BOJISIET HU IOATBEPIUTD
BBICOTY IyHamu 50 cM,
HU T10JTy4aTh JIOCTOBEPHYIO
UHPOpMALIMIO O I[yHAMHU
BooOmie. [locTel u3Mepe-
HUSL YPOBHSI MOpsI BOIM3H
Oepera yCTaHOBJICHBI U pa-
6oratot B Kamuarckom, Xa-
O6apoBckom u [Ipumopckom

ofthe 25.03.2020 earthquake, filled diamonds — active, non-filled diamonds — inactive

DART stations, triangle — the “Vodopadnaya” sea level measuring station. The diagram
shows: C-K — Severo-Kurilsk, K — Kurilsk, b — Burevestnik, FO-K — Yuzhno-Kurilsk,

C — Starodubskoe.
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Ha Kypunax [Poccuiickas
cyorcoda...], TIPUTOM  YTO
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nobepexxbe Kypuiibckux OCTpOBOB Hambolee
MOJBEPIKEHO IyHaMHU.

Kak m3BecTHO, 10CTOBEpHYIO MH(OPMAIIHIO
0 IIyHaMH B OK€aHe JaloT NTyOOKOBOJIHbIE CTAaH-
nuu cuctemMbl DART (Deep-ocean Assessment
and Reporting of Tsunamis — orieHka u epeaua
JIAaHHBIX 0 IlyHamu B okeaHe) [NOAA Center...],
B OOJIBIIIOM KOJUYECTBE YCTAHOBIIEHHBbIE B TH-
xoM okeaHe. Jlo HemaBHero BpemeHu Poccus
pacnionaraia n1Byms Takumu ctanuusiMu (DART
21401 u 21402) B paiione mmy6okoBorHOTO Ky-
puino-Kamuarckoro sxeno0a. B Hacrosiiiee Bpe-
Ms CTaHIIMH HE (PYHKITHOHHPYIOT.

Omnexoranckoe IyHamu 2020 1. 3aperu-
ctpupoBaHo craHuusMu DART 21415, 21416
u 21419 [National Data...]. bavkaiiiiei k oda-
ry sBiusgerca cranuus DART 21416 (monoxe-
HUE CTAaHIIMA OTMEYCHO Ha puc. 1), mpober
LlyHaMU JO KOTOPOH MO BCTYIUIEHUIO MEPBOIrO
rpeOHs coctaBun 30 muH. [TonoxeHue panee
cyniecTBoBaBlleld poccuiickor cranuun DART
21402 (cm. puc. 1) Gimmke Bcero K oyary IyHa-
Mu. OniepaTuBHBIA TPOTHO3 I[yHAMH I10 IaHHBIM
ATON CTAaHIUU MOT OBITh MOJYYEH paHbllle, YEM
no pmadHeM ctanima DART 21416.

Llenpto paboTHI SBIAETCS JEMOHCTPAIIHS
BO3MOKHOCTH MCHOJB30BaHUSI JIaHHBIX JIE€H-
crBytomieit cranuu DART 21416 u Buptyanb-
Hou cranuun DART 21402 nna oneparuBHOTO
nporro3a Onekoranckoro yHamu 2020 r. B Ha-
ceneHHbIX MyHKTax Kypuiabckux ocTpoBoB (pe-
TPOCTIIEKTUBHOE MOJIEIMPOBAHHE MIPOIIECcCca OTle-
PaTUBHOTO MPOTHO3UPOBAHMS I[yHAMH ).

IlocTanoBKka 3ag1auu

TpeOyercs paccuntarh GopMy IlyHAMU BOJIU-
3 HAaCEJICHHBIX MMYHKTOB KypHJIbCKHUX OCTPOBOB
10 IaHHBIM O IIyHaMu cTaHuuit cucrembl DART
B MPEANOJIOKEHUH, UYTO HH(OpPMALMsS CTaH-
LU TIOCTYIAeT B PEKUME PEAIBHOTO BPEMEHU.
st pacueta hopMbl 03KHU1AEMOTO IyHAMU TIPH-
MEHEH CIOCO0 OMEepaTWBHOTO MPOTHO3a I[yHa-
Mu, oncanHbii B [Korolev, 2012 u ap.].

Cnoco06  (IKcIpecc-MeToN)  3aKIHYaeTCs
B TIOCTPOCHHHM IEPENaToOdYHON (QyHKIUU s
KQXKJIOTO IYHKTa, IO3BOJSIOIEH MO JIaHHBIM
cranuuun DART paccuuthiBarh popmy oxmzia-
€eMOro IyHamH BOIM3M 3TOro myHkra. [loctpo-
€HUE TMepeAaTouHoON (PYHKIIMU TPOU3BOAUTCS

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

cpasy nocjie Hoiay4yeHus: nHpopMauu o Koop-
JMHAaTax SIULEHTpPa 3€MIIETPSICEHUS, BbI3BaB-
mrero iyHamu. /s obnactu Kypunbckux octpo-
BOB (puc. 1) ee mocTpoeHre MOXKET 3aHUMATh 10
15 muH. JIaHHBIX O MarHUTyAE 3€MIIETPSCEHMS
He TpedyeTcsl.

MogenupoBaHue mpolecca ONEepaTUBHOIO
IPOrHO3UpOBaHKsi OHEKOTAHCKOTO IIyHaMH BBbI-
IIOJIHEHO N0 JIaHHBIM JEHCTBYIOIIEH CTaHIUU
DART 21416 u BupryanbHoi cranuuu DART
21402.

OnenuBanack 3a0JaroBpeMEHHOCTh IPOTHO-
3a, T.€. BpeMsl MKy pacu€THbIM BPEMEHEM IpH-
X0Jla IlyHaMH (IIepBOro TpeOHs BOJIHBI) B 3ajjaH-
HYIO TOUYKY Y BPEMEHEM BBIIIOJIHEHUS IIPOTHO3A.

CrenyeTr HaIOMHUTB, YTO CIIOCOO cOo3AaBajl-
Csl C IIeJIbIO ONEPATUBHOTO MPOTHO3a I[yHaMHU.
Ucxonnoit mHpOpMammeid ciaykar TOJIBKO KO-
OpJAMHATHI dMUIeHTpa 3emieTpsaceHus. Crnocod
ABJsieTcs NMpuOIMKeHHbIM. TodHOro coBmaje-
HUSl PacUETHBIX M PeabHBIX (OpPM LIyHAMHU HE
OXHJIATOCh. AJITOPUTM OLIEHKH (POPMBI IlyHAMHU
B HacToslled paboTe sBIseTCS peaau3aluent
JMIIb OCHOBHOMH njeu croco0a, 3aKimodaroneii-
Cs B pacuere LlyHaMH B OJHOM TOuke BOIM3U
3a/laHHOTO HACEJIEHHOro IMyHKTa. Pacuer ne-
TaJbHOTO PACIpPEAEIEHUS aMIUIUTY/ BIOJb II0-
Oepexbsi BOJIM3M ype3a BOJbI B ONOBELIAEMbIX
HACEJICHHBIX MMYHKTax Oy/1eT BO3MOXKEH IPH CO3-
JTAaHUM €JUHOTO IPOrPaMMHOI0 KOMILJIEKCA OTle-
paTuBHOrO nporHos3a unyHamu. Ilpu sTom, pas-
yMeeTcsl, 10JDKHA yUuThIBaTbes (paza MpUIIUBa.
Kpurepuem ycnemnoctu pacuera (MpOTHO3A)
ABJIsIeTCS 3a0JarOBpEMEHHAs a/IeKBaTHasl OLIEH-
Ka ONaCHOCTH LlyHaMH, Ha OCHOBaHUM KOTOPOI
CIIy’KOBI NIPENYIPEXKACHUS MPUHUMAIOT peLle-
HUE 00 OOBSIBIIEHUU TPEBOTH IIyHAMH B KaXJ10M
KOHKPETHOM HACEJIEHHOM ITyHKTE.

Pe3syabTarsl

Jnisi  TOCTpOeHUsl TepeJaToyHoN  (QyHK-
LMY pelLIeHa BCIIOMOTraTellbHas 3a/ladya pacueTa
BOJIHOBBIX ()OpPM B TOUKAaX PErucTpalvy LyHa-
MU U BOIM3M 3aJJaHHBIX HACEJECHHBIX ITyHKTOB
OT KPYrOBOI'0 HayaJIbHOT'O BO3BBILIEHMSI CBOOOI-
HOMU noBepxHoCTH auameTpoM 100 kM u amIuu-
Tygoi 10 M ¢ HEHTPOM, COBHAAAIOUIUM C 3IIH-
LICHTPOM 3eMJIeTpsiceHMsl. PacueT BBINONHATICS B
chepruyecKuX KOOPANHATAX C MCIIOJIb30BAHUEM
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Puc. 2. Ucxonusie gannbie 1ist pacyetoB (DART 21416,
21402). CpaBHeHHE pe3ylbTaTOB pacdyeToB (KpacHas Jiu-
HUS) ¢ GaKTHUCCKUMU JaHHBIMHA (depHAs THHIS).

Figure 2. Initial data for computations (DART 21416,
21402). Comparison of computations results (red line)
with actual data (black line).

pPa3HOCTHOM CETKH  marom | kM Ha mupote 45°.

[TocTpoenue nepenaroyHoi GpyHKIMHU C yue-
TOM BPEMEHM Ha ONpPEEJICHNE KOOPAUHAT 3IIU-
uentpa 3emuerpscenuss (10—-15 muH) MoXxer
OBbITH 3aBepleHo yepe3 25-30 MuH mocie Hava-
J1a 3€MJIETPSICEHUSL.

PexoncTpykiusi BomHOBON (pOpMBbI IyHaMHU
Ha BupTyanbHoil cranuuu DART 21402 Beinosn-
HEeHa 3KcIpecc-meTooM. Mcnonp3oBanuce nas-
Hble cTaniuu DART 21416, u3 koTOpbIX yaalieH
MPEALIECTBYIOIIUNA [IIyM CEHCMHYECKOIO Ipo-
ucxoxaenus (puc. 2). Boccranosnennas popma
uyHamu Ha ctanuuu DART 21402 npuenena
Ha puc. 2.

Jlasiee BBIMONHSUICA pacyeT OXKHUIAEMOTO
IlyHaM¥u BOJIM3U HACEJIEHHBIX MyHKTOB Kypuib-
CKMX OCTPOBOB IO JaHHbIM cTaHuuid DART
21416 u 21402.

Pacuer BonHOBBIX (opM LyHamu (IO ro-
TOBOHM MepeaaTroyHoil (yHKIMH) B 3aJaHHBIX
IIYHKTaX MOXeT OBbITh MPOU3BECH cpa3y Mocie
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MOJIyYSHUSI TAHHBIX CTAaHIUNA O TPOXOXKIECHUHU
nepBoro nepuozaa mynamu. [{ns cranuuun DART
21416 3TOT MOMEHT BpPEMEHH COOTBETCTBYET
36-i1 MMHYTE NIOCJIE HaYaja 3eMJIETPSCEHUS, s
cranuuu DART 21402 — 28-i1 munyTe.

Pesynbrarsl pacuera BOJTHOBBIX (OpM ITyHA-
mu Ha ctaHnusax DART 21419 u 21415 u BOnu3u
rnocra u3MepeHui ypoHs Mmopsi «Bogonannas
(puc. 1) no nanueiM ctaniuu DART 21402 npu-
BeneHbl Ha puc. 2. [lonoxenne craniuu DART
21415 BBIXOAMT 3a TIpeneibl pacyeTHOW oOIna-
CTH, pacueT ]Il Hee BBIMOJIHEH C HUCIOIb30Ba-
HUEM Jpyroi 6aTMMeTpuy Ha Pa3HOCTHOU CETKe
¢ marom 3.8 KM.

[TomydyeHo HEIUIOXO€ COOTBETCTBHE pPacCdeT-
HBIX U 3apETUCTPUPOBAHHBIX BOJIH HA CTAHIIUSX
DART 21419 u 21415. KoneGanusi, npeiiecTBy-
IOIIME IIyHAMH Ha 3aMHCSIX dTUX CTaHIIUM, SIBIIS-
1o1ces addexkToM BoJIH Paest Ha okeaHCKOM JTHE.

Hemnoxoe cooTBeTCTBHE MOIYYEHO MEXIY
pacueTHOU (opMOI BOJTHBI BOJIM3H TIOCTA U3MeE-

Puc. 3. Pe3ynbprarsl peTpOCIEKTHBHOIO MOJAEIUPOBAHUS
Ipolecca ONEpaTUBHOTO NpOrHo3upoBaHus OHEKOTaH-
ckoro IiyHamu 2020 r. BepTukanpHasi uepTa — MOMEHT BbI-
paboTKH poTHO3A.

Figure 3. Results of a retrospective simulation of the process
of operational forecasting of the 2020 Onekotan tsunami.
The vertical line is the moment of the forecast making.
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peHull ypoBHs Mops «BononagHas» U 3alIUCHIO,
noJlyueHHOM 3TuM noctoM. Ilpu HeoOxomumo-
CTH pacueTHas (hopMa BOJHBI BIIOJHE MTPHUTOIHA
JUISL OLIEHKU ONAacCHOCTH IIyHaMHu BOJM3HU 3TOTO
MyHKTA.

Pacuer oxxumaemoro myHamu BOJNW3M Hace-
JICHHBIX MYHKTOB KypHJIbCKUX OCTPOBOB BBIINOJ-
HEH 110 PEKOHCTPYHMPOBAHHOMY pALY JAHHBIX
cranuuu DART 21402 (puc. 2) 1AUTeNbHOCTHIO
28 MMH OT HayaJsa 3eMJeTpsiceHus. Pe3ynbTarsl
pacueTa IpelcTaBiIeHbl Ha puc. 3. Beprukanb-
HOU 4epToil 0003HAaU€H MOMEHT BPEMEHHU BBbI-
MOJIHEHMSI TPOTHO3a. 3]IeCh K€ MPECTaBIEHA
dbopma oxunaemoro iyHamu Bonu3u Crapony0-
ckoro (CaxanuH). Pe3ynprarel pacuera mo aaH-
HbIM ctaniuu DART 21416 coBmagaror ¢ pe-
3yJibTaramu 1o AaHHbIM cTaniuu DART 21402.

B Ceepo-Kypunbcke pacdyeTHBIM MPUXO
MEPBOM BOJIHBI C aMIUIUTYION OKOJIO 15 cM 0XkKu-
nancs yepe3 69 mun (B 14:58) mocne Havana
3emyieTpsiceHusl. BusyanbHasi OLEHKa BBICOTHI
BoJiHBI 50 cM czaenaHa BOJIM3U ype3a BOIbI PU
n1youse okono 1 M. Pacuernas amruuryna 15 cm
nojiydeHa B OmrpkaiiieM K Oepery ysie pas-
HOCTHOM CETKH, TJie ITyOmHa Mopsi paBHa 17 M.
B coorBeTcTBHM C M3BECTHBIM 3aKOHOM [puHa,
COIVIACHO KOTOPOMY aMILIUTY 14 BOJIHBI @, Ha TTy-
Oune D, CBA3aHa C aMIUIUTYNOH a, Ha TIyOuHe
D, cootnomenueM a,/a,= (D, / D )", nepecuer
aMIUTUTYIBl 15 cM B TOUKy, Ie IIyOMHa paBHa
1 M, 1aeT BEIMUMHY aMIUIUTY/AbI 0KOJI0 30 cM.

Pacuer ans CrapomyOCKOro, BBITTOJTHEHHBIN
B Onmmkaiiiei k Oepery Touke, riae nryOHHa BOJIbI
23 M, gaer amIMTyay okoio 4 mm. B coorBer-
CTBHUH C 3aKOHOM [prHa BONM3M ypesa Ipu Iy-
OuHe 1 M aMIUIUTYNIa TOJKHA OBITH PABHOM 9 MM.

3a05maroBpeMeHHOCTh MPOTHO3a IO  JIaH-
HeIM cTanumu DART 21402, cocraBasromast
st Ceepo-Kypuiibeka 41 mun, 11 Kypuib-
cka 65 muH, s bypeBectnuka (Oyxrta Kacar-
ka) 72 muH u s KOxnHOo-Kypuibcka 114 MuH,
BIIOJIHE JTOCTATOYHA JUIsl IPUHATHUS PEUICHUsT 00
OOBSIBICHUH TPEBOTHU B ATUX IMyHKTax. Ho BBUAY
MaJIbIX aMIUIUTY/ OKHJIA€MbIX BOJIH B 3TUX Hace-
JICHHBIX [TyHKTaX TPEBOra MOIIa He OOBSIBISATHCS.

3a051aroBpeMEHHOCTh MPOrHO3a MO JaHHBIM
cranuuun DART 21416, nns Cesepo-Kypuiibcka
paBHasg 33 MMH, HEJNOCTaTo4YHa Il CBOEBpE-
MEHHOI'O OOBSBJIEHUS] TPEBOTH IIyHAMHU B 3TOM

FEocuCTEMbI NEPEXOAQHbLIX 30H Tom 4 Ne 2 2020

nyHkre. OHaKo BBHJLy MaJIOW aMILIMTY/AbI BOJIH
TpeBoOra, €cjau OHa ObUTa OOBSIBIIEHA 110 MarHu-
TYZTHOMY KPUTEpUIO, MOIVIa ObITh OTMEHEHA I10-
CJIe TIOJTyYeHHUs JAHHBIX O PACUYETHON aMILTUTY/E.
K coxanenuro, u3-3a OTCYTCTBUSL HMHCTPY-
MCHTAJIbHBIX HB.6JHOZICHI/II\/JI B HACCJICHHBIX ITyH-
KTax KypI/IHBCKI/IX OCTPOBOB IMOATBCPAWUTL WA
OIPOBEPrHYTh IIPEJCTABICHHBIE PE3YJIbTAThI
PacUYCTOB HE NPCACTABIIACTCA BO3MOKHDBIM.

Oo0cy:xnenue

Pesynprarel MogenupoBaHus npolecca orme-
patuBHOrO IporHo3a OHEKOTAaHCKOIO IyHAMH
MO3BOJISIIOT 110-HOBOMY B3IVISIHYTh Ha COOBITHS
25.03.2020.

JleiicTBus CITy>KOBI MIPEIYIIPEKACHUS O IIy-
HaMHU SIBJISIFOTCSI, 10-BUAUMOMY, ONPaBAAHHBIMU
B paMKax JICHCTBYIOILETO PEIIaMEHTa B YCIOBU-
SIX OTCYTCTBUS HUHPOPMAIIUH 00 0’KHU1a€MOH BbI-
core nyHamu B CeBepo-Kypuiibcke, OTCyTCTBUS
KaKMX-JIN0OO MHCTPYMEHTAJIbHBIX HAOIIONECHUN.
Tem Oosiee yTto THUXOOKEAHCKMM LIEHTP MpEI-
YOPEXACHUS O IyHaMU U SIMOHCKOE MeTeopo-
JIOTUYECKOE areHTCTBO BBIITYCTUIIN MPEAYIPEK-
JeHHs 00 OMACHBIX BOJTHAX I[yHAMH.

[Ipenynpexnenne o unyHamu 25.03.2020
B paiioHe KypuIbCKHX OCTPOBOB BBIIYILIEHO
SAMA B COOTBETCTBHM C HOBBIM PEIIAMEHTOM
orieHkH omacHocTH ItyHamu [Users Guide...
2014]. PeriameHT OCHOBaH Ha MPEABAPUTEIb-
HBIX pacyeTax C MCIIOJIb30BAHUEM YIPOIIEHHOMN
Mojenu uctouyHuka. [IpulnukeHHO oleHHBa-
IOTCS. MaKCHMAaJIbHbIE aMIUIMTYAbl BOJIH Ha HE-
KOTOPOM PacCTOSIHUM OT MOOepexbs U, B COOT-
BETCTBUU C U3BECTHBIM 3aKOHOM | puHa, BOIM3U
Oepera Ha mryOunax 1 M. IIpu 3Tom npunsTHE
pemieHust 00 0OBSABICHUN TPEBOTH IyHaMH BO3-
Jaraercss Ha peruoHalibHble LEHTpPHI. 3a Ipo-
THO3 LYHaMH i parioHa KypuibCKux OCTpo-
BoB oTBeuaeT SIMA. CormacHo nporaosy JAMA,
IpeanojgaraéMble  aMIUIMTYAbl I[yHaMU €1Ba
JU HE Ha NOPSAIOK MPEBBICWIIN aMIUIUTYIbl pac-
CUMTAHHBIX B HACTOAIIEH paboTe M (paKTHUECKU
NPOSIBUBIIMXCSI BOJH Ha nodepexbe Kypuibckux
OCTpPOBOB.

Hano otnare nomxkHoe ciyxOe mpeaynpex-
JICHUS, YTO TPEBOTA LIyHAMHU OOBSBIISIACH TOJIBKO
B 0/1HOM paiione — CeBepo-KypuiibCckom.

263



MoAENMPOBAHME NMPOLECCA ONEPATUBHOIO IMTPOrHO3MPOBAHUSI OHEKOTAHCKOIO JYHAMM 25.03.2020

BusyanbHo ompeneneHHas BbIcOTa IyHa-
mu 0.5 M k rory ot nopta CeBepo-Kypuinbck
B 30HE, CBOOOJHON OT 3aCTpPONKH, HE MOXKET
OBITh KPUTEPUEM OIPABIAHHOCTU TPEBOTH I1y-
HaMu. /laHHBIE O BBICOTaxX IlyHaMH B MPOMBIII-
neHHou 30He (paiion mopra) CeBepo-Kypuiib-
CKa OTCYTCTBYIOT.

Hecmorpss Ha omnpaBmaHHOCTh JEHCTBUM
CIIy’KOBI TIpeayNpeKACHUs, OOBsIBICHHAs Tpe-
BOra IyHaMHU OKa3anach (DaKTUUECKH JIOKHOU
BBUJY CJIabOro MposiBiIeHus IyHaMu faxe B Ce-
Bepo-Kypuiibeke. JIMTENBHOCTD TPEBOXKHOIO
peXuMa cocTaBuiIa OKoJo 4 u.

Pacuer (peTpocneKkTUBHBIN MPOTHO3) IyHa-
MU 10 (PaKTHYECKUM AaHHBIM cTaHmuu DART
21416 1 peKOHCTPYUPOBAHHBIM JaHHBIM BHUp-
tyanbHOU ctaniuu DART 21402 Bonu3u Cese-
po-Kypuiibcka Ha TiryOuHe 17 M gan aMIuaTyLy
MEepBOM BOJIHBI 15 CcM, 4TO BIOJIHE TO3BOJSET
OLICHUTh OXKUJAEMOE€ I[yHaMU KaK HEeONacHOe.
Onenka ammiuTyabl BOMM3u ype3za B 30 cm
HE NPOTHBOPEYUT BU3YaJbHBIM HAOIIONECHUSM.
BOnu3u npyrux HaceneHHbIX MyHKTOB Kypuiib-
CKHMX OCTPOBOB Ha NryonHax 8—30 M pacueTHbIe
aMIUIUTY/bl HE MPEBbIILIAIN 2—4 CM.

TpeBora irynamu 25.03.2020 6bu1a 00bsBIC-
Ha B 14:00, 3a 1 yac 10 0Xu1aeMOro BpeMeHU
MPUXOJIa BOJIHBI, MIPOTHO3 BhIpaboTaH B 14:17.
3a0aroBpeMeHHOCTh TMPOTHO3a TI0 JIaHHBIM
BuptyanbHoi cranuuu DART 21402 nHa 8 mMunH
BBINIE, YeM 110 JaHHBIM cTtaHuuu DART 21416,
u cocrasisier s Cesepo-Kypunbscka 41 muH,
mis Kypunscka 65 wmwuH, n1s bypeBectHu-
ka 72 muH u s FOxHo-Kypunescka 114 mun.
C yderoM TOro, 4YTO »SBaKyalusl HaceIeHHs
B CeBepo-Kypuibcke 25.03.2020 npowusBene-
Ha B TeueHue 30 MUH mociie OObSIBICHUS Tpe-
BOTH IIyHaMH, 3a0JJarOBPEMEHHOCTh MPOTHO3a
no na"gHeIM DART 21402 BrmoiHe mocTatodyHa
JUISL IPUHATHUS pellieHus: 00 0ObSIBIEHUU TPEBO-
T'M U MIPOBEICHUS dBaKyallil HaceJIeHUs B 0e3-
OmnacHoe MecTo. B paccMOTpeHHON MOAEIbHON
CUTyallil, pa3yMeeTcsl MpH peanu3alud dKc-
Ipecc-MeToJia B BUJI€ €IMHOIO NMPOTrPaMMHOIO
KOMILIEKCa, MPU HaJUYUU CTAaHUUN HW3MEpPEHUS
YPOBHSI OKE€aHa M ONEPATHUBHO IOIYy4YaeMOW OT
HUX MH(pOpMAIMH, TpeBOra IyHaMH Moria Obl
HE OOBSABIATHCS HU B OJHOM HACEJIEHHOM ITyH-
kTe KypuibCkuX OCTpOBOB.
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3akJaoueHmne

Pe3ynbraThl peTpOCHEKTUBHOIO MOJEIUPO-
BaHMs IIpollecca ONEPaTUBHOIO IPOTHO3UPO-
Banusi OHekotaHckoro myHamu 2020 1. BOnIM3M
HACEJIEHHBIX IMYHKTOB KypWJIbCKUX OCTpOBOB
MOJATBEPAWIH, YTO HA OCHOBE HKCIIPECC-METOIa
BO3MOXKEH IPOTHO3 C 3a0IaroBpeMEHHOCTHIO,
JNOCTAaTOYHOW JJII CBOEBPEMEHHOIO IPUHATHUSA
pernieHus 00 OOBSIBIICHUU TPEBOTH U DBAKyaIlluu
HaceleHus B 6e3omnacHbie MecTa. [l aToro He-
00XOAMMO HaJM4Yue CTAHIUI U3MEPEHUs YPOB-
Hs OKEaHa, DPACMOJOXKEHHBIX B HaJJIEKAIIUX
TOYKaX, U MPUEM HHPOPMAIMH TUX CTAHIIAN
B PEXKUME PEAIbHOTO BPEMEHH.

HoBbl1i1 pernamMeHT OLeHKH ONaCHOCTH 1yHa-
MH, KOTOPBIN UCIIOJIB30BAJICS SIIIOHCKUM METEO-
POJIOTMUECKUM areHTCTBOM IIPH BBIMTYCKE TIPE/I-
yopexaeaus o nyHamu 25.03.2020, okasaincs
HeapdekTuBHBIM i1 KypuUIbCKUX OCTPOBOB
B JaHHOU curyanuu. Kak mokazanu ¢axTtude-
CKHE€ JaHHBIC, [0 KAYeCTBY MPOTrHO3a OH CYIIe-
CTBEHHO YCTYyHaeT 3KCIPECC-METONMY, IMpUMe-
HEHHOMY B HacTosiIel padore.

CymecTByromas B HACTOSALIEE BPEMS CETh
cranuuii cucreMbl DART BOmm3u Kypuiabckux
OCTPOBOB HE BCErJa MOXKET rapaHTUPOBATh He-
00XOAMMYI0 3a0arOBpeMEHHOCTh  IIPOTHO3a
LlyHaMU Jja)ke IpY yCJIOBHUH OIEPATUBHOM mepe-
Jladyn JTaHHBIX. JI€MCTBOBABIINE paHEE POCCHM-
ckue cranimu DART 21401 u 21402 mornu
OBl oOecrneunBaTh C JOCTATOYHOM 3abiaroBpe-
MEHHOCTBIO INPOTHO3 IyHamu Ha Kypuibckux
OCTPOBAaX B CIIy4asiX 3€MJICTPSICEHUH B paliOHax
CEBEpHBIX, LIEHTpaJbHbIX KypHIIbCKUX OCTpO-
BOB, BOCTOUHOTO MoOepesxbs SnoHuu.

K coxxanenuro, CaxamuHckas 00J1acTh HE pac-
MOJIaraeT He TOJIbKO CPEJCTBAMHU PETUCTPAIUU
YPOBHSI OKeaHa JIJIsl OLIEHKU CTENIEHU OMAaCHOCTU
IlyHaMH, HO U TPUOpPex HBIMU Mapeorpadamu
Ha Kypunbeckux octpoBax sl MOATBEPKIACHUS
JAHHBIX O MPOU3OLIEANINX I[yHAMHU.

PasButre cetu HaOmOACHUN 332 YpPOBHEM
OKeaHa U BHEApEeHHue crnocoba (Kcnpecc-MeTo-
7la) ONEPaTUBHOTO MPOTHO3a B PEINIAMEHT Jei-
CTBUU CIYXKOBI TPEAYNPEKACHHUS O IyHAMHU
MO3BOJIUT B MEPCHEKTUBE MOBBICUTH Kau€CTBO
MIPOTHO3UPOBAHUS U TEM CAMBIM YMEHBIIIUTH KO-
JIMYECTBO JIOKHBIX TPEBOT IyHamu Ha Kypuiib-
CKHX OCTPOBAX.
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