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ciyx6a PAH». IIpuBeneHsl perpecCHOHHbIE COOTHOMICHHSI MEXKIY JHEPreTHUECKHMMHU XapaKTepUCTHKAMH 3eMIeTps-
CeHHWH Karayora. PaccunTanbl OCHOBHBIE ITApaMETpPhl CEHCMUYHOCTH: CTATUCTHYECKasl OIIEHKA YPOBHS CEHCMHUYHOCTH
COYC’09, rpaduxu berpoda, KapThl ITIOTHOCTH YCIOBHOH yIIpyToil AedopManni; IpuBeAcHa HHPOpMasa o Hanboree
3HAUYUMBIX 3eMIICTpsiCeHUsIX B 30He oTBeTcTBeHHOCTH CD OUIL EI'C PAH. I1o hopMaibHBIM MOKa3aTEIsIM CEHCMUIHOCTh
Ha3BaHHBIX PeTHOHOB B 2021 T. HaxommMiIack B mpeaenax (pOHOBBIX 3HaUCHHUN. MarHuTyIa CHIIbHEHIIero u3 3a(pukcupo-
BaHHBIX B Katajore 2021 . 3emmerpscenus, npomsorearrero 20 centsiops B mpeaenax Kypmino-Kamuarckoii ceticmodo-
KaJlbHOH 30HbI Ha riryOuHe 41 xm, coctaBuna M, = 6.1. Camoe cuiibHOE KopoBoe 3emiieTpsicenne CaXalMHCKOTO pErHoHa
cM = 4.4 mponsomuo 18 ampens BOMM3HM m0C. THIMOBCKOE, T/I€ BBI3BAJIO COTPACEHHS HHTEHCHBHOCTBIO B 5-6 Oalios.

KntoueBble cnoBa: 3emieTpsceHusl, CEiCMIUIHOCTb, CeiicMuYecKast akTHBHOCTb, [Ipuamypsee, [Ipumopse, CaxaiuH,
Kypuno-OxoTckuii peruoxn
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Abstract. The paper presents an overview of the seismicity of the southern part of the Russian Far East for 2021: Amur—
Primorye region, Sakhalin and Kuril-Okhotsk region. It is based on data from the catalog of the “Yuzhno-Sakhalinsk™
Regional Information Processing Center of the Sakhalin Branch of the Federal Research Center «United Geophysical
Survey of the Russian Academy of Sciencesy». Regression relationships between the energy characteristics of earthquakes
in the catalog are given. The main parameters of seismicity are estimated: statistical estimation of seismicity level
SESL’09; Benioff diagrams; density maps of conditional elastic deformation. The information about the most significant
earthquakes in the responsibility zone of the SF FRC UGS RAS is given. According to formal indicators, the seismicity
of these regions in 2021 was within the background values. The magnitude of the strongest earthquake recorded in the
catalog of 2021, which occurred on September 20 within the Kuril-Kamchatka seismofocal zone at a depth of 41 km, was
M, = 6.1. The strongest crustal earthquake in the Sakhalin region with M = 4.4 occurred on April 18 near the settlement
of Tymovskoe, where it was felt with an intensity of 5-6 points.
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BeeneHue PaMeTPOB 3apErUCTPUPOBAHHBIX 3EMIIETPSICEHUI B

Crarbst IpOIOIKAET €XKErofHbI 0030p ceiic-
MUYHOCTH Tepputopun tora JlamsHero Bocroxa
Poccun Ha ocHOBE onepaTUBHBIX OIPEEIeHNH Ta-
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Caxanmunckom ¢unmnane deaeparbHOro UcciaeaoBa-
TENbCKOTO IeHTpa «EanHas reodusuueckas ciyx-
6a PAH» (C® ®UII ET'C PAH) B 2021 r. [1-3].
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CevicmmnyHocTb tora JansHero Boctoka Poccum B 2021 rogy

Ob6nacteio rccnenoBanus ABISIOTCS Kypuito-
Oxorckuit pernon (Kypunbckue octpoBa, 0. XOK-
Kaiiio, Mpujeraioliyue K HUM aKBaTOpUHM CEBe-
po-3amagHoil yactu Tuxoro okeana, OXOTCKOro u
Snonckoro mopeit); Caxanuuckuii pernos (o. Ca-
xanuH u Tarapckuil nponus); pernoH [Ipuamypse u
[Ipumopse (Teppuropust Ipumopckoro n Xadbapos-
CKOro KpaeB, AMypckoi 1 EBpelickoil aBTOHOMHOM
obnacreil, a Takke MpUrpaHuyHble pailonsl Kutas
U puOpexkHas yacThb SMOHCKOTo MOpst).

Ilens paboTel — MpeacTaBUTh MHPOPMAIHIO
0 CEHCMHMYHOCTH 10kHOM uwactu JlanmpHero Boc-
Toka PD mo oneparuBHbIM naHHBIM. CTarbs 00-
palaeT BHUMaHHe Ha Hanbosee MHTEPECHBIE U 3a-
CITY’KUBAIOIIIE U3YUYCHUSI CEUCMHUYECKUE COOBITHS
IIPOILIOTO rojia, MPUBOJUT OCHOBHBIE ITAPAMETPHI
CEMCMUYHOCTHU B CPABHEHHH C MPEIbIAYIINM JIECs-
TUJIETHEM.

OCHOBHBIM OTJIMYMEM JaHHOM pPabOThI OT
IpeAbLIYIUX 0030pOB SBISETCS MEpPexol K Hc-
MOJIb30BaHUI0O HOBOTO MCTOYHHMKA ONEPATHBHBIX
JAHHBIX O napaMerpax 3emiuerpscenuid. C 2021 .
B CO OUI EI'C PAH noarotoBky qaHHBIX JJIsI CO-
CTaBJIEHMs ollepaTUBHOro Karanora [IpuaMypes u
[Tpumopss, Caxamunckoro u Kypuno-Oxorckoro
PETUOHOB BBITMOIHAET PETMOHAIBHBIN HH(OpMAIH-
oHHO-00pabareiBatomuii 1ieHTp (PUOL) «OsxHO-
Caxanuack». O6beM ONepaTUBHOIO KaTajiora 3Ha-
YUTEIBHO BO3pPOC, a MapaMeTphbl 3eMIIETPSCEHH
HEIUIOXO KOPPEIUPYIOT C JaHHBIMHM MEXKTyHapO.I-
HBIX CEHCMOJIOrMYeCKUX areHTcTB. bosnee nmoapo0-
HBIM aHanmu3 KadecTBa 00padotku naHHeIx PUOL]
«OxkH0-CaxanuHCK» MOXHO HaMTH B OTYeTax
HUP ®UILL EI'C PAH'.

[Tomy4yaemble mapamMeTpnl 3eMIIETPSICEHUN B
PUOL «tOxHo0-CaxaanHCK» UMEIOT ONpeelieH-
HbI€ OTJIMYMS OT JAHHBIX ONEPAaTHMBHOTO Karajora
oT/eNa CBOMHOW 00pabOTKH CEeWCMOIOTHYECKUX
JTAHHBIX, UCIOJIb30BAaHHOIO paHee IMpHU COCTaBIIe-
HUM €XErofHbIX 0030poB. B wactHOCTH, HOMHMO
U3BECTHBIX M JJABHO MPUMEHSIEMbIX AJIS paziiny-
HBIX pErMOHOB Poccuu 3HEpreTHYecKuX Xapakre-
PUCTHK 3eMJICTpsSICCHHI [4], B OmepaTMBHOM Ka-
tanore PUOL] mupoko ucnons3yercss MarHuTyaa
M . Marautyna Ha OCHOBE LU(POBOW SMYJISLIUN

wa

3anucu ceicmorpaa Wood-Anderson M - siByis-
€TCsl cTapeillell U XOpOLIO 3apeKOMEH0BaBLIEH
ce0si PHEpPreTMYecKol XapakTepucTukou [5, 6],
OJIHAKO B TpaKTUKE 00pabOTKU 3eMIICTPSICEHUI B
3oHe orBeTcTBeHHOCTH CP OUIL EI'C PAH npu-
MEHSIETCS CpaBHMUTENbHO HenaBHO. lloaTomy B
CTaThe MPUBEACHBI MEKMArHUTYJHbIE COOTHOILIE-
HUS, TIOJy4YE€HHBbIE Ha OCHOBE JAHHBIX KaTaJOroB
C®d ®UII EI'C PAH, HeoOxoaumble IS JadbHEH-
1ero 0030pa CeCMUYHOCTH PETHOHOB.

O030p ceHCMUYHOCTH MPUBOAUTCS C UCIIONb-
30BaHUEM OCHOBHBIX XapaKTEPUCTUK: CTaTUCTUYEC-
KO OLEeHKM ypoBHs ceiicmuuHoctn COYC’(9,
rpadukoB benvoca. /17151 seMoHCTpanuy npocTpaH-
CTBEHHOI'O PaCHpeIEIeHHUs] CEMCMUYECKON aKTUB-
HOCTH IIPUBE/IEHBI KapThl IUIOTHOCTU YCIIOBHOM
ynpyroi aedopmanuu.

Cemb ceiicmuueckux cmanyuii CO OUI]
EI'C PAH B 2021 1. 10 CpaBHEHHUIO C MPEIBIAY-
LIMMH FOJaMU IIPaKTUYECKHU HE NpeTeprena us-
MeHenuit [2]. K kony 2021 1. ceth celicmuuec-
kux crannuii CO OUILL EI'C PAH nacunThiBana
48 myHKTOB HENIpepbIBHBIX HaOmoneHuii: 38 cra-
[IMOHAPHBIX, B TOM YHUcIie 18 ¢ 00CTyKUBaOIIUM
nepcoHanom 1 20 aBTOMaTH4eCKUX, ¢ nepeaade
JAaHHBIX B peaJbHOM BPEMEHHU Ha cepBepbl cOo-
pa OonopHbIX cTaHiui; 10 aBTOHOMHBIX MOJIEBBIX
JIOKaJIbHOM ceTH Ha tore 0. CaxaiuH.

B anpene 2021 r. OblTM yCTAaHOBJICHBI J1BA
IYHKTa CEHCMOJIOTHYECKUX HAOIIOICHUNA B paii-
OHE aKTUBHOW A00buM yrisi Ha CONHIICBCKOM
yroiibHOM paspese (Ymeropckuit paiion Caxa-
JMHCKOM 005acTH). DTO JaeT BO3MOXKHOCThH C
MOBBILIEHHON TOYHOCTBKO KOHTPOJIMPOBATH IPO-
BOJIMMbIE B3pbIBHbIE PaOOThI, a Takxke ciaalyro U
BO3MOXKHYIO HaBEJCHHYIO CEHCMHYHOCTh, c(hop-
MUPOBABIIYIOCS BCIIEICTBUE TTOCTOSIHHOTO TEXHO-
TEeHHOTO BO3AeMCTBUS Ha Heapa [7].

Texyuiass koHUrypauus ceTd ceilicMuye-
CKUX CTaHIIUH, C y4€TOM YCTaHOBJIEHHOTO 000pY-
JIOBaHUS M MPUBIICUCHUS B ONEPATUBHOM PEXKU-
Me JaHHbIX co cTaHuuii Kamuarckoro ¢uimana
OUILL EI'C PAH u [nmoGanpHOM ceiicMUYecKoi
cetu (GSN), mo3BoJsieT 00eCIeUUTh Ha OONIBIIICH
YacTH 30HBI OTBETCTBEHHOCTH BO3MOXHOCTbH pe-

"Yebpor /1.B. (mayu. pyk.) 2021. Ananuz 601H06bIX noieil CUTbHBIX 3EMIEMPACEHUL U NAPAMEMPO8 UX 04A208 6 YEsIX VIMOUHEHUsl YYHAMUSCH-
HO20 nomenyuana npu obpabomke OaHHBIX cucmemvl npedynpesxcoenus o yynamu: order o HUP (uroroseiii). ®ULl EI'C PAH. O6nunck, 91 c.
Ne I'P AAAA-A19-119031590060. [Chebrov D.V. (scientific director) 2021. Analiz volnovyh polej sil 'nyh zemletryasenij i parametrov ih ochagov v ce-
lyah utochneniya cunamigennogo potenciala pri obrabotke dannyh sistemy preduprezhdeniya o cunami [Analysis of the wave fields of strong earthquakes
and the parameters of their foci in order to clarify the tsunami potential when processing data from the tsunami warning system): research report (final).

FRC UGS RAS. Obninsk, 91 p. (In Russ.).]
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TUCTpAIUH 3eMJICTPSICCHU HAYMHAsI C MATHUTY/IBI
M = 3.0. UckioueHne COCTaBIISAIOT LEHTPaIb-
Has yacTb OXOTCKOT0, CeBEpHAst 4acTh SIMMOHCKOTO
Mopsi, paiion Cpennux KypuibCckux oCcTpOBOB U
npurpaHuyHas 4acTth [Ipuamypss, e mnpeacra-
BUTEIHHONW MOXHO CUMTATh MAarHUTYAY COOBITHIA

.= 3.5. braronapst 0oJIee IJIOTHOM CETH CENC-
MOCTaHIIMM, a TaK)Ke H0CTyNy K KOPOTKONEPHOI-
HBIM CTaHIMAM XOKKalJCKOrO0 YHHBEPCUTETA, HA
gactu FOxupIx Kypun n teppuropun Caxanus-
CKOTO PErruoHa TMOPOT YBEPEHHOUN pEerucTparuu
cocrasisier M =2.5 [8].

MaI'HVITy,EI,HbIe COOTHOLWEeHuUsA

Onpenenenre Maruutyasl M B Ka4ecTse
SHEPreTUYeCKOM XapaKTepUCTUKU ObUIO BBeje-
HO B MPAKTUKY OOpPabOTKH CEWCMOJIOTMUYECKUX
nanHbix PUOL] «HOxHo-Caxanuack» B 2014 1. u
NIEPBOHAYAJIbHO HOCHJIO 3MU30AMYECKHM Xapak-
tep. C 2017 1. uncno onpenenennit M, mnocre-
IIEHHO POcio, U K KoHIy 2021 . UX KOJIMYECTBO
coctaBuiio 12 262 yist 3eMIIETPSICEHHI C STUIEH-
Tpamu Ha [lanmbHem Boctoke. M| —onpenensercs
JUISL BCEX 3EMJICTPSICEHMI Ha SIUIEHTPaJIbHBIX
paccrosausx 10 1600 kM u a1 BCero Auana3zoHa
[IyOuH, SIBJISISICh, TAKUM 00pa3oM, caMoil Macco-
BOM DHEPreTUYECKOM XapaKTepUCTUKOU 3eMile-
TPSICEHU B KaTajore

Hns obpaborku 3emierpsicennii B PUOL]
«tOx)HO0-CaxanMHCK» HCIOJIB3YETCsl IPOrpaMMm-
HbIil komiuiekc DIMAS [9], npoueaypbl KOTOpOro
MO3BOJISIIOT Ha OCHOBE IU(POBBIX 3amuceil sMmy-
JUPOBaTh CEHCMOrpaMMy, COOTBETCTBYIOIYIO Xa-
pakTepuctukaMm cericMorpada Wood-Anderson.
Ilpu pacuere M HCHONB3YEeTCS MAKCHMAIIBHOE
CMEIICHUE TPyHTa Ha TOPU30HTAJILHON COCTaB-
JSIOIEH ¢ MpUMEHEeHHeM (DYHKIMU 3aTyXaHUs B
COOTBETCTBUH C [, 6]:

M=1gd__+2.56 1gA—1.67, (1)

rae A — SMUIEHTPAIbHOE PACCTOSIHUE B KUJIOMET-
pax. PexoMennyemblil [uama3oH NPUMEHEHUS
MarHuTyaHo# mkaisl — 10-600 kM OT snuieHTpa,
OZIHAKO (DaKTHMUYECKH MAarHUTyJa OIpeaeseTcs
JUIL BCEX PErMOHANBHBIX AMHIIEHTPAJIbHBIX pac-
crostHuil. OnpezienieHne MarHUTy bl 111 TITyOOKO-
(hOKYCHBIX 3€MIIETPSICEHHM, BIUIOTH JI0 COOBITHIA
¢ nryOuHoO# rumnoueHTpa B 600 kM, Takke Hpax-

TUKYETCS, TIPU ITOM TMPEUMYIIECTBEHHO YUYUTHI-
BalOTCS yAAJICHHBIE CTAHIIMK HA MULIEHTPAIBHOMN
JMCTaHINHY, MpeBbIIaoel myouny. B ycinoBusix
Pa3peKEHHON pPErMOHANIBHON ceTH tora JlampHero
Bocroka Poccum Takux cTaHIuii OOJBITMHCTBO.

[TockonbKy MaruuTyna M, B NpakTUke 00-
pabOTKU 3eMJIETPSICEHUI B 30HE OTBETCTBEHHO-
ctu C® OUIL EI'C PAH sBnsieTcst HOBOM, OBLIO
IIPOBEJICHO MCCJIENOBAHUE TPaHUL] €€ IPUMEHU-
MOCTH M CBS3M C APYTMMHU IIMPOKO HCIIOJIb3ye-
MBIMU JHEPTETHYECKUMHU XapaKTEPUCTHKAMHU
3emIeTpsiceHuid. Pe3ynbTaTsl TOTOBATCS K MyOIu-
Kanuu. B maHHO#M paboTe mpuUBENEHBI OCHOBHBIE
BBIBO/IbI, HEOOXOMMBIE /TS AalibHEeHIIero o63opa
CEHCMUYHOCTH PETHOHOB.

CooTHOnIeHHE MEKIY MarHutymo M
n sHepretudeckum kiaccom T.I. Payrman K,
Takke MaccoBo ompenensseMpiM PHUOLL «tOxHO-
Caxanmuuck» ansi 3emnerpsicenuit CaxanuHa W
KOHTUHEHTAJIbHON YacTHU 30HbI OTBETCTBEHHOCTH,
ObUIO TOJTYYEHO METOJOM OpPTOrOHAJLHOW CTaH-
naptaoil perpeccun (OSR) Ha OCHOBE JaHHBIX O
310 KOpOBBIX CAaXaJMHCKUX 3€MIICTPSICEHUSIX B
nepuon Habmomenuit 2017-2021 rr. (puc. 1 a).
3nech U Janee MCMOJIb30BAUCH JaHHBIE O 3EM-
JIETPSCEHUSX, Ui KOTOPBIX B OMNPEACNICHUH JIO-
KaJabHOW MarHuTymsl M OBLJIO 3a/eHiCTBOBAHO
HEe MeHee 4 CEeMCMUYECKMX CTaHLMH, JOITyCKH
i K03(p(PULIMEHTOB PErPECCHOHHBIX COOTHOILIE-
HUM TIPUBENEHBI JJIs1 IOBEPUTEIBHOIO MHTEpBaja
B 95 %. ®opMyiy TpearnonaaraeTcsi HCIoJIb30BaTh
Ui quarnasona marautyn 1.0-4.5:

K, =1.54(+0.07) M, +4.68(x0.19).  (2)

[1o nprymHe MaJIOro KOJIMYECTBA €KETOJHBIX
ONpPENEICHU MOMEHTHOW MAarHUTYIbI MW(per),
nosyyaemori B CO ®UI[ EI'C PAH coBmecTHO
c UMI'ul' IBO PAH npu pacuere TeH30pa ceiic-
MHUYECKOTO MOMEHTA LIEHTPOUIa PErHOHAIBHBIX
3EMJIETPSICEHUN, PErPECCUOHHOE COOTHOILIECHUE
Mwa/MW(per) 1oKa He nosydeHo. OgHako ynanoch
OLICHUThL CBSI3b MAarHUTyAbl M ¢ MarHuTymou
M, arenrctBa NIED’ (flmomus) B 1auanasoHe
MarHUTYIHBIX 3Ha9eHUH 3.5—6.0 (puc. 1 b).

TodHOCTH OmpeaeneHusi MOMEHTHBIX Mar-
HUTYJ 0. TPUMEPHO BTPOE MPEBOCXOIUT TOU-
HOCTh MAarHuTyj IO aMIUIMTYJE CEUCMHUYECKUX
BOJIH 0, IO3TOMY PacueT HPOH3BOMMICS METOIOM

2 NIED. National Research Institute for Earth Science and Disaster Prevention, Japan. URL: http://www.fnet.bosai.go.jp (accessed 1.02.2022).
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Puc. 1. PerpeccoHHBIC COOTHOIICHHSI MEX/Y Pa3INIHBIMUA DHEPreTHYECKHIMH XapaKTePHCTHKAMU 3eMIIETPSCEHUH, IPUMEHICMBIMHI
B TIpaKkTHKe 00paboTku 3emierpsicenuil B 30He otBercTBeHHOCTH CO UL EI'C PAH (1o mannemM 2017-2021 rr.): (a) — MexIy Mar-
HUTYROH M v sHepreTudeckum knaccom K na ocnose nanubix PUOLL «fOxno-Caxanuucky; (b) — mexay marautynamu M PUOILL
«IOxno0-Caxanmunck» u M, arentctea NIED; (¢) — mexay Marnutynamu M, o) C® ®UII ET'C PAH u M, arentctba NIED; (d) — mexmy
MareuTynaMu M W pacueTHOM Mp C® OUIL EI'C PAH. Pa3mep Touek npornopuroHaieH KOJIMYeCTBY Map 3HAYCHUH.

Fig. 1. Regression relationships between various energy characteristics of earthquakes used in the practice of earthquake processing in
the SB FRC UGS RAS responsibility zone (according to the data of 2017-2021): (a) — between the magnitude M,  and energy class
K, based on the data of the “Yuzhno-Sakhalinsk” RIPC; (b) — between the magnitudes M, by the “Yuzhno- Sakhahnsk” RIPC and M,
by the NIED Agency; (c) — between the magnitudes M, Woer) , by the SB FRC UGS RAS and M by the NIED Agency; (d) — between the
magnitudes M and estimated Mp by the SB FRC UGS RAS. The size of the dots is proportional to the number of paired values.

reHepanibHOM optoroHasnbHON perpeccun (GOR) 472 mMarHuTyaHbBIE Mapbl BCETO JMANa30HA PETU-

C OTHOLUEHUEM JUCHEPCUU MAarHuTYIHBIX ONpe- OHAIBHBIX TIIyOHH. OTIETBEHO OMYyYEeHBI COOTHO-
JeNeHuit 7 = afv / a,f kak 1/3. Mcnonb3oBanuch MICHUS )i 3eMJICTPSICECHHIA TTyOMHOM THIOLICH-
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Tpa 10 60 u cBbiie 60 KM, KOTOpPBIE HE MOKA3aJIN
3HAUUTENbHBIX (3@ IMpeJesaMu JTOBEPUTEIbHOIO
MHTEpBaJIa) pa3Iuuuil B PErpecCHOHHBIX KO3(-
¢buIMeHTax U MOTOMY He MPUBOIATCS. DTOT pe-
3yAbTaT TOATBEPXKAAET NPUMEHUMOCTh MAarHu-
TyAbl M = Uil PErHOHANbHBIX 3eMIIETPSICEHUM
7100011 TTyOHHBI.

M =0.87(=0.04) M+ 0.49(=0.18). (3)

W(NIED)

[TockonbKy OUEHKH MW(per) JIOCTYIIHBI C

2012 r,, T.e. 3a Oosiee AIUTEIBHBIN NEPUOI, YEM

st M, ObUIO TIPOBEJIEHO €€ COMOCTABIEHUE €
MW(NIED). Ucnons3oBannl nanueie o 308 3emiie-

TPSCEHUSX NPEUMYIIECTBEHHO IOKHOW YacTH
Kypuno-Oxorckoro perumona. Kak mnokasbiBaeT
rpaduk Ha puc. 1 ¢, 5TU MarHUTY/bI IPAKTUYECKH
UJICHTUYHBI, a TOTOMY (opmyity (3) MOXKHO Tpu-
MEHATH U I [IEPEX0oaa MEXKIY MW(per) " M o> 1O
KpaiiHel Mepe BHYTPU MAarHUTYIHOTO JHarna3zoHa
M =4.0-6.0.

Panee B 0030pax permoHasbHON CelcMUY-
HocTH [1-3] B kKauecTBe 0a30BOM MJIsi ONMCAHMS
CEHCMUYHOCTH HCMOIb30BAIACh MAarHUTyAa IO
NOBEPXHOCTHON BosiHe M, . Kak mpasuio, 5Ta
MarHUTYyAa MOXKET OBITh Ka4€CTBEHHO OIpeieieHa
JUISL CWJIBHBIX HErTyOOKO(OKYCHBIX 3eMiIeTpsice-
HUH, U3-3a MAJOro KOJIMYECTBA TAKUX Olpesese-
HUM MEepEexXoHOE COOTHOILIEHHE OT Hee K MarHu-
Tyfne M, TONy4uTh TOKa HE yIanoch, Tpedyercs
Oosiee JUIMTENBHBIN TIepuoj HaOmwoneHui. Panee
K Maruutyne M, 1o nepexoausiM popmynam [4]
MPUBOAMIUCE 0OJIEe MacCOBBIE SHEPreTHUECKHE
XapaKTePUCTUKH, PUHATHIC JJII PETMOHOB 30HBI
orBercTBeHHOCTH C®. [lonmyyeHHass MOmOOHBIM
nonxoaoM maruurtyga B karanorax ['C PAH mo-
ay4yuia o0O3HauU€HUE — pacyeTHass MarHuTy-
na Mp. Ha puc. 1 d mokaszano coornomenne M
Y pacYyE€THOW MarHUTY/IbI Mp Ha ocHOBe 1688 mar-
HUTYIHBIX map 3a nepuon 2017-2020 rr. as Ky-
pri10-OXOTCKOro pernoHa.

OueBHieH OrpOMHBIA pazOpoc 3HAYEHUH,
0COOCHHO I OOJIBIIUX MArHUTY[, BO3HUKAFO-
Ui, BEPOSITHO, M3-32 HEKOPPEKTHOTO IMpUMeE-
HEHHS TIEPEXOIHBIX COOTHOIIEHUM MEXJIy Mar-
HUTYJIHBIMH IITKaJIaMH 3a MpeeaMu Juarna3oHa
UX MPUMEHUMOCTH. FIMEeHHO mo3ToMy B 0030pe
MpouIoro roja [3] Mbel 3aMEHUIIM [T CUJTBHBIX
(M>5.0 nna peruona Caxanua u M > 5.5 ansa
Kypuno-OXoTckoro peruoHa) 3emieTpsiCeHUM
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pacUETHYIO MAarHuTyay Mp Ha M. Tem He me-
Hee OOJIbLIIOE YHMCIIO JAHHBIX IO3BOJWIO MO-
JY4YUTh YCTOMYMBYIO 3aBHUCHUMOCTH Mwa/Mp.
CootHouieHue (4) MO3BOJIUT COXPAHUTD ONpeE/ie-
JICHHYIO IPEEeMCTBEHHOCTh JIaHHBIX C 0030pamMu
MPOLUIBIX JIET AJIA Auana3zoHa Maruuryn 2.0-6.0.

M =0.77(+0.03) M, + 1.35(+0.10).  (4)

B xaramor PUOIL] «HOxHo-CaxanauHCK»
BXOJAT BCE€ 3aperucTpUpPOBAHHBIC 3E€MIIETpPS-
CEHHUsI, BKIIOYas COOBITHSI, JIOIUPOBAHHBIC TIO
OJTHOM cTaHIMH. JlJig OnepaTUBHOIO aHaM3a Ce-
CMHYHOCTH MO/I00HBIE 3€MIICTPSCEHUS HE UCTIONb-
30BaICh. B KauecTBE OCHOBHOW 3HEpPreTUYec-
KOW XapakTepUCTUKH TPUHATA MarHutyma M
Kak Haunboniee MaccoBas. [Ipu mocTpoeHun Kapt
(puc. 2, 3) nnsa semmerpsicennid ¢ M, > 5.8 ee
3HAUCHUE 3aMEHSIIOCHh Ha MW(per), MOCKOJIBKY IS
OONbIIMX 3HaYeHMM MarHuTyn M B mpenenax
paccMarpuBaeMOi TEPPUTOPUH BCE €I1I€ HEOCTA-
TOYHO H3y4deHa. J[JIsi HECKOIBKHUX 3EMJIICTPACEHUI
CaxamMHCKOTO pernona maruuryna M, =B Kara-
nore PUOIL] oka3zanace He ompeneneHa, MoToMy
ObLTa TIepecynTaHa ¢ UCMOIb30BaHUEM (DOPMYIIBI
(2) u3 Kp.

Ucnon b3yeMble AaHHble

ITo manaeM katamora PUOL] «kOxuo-Caxa-
JuHCK» 3a 2021 roj ¢ y4eToM ONMMCaHHBIX BBIIIE
orpaHudeHuit B 00630p Bonuio (puc. 2): 2085 3em-
nerpsacenuit Kypuno-Oxorckoro permona, 335 —
CaxanuHckoro peruosa, 12 semnerpsicenuii Ipu-
amypbs 1 [IpuMopssi.

B 2021 r. B CaxanuHckoM (unmane B COTPY/I-
nuyectse ¢ UMI'ul' JIBO PAH nposeneHo omnpe-
JieJIeHUe TEH30POB CEHCMUYECKOr0 MOMEHTA 11EeH-
Tpouna 40 Hamboyiee CHIBHBIX 3€MIICTPSICEHUH,
BKJIFOUasi OHO KOpoBoe 3emieTpsicenne Ha Ca-
xanuHe. Pacder ocymecTBisICsS € MCHOJIb30Ba-
HueM nporpammHoro komruiekca ISOLA [10, 11].
MexaHu3Mbl 04aroB KpymHEWIux coObITHil, TO-
Ka3aHHBIX Ha puc. 2, obcyxnatorcss Hmxe. Ha
Teppuropuu tora JlansHero Boctoka Poccun 3a-
PETHCTPUPOBAHO 82 OIIYTUMBIX 3€MJIETPSICEHUS C
SMUIIEHTPaMH B MpeJesiaX W3y4yaeMbIX PErMOHOB:
1 — B [Ipuamypse, 23 — B CaxanuHckom, 58 — B Ky-
pri10-OXOTCKOM PETMOHE. DMULEHTPHI Oy TUMBIX
3eMIIeTpsACEeHUI MokaszaHbl Ha puc. 3. Haumbonee
CUIIbHBIE COOBITHS TaKkKe 00CYKIAOTCS HUXKE.
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OCHOBHbIEe XapaKTepUCTUKU
CEeMCMUYHOCTH

JInst pacueTa SHEPrUr 3eMIIETPSICEHHUH B ITpe-
JBIAYIINX 0030pax MCIOIb30BAIACH IIUPOKO MPU-
MeHsieMas ¢opmyna ['yrrenOepra—Puxrepa [6]:

Lg E =48+ 1.5 M, (Jlx), (5)

rae £ — ceiicMuuecKas SHEPTHs 3eMJIETPSCEHMUS,
a M — Marautyza mo moBEPXHOCTHBIM BOJIHAM,
B U3Y4aEMbIX PETHOHAX €d COOTBETCTBYET M, .

Jlnsa coxpaHeHHsI MPEEMCTBEHHOCTU C IIpe-
JOBITYIIAMHA paboTaMu MPOJOIDKUM HCIIONB30BATh
naHHyto (opmyiy, nepexons or M,k M, , uepes
cootHomenue (4). Hanbomee cymecTBeHHas 4acTh
CEICMHUYECKON 2HEPrUM BBIIEISIETCS IPU CaMbIX
CWJIBHBIX 3emyeTpsiceHusx ¢ M > 5.8. [lna pacue-
Ta SHEPTHH ITUX COOBITUI OyIeT MCIOIB30BaATHCS
M, .. 370 He BIOIHE KOPPEKTHO, OHAKO ONPaB-
JTAHHO B CBSI3U CO 3HAYUTENIHBIM paz0pocoM B
ONpEACNICHUN SHEPreTUYECKUX XapaKTEPUCTUK
CUWJIBHBIX COOBITHI TI0 0OBEMHBIM U TIOBEPXHOCT-
HBIM BOJIHAM. M, XOTS U SBJISIETCS TPOU3BOHOM
CEICMMYECKOro MOMEHTa, JacT 0oJiee TOUHYIO
U YCTOMYUBYIO OLICHKY H3MEHEHHUS CyMMapHOM
CEHCMUYECKOM 3HEPIuH, IMOCKOJIbKY, KaK ITOKa3a-
HO B pabore [12], MarHuTyaa MO MOBEPXHOCTHOM
BosiHEe M (oHa ke M,,) Ha UHTEpBaJe MAarHUTY]|
6.0-8.0 ouenn Onmska Kk M, .

Ha puc. 4 nokazana cyMMapHas €xeroaHas
BEJIMYMHA CEHCMHUYECKOM JHEPIrUU H3y4YaeMbIX
peruoHoB. Bugno, uyto 2021 rox He BeIAENICTCS
Ha (OHE MPEBIIYIIETO AECATUICTHS TUKOBBIMU
3HAYECHUSIMHU.

Kax u B mpenpiaymem o63ope [3], aiis 6omee
dbopMaTN30BaHHOTO KOJMYECTBEHHOTO CpaBHe-

ZE, M
1E+17

1E+16

1E+15

1E+14

1E+13

1E+12

1E+11

1E+10

1E+09 T T T T T T T T T T |
- o~ m wn (¥ ™~ [14] [=2] o -
= o o 3 o ~ = = = I N [ood
© o © o o ©o© o o ©o o o
(3] (3] (3] o™ (3] (3] (3] (3] (3] o~ (3]

~O—puamypse 1 Mpumopse, Koposble —8—Kypuno-OxoTCkuiA
PEeruoH

~8—CaxanuH, KopoBble
—l—Caxanuu, rnybokue —B—Tpuamypsbe 1 NMpumopee, raybokue

Puc. 4. CymmapHas ceficMudeckast SHEPTHs 3eMIICTPSICCHUI 30HbBI
orBerctBeHHOCTH CO DUILL ET'C PAH B 2011-2021 Tt

Fig. 4. Total seismic energy of the earthquakes in the SB FRC
UGS RAS responsibility zone in 2011-2021.

HUSI CEHCMUYHOCTH PETrHOHOB MO OTHOIIEHUIO K
MPEIbIIYIINM ToJjaM OBLITH MOCTPOEHBI PYHKIIMH
pacnpeesieHus roJloBO CeCMUYECKON AHEPTUU
OTENBHO JJI TTyOOKHUX M KOPOBBIX 3eMJIeTpscCe-
Huil [Ipuamypbs u Ilpumopss, CaxanuHa u co-
BokynHOM — 1y Kypuno-OxoTrckoro permona
M0 METOAMKE CTATUCTUYECKOW OIEHKU YpPOBHSA
ceiicmuunoctu COYC’09 B.A. CanteikoBa [13]
(puc. 5, 6). OcHoBoO# 111 PYHKIIMU pacrpesee-
HUS TOCIYKUJIU perruoHanabHble kKataioru [lpu-
amypbst u I[lpumopsst 1975-2021 rr., CaxanuH-
ckoro peruoHa 1962-2021, Kypuno-Oxorckoro
peruona 1920-2021 rr. [14-16], nononHEeHHbIE
nanabiMu  CaxanuHckoro ¢unmana CO DOUIL
EI'C PAH.

Puc. 2. Kapra snunenTpos 3emierpsicenuii 30us1 orBercTBeHHOCcTH CO OUILL EI'C PAH B 2021 1. M — Marnutyna; H — niryOuHa rumo-
neHtpa, kM; 1 — ceiicmuueckue cranuuu CO OUILL EI'C PAH; 2 — rpanuns! pernonos. Homepa sIMIEHTPOB 3eMIIETPACECHUN COIIACHO
Tabnune. [IpuBeeHbI MEXaHU3MbI 04aroB HanOoJIee CHIBHBIX 3eMieTpsiceHui. [TyHKTHpHOH THHUEH 37eck 1 Ha puc. 6 TIOKa3aHOo Io-
noxenune Kypuibckoro riry0okoBogHOTO skeno0a u Kypuiibckoit riry00KOBOTHOM KOTIOBHUHBIL.

Fig. 2. Earthquake epicenters map in the SB FRC UGS RAS responsibility zone in 2021. M — magnitude; H — hypocenter depth, km; 1 —
seismic stations of the SB FRC UGS RAS; 2 — region borders. Numbers of the earthquake epicenters are in accordance with the table.
Focal mechanisms of the strongest earthquakes are given. Here and in Fig. 6, the position of the Kuril deep-sea trench and the Kuril
deep-sea basin is shown with dotted line.

Puc. 3. Kapra snuneHTpoB Oy THMBIX 3emieTpsicenui 30ub1 orBeTcTBeHHOCTH CO DUILL EI'C PAH B 2021 . M — MarHuTyna; [ — Mak-
CUMaJIbHas HHTEHCUBHOCTH coTpsiceHui, 6am; 1 — celicmuueckue ctanuun CO OGULL EI'C PAH; 2 — rpanuns! pernonos. Homepa snu-
LIGHTPOB 3EMJICTPSICEHUIT COIIACHO TaOIIHILIE.

Fig. 3. Appreciable earthquake epicenters map in the SB FRC UGS RAS responsibility zone in 2021. M — magnitude; / — maximum
shaking intensity, point; 1 — seismic stations; 2 — region borders. Numbers of the earthquake epicenters are in accordance with the table.

GEOPHYSICS, SEISMOLOGY 91 GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)



CevicmmnyHocTb tora JansHero Boctoka Poccum B 2021 rogy

F(K) a
L0 2018 0975
0.9 KOpOBbIE I ,.’_'— J_I"_’—r.
— 0.85
rnyGOKOOKyCHbIE
0.7 —o
0.6 T
0.5
0.4
0.3
0.2 ~ i
2018 0.15
0.1 + 2017 1
2019
O—ZQZQ,—I"’—J_,‘_O : —0.025
8 10 12 14 Lg(ZE), Ox

F(K) b
0

L 2020, 10.975
09 | . ‘ }_,—F-F_r
o KOpoBble 0.85

0.8
0.7 -MyBokodokycHble

0.6

0.5
0.4
0.3
02 - : : , : | , | -
0.15

0.1 v v i f! ! I |
0.0 = ‘ 0.025
8 9 10 11 12 13 14 15

Lg(ZE), Ix

Puc. 5. Dvmmuprueckas GyHKIUS pacipeesieHHs] TOI0BOH CeHCMHYECKON SHEPTUH AJIsl KOPOBBIX (YEPHBIH IIBET JMHUH) U MaHTHHHBIX
3emuneTpsicenuii pernona [Ipuamypre u [Ipumopse (a) u Caxamuuckoro perrona (b). OTMEUeHbBI TOUYKH, COOTBETCTBYIOIINE KAKIOMY TOLY

nepuoza 2017-2021.

Fig. 5. Empirical distribution function of the annual seismic energy for crustal (black line) and mantle earthquakes of the Amur—Primorye
region (a) and of the Sakhalin region (b). The points corresponding to each year of the period of 2017-2021 are marked.
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Puc. 6. Dmnupudeckast GyHKIHS paclpeieeHus TOOOBOH ceiic-
MHUYECKOH 3Hepruu 3emierpsacenunit Kypuno-Oxorckoro pernosa.
OTMe4eHbl TOYKH, COOTBETCTBYIOIIHE Ka)IOMy IOy IepHoaa
2012-2021.

Fig. 6. Empirical distribution function of the annual seismic
energy of earthquakes in the Kuril-Okhotsk region. The points
corresponding to each year of the period of 2012-2021 are
marked.

B pabore (puc. 5, 6) MbI TpuaepKHUBaEMCS
MpeIOKeHHOW aBTOpoM [13] METOmUKM IIKabl
YPOBHEN CEHCMUYHOCTH:

IKCTpeManbHO BhICOKUH — K(0.995) <1gXE,
Boicokuid — K(0.975) <Ig2E < K(0.995),

¢ onoBbIi moBbIeHHbIH — K(0.85) < IgXE < K(0.975),

¢donosbIl cpeanuii — K(0.15) <1g2E < K(0.85),

(donoBbI moHMKeHHbIH — K(0.025) <1g2E < K(0.15),

Huskuii — K(0.005) < Ig2E < K(0.025),
sKcTpemMasibHO HU3Kui — 1g2E < K(0.005).

GEOPHYSICS, SEISMOLOGY

B peruone I[puamypse u [Ipumopse (puc. 5 a)
YPOBEHb KOPOBOH W TITyOOKO(OKYCHOW cercMmd-
Hoctu 2021 . MOXKHO OXapakTepu30BaTh Kak (o-
HOBBIW CPEIHUM, IPU 3TOM HYKHO OTMETUTH, UYTO
Ha ydactke SnoHckod u Kypuio-Kamuarckoi
celicMOoOKaNbHBIX 30H 1oj Tepputopueit Ilpu-
MOpBS B IIOCIIEAHNUE TOABI PETUCTPUPYETCSI OUEHD
MaJio 3eMJIETPSICEHUI KaK B ONIEPAaTUBHOM KaTaJio-
re, Tak ¥ B OKOHYATEJIbHOM, & MarHUTYy/Aa COObI-
THI HAXOIUTCS BOJTU3U YPOBHS PETUCTPAIMOHHBIX
BO3MOYKHOCTEH CETH, II03TOMY OLICHKA CelCMUYe-
CKOW PHEpPTruu BechMa MPUOIM3UTENbHAs, HO, He-
COMHEHHO, 3HAYUTEIIbHO HIKE CPETHUX 3HAYECHHI
3a nocienHue noiseka. B CaxaianHckoM pernoHe
(puc. 5 b) ypoBeHb KOPOBOH U TITyOOKO(OKYCHOM
ceiicMuuHOCTH TaKxke (oHOBBIN cpenHuil. B Ky-
prino-OXoTcKkoM pernoHe (puc. 6) ypoBEeHb Ceiic-
MUYHOCTH HaXOJIUTCsl BOJIIM3U TPAHMIIBI CPETHETO
Y TIOHWKEHHOTO (hOHOBOTO.

VYnoOHBIM CITIOCOOOM MPOCTEIUTh AUHAMUKY
CEHCMUYHOCTH HAa BPEMEHHOM WIKaJe SBISETCS
rpadyK HaKOIUIEHHs YCIOBHOW yrpyrou medop-
Marmu o benvody [17]. Ucnonb3oBanue 31oro
napamerpa LE'"? M03BOJSIET YMEHbBIIUTD BIHSIHHE
MUKOBBIX 3HAYEHUI CEHCMHUYECKOU SHEPTUU
HanboJiee CHIBHBIX 3€MJIETPSICEHUM, a Ha-
KJIOH rpaduka MO3BOJISIET CYIUTh O TOBBI-
[ICHUW WKW TIOHWKEHUU YPOBHS (DOHOBOM
CEHCMHYHOCTH B TeuYeHHe roma wim 0o-
jee JJUTEIBbHOTO BPEMEHHOIo MepHoja.
[Mockonbky HauboJee CHIBHBIE COOBITHS

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)



TEO®U3UKA, CEHCMOOrns

TEOCUCTEMBI MEPEXOAHbLIX 30H, 2022, 6(2)

TEV2, Ix12 a

6.0E+09 5.03.2020

Mw=7.5

13.02.2020
5.0E+09 Mw=6.9
19.04.2013

28.02.2013 Mw=7.3

40E+09 T " Mw=6.8

3.0E+08 3.02.201

Mw=6.8
2.0E+09

1.0E+09

N

0.0E+00

2012.01
2013.01
2014.01
2015.01
2016.01
2017.01
2018.01
2019.01
2020.01
2021.01

Bpems, rog.mec.

TE2, 2 b

11.10.2021
M\lN=5.8

OE+ (
7.0E+08 20.09.2021

l Mw=6/1
4.08.2021
Mw=5.9

6.0E+08

13.07,2021

5.0E+08 MWE5.7

02.03.2021

g

4 0E+08

12.01.2021 /
Mw=6.0

2.0E+08 /

7

3.0E+08

1.0E+08

\--

0.0E+00

2021.01
2021.02
2021.03 A
2021.04
2021.05
2021.06
2021.07
2021.08
2021.09
2021.10
202111
2021.12

Bpems, rog.mec.

Puc. 7. I'paduk Benvoda s Kypuno-Oxorckoro pernona 1o aauHbiM katanoros C® OUI] EI'C PAH 3a 2012-2021 rr. (a) 1 karanora

PUOL «tOxH0-Caxamuack» 3a 2021 1. (b).

Fig. 7. Benioff diagrams for the Kuril-Okhotsk region by the data of the SB FRC UGS RAS catalogs for 2012-2021 (a) and the “Yuzhno-

Sakhalinsk™ RIPC catalog for 2021 (b).

00bryHO TpoucxoaT B Kypuno-OxoTckoM peruo-
He, Tpaduk beHboda NoCTpoeH TOMBKO ISt 3TOM
teppuropun. Kak BusiHo u3 puc. 7, B 2021 r. 3Ha-
YUTEJIbHBIX 3EMJIETPSICEHUN B PErMOHE HE OTMe-
yeHo. ExBa 3ameTHbIe cTynienu Ha puc. 7 b, coort-
BETCTBYIOIINE HAmMOOJIee CHUIBHBIM COOBITHUSM C
MarHurtynamu o M, = 6.1, MOIHOCTBIO TEPSIIOTCS
Ha rpaduke 3a AeCATHICTHHIN niepuon (puc. 7 a),
a ypOBEHb HAKJIOHA OCTAaeTCsl MPUMEPHO MOCTO-
SHHBIM B T€YEHUE T0J1a, COMMOCTABUMBIM C HaKJIO-
HOM rpaduka IpeablayIX CIOKOWHBIX JIET.
YenosHyto ynpyryto aedopmaruio no benn-
oy MOXKHO TaKke MCIOJIb30BaTh AJIS MPOCTPaH-
CTBEHHOI'O MPE/ICTABICHNS CEHCMUYHOCTH TEPPU-
TOpUHU. BennunHa II0THOCTH YCIIOBHOHM YIIPYrOM
nedopMaIfy pacCYUTHIBANIACH IO hopMYIIe:

2=1000 - SE/S, (6)

rae £ — SHeprusi 3eMIICTPSICEHUs, BBIYMCIICHHAS
no gopmyine (5), Ix, S — muomanb MoBepxHO-
CTH, COJEpIKalleld SNULEHTP 3eMieTpsce-
HUsI, KM?. YcioBHas nedopMaiusi yCpeaHsuiach
Ha miomaake pasmepom 0.3° x 0.3° ckomb3si-
M okHOM ¢ marom 0.1° u mpuBoaUIaCh K IJI0-
magu B 1000 km?. J{nst cuibHbIx (M > 7.5) 3em-
JETpsICEHUN ee BeNWYMHA Tepepachpenensiach
Ha MPUMEPHYIO IJIOMIAh UX 04aroBbIX 30H. [Ipu
MOCTPOCHUH U30JUHUU JOMOIHUTEIBHO CTIIAXKU-
Basiuch cpeactBamu [10 Surfer. Ha puc. 8 a moka-
3aHa KapTa pacnpezerieHus Bennunssl e B 2021 r,
Ha pucC. 8 b — 3a MPEAMIECTBYIONINI TCATUICTHHMA
nepuox 20112020 .
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Kapruna pacnpenenenus napamerpa e 3a Je-
CSATUJIETHUI MEPHOJ XOPOIIO COOTBETCTBYET 00-
[IMM MPEICTABICHUSIM O ceiicMuuHOCTH Kypuiio-
Oxorckoro u CaxajJnHCKOro peruoHoB. OCHOB-
Has T0JI0Ca MAaKCUMAJIbHBIX 3HAYE€HUH IUIOTHO-
CTH yCJIOBHOM ynpyroi nedopmanun mexay Ky-
PUIIBCKON OCTPOBHOM AYrod U ITyOOKOBOJIHBIM
&KeJI000M COOTBETCTBYET 30HE KOHTAaKTa JIUTOC-
¢depubix wmt. [lapamnensHo et mox OXOTCKUM
MOpeM M XOKKaiJI0 HaME4yaroTCs IPOCBETHI, CO-
OTBETCTBYIOIIME OONACTH CEHCMHYECKOTO 3aTH-
1Ibs Ha TTyOouHe norpyskeHust muThl 200-300 kM
B roro-zanagHoil yactu, 200400 km B ceBepo-
BOCTOYHOH 4acTH 30HBI cyOmykimu. [lanee uumet
NapajuleIbHbIA OCTPOBHOU Jyre IOSIC CEHCMUY-
HOCTH, OTOXKIECTBIIIEMBI C (a30BBIMU Tepe-
XOJlaMH B CyONyIHpYIOMIEH TUIMTE Ha TITyOWHAX
350-450 xm. Crnenyromuii mosic cBepXriayoo-
KO(POKYCHON CEMCMHYHOCTH Ha TIIyOMHAX OKOJIO
600 kM Ha puc. 8 b B OCHOBHOM HaMEUEH OUaramu
cunbHermmMx 3emnerpscenni 2012 . (M, = 7.7)
[18] m 2013 . (M, = 8.3) [19], 3Hauenue napame-
Tpa € B KOTOPBIX MAKCHUMAJIBHO M PAaCIpEeICeHO
Ha 00J1aCTh, MPUMEPHO COOTBETCTBYIOMIYIO OJIO-
JKEHHIO 0YaroBBIX 30H 3TUX coObITHH. bonee cia-
Oble 3eMIIETPSCEHUS Ha ATHX NTyOnHaX, 0COOEHHO
¢ anuueHTpamMu B OXOTCKOM MOpE, MOTYT IPOITy-
CKaTbCsl B CBA3M C HU3KOM PETUCTPALlMOHHON BO3-
MOKHOCTBIO CEHCMOJIOTMYECKON CETH, MOTOMY
«T10SIC» CEMCMUYHOCTH Ha JIECATUIETHEM UHTEP-
Bajie 3/1ech He oOpaszoBasica. YTo kacaercs yare-
pasibHOTO pacnpeneneHus napamerpa benboga
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Puc. 8. [notHOCTE ycnoBHOU ympyrod nedopmanuu CaxanuHckoro u Kypuiao-OX0TCKOro pernoHoB 1O JaHHBIM Katanoros PUOIL]
«tOxHO0-Caxanunck» 2021 1. (a) u CO ®ULL EI'C PAH 2011-2020 rr. (b). ITyHxTHpoM nokaszano nonoxenue Kypuibckoro riry6okoBos-

HOTrO %enoba 1 KypHibckoit riy00KOBOIHON KOTIOBHHBIL.

Fig. 8. Density of conditional elastic deformation of the Sakhalin and Kuril-Okhotsk regions by the data of the “Yuzhno-Sakhalinsk”
RIPC catalog in 2021 (a) and the earthquake catalogs of the SB FRC UGS RAS in 2011-2020 (b). The position of the Kuril deep-sea

trench and the Kuril deep-sea basin is shown with dotted line.
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BJIOJIb OCTPOBHOM Jyru, HauOoJiee aKTUBHBI €€
¢u1aHTH, BKIIFOYAIONIUE CaMOe CHUIILHOE KOPOBOE
cobbiTe mocneanero necatunetus B 2020 r
¢ M, =".5 B paiione xen06a Harporus o. [lapa-
mymup. LleHTpanbHas dacTh Iyrw MEHEE ceiic-
MUYECKH aKTUBHA, 0COOEHHO 00JacTh, MpHJIera-
foiast K octpoBaM Marya u llluamkoraH, o uem
YIOMUHAJIOCh Ha OCHOBAaHUU KapT celicMUYeCKOit
aktuBHOCTH 4 ) panee [2]. B CaxanuHCcKoM peru-
OHE MAaKCUMYyMBI TTapaMeTpa € BBITIHYTHI BJIOJIb
OCTpPOBa, CMEIIASICh C IOT0-3aIaJHOTO TOOEPEKbS
K CEBEPO-BOCTOUYHOMY, YTO COOTBETCTBYET Mpe/I-
CTaBJICHHSAM O TIOJIOKCHUH TpaHUIbl OXOTCKOM 1
AMypckoit TUTOC(EpPHBIX TITUT.

B 2021 r. mukoBBIX 3Ha4eHUH Mapamerpa e,
COTMOCTAaBUMBIX C MaKCHUMyMaMH MpPEAbIAYIIETO
JIeCATUIIETHETO mepuoza (puc. 8), He 0OTMEJaeTcsl.
B ocHOBHOM monoca akTUBHOM CEHCMOIeHepa-
AU TO-TIPEKHEMY COOTBETCTBYET MOJIOKEHUIO
30HbI KOHTakTa TuxookeaHckod u OXOTCKOM
mutocepubix TMT. bornee axkTuBHBI (raHTH
OCTPOBHOM JIyTH, IIEHTP HECKOJIBKO MEHEE aK-
THBEH, ogHako B 2021 I. oTMEUEH CHILHBIM 3€M-
nerpsicenneM 20 centsiops M, = 6.1 (cMm. HuKe),
napametp ¢ = 1.37 - 107 J[x"* km> KoTOporo Ha-
XOJIUTCSl HHYKE MAaKCUMYMOB 3a JCCATHIICTHUI Tie-
PO JUTSL 3TOTO PETUOHA, UTO SIBJISIETCS TPU3HAKOM
(GhOHOBOTO XapakTepa MPOU3OLIEAIIETO 3eMIeTPsI-
cenust. O6nmactu n3ruba CcyoaylUupyromen IUTHI
07 TITyOOKOBOHBIM KeJI00OM M OCTPOBHOU My-
roii B 2021 r. HE OTMEUEHbI 3HAYUTEIbHBIMUA OYa-
ramu ceiicMorenepanuu. IHTepeceH psii CUIIbHBIX
TyOOKO(OKYyCHBIX coObITHUi (H = 415-605 M,
M, = 5.2-5.7) ¢ snuuenTpamu B OXOTCKOM MOpE,
CYIIECTBEHHO JIOTONHSIONINX IMOsica CBEPXITY0O-
KO(POKYCHOM CEHMCMUYHOCTH W YaCTUYHO 3arloji-
HSIIOIIMX TYCTOE MPOCTPAHCTBO MEXKIY Odaramu
cwipHeimux 3emiuerpsicennid 2012 u 2013 ronos
(puc. 8 a). Ha Caxamune B 2021 r. mone ceiicMo-
reHepaluil MEPUIMOHATIBHOTO MPOCTUPAHUs 000-
coOMJIOCH B JIBE JIMHUH, COOTBETCTBYIOIIUE TTOJIO-
skeHunto TeiMb-ITopoHaiickoro (1ieHTpaibHas 4acTh
octpoBa) u Xokkaigo-CaxanuHCKoro (ceBepo-
BOCTOYHOE TTOOEPEKBE) Pa3IOMOB.

B taGmuiie npuBoaATCS MaHHBIC U3 KaTajiora
PUOLL «¥OxnHo-CaxanuHck» 0 mapamerpax Hau-
Ooree 3HAUMMBIX ceficMudecknx coObiTuit 2021 1.
[0 MarHuTyJe U MPOU3BEICHHOMY MaKpOCeHcMu-

yeckoMy 3 dexry.

GEOPHYSICS, SEISMOLOGY

0630p CUNbHbIX 3eMIIeTPACEeHUN
Mpuamypba, Npumopbs, Kypuno-
Oxotckoro n CaxaniMHCKoOro
perMoHoB

CeiicMuueckasi akTUBHOCTh peruoHa Ilpu-
amypve u Ilpumopve cpaBHUTEIHLHO HEBBICOKASI.
[TapameTpbl Oonblel dYacTu 3eMIIETPSCEHUM
3[€Ch ONPENENAIOTCS MPH OKOHYaTeIbHOW 00-
pabotke. Kak Obuto oTrmeueHo [3], B omepaTuB-
Hom karamore C® ®UIl EI'C PAH 3a 2020 r.
conepxkutcs 11 3emMyIeTpsiCeHU ¢ AMUIEHTPaMH
Ha TEPPUTOPUM PETHOHA, B OKOHYATEIbHBIN KaTa-
sor 2020 r. Bonwio 93 3emuerpsicenus. B 2021 .
B 3ToM pernoHe no naiHeiM PHUOILL mpounsonuio
12 3eMieTpsCeHuU.

Haubonee cuipHOE 3eMIIETPACEHUE C AIIH-
LIEHTPOM B 3€MHOW KOp€ Ha TEPPUTOPUU PErHo-
Ha orMeueHo 14 suBaps B 07:19 UTC (M, = 4.1,
H=9 xm; Ne 1 B Tabnuiie u Ha puc. 2) B CkoBo-
POAMHCKOM paiioHe AMYpCKOH 00IacTH IOKHEee
04aroBoi 30HbI CUIBLHOTO CKOBOPOJIMHCKOTO CO-
owiTus 2011 r. [20].

Enuncreennoe B 2021 r. ourytumMoe 3emiie-
Tpsicenue Ha tepputopun [Ipuamypss u [Ipumo-
pbst ObLIO 3apeructpupoBaHo 18 suBaps B 12:20
UTC (M, = 3.0, H= 35 km; Ne 2 B Tabnuie u
Ha puc. 2, 3). DNULUEHTpP 3eMIIETPSICEHUs pac-
moyioxkeH Hexaiaeko oT r. OO6myuybe EBpeii-
ckoii AO, rne OTMEYanuch Iyl M COTPSICEHHUS
OKOHHBIX CTEKOJI, MHTEHCHUBHOCTb COTpPSICEHHI
olleHHBaeTcs B 3 Oanna.

N3 nByx m1yO0oKo(OKYCHBIX 3eMIIETPSICEHHIA
B OTOM pErMoHe Hambolee CHIBHOE MPOU3OIILIO
20 nexabps B 09:50 UTC (M, =42, H = 474 kwm,
No 3 B Tabnnie v Ha puc. 2).

[lo Caxanunckomy pezuony B Karajore 3a
2021 r. cogeprkarcst mapameTpsl 335 3emiieTpsice-
HUMU, BKJIO4as 17 MaHTUUHBIX Ha TPOAOTKEHUU
Kypuno-Kamuarckoii ceficModoKaabHOU 30HBI
(puc. 2). o 23 3emueTpsceHusIM 3aperucTpupo-
BaHbl JJaHHBIE 00 OLTYTUMOCTH kuTensimu Caxa-
JTUHCKON 00NIacTH.

CaMoe cuIIbHOE OLIyTHMOE COOBITHE ITPOU30-
o 18 anpensa B 18:16 UTC (M, =4.4,M =42,
H = 6 xm; Ne 4 B Tabnuue u Ha puc. 2, 3) BOmu3u
noc. ThIMOBCKOE, TJI€ BBI3BAJO COTPSICEHHS HH-
TEHCUBHOCTBIO B 5-6 OanoB. B teuenue 5 nHeit
B OYaroBOM 30HE 3eMIIeTpsiCeHHs ObLIO 3aperu-
CTPUPOBAHO HECKOJBKO JECSITKOB a(TEpILIOKOB,
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MSITh U3 KOTOPBIX TaKKe BBI3BAIH OIIYTHMEIE CO-
TpsiceHus. [lapameTrpsl OonbmIMHCTBA adTep-
IIOKOB (PMKCHPOBAIIMCH TOJNBKO OJHOM ceicMo-
cranieir «ThIMOBCKOE», TIOTOMY TOYHOCTH HX
OTIpeJIeNIeHNs] HU3Ka, TeM He MeHee, M3-3a Onu3-
KOT'O PacIiojOKeHHUs] 04aroBOM 30HBI 3eMIIeTpsice-
HUS K CEHICMOCTAHITNH, 3TO COOBITHE MOYKET TIpei-
CTaBJISITh MHTEPEC IS U3yUeHHs aTepIIOKOBBIX
MOCJIE0BATEIBHOCTEH CIa0bIX  3eMIIETPACCHHUI

0. CaxanmuH. MexaHu3M ouara 3eMIIETPSICEHUS
(puc. 2) xknmaccuduimpyeTcsi Kak B30pOCO-CJIBHT,
COOBITHE TPOM3OILIO B YCIOBUAX CYOIIUPOTHO-
ro CyOTrOpHM30HTAJIBHOTO CXKATHSL, OTHA U3 HOJAITb-
HBIX TUIOCKOCTEN FOro-I0ro-3amnajHoro mpocTHpa-
HUSI CyOBEpTHKalIbHA, BTOPAs, CEBEPO-3arafHOTO
NPOCTUpPAHUs, MaJlaeT Ha CEBEPO-BOCTOK. 3emJie-
TpsiICEHUE OTHOCUTCS K 30HE ThiMb-IIopoHaiickoro
(IleaTpanbHo-CaxalanHCKOT0) B30pOCO-HAIBUTA.

Taoauna. ITapameTpsl Hamboee 3HAYUMBIX 3eMIETpACeHHH 30HBI oTBeTcTBeHHOCTH C® OUI] EI'C PAH 2021 1

(o onepatuBHbIM AaHHBIM PUOL] «OxHO0-CaxanmnHcky)

Table. Parameters of the most significant earthquakes in the SB FRC UGS RAS responsibility zone in 2021 (according

to the operational data of “Yuzhno-Sakhalinsk” RIPC)

Ne | Jlara/Date | Bpewms / Time WHTeHCHBHOCTE coTpsicennii / Intensity
i/ t ) A hykm | M |M | (sacenenubrii myHKkT, 6amn / settlement,
day. mth. year h:min:sec point)
[Ipuamypne u [Tpumopne / Amur—Primorye region
1 14.01.2021 07:19:00 53.8 123.17 9 41— He omymanocs
2 18.01.2021 12:20:29 49.2 130.95 5 30— r. O6nyuse, Epeiickas AO, 3
20.12.2021 09:50:21 43.51 | 132.67 474 42— He omymanoce
Caxanunckuit pervos / Sakhalin region
4 18.04.2021 08:16:49 50.85 | 142.55 6 44142 noc. TeiMoBcKoE, 5-6;
Bocxon, Bockpecenoska, benoe, 5;
Kpacnas Teimb, 4-5; TToaropuoe,
Kupogckoe, 4; Monoaexsoe, 3-4;
Slcnoe, 3onansHoe, Ao-THIMOBO, 3;
. AnexcanapoBck-CaxamuHCKui, 2
(CaxanuHckas 0071.)
5 03.06.2021 01:43:50 45.35 143.69 293 4.4 |- He omymanocs
6 09.06.2021 16:20:35 54.09 140.23 5 45— He omymanocs
Kypuio-Oxotcknit pernon / Kuril-Okhotsk region
12.01.2021 02:39:42 43.56 | 140.11 216 [59]6.0 He omymanocek
20.02.2021 13:23:27 43.38 | 146.75 64 5.115.0 noc. Manokypuisckoe, 4-5; FOxHo-
Kypunbck, Jlarynnoe, 3; Topsunit Tk,
2-3; TonoBHuHO, 2 (CaxaynHCcKas 00171.);
Xokkaiigo, 2-3 6. mo mkaie JMA*
9 02.03.2021 21:22:44 43.93 | 14791 46 59158 noc. Manokypuibckoe, 5;
IOxno0-Kypunsck, JlaryHHoe,
Topstunmii [Tnsox, [onoBuunoO, 4
(Caxamuuckas o0i.); Xokkaio, 2-3 0.
o mkane JMA**
10 | 24.08.2021 05:37:51 48.54 | 155.34 47 57159 r. CeBepo-Kypuibck, 2
(Caxammnuckast 0051.)
11 20.09.2021 20:25:23 4592 | 153.03 41 5.916.1 | r. Kypunnsck, moc. Peiinoso, 2-3; FOxHo-
Kypunbck, Manokypuisckoe, ['opsiune
Kuroun, 2
(CaxanuHckas 0071.)

* https://earthquake.tenki.jp/bousai/earthquake/detail/2021/02/20/2021-02-20-22-23-43.html
** https://earthquake.tenki.jp/bousai/earthquake/detail/2021/03/03/2021-03-03-06-23-13.html
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Camoe cuinbHOE TIIYOOKO(OKYCHOE 3eMiie-
TpsiceHne B CaxaJIMHCKOM PErMOHE MPOMU30ILIO
3 mons B 01:43 UTC (M, = 4.4, H = 293 xwm;
Ne 5 B Tabnuiie u Ha puc. 2). DNULEHTP HAXOAUT-
cs B OxoTcKkoM Mope tokHee TOHUHO- AHHUBCKOTO
II0JIyOCTpOBA.

Eme omHo ymepeHHO CHJIbHOE 3eMIIeTps-
cenue, GopmanbHO OoTHOcHMMOe K CaxamuHCKO-
My peruony, npousouuio 9 utona B 16:20 UTC
M, =45, H=35 km; Ne 6 B Tabnmue v Ha puc. 2)
B XabapoBckoM Kpae ceBepHee HukonaeBcka-Ha-
Amype. Kak BuIHO U3 pucC. 2, B 3TOM pailOHE B
2021 r. mMpOM30IIO HECKOJBKO COMOCTABUMBIX
[0 MarHuTyJe 3eMJIETPACEHUH, JaHHBIX 00 HX
OILLYTUMOCTH HE 3apETUCTPUPOBAHO.

K Teppuropun Kypuno-Oxomckozo pezu-
ona B 2021 1. otHeceHno 2085 3emieTpsiceHuUN,
OLIyTUMBbIE KoJiebaHus Ha Tepputopun CaxayinH-
CKOM 00J1aCTH BBI3BAJIM 58 U3 HUX.

KpynHeiimee mo MarHurtyne 3emierpsce-
Hue npousonwto 20 centadps B 20:25 UTC (M, =
6.1, M =359, H=41 xm; Ne 11 B Tabnuue n Ha
puc. 2, 3) B meHTpanbHoi vactu Kypuiabckoi
octpoBHOM nyru. Cuna corpscennid Ha FOxxHBIX
Kypunax nocturna 3 6amnoB. MexaHusMm odara
CABMIOBBIM, OJHA W3 HOAAIBHBIX IIOCKOCTEH C
IIPAaBOCTOPOHHEN CJIBUTOBOM KOMIIOHEHTOW MpO-
CTHPAETCS B IOr0-3allaJHOM HAallpaBJIEHUU BJOJb
OCTPOBHOH Iyru, BTOpas, C JE€BOCTOPOHHEMH
KOMIIOHEHTOM CJIBUra, ODUEHTHPOBAHA HA CEBEPO-
3anaja. [ MnoueHTp pacrnonaokeH B 04aroBOil 30HE
Cumymnpckoro 3emunerpsicenus 15.11.2006 r.
cM,=83[21].

MakcumansHas B 2021 . MHTEHCHBHOCTH
COTPSICEHUM OT 3€MIIETPSACEHUN pernoHa ObuLia
OTMEYEHa B pe3yjibraTe cOoObBITHS 2 MapTa B
21:22 UTC (M, =58, M, =359, H=46 kwm;
Ne 9 B Tabnuue u Ha puc. 2, 3). DOULEHTp pac-
nosiokeH BocTouHee 0. [IImkoran. MHTeHcuB-
HOCTh B 5 OayuioB OblIa 3aperucTpUpoOBaHa B
noc. Manokypuiabckoe, B JIpPYrMX HacEJIEHHbIX
nyHkrax FOxubix Kypun cuna corpsicenuit no-
cruraja 4 06amioB. 3eMIIETPSACEHUE TPOU3OIILIO
B 30HE KOHTakTa TuxookeaHcko u OXOTCKOM
JUTOC(EPHBIX IIUT, MEXaHU3M od4ara — IoJIo-
T'Mil HaJBUT C HONAJIBHBIMH IIJIOCKOCTSMHM, OpH-
€HTHUPOBAHHBIMH BJI0JIb OCTPOBHOW JyTH.

[Toxoxee Mo celicMOAMCIOKALMU B O4are 1
MakpoceiicMuueckoMy 3¢hdexty coObiTHEe Mpo-
uzouwto 20 ¢espansa B 12:23 UTC (M, = 5.0,

GEOPHYSICS, SEISMOLOGY

M =51, H= 64 km; Ne 8 B Tabnuue u Ha
puc. 2, 3). Dnuinentp toxHee o. llIukoraH, uH-
TEHCUBHOCTH KOJIeOaHM# B TOC. MaIOKypHITbCKOE
coctaBuia 4-5 0aiaoB, B APYTrUX HACEICHHBIX
nyHKTax — A0 3 OamnoB. MexaHusMm ouara —
TAKK€ MOJIOTMI HAJIBUL.

B ceBepnoii yactu Kypuiibckoli rpsijibl Hau-
OoJjiee CHIIBHOE 3E€MJETPSICEHHE MPOU3O0ILIO0
24 aprycra B 05:37 UTC (M, =59, M = 5.7,
H =47 xm; Ne 10 B Tabnuue u Ha puc. 2, 3).
['unonieHTp Takke pacrnoIokKeH B 30HE KOHTaKTa
IUTUT, MEXaHU3M ouara — IOJIOTMI HaJBHI C He-
OOJBIION CABUTOBOW KOMITOHEHTOH, BEPOSITHBIC
IJIOCKOCTH pa3pblBa OPUEHTUPOBAHBI BIOJb
octpoBHO# ayru. CoObiTHe BBI3BaiO ciabdble
koneOanus B T. CeBepo-Kypuibck.

Boctounee 0. Xokkaiino 12 ssuBaps B 02:39
UTC (M, =5.0,M =359, H=216 xm; Ne 7 B
TabIUIe ¥ HA PUC. 2) MPOU3OIIIO CAMOE CUITLHOE
cobbiTue 2021 1. B 30HE MPOMEKYTOYHBIX IITYOHH
3emnerpsicennid. Ha teppuropun CaxanmHCkoi
obnactu u [Ipumopss oHO HE omlymasoch. Me-
XaHHU3M O4ara OTHOCUTEJILHO MIOBEPXHOCTH KJlac-
cuuImpyercsi Kak copoc, 00e HopaIbHbIE TUIO-
CKOCTH OPHUEHTHPOBAHBI CyOIIUPOTHO.

3akntoyeHue

C 2021 r. B C® OUILL ET'C PAH oneparus-
HBII KaTajor 3emiieTpsicenuii rora Jlanpnero Boc-
Toka PD dopmupyercss Ha OCHOBE OIpeaeIeHUui
PUOL «IOxno-Caxanmuuck». Camoil MaccoBoi
SHEPTeTUYECKOM XapaKTEPUCTUKOW KaTaljiora
PUOII siBiistercst Maruutyna M, -, KoTopast Tpy co-
ONIONECHUU psAJa YCIOBUM NMPUMEHEHHs SIBIISAETCS
JOBOJIBHO yCTOWYMBOM. I[lomyuyeHsl Mexmarsu-
TYIHBIE PETPECCHOHHBIE COOTHOUICHHS, I103BO-
JIMBILIKE CBSI3aTh €€ C HEKOTOPBIMU APYTUMHU SHEP-
TeTUYECKUMH XapaKTEPUCTUKAMU 3€MIIETPSICEHUN
peruonos. B 0630pe ceficmmunoctu 2021 . M
B35Ta 3a OCHOBY JJI KaTaJora 3eMJICTPSACEHUN C
MarHutyaamu 10 M = 5.8. 1y 6oree CHIIbHBIX CO-
OBITHII OCHOBHOM DHEPreTUYECKON XapaKTepHUCTH-
KOM 0CTaeTcss MOMEHTHAst Maruuryna M, Weoer)”

Ha ocHoBe omneparuBHoro karamgora PHOIL]
«lOxHO-CaxanuHCK» TMOJlydyeHbl OCHOBHBIE Xa-
PAKTEPUCTUKHA CEMCMUYHOCTH PErMOHOB [lanbHe-
ro Boctoka P® B 2021 1.: OLIEHKH ypOBHSI CeMc-
muuHoctu COYC’09; rpaduku benvoda; kaprel
IJIOTHOCTH YCIIOBHOW ymHpyro nedopmanui.
JInst cpaBHEHMsI NPUBEJCHbI KapThl U IpauKu 3a
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MPEbLAYIINNA JECATUICTHUN Nepuo MO JaHHBIM
okoH4aresbHbIX KatanoroB CO OUILL EI'C PAH.

B 2021 rony Ha teppuropuu Ilpuamypss u
[Tpumopss, Caxanurckoro u Kypuino-OxoTckoro
PErMOHOB HE OTMEUYEHO YBEJINYEHUS celicMuyec-
KO aKTUBHOCTHU. YPOBEHb KOPOBOW M TITyOOKO-
(hoKyCHOU CEeHCMUYHOCTU XapaKTepHU3yeTcs Kak
(hOHOBBIN CpeHUH.

HauOonee cumpHBIE 3€MIIETPSICEHHS OTHO-
catcst kK Kypuno-Kamuarckoit ceficMmodokanbHOM
o0nactu, B OCHOBHOM — K 30He KOHTakTa Tuxo-
okeaHCKoH 1 OXOTOMOPCKOH TUTOC(HEPHBIX TLTHT.
Bornee akTHBHBI (yIaHTU OCTPOBHOI J1yrH, OfHA-
KO ILEHTP OTMEYEH CHJIbHBIM 3eMJICTPSICEHHEM
20 centsa6ps M, = 6.1. 3apeructpupoBaH psj
OTHOCHUTEIILHO CHUJILHBIX TITyOOKO(OKYCHBIX CO-
Obiruit (H = 415-605 xm, M, = 5.2-5.7) ¢ snu-
neHTpaMu B OXOTCKOM MOpe MeEXay oOouaramu
CuibHEHIIMX 3emnerpsacenni 2012 (M, = 7.7,
H =589 km)u 2013 1. (M, = 8.3, H= 630 xm).

Ha Caxanune B 2021 r. mone ceiicMoreHe-
panuu MepUAMOHAJIBLHOTO MPOCTUpPAHUSA 000-
COOMWIJIOCH B JIB€ JIMHHH, COOTBETCTBYIOIIUE I10-
noxenuto Teimb-Iloponaiickoro (LeHTpaigbHas
yacTh ocTpoBa) W Xokkaigo-CaxalMHCKOIO
(ceBepo-BOCTOUHOE TOOEPEXBE) pa3oMoB. Camoe
CUIIBHOE OIIyTUMOE 3emierpscenne M = 4.4
npousonuio 18 anpenst BOnmu3u moc. TriMOBCKOE,
I[JIE OHO BBI3BAJIO COTPSICEHUSI UHTEHCUBHOCTBIO B
5-6 Gamnos.
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Coastal dunes of Urup Island (Kuril Islands, North-Western Pacific):
palaeoclimatic and environmental archive

Nadezhda G. Razjigaeva™, Larisa A.Ganzey', Khikmatulla A. Arslanov?,
Nina F. Pshenichnikova'

*E-mail: nadyar@tigdvo.ru

"Pacific Geographical Institute, FEB RAS, Vladivostok, Russia

28t. Petersburg State University, Saint Petersburg, Russia

Abstract. The Late Holocene phases of acolian processes have been reconstructed on the basis of dune fields
construction. The palacoenvironmental studies were targeted to following problems: 1) to determine the peri-
ods of higher and lower activity of acolian processes; 2) to establish the age of acolian deposits and buried soils;
3) to retrace the development of coastal landscapes. The age was determined by radiocarbon dating of paleosols
and tephrostratigraphy. The correlation of tephra was performed using data on the volcanic glass chemical com-
position. The dunes formed during the cooling accompanied by a minor regression. Six buried soils found in the
dunes reflect stabilization and overgrowing of dune fields. The longest period of dune stabilization began after a
cold event 28002600 cal yr BP and lasted until the Little Ice Age. Paleosols contain the tephra of large volcanic
eruptions on Urup (Kolokol volcano), Simushir (Zavaritsky volcano) and Iturup (tephra). Pollen analysis allows us
to retrace the development of coastal landscapes. Thickets of dwarf pine developed during cooling, birch forests
spread in the Medieval Warm Period, and herb meadows were widely represented on the dunes. Human impact on
the coastal palacovegetation was found. Aeolian sedimentation was high during the Little Ice Age. One of the fac-
tors of dune reactivation during the Little Ice Age was increased winter storminess associated with the East Asian
winter monsoon. Evidence of active cyclogenesis is the increasing proportion of allochthonous pollen. The modern
reactivation of acolian processes is associated with human activity and storm erosion of dunes.

Keywords: aeolian deposits, paleosol, minor regressions, tephra, coastal landscape, human impact

BeperoBble atoHbl ocTpoBa Ypyn (Kypunbckue ocTpoBa,
ceBepo-3anagHas lNaundurka): apxme N3MeHeHUI
naneoknumara v npMpoaHoun cpeabl

H. I Pasocueaesa™, JI. A. anzeir', X. A. Apcranod®, H. @. [Twenuunuxosa
*E-mail: nadyar@tigdvo.ru

'Tuxookeanckutl uncmumym 2eoepaguu JJBO PAH, Bradusocmok, Poccus
2Canxm-Ilemepoypeckuii cocydapcmeennviil yuusepcumem, Canxkm-Ilemep6ype, Poccus

PedbepaTt. Ha ocHOBe M3yueHHUs CTPOCHHUS AFOHHBIX MMOJICH BOCCTAHOBICHBI (ha3bl aKTHBU3AI[UH Y0JIOBBIX MPOLIEC-
COB B II03/IHEM roJjioneHe. M3ydenue npupoaHoil cpeasl B IPOIIIOM ¢(hOKYCHPOBAHO Ha CIETYIOMNX MpodiiemMax:
1) onmpenenuTh NEpPHOABI AKTUBU3AINHU U 3aTyXaHHS J0JIOBBIX MPOLECCOB; 2) BBHIACINUTH BO3PACT T'e€HEpAILUH 30110~
BBIX OTJIOKCHHI W MOTPEOCHHBIX MMOYB; 3) MPOCICANTD pa3BUTHE OeperoBsIx JanauragToB. Bospact onpenessics
Ha OCHOBE PaJHOYTJIEPOAHOTO NaTHPOBAHMS MOTrpeOEHHBIX MOUB n TedpocTpaturpaduu. Koppensnns mpocioes
Te(pHI BBHITIOIHEHA C UCIIOJIB30BAHNEM JIaHHBIX 110 XUMUYECKOMY COCTaBYy BYJIKaHMUYECKOro crtekia. JlroHbl ¢op-
MHUPOBAJIMCh MPH TTOXOJIO0AHUSAX, COMPOBOXKIABIIMXCS MaJIOAaMIUIUTYAHBIMHU perpeccusimMu. [llecTs morpedeHHbIX
10YB, 0OHApYKEHHBIX B IIOHAX, OTPAXKAIOT IIEPUO/IBI CTAOMIIN3ALMY U 3apacTaHusl JIOHHBIX Tosieil. Hanbonee min-
TEJIBHBIN MepHoJl CTAOMIM3AIUY JIIOH HA4YaJICs 1ociie X0101Horo coOpitus 2800-2600 kai. JI.H. ¥ MPOJOIHKAICS 10
MaJoro JeAHUKOBOro neprona. Ilaneomnoussl BKIo4aoT Tehpy KPYIHBIX H3BEPKEHUH ByJIKAHOB HA OCTPOBaX Ypyn
(Bnk. Komoxom), Cumymmp (Bik. 3aBapuiikoro — Zav-1) u Utypym (tedpa CKr). PazsuTtne 6eperoBsix TaHaMIagToB
BOCCTAHOBJICHO Ha OCHOBE JAaHHBIX CIIOPOBO-IBIIBIIEBOTO aHAIN3a. 3aPOCIN KEIPOBOTO CTIAHMWKA Ha MOOEpEkbe

Cratbst NIpEeACTaBJICHA B PEAAKIIUIO HA AHIJIMIICKOM SI3BIKE.
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MOJTy4aId MHUPOKOE paclpoCTPaHEHNE IPU MOXOJOAAHMIX, OEpE30BbIC JiIeca — B MaJblii ONTUMYM TOJIOLEHA, Ha
JIOHaX OBIITH Pa3BUTHI PA3HOTPABHBIC JIyra. YCTAHOBJIECHO BIMSHHUE IPEBHETO YEJIOBEKA HA PA3BUTHE MAICOPACTH-
TEIBHOCTH. DOJIOBasl CEAUMEHTANNs MPOUCXOIMIA U B MaJIOM JIEJHUKOBOM Teprone. OnHuM u3 (PakTOpOB aKTHBH-
3alUH 0JI0BBIX MPOIECCOB B MaJbIH JEJHUKOBBIM MEpHOA ObUIM CHIIBHBIE IITOPMOBBIE BETPA, CBSI3aHHBIE C Oojee
WHTEHCUBHBIM BOCTOYHOA3MATCKUM 3UMHUM MYCCOHOM. YBEIMUYEHHE MPOIOPLUH AJUIOXTOHHON IMBUIBLI SBISETCS
MOATBEPXKICHUEM aKTHBHOTO IHKJIOreHe3a. COBpeMEeHHas! aKTHBU3AIMSI S0JI0BBIX NTPOIIECCOB CBA3aHA C BO3/ICHCTBHU-
€M 4EJIOBEKa M PA3MBbIBOM JIOH B CHIIBHBIE IITOPMBI.

KnioyeBble CrnoBa: >00BbIC OTIOKCHUS, ITAJICONOYBBI, MAJOAMILTUTYHBIC PErpeccur, Tedpa, Geperosbie NaHi-
madThI, BO3JCHCTBHE YeIOBEKa
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Introduction

Coastal dunes can be considered a natural
archive that reflects the history of coastal de-
velopment during climatic changes in the Holo-
cene and associated sea level fluctuations. The
development of aeolian processes on sea coasts
in temperate latitudes results from a combination
of several factors, the main ones being a strong
wind regime and the presence of rich sources of
sand [1-4]. Dune fields, which have been for-
ming for a long time, include several generations
corresponding to the phases of aeolian processes
activation, and buried soils that correspond to the
stabilization of dunes with attenuation of aeo-
lian accumulation and vegetation development.
Paleosols provide important information about
the development of coastal landscapes. Dunes
are widespread on the coast of the Kuril Islands,
with particularly large dune fields confined to
the shores where sand is abundant: the mouths
of large rivers, areas of active sand accumula-
tion and rapid shoreline progradation, areas near
active cliffs composed of poorly consolidated
rocks or pumice.

The formation of coastal dunes is associ-
ated with minor regressions caused by short-
term coolings in the Middle-Late Holocene
[5-7]. On volcanic islands, aeolian processes
develop on the shores near large calderas, where
large volumes of loose pyroclastics are pro-
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cessed [8]. Some researchers associate the for-
mation of coastal dunes with the intensification
of the winter monsoon and the intensity of winter
winds [3]. There are especially many dune fields
in the south of the Great Kuril Ridge. The dunes
of Kunashir and Iturup islands are well studied
[5, 6]. The purpose of this article is (1) to deter-
mine the periods of activation and attenuation of
aeolian processes on Urup Island based on the
large dune fields stratigraphy, (2) to determine
the age of buried soils and phases of dune stabi-
lization, (3) to find out the relationship with cli-
matic changes and minor sea-level fluctuations,
(4) to retrace the development of coastal land-
scapes in the Late Holocene, (5) to determine the
role of volcanic ashfalls in the development of
geocomplexes.

Materials and methods

The work was carried out on the dune fields
in the Novokurilskaya Bay (5 sections), the
Okhotsk Sea side of northern Urup Island, and the
Osma Bay (1 section), Pacific side, southern Urup
(Fig. 1). The sections of aeolian deposits with
buried soils in the back part of the dune fields are
described in detail — section 7508 (46°12.652" N,
150°19.118" E) and 7608 (46°12.640' N,
150°19.146" E). In the Novokurilskaya Bay,
we also described the section 8108 (46°12.649" N,
150°19.221" E) of the aeolian cover on the soil-
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pyroclastic unit on a high marine terrace (at an
altitude of 38—40 m a.s.l.). The paleosols were
sampled for pollen analyses at 5 cm intervals;
besides, samples were taken from tephra
layers. The genetic horizons in the soil profiles
were distinguished based on the classification
of the volcanic soils of Kamchatka [9] adapted
to the classification and diagnostics of soils in
Russia [10].

Sand grain size (7 samples) was studied using
sieves with y step and a high-precision Sartorius
balance. Samples for pollen analysis (22 samples)
were processed by the separation method using
a heavy liquid H,O:CdL:KI (2.2 g/cm’) [11].
Radiocarbon dating (5 samples) was performed
in the Institute of Earth Sciences, St. Petersburg
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State University (Table 1). The samples were
pretreated with acid and alkali solutions and then
converted to benzole. The "“C-activity of benzole
was measured using liquid scintillation counter.
The radiocarbon dates were calibrated using OxCal
44.1 software and IntCal20 calibration curve
[12, 13]. The chemical composition of volcanic
glass (5 samples) was analyzed using scanning
electron microscopy and micro-analysis by
X-ray spectrometry, performed by X-ray spectral
microanalysis (EPMA) on a (SEM) MIRA3 FE
(TESCAN) using Aztec system (Oxford Inst., UK)
at V.G. Khlopin Radium Institute, St. Petersburg.
Vegetation on the Novokurilskaya Bay coast
was described in detail by N.S. Liksakova with
coauthors [14].

(B) Novokurilskaya f?ay E;Bl 2P

50°

450

Fig. 1. Location of dune fields of Urup Island. (A) — position of Urup Island in North-Western Pacific region; B — Urup Island with po-
sition of study area; C — the Novokurilskaya Bay with dune field and position of studied sections; D — studied dune field with position
of key section (7508).
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Table 1. Radiocarbon dates obtained for paleosols from the Holocene dune sections, the Novokurilskaya Bay, Urup Island

Sople | pepnm | Mol | icagepe | Colbmedue | Labomton

1/7508 0.89-0.94 Soil 910 £ 60 820 + 60 LU-6106

2/7508 1.18-1.23 Soil 2490 £ 70 2560 £ 110 LU-6106

1/8108 1.14-1.17 Charcoal 2590 £ 70 2660 + 110 LU-6107

2/8108 1.30-1.34 Soil 3230+ 120 3460 + 150 LU-6109

3/8108 4.88-4.93 Soil 8170 + 390 9130 + 480 LU-6110
Results sand excavation. At deflation basin bottoms,

Unlike Iturup and Kunashir islands, distri-
bution of coastal dunes on Urup Island is limit-
ed due to prevailing abrasion and abrasion-de-
nudation coasts with boulder-pebble beaches, a
low-order river network with coarse alluvium,
and a deficit of sandy material in the coastal
zone. An extensive dune field is located in the
Novokurilskaya Bay in the northwest of Urup
Island (Fig. 1, 2). The semi-open type bay is
open to northerly winds. The inshore zone is
shallow, with a wide bench (up to 240 m wide)
stretching along the cliff in the eastern part.
The coast here is belong to abrasion-denuda-
tion type, the beach is composed of blocks and
boulders. The Bystraya River (IV order) flows
into the bay top, the mouth is pressed against
the western side.

There is a sandy beach here (width from
30 to 180 m near the river mouth), with a dune
field behind (up to 350 m wide), the dune height
is up to 12 m. Beach sand is characterized by
single-modal curve (0.315-0.4 mm), medium
sand fractions prevail (78.7 %), contain high
content of coarse sand (up to 20.1 %) and an
admixture of fine sand (1.3 %) (Fig. 3 A). From
the sea side, erosion scarps are observed in
the foredunes. Composition of modern aeolian
sand, that accumulated near the escarp base, is
similar to beach sand. The grain-size curves are
single-modal (mode 0.315-0.4 mm), proportion
of fine sand fractions become higher (6.3 %),
gravel appears (0.5 %) (Fig. 3 B). Several
deep modern deflation basins (up to 6 m deep)
with erosion scarps are located on the seaward
part; human activity (removal of sand, etc.)
could have stimulated their formation (Fig. 1).
Aeolian deflation is active along the site of
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surface of a low marine terrace composed
of sandy-pebble material is exposed. There
are no regular ridges, perhaps due to active
destruction, separate large dunes stand out,
which are the remnants of ridges separated
by vegetated deflation basins. Modern dunes
are composed of well sorted medium-grained
sands (mode 0.315-0.4 mm), compared to the
beach content of coarse sand fraction decreases
(5.7 %), fine sand fraction reaches 12.3 %,
and silt appears (<0.1 %) (Fig. 3 C). The
surface of the dunes near the sea is covered
with monodominant communities of Carex
macrocephala or C. pumila (160 m), vegetated
dune ridges in the rear are covered with forb
meadows and thickets of Rosa rugosa [14]. On
the high marine terrace, aeolian deposits are
represented by sandy loams with numerous
layers of pumice and volcanic ashes.

The dunes located in the seaward part of
the field do not have buried soils. The dunes
in the rear include up to 6 buried soil profiles.
The sections contain 5 tephra interlayers, which
correlate well with the tephra layers of the soil-
pyroclastic cover on the western side of the bay
[15]. In the lower part of the dune section, a pum-
ice layer (pumice size up to 1.5 cm) is exposed
in yellow fine-grained sand. Tephra consists
of medium-K rhyolite glass (Table 2). It is as-
sumed that this is the tephra of Kolokol volcano,
which erupted in the middle of the Late Holo-
cene. The volcanic ash lying above is composed
of yellow silt with fine sand. The volcanic glass
is rhyolitic with medium proportion of K O.
The C date of 2490+ 70 yr BP, 2560 +
110 cal yr BP, LU-6106 was obtained from the
soil under the tephra. This volcanic ash is com-
parable to the CKr tephra, which is widespread

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)
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on Urup Island and the Middle Kuriles [15-17],
the source was located in the north of Iturup Is-
land. In the south of Urup Island (Fig. 2) “C dates
of 2280 + 90 yr BP, 2300 + 140 cal yr BP,
LU-5947; 2140 = 110 yr BP, 2130 +
140 cal yr BP, LU-6257 were obtained from the
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peat under the ash located on the Osma Bay coast
and the peat bog section located on the Van-der-
Lind Cape [18]. Above, there is a volcanic ash
interlayer composed of coarse pumice sand with
pumice (up to 1 cm) with medium-K rhyolitic
volcanic glass, which is Kolokol volcano tephra.
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Fig. 2. Lithological columns of acolian-soil sequences with soil genetic horizons, photo of key section (7508) and sections of peat bogs
with tephra layers [18], Urup Island. CKr — marker tephra, Ts — paleotsunami events. We showed the color of tephra.
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Fig. 3. The grain-size curves of beach and dune sands of the Novokurilskaya Bay.

Fractions (in mm):: 1 —<0.05; 2 — 0.05-0.063; 3 — 0.063-0.08; 4 — 0.08-0.1; 5 - 0.1-0.125; 6 — 0.125-0.16; 7—0.16-0.2;
8-0.2-0.25; 9 — 0.25-0.315; 10 — 0.315-0.4; 11 — 0.4-0.5; 12 — 0.5-0.63; 13 — 0.63-0.8; 14 — 0.8—1; 15— 1-1.25; 16 —
1.25-1.6; 17 — 1.6-2; 18 — 2-3; 19 — 3—4. (A) — beach; (B) — modern aeolian sand, accumulated near escarp in foredune,
site 2/8208; (C) — modern dune near large deflation basin, site 1/8208; (D) — aeolian sand of generation II, section 7508;
(E) — aeolian sand of the Little Ice Age, generation III, section 7508; (F) — modern aeolian sand from the top of the dune
located in back part of the dune fields, generation IV, section 7508.

The soil under the ash was dated by radiocarbon
at 910 + 60 yr BP, 820 + 60 cal yr BP, LU-6105.
The source of the thin layer of tephra composed
of silt with fine sand has not been identified.
The upper layer of volcanic ash, represented by
green-gray silt, including andesite low-K volca-
nic glass, is the Zav-1 tephra of the last major
eruption of Zavaritsky volcano [15]. On Simushir
Island, this eruption age is estimated as ca. 600 +
50 yr BP, 610 + 40 cal yr BP, LU-6111; 660 +
50 yr BP, 630 + 50 cal yr BP, LU-5912 [17].

In the lower part of the section, on a thick
unit of aeolian sands (generation I), only soil ho-
rizon VI[B] with small charcoal inclusions has
been preserved. Paleosol horizon VI[A] may
have burned out. Pollen spectra (pollen zone 1),
obtained from the sand lying immediately un-
der the buried soil, have approximately equal
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proportions of tree and shrub pollen (AP), grass
pollen (NAP), and spores, which correlates well
with the widespread development of dwartf pine
with a fern cover in the dune framing (Fig. 4).
Open birch forests occupied a limited area on
the slopes. Alder grew along the valley. On the
dunes, forb meadows with abundant Asteraceac,
Apiaceae, Caryophillaceae, Geranium were de-
veloped. In the section of aeolian sandy loam on
the surface of the high marine terrace, a char-
coal layer was found, from which the “C-date
2590 + 70 yr BP, 2660 + 110 cal yr BP, LU-6107
was obtained. These may be the traces of a large
fire that engulfed the bay coast with the dune
field and the surrounding slopes.

Aeolian sand in the middle part of the section
was formed during a short-term phase of aeolian
processes activation (generation II). The grain-
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size curves are similar to sand of generation |
(Fig. 3 D). Proportion of medium sand fractions
reaches to 74.4 %, but dune sand contains more
fine sand (up to 17.5 %). Kolokol volcano eruption
producing loose material occurred during this
phase, possibly stimulating the development of
aeolian processes, especially on high surfaces.
On the dunes and on the sea terrace, forb meadows
were developed with a wide participation of ferns
(pollen zone 2), mainly Botrychium Ilunaria,
B. robustum, common for forb meadows and shrub
communities [14, 19]. The wide development of
Asteraceae and the ferns among the pioneer vege-
tation was noted on Simushir Island [17]. Spores
of Lycopodium and Hupersia appeared. Duschekia
pollen began to occur.

Higher in the section, there are a series of
paleosols V-II buried by tephra layers and pa-
leosols I[A] overlain by aeolian sand. A well-
preserved complete paleosol profile V underlies
the CKr volcanic ash. The pollen spectra (pollen
zone 2) include a large amount of AP, represent-
ed mainly by dwarf pine (Pinus pumila), which
probably grew on the dunes. In horizon V[A], the
proportion of AP decreased sharply, and the con-
tent of Botrychium spores increased.

Well-developed paleosol profile IV was
formed after the fallout of CKr tephra. On the
dune field, motley grass meadows with ferns and
club mosses (pollen zone 3) were widely devel-
oped. The dwarf pine was probably being sup-
pressed, since it was constantly used by ancient
people. The clearings were likely overgrown
with club moss Lycopodium clavatum, char-
acteristic of such habitats [19]. The species is
also included in forb meadow communities [14].

Allochthonous Picea pollen was found, brought
in from the south.

Kolokol volcano erupted about 910 +
60 yr BP, 820 = 60 cal yr BP, LU-6205. A thin
paleosol profile III[A] was formed on tephra.
Subsequent volcanic ashfalls led to the buri-
al of both paleosol horizons III and II, which
were being formed for only a short period.
On the volcanic ash interlayer Zav-1, a thin
buried soil I[A] was formed, which was then
overlain by aeolian sands (generation III) of
the Little Ice Age. The sand is poorly sorted,
and contains more gravel (1.2 %) and silt ad-
mix (2.9 %) (Fig. 3 E). Pollen spectra from
buried soils III-I and tephra interlayers have
similar compositions (pollen zone 4). Pol-
len AP, NAP and spores are represented in
equal proportions. The AP group is dominat-
ed by birch pollen and dwarf pine. Duschekia
pollen increased in the upper part of the pol-
len zone, and Myrica pollen appeared. Alloch-
thonous pollen of Picea, Quercus was found.
In the NAP group, a large amount of Artemisia
pollen was found in the coarse tephra. Just as un-
der modern conditions [14], monodominant com-
munities with sedges (Cyperaceae — up to 53 %)
were developed on the dunes. There was a lot of
pollen from hygrophilous plants (Ranunculaceae,
Iridaceae, Apiaceae), especially in the Zav-1
ash. Club mosses began to dominate among the
spores. Single spores of Sphagnum and green
mosses Bryales were found. Paleosols I1I-I were
formed at the Medieval Warm Period.

Pollen zone 5 from the sands of the Little
Ice Age and soil Al, reflects widespread devel-
opment of dwarf pine paralleled with the gradual
decrease of birch forests.

Table 2. Chemical composition of volcanic glass from tephra layers of section 7509, the dune field of the Novokurilskaya

Bay, Urup Island

Nesample | Depth,m | SiO, | TiO, | ALO, | FeO | MnO | MgO | CaO | NaO | K,0 | [cphraindex
5/7508 (15) | 0.66-0.76 6358 095 1511 824 028 179 562 357 064  Zav-l
717508 (4) | 077-078 7635 034 1295 210 002 037 234 308 233  Kolokol
9/7508 (14) | 0.83-0.89 7624 047 1268 225 007 049 228 312 228  Kolokol
15/7508 (15)| 1.14-1.18  77.86 036 1181 186 004 029 169 413 170  CKr
2077508 (11) | 1.58-161 7753 044 1203 189 003 028 178 307 277  Kolokol

Notes. All components are in wt %. Total Fe expressed as FeO. Number of analysis of glass shards in round brackets.
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The dunes were occupied by forb meadows and
sedge communities, which were pioneers in new
dune ridges. Among the ferns, the Polypodiacea
had become more widely represented. On wet-
lands and in dwarf pine thickets, the club moss
L. annotinum was widely developed.

The surface layer of lightly turfed sand (gen-
eration IV) reflects modern situation. Propor-
tion of fine sand fractions increase up to 32.8 %.
Modal fraction become 0.25-0.315. The sands
contain small silt admix (up to 1.3 %) (Fig. 3 F).
Spores and NAP prevail in pollen spectra (pol-
len zone 6). The proportion of moisture-loving
plant pollen decreased, and plenty of Geranium,
Thalictrum, and Apiaceae pollen was registered,
typical for ancient dune communities with Rosa
rugosa [14].

The soil-pyroclastic cover with aeolian
deposits on the 40 m marine terrace includes
8 paleosols buried by interlayers of tephra
and aeolian sandy loams and sands. The most
pronounced soil profile is VI with 4 genetic
horizons, formed under warm conditions of
the beginning of the Late Holocene [18, 20].
From horizon VI[A], the “C-date was ob-
tained 3230 + 120 yr BP, 3460 + 150 cal yr BP,
LU-6109. The upper part of the section reveals
a series of buried soils I1I-1, including tephra
of Kolokol volcano, CKr and Zav-1.

Discussion

Two phases of intensive accumulation of
aeolian deposits are recorded in the studied sec-
tions. The age of these phases of aeolian accu-
mulation is estimated by the age of the buried
soils (Fig. 2, 3). The first phase combines gen-
erations 1 and 2 of aeolian sands, separated by
a weakly expressed soil profile with charcoals.
The age of generation 1 is estimated by the age
of the buried soil VI[A], which lies at the base
of aeolian sandy loams on a high marine terrace
(*C-date 3230 + 120 yr BP, 3460 + 150 cal yr BP,
LU-6109) and the overlying charcoal layer (**C-
date 2590 + 70 yr BP, 2660 + 110 cal yr BP,
LU-6107). The upper age limit of generation 2
is estimated by the age of the buried soil V (*C-
date 2490 + 70 yr BP, 2560 + 110 cal yr BP,
LU-6101), topped by CKr ash. Generation 2 of
aeolian deposits is well expressed in the section
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on the high marine terrace. Buried soils of this
age were found in the dune massifs of Kunashir
Island, including the Ta-c marker volcanic ash
(2400 cal yr BP) of Tarumai volcano, located on
Hokkaido [6].

The beginning of the dune field forma-
tion in the Novokurilskaya Bay corresponds
to one of the global cold episodes of 2800—
2600 cal yr BP [21], which manifested itself in
the South Kuril Islands and the Japanese Islands.
The cool conditions in the northern Urup were
evidenced by the widespread dwarf pine and the
limited distribution of birch forests. The devel-
opment of dwarf pine was probably facilitated
by heavy snowfalls [22]. On the Tokotan Lake,
in the center of Urup (on the coast facing the Ok-
hotsk Sea), temperature decrease was recorded
~3090-2770 cal yr BP [23]. Cold and dry epi-
sodes were revealed in the development of the
paleolake in the Osma Bay, southeastern Urup,
3180-2960 cal yr; 28402410 cal yr BP [18].
On Iturup Island, a decrease of the Lebedinoe
Lake level was noted in 28002650 cal yr BP,
the areas of broadleaved forests on the coast
decreased, and alder thickets began to develop
around the lake [24]. In the mountainous part
of Iturup, a pronounced cooling occurred about
28702570 cal yr BP [25]. In the south of the
Okhotsk Sea, the cooling manifested itself about
2800-2400 cal yr BP [26]. The temperature in
Japan (Latest Jomon cold stage) decreased by
2 to 3 °C compared to the present, and winter
precipitation increased [27, 28]. An increase in
the content of allochthonous broad-leaved pollen
in the peat bog section in the mountainous part
of Iturup Island indicates growing cyclonic acti-
vity, and, consequently, points to the activation
of the wind regime and strong winds from the
sea; the sources of the pollen being the south of
the ridge and Japan and the lower landforms [25].

Compared to the transgressive phase in the
beginning of the Late Holocene, the sea level de-
creased about 3000 cal yr BP [20, 29]. During
minor regressions an intensive accumulation of
material took place in the coastal zone, which led
to progradation of coasts and stimulated develop-
ment of aecolian processes. The sea level drop on
the sandy shores led to an increase in beach area
and the emergence of additional sources of sand.
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The loose material in the Novokurilskaya Bay is
likely to have originated from Kolokol volcano
ash fall, the ash being found in the section of
dunes and aeolian cover on the high marine ter-
race (Fig. 2). A connection between the activation
of aeolian processes and minor regressions was
noted for Iturup and Kunashir islands; large dune
fields of generation 2 were formed there [5, 6].

In the southeast of Urup Island, a dune
field was formed at this time on the coast of
the Osma Bay. A well-defined buried soil with
CKr ash is found in the upper part of the dune
ridges. Behind the dune field, in the peat bog
section, a peat unit with numerous interlayers
and lenses of well-sorted acolian sand is found,
which makes it possible to date the aeolian ac-
tivity phase about 2840-2410 cal yr BP (Fig. 2).
The paleolake that existed behind the dune ridge
grew shallower and smaller at that time, the cli-
matic conditions became colder and drier [18].

In drier conditions of minor coolings, sandy
layers or layers enriched by magnetic minerals,
formed by incoming aeolian sand, were found in
the coastal lake sediments of the Kuril Islands [30].
On Paramushir Island, the sand layer in the sedi-
ments of the Pernatoe Lake was formed 3300—
3100 cal yr BP [7]. Paleomagnetic data reflect
the activity of aeolian processes for the Tokotan
Lake area about 34502300 cal yr BP [23]. As
shown by the study of the Maloye and Kasatka
lakes, aeolian activity also increased in the dune
fields of Central Iturup [31].

During the long stabilization phase of the
dune field in the Novokurilskaya Bay, a se-
ries of soil profiles V-I were formed, buried
by CKr tephra, Kolokol volcano tephra and
volcanic ash Zav-1 Zavaritsky volcano and by
aeolian sands. The dunes were stabilized due
to the development of meadow vegetation and
dwarf pine thickets. At this time, dwarf pine
was widespread on Simushir Island, south of
Urup Island and in the Iturup mountains [17,
18, 25]. The dwarf pine area decreased on the
dune field after CKr ash fall, probably owing to
the activity of ancient humans who destroyed
most of the dwarf pine thickets. In the central
part of the dune field, buried soil IV includes
numerous artifacts (archaeological site Kom-
paneiskoye 1), indicating a long-term human
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habitation in the dunes [32]. Here, the thickness
of the buried soil IV reaches 1.5 m.

The development of soil forming processes
was stimulated by climatic conditions, which
became slightly warmer and more humid. In
the south of Urup Island, slight warming about
2340-2260 years ago is recorded by an increase
in the proportion of broadleaf trees in the pol-
len spectra. About 2340-2250 years ago the
paleolake flooded in the Osma Bay [18]. Cool
and humid conditions were also recorded on
Iturup Island about 2100-2000 cal yr BP and
1900-1200 cal yr BP [24].

In the Novokurilskaya Bay, soil formation in
the dunes continued without interruption during
the Kofun cold stage (1600—-1300 cal BP), which
is distinguished in the south of the Kuriles and
the Japanese Islands [5, 20, 27]. On Kunashir
and Iturup islands, aeolian processes intensi-
fied at this time, and dunes of generation 3 were
formed [5, 6]. Activation of aeolian processes is
also recorded in the south of Paramushir Island
1700-1300 cal yr BP [7]. Weak development of
aeolian processes during this cooling in the north
of Urup Island can be attributed to local causes.
It is possible that a strong tsunamigenic earth-
quake that occurred before the CKr ash fall [18]
was accompanied by coseismic subsidence. The
humid conditions (frequent rains, drizzle) could
hinder the development of aeolian processes.
Moisture increase is indicated by the appearance
of grass pollen, typical of moist habitats. High
humidity at that time was recorded in the section
of lacustrine deposits of the Lebedinoe Lake on
Iturup [24]. During the Kofun cold stage [27],
the cold Oyashio Current became more active,
which contributed to an increase in rains and
fogs in the Southern Kuril Islands [29].

The warmest conditions on the Novoku-
rilskaya Bay coast were registered in the Me-
dieval Warm Period, when birch forests were
widely developed. Birch occupied large areas
during the Medieval Warm Period on Simush-
ir Island. The average annual temperature in-
creased only slightly — by tenths of a degree,
but the sum of active temperatures could be
150—-180 °C higher than the current one [17].
The warm phase is comparable to the Euro-
pean Medieval Climate Anomaly (MCA) and
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Nara-Heian-Kamakura warm stage in Japan
1200700 cal yr BP [27]. This warming af-
fected all Kuril Islands, including Iturup, Ku-
nashir and Lesser Kurils [20, 24, 29, 33, 34].

At the end of the warming, alder became
more common in the north of Urup Island, pos-
sibly due to frequent ash falls, and Myrica ap-
peared in a swamp in a river valley. Sagebrush
spread widely in the grassy communities on
coarse tephra of Kolokol volcano. On the Zav-1
tephra, composed of silt with low water perme-
ability, the proportion of moisture-loving plant
pollen (Cyperaceae, Ranunculaceae, Iridaceae)
increased among grass pollens; spores of Sphag-
num and green mosses Bryales appeared. Trans-
port of allochthonous pollen (Picea, Quercus)
from the south became more active. Before the
Little Ice Age, oak area could extend to the south
of Urup Island [18].

A powerful phase of aeolian accumulation
took place in the Little Ice Age. At that time,
dune ridges were formed in the seaward part of
the field which had no buried soils. In the central
part of the dune field, the thickness of aeolian
sands reached 1.5-3 m. In the field rear part,
aeolian sand (up to 0.45 m thick) overlay buried
soil I[A]. Sand accumulation also took place on
the high marine terrace. There are dunes of the
Little Ice Age in the Osma Bay, the thickness
of aeolian sand reaches 2.5-3 m. Many stud-
ies have examined dune reactivation during the
Little Ice Age. Such dunes are widespread on
the Kurile Islands [5, 6, 8] and in Japan [1, 3].
On Iturup Island, aeolian processes were ac-
tively progressing on the Vetrovoy Isthmus [8],
in Prostor, Kurilskiy, and Kuibyshevskiy bays,
on Kunashir Island — the Lovtsovskiy Isthmus,
near the Saratovka River, in Golovnina and Per-
vukhin bays, on the Sernovodskiy Isthmus, and
in other areas [6]. On the Kuriles, dune fields
of this age acquire a maximum thickness in the
coastal areas with a gentle underwater coastal
slope and extensive benches.

As a rule, dunes of this age have a well-
pronounced typical aeolian cross-bedding, em-
phasized by black layers of heavy minerals, with
a wedge-shaped series. Such layering indicates
the accumulation of sands due to winds of vari-
able direction. Peaks of magnetic susceptibility
and sandy layers formed during the Little Ice
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Age were found in lacustrine deposits of central
Iturup Island [31].

In the south of the Kuriles (Kunashir Is-
land), the average annual temperature was lower
than at present by 2 °C [35], in Japan — by 1 to
2 °C, and atmospheric precipitation increased
[27, 36]. The cooling led to widespread distribu-
tion of dwarf pine in the north of Urup Island.
An increase of dwarf pine as also established for
central Iturup [24, 31]. At that time, the areas
occupied by broadleaved forests decreased on
Iturup and Kunashir islands [20].

The cooling was accompanied by a minor
regression, which stimulated the formation of
dunes. A sea level drop is evidenced by nume-
rous finds of peat on benches found on the Less-
er Kuriles, with layers of volcanic ash Ko-c2
(1694 AD) and Ta-a (1739 AD) at bench bases
confirming that the regression began at the end
of the 16th century [27]. In the South Kuril Is-
lands, the sea level decreased by at least 1 m.
Similar estimates were obtained for the Japa-
nese Islands, where the Edo regression occurred
650-50 cal yr BP [27].

One of the factors of aeolian activation in
the Little Ice Age was the increased winds, es-
pecially winter winds associated with the in-
tensification of the winter monsoon [3]. Strong
winds are evidenced by increased storm activ-
ity. For example, the raise in salinity of the To-
kotan Lake about 615-500 cal yr BP and ~425—
385 cal yr BP is attributed to increased storm
activity, which is possibly associated with a
change in the monsoon [23]. Strong storm surges
were also recorded on the Okhotsk Sea coast of
Iturup Island, when marine diatoms were carried
along the channels into the Lebedinoe Lake [24].
In the south of the Japanese Islands, typhoons
intensified from the mid-17th to the end of the
19th centuries [37]. One of the indicators of the
increasing wind drift of pollen is the elevated
amount of allochthonous pollen of tree species
in the sections of the Northern and Central Ku-
ril peatlands: Ketoi, Onekotan, Shiashkotan, and
Ekarma islands [16].

Traces of strong storms are observed as
large storm bars or accumulative forms at river
mouths, which have a height comparable to that
of the low marine terraces of the Middle-Late
Holocene. The absence of soil cover is typical for
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such storm bars, formed in historical time. Mod-
ern accumulative forms of the same height (up to
4 m) were found in the Pervukhin Bay, Kunashir
Island and the Kuibyshevsky Bay, Iturup Island.
The formation of such accumulative forms could
occur as a result of strong storm surges.

In modern conditions, the dune field of the
Novokurilskaya Bay witnesses a reactivation
of aeolian processes due to destruction of soil
cover and vegetation, and formation of deflation
basins with erosion escarps at sand mining sites.
Amounts of sand also come from a wide beach,
which receives the material due to erosion of the
foredunes during strong storms. The thickets of
dwarf pine on the dunes and in the framing of
the bay are practically destroyed, there are many
open spaces. Activation of aeolian processes
is observed on Iturup and Kunashir islands in
present-day dune fields, where sandy material
is actively removed (Prostor Bay — a dune field
near the village of Reidovo; a dune field near the
Kuibyshevskoye Lake, the Kuybyshevsky Bay,
Iturup; a dune field of the Golovnin Bay near the
settlement of Yuzhno-Kurilsk, Kunashir).

Conclusions

Cooling and minor regression are the key
drivers of the coastal dune development. In the
north of Urup Island, four generations of aeolian
deposits have been identified corresponding to
the phases of aeolian processes reactivation in
the coastal zone in the Late Holocene. Extensive
development of aeolian processes took place
during cooling with an active wind regime and
an abundant sand supply in the coastal zone.
The aeolian activity was facilitated by the
intensive accumulation of material in the coastal
zone during minor regressions. An additional
source of loose material was the tephra of large
eruptions. The formation of large dune fields
on Urup Island is found to be synchronous with
that of other dune fields in the South Kuriles.
Differences in the stratigraphy of the dune field
in the north of Urup compared to other islands
are attributed to local causes. The East Asian
winter monsoon and increased winter storminess
were the main factors of the synchronous dune
activity in the Little Ice Age.
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A hiatus in dune sedimentation, stabilization
of coastal dunes and soil formation as a rule
took place during warm episodes. A long period
of meadow vegetation and dwarf pine thicket
development was identified for the dune field of
the Novokurilskaya Bay. Meadow-soddy soils
were formed there at the time, with a series of
profiles buried by tephra during large volcanic
eruptions on Urup (Kolokol volcano) and adjacent
islands of Simushir (Zavaritsky volcano) and the
north of Iturup.

Human impact played an important role in
the development of coastal landscapes. Ancient
people who lived among the dunes in the Late
Holocene are found to have left traces of their
impact on the vegetation. Modern human activi-
ties still cause environmental changes in the dune
fields. At present, active aeolian processes contin-
ue on sand mining sites. Aeolian sedimentation
also takes in the material from the wide sandy
beach that grows larger due to storm erosion of
the dunes.

References

1. Endo K. 1986. Coastal sand dunes in Japan. Proc. of the Inst.
of Natural Sciences, College of Humanities and Sciences,
Nihon University, Earth Sciences, 21: 37-54.

2. Ruz M.-H., Hesp P.A. 2014. Geomorphology of high-latitude
coastal dunes: a review. In: Martini I.P. & Wanless H.R. (eds)
Sedimentary Coastal Zones from High to Low Latitudes: Simi-
larities and Differences. London: Geological Society, Spec.
Publ., 388: 199-212. https://doi.org/10.1144/SP388.17

3. Tamura T., Kodama Y., Bateman M.D., Saitoh Y., Yama-
guchi N., Matsumoto D. 2016. Late Holocene acolian
sedimentation in the Tottori coastal dune field, Japan Sea,
affected by the East Asian winter monsoon. Quaternary
International, 397: 147-158. https://doi.org/10.1016/].
quaint.2015.09.062

4. Vries de S., Arens S.M., Schipper de M.A., Ranasinghe R.
2014. Aeolian sediment transport on a beach with a varying
sediment supply. Aeolian Research, 15: 235-244. https://doi.
org/10.1016/j.aeolia.2014.08.001

5. Korotkiy A.M., Razzhigaeva N.G., Mokhova L.M., Gan-
zey L.A., Grebennikova T.A., Bazarova V.B. 1996. Coastal
dunes as indicator of periods of global climatic deterioration
(Kunashiri Island, Kuriles). Geology of Pacific Ocean, 13:
73-84.

6. Razzhigaeva N.G., Ganzei L.A. 2005. Coastal dune evolution
under sea level changes. Oceanology, 45(1): 140—149.

7. Minyuk P.S., Subbotnikova T.V., Lozhkin A.V., Anderson P.M.
2013. Rock magnetic properties of the lake Pernatoe sediments
(Paramushir Island) as an indicator of the changes in sedimen-
tation conditions. /zvestiya. Physics of the Solid Earth, 49(1):
120-29. https://doi.org/10.1134/S1069351313010096

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)


https://doi.org/10.1144/SP388.17
https://doi.org/10.1016/j.quaint.2015.09.062
https://doi.org/10.1016/j.quaint.2015.09.062
https://doi.org/10.1016/j.aeolia.2014.08.001
https://www.elibrary.ru/item.asp?id=13491761
https://www.elibrary.ru/item.asp?id=13491761
https://www.elibrary.ru/contents.asp?id=33310332
https://www.elibrary.ru/item.asp?id=20418479
https://www.elibrary.ru/item.asp?id=20418479
https://www.elibrary.ru/item.asp?id=20418479
https://www.elibrary.ru/contents.asp?id=33852123
http://dx.doi.org/10.1134/S1069351313010096

FEOMOP®0NOrNs U NANIEOrEOrPA®US

TEOCUCTEMBI MEPEXOAHLIX 30H, 2022, 6(2)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Afanas’yev V.V. 2019. A new type of aeolian morphogenesis
on volcanic shores (Iturup Island, Great Kuril Ridge). Geo-
sistemy perehodnykh zon = Geosystems of Transition Zones,
3(4): 423-427. (In Russ.). https://doi.org/10.30730/2541-
8912.2019.3.4.423-427

Karpachevskii L.O., Alyabin 1.O., Zakharikhina L.V., Ma-
keev A.O., Marechek M.S., Radyukin A.Yu., Shoba S.A.,
Targul’yan V.O. 2009. Soils of Kamchatka. Moscow: GEOS,
224 p. (In Russ.).

Shishov L.L., Tonkonogov V.D., Lebedeva LI., Gerasimo-
va M.L. 2004. Classification and Identification of Russia’s
Soils. Smolensk: Oikumena, 342 p. (In Russ.).

Pokrovskaya [.M. 1966. Methods of paleopollen studies. In:
Pokrovskaya I.M. (ed.) Paleopalynology. Leningrad: Nedra,
32-61. (In Russ.).

Ramsey B.C. 2021. OxCal 4.4. 2021. http://c14.arch.ox.ac.uk/
oxcal (accessed 12.01.2022).

Reimer P. 2020. Letter from the Guest Editor. Radiocarbon,
62(4): V-Vii. http://dx.doi.org/10.1017/RDC.2020.99

Liksakova N.S., Glazkova E.A., Kuzmina E.Yu. 2021.
To the vegetation of Urup Island (the Kuriles). Botanicheskii
J., 106 (8): 731-55. (In Russ.). https://doi.org/10.31857/
S0006813621080068

Nakagawa M., Ishizuka Y., Hasegawa T., Baba A., Kosugi A.
2008. Preliminary report on volcanological research of KBP
2007-2008 Cruise by Japanese Volcanology group. In: KBP
Report. Seattle: Washington University, 54 p.

Razjigaeva N.G., Ganzey L.A., Grebennikova T.A., Belya-
nina N.I., Mokhova L.M., Arslanov Kh.A., Chernov S.B.
2013. Holocene climatic changes and vegetation development
in the Kuril Islands. Quaternary International, 290-291: 126—
138. https://doi.org/10.1016/J.QUAINT.2012.06.034

Razjigaeva N.G., Ganzey L.A., Belyanina N.I., Grebenni-
kova T.A., Arslanov Kh.A., Pshenichnikova N.F., Rybin A.V.
2013. Role climatic and volcanogenic factors in the formation
of organogenic sediments and the development of landscape
on Simushir Island (Central Kurils) in the Middle-Late Ho-
locene. Russian J. of Pacific Geology, 7(3): 199-211. https://
doi.org/10.1134/S1819714013030068

Razjigaeva N.G., Ganzey L.A., Grebennikova T.A., Belya-
nina N.I., Ganzei K.S., Kaistrenko V.M., Arslanov Kh.A.,
Maksimov F.E., Rybin A.V. 2019. Multiproxy record of late
Holocene climatic changes and natural hazards from paleolake
deposits of Urup Island (Kuril Islands). J. Asian Earth Sci.,
181: 103916. https://doi.org/10.1016/j.jseaes.2019.103916

Barkalov V.Yu. 2009. Flora of Kuril Islands. Vladivostok:
Dalnauka, 468 p. (In Russ.).

Korotky A.M., Razjigaeva N.G., Grebennikova T.A., Gan-
zey L.A., Mokhova L.M., Bazarova V.B., Sulerzhitsky L.D.,
Lutaenko K.A. 2000. Middle and late-Holocene environments
and vegetation history of Kunashir Island, Kurile Islands,
northwestern Pacific. Holocene, 10(3): 311-331. https://doi.
org/10.1191/095968300667552216

Wanner H., Solomina O., Grosjean M., Ritz S.P., Jetel M.
2011. Structure and origin of Holocene cold events. Quaterna-
ry Science Reviews, 30: 3109-3123. https://doi.org/10.1016/j.
quascirev.2011.07.010

Anderson P.M., Lozhkin A.V., Solomatkina T.B., Brown T.A.
2010. Paleoclimatic implications of glacial and postgla-

GEOMORPHOLOGY AND PALAEOGEOGRAPHY

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

cial refugia for Pinus pumila in Western Beringia. Quater-
nary Research, 73: 269-276. https://doi.org/10.1016/j.
yqres.2009.09.008

Lozhkin A.V., Cherepanova M.V., Anderson P., Minyuk P.,
Finney B., Pakhomov A., Brown T., Korzun Ju., Tsiganko-
va V. 2020. Late Holocene history of Tokotan Lake (Ku-
rile Archipelago, Russian Far East): the use of lacustrine
records for paleoclimatic reconstructions from geologically
dynamic settings. Quaternary International, 553: 104-117.
https://doi.org/10.1016/j.quaint.2020.05.023

Nazarova L., Razjigaeva N.G., Ganzey L.A., Makarova T.R.,
Lyaschevskaya M.S., Biskaborn B.K., Hoelzmann P., Go-
lovatyuk L.V., Diekman B. 2022. The middle to Late Holo-
cene environments on the Iturup Island (Kurils, North Wes-
tern Pacific). Quaternary International, in press. https://doi.
org/10.1016/j.quaint.2021.05.003

Razjigaeva N.G., Ganzey L.A., Grebennikova T.A., Deg-
terev A.V., Ezhkin A.K., Rybin A.V., Arslanov Kh.A., Maksi-
mov F.E., Petrov A.Yu. 2022. The record of environmental
changes in lacustrine-swamp sequences within the mountain
area of Iturup Island since the Late Glacial Period. Russian
J. of Pacific Geology, 16(2): 116—130. https://doi.org/10.1134/
S1819714022020087

Kawahata H., Ohshima H., Shimada C., Oba T. 2003. Terres-
trial oceanic environmental change in the southern Okhotsk
Sea during the Holocene. Quaternary International, 108:
67-76. https://doi.org/10.1016/S1040-6182(02)00195-7

Sakaguchi Y. 1983. Warm and cold stages in the past 7600
years in Japan and their global correlation. Bull. of the Depart-
ment of Geography of the University of Tokyo, 15: 1-31.
Yasuda Y. 1995. Climatic changes and the development of Jo-
mon Culture in Japan. In: Nature and Humankind in the Age of
Environmental Crisis, in: Ito Sh., Yasada Y. (eds.) Proc. of the
Vith International Symp. at the Intern. Research Center for
Japanese Studies, 57-77.

Razjigaeva N.G., Grebennikova T.A., Ganzey L.A., Mo-
khova L.M., Bazarova V.B. 2004. The role of global and lo-
cal factors in determining the middle to late Holocene envi-
ronmental history of the South Kurile and Komandor Islands,
northwestern Pacific. Palacogeography, Palaeoclimatology,
Palaeoecology, 209: 313-333. https://doi.org/10.1016/j.pal-
ac0.2004.02.023

Anderson PM., Minyuk P.S., Lozhkin A.V., Cherepanova
M.V., Borkhodoev V., Finney B.A. 2015. Multiproxy record
of Holocene environmental changes from the northern Kuril
Islands (Russian Far East). J. of Paleolimnology, 54: 379-393.
https://doi.org/10.1007/s10933-015-9858-y

Lozhkin A., Minyuk P., Cherepanova M., Anderson P.,
Finney B. 2017. Holocene environments of central Iturup Is-
land, southern Kuril archipelago, Russian Far East. Quaterna-
ry Research, 88: 23-38. https://doi.org/10.1017/qua.2017.21
Fitzhugh B., Shubin V.O., Tezuka K., Ishizuka Y., Man-
dryk C.A.S. 2002. Archeology in the Kuril Islands: advances
in the study of human paleobiogeography and Norwest Pacific
Prehistory. Arctic Anthropology, 39(1-2): 69-94.

Razjigaeva N.G., Ganzey L.A., Bazarova V.B., Arsla-
nov Kh.A., Grebennikova T.A., Mokhova L.M., Belya-
nina N.I., Lyaschevskaya M.S. 2019. Landscape response to
the Medieval Warm Period in the South Russian Far East. Qua-

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)


https://doi.org/10.30730/2541-8912.2019.3.4.423-427
https://doi.org/10.30730/2541-8912.2019.3.4.423-427
http://c14.arch.ox.ac.uk/oxcal
http://c14.arch.ox.ac.uk/oxcal
http://dx.doi.org/10.1017/RDC.2020.99
https://doi.org/10.31857/S0006813621080068
https://doi.org/10.31857/S0006813621080068
https://doi.org/10.1016/J.QUAINT.2012.06.034
http://dx.doi.org/10.1134/S1819714013030068
https://doi.org/10.1016/j.jseaes.2019.103916
https://doi.org/10.1191/095968300667552216
https://doi.org/10.1191/095968300667552216
https://doi.org/10.1016/j.quascirev.2011.07.010
https://doi.org/10.1016/j.quascirev.2011.07.010
http://dx.doi.org/10.1016/j.yqres.2009.09.008
http://dx.doi.org/10.1016/j.yqres.2009.09.008
http://dx.doi.org/10.1016/j.quaint.2020.05.023
https://doi.org/10.1016/j.quaint.2021.05.003
https://doi.org/10.1016/j.quaint.2021.05.003
https://doi.org/10.1134/S1819714022020087
https://doi.org/10.1134/S1819714022020087
http://dx.doi.org/10.1016/S1040-6182(02)00195-7
https://doi.org/
http://dx.doi.org/10.1016/j.palaeo.2004.02.023
http://dx.doi.org/10.1016/j.palaeo.2004.02.023
https://link.springer.com/article/10.1007/s10933-015-9858-y
http://dx.doi.org/10.1017/qua.2017.21

Coastal dunes of Urup Island (Kuril Islands, North-Western Pacific): palaeoclimatic and environmental archive

ternary International, 519: 215-231. https://doi.org/10.1016/].
quaint.2018.12.006

34. Nazarova L.B., Razjigaeva N.G., Diekmann B., Ganzey L.A.,
Grebennikova T.A., Mokhova L.M., Belyanina N.I. 2020.
Holocene environmental changes in North-western Pacific
(Kamchatka-Kuril Region). CHIKEI (Nippon Chikeigaku
Rengo)/Transactions, Japanese Geomorphological Union, 41—
3:277-293. https://doi.org/10.13140/RG.2.2.31486.10562

35. Demezhko D.Yu., Solomina O.N. 2009. Ground sur-
face temperature change in Kunashir Island Inferred from
Borehole Data and Tree-Ring Chronology. Doklady

About the Authors

Razjigayeva, Nadejda G. (https://orcid.org/0000-0001-7936-
1797), Doctor of Geography, Principal Researcher, Laboratory of
paleogeography and geomorphology, Pacific Institute of Geography
of the Far Eastern Branch of RAS, Vladivostok, nadyar@tigdvo.ru
Ganzey, Larisa A. (https://orcid.org/0000-0002-2538-6603),
Cand. Sci. (Geography), Leading Researcher, Laboratory of paleo-
geography and geomorphology, Pacific Institute of Geography of the
Far Eastern Branch of RAS, Vladivostok, Iganzey@mal.ru

[octynuna 18.03.2022
[Mocne nopadotku 25.04.2022
[Ipunsara x newatu 27.04.2022

GEOMORPHOLOGY AND PALAEOGEOGRAPHY

113

Earth Sciences, 426(1): 628-631. https://doi.org/10.1134/
$1028334X09040266

36. Kitagawa H., Matsumoto E. 1995. Climatic implications of
83C wvariations in a Japanese cedar (Cryptomeria japonica)
during the last two millennia. Geophysical Research Letters,
22:2155-2158. https://doi.org/10.1029/95g102066

37. Woodruff J.D., Donnelly J.P., Okusu A. 2009. Exploring ty-
phoon variability over the mid-to-late Holocene: evi-
dence of extreme coastal flooding from Kamikoshiki, Japan.
Quaternary Science Reviews, 28: 1774-1785. https://doi.
org/10.1016/j.quascirev.2009.02.005

Arslanov, Khikmatulla A. (https://orcid.org/0000-0002-2302-
8175), Doctor Sci. (Geol. and Miner.), Leading Researcher, Laboratory
of palacogeography and geomorphology of polar countries and
the World Ocean, Institute of Earth Sciences, St. Petersburg State
University, Saint Petersburg, arslanovkh@mail.ru

Pshenichnikova, Nina F. (https://orcid.org/0000-0003-3027-
7477), Cand. Sci. (Geography), Leading Researcher, Laboratory of
biogeography and ecology, Pacific Institute of Geography of the Far
Eastern Branch of RAS, Vladivostok, n.f.p.@mail.ru

Received 18 March 2022
Revised 25 April 2022
Accepted 27 April 2022

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)


https://doi.org/
http://dx.doi.org/10.1016/j.quaint.2018.12.006
http://dx.doi.org/10.1016/j.quaint.2018.12.006
https://www.elibrary.ru/publisher_about.asp?pubsid=3134
https://www.elibrary.ru/publisher_about.asp?pubsid=3134
http://dx.doi.org/10.13140/RG.2.2.31486.10562
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=3&SID=R2BpP9e5oaK5Hi6ClI9&page=2&doc=15&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=3&SID=R2BpP9e5oaK5Hi6ClI9&page=2&doc=15&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=3&SID=R2BpP9e5oaK5Hi6ClI9&page=2&doc=15&cacheurlFromRightClick=no
https://doi.org/10.1134/S1028334X09040266
https://doi.org/10.1134/S1028334X09040266
https://doi.org/10.1029/95gl02066
https://doi.org/10.1016/j.quascirev.2009.02.005
https://doi.org/10.1016/j.quascirev.2009.02.005
https://orcid.org/0000-0001-7936-1797
https://orcid.org/0000-0001-7936-1797
mailto:nadyar@tigdvo.ru
https://orcid.org/0000-0002-2538-6603
mailto:lganzey@mal.ru
https://orcid.org/0000-0002-2302-8175
https://orcid.org/0000-0002-2302-8175
https://orcid.org/0000-0003-3027-7477
https://orcid.org/0000-0003-3027-7477

OKEAHonorus

TEOCUCTEMBI MEPEXOAHLIX 30H, 2022, 6(2)

© AsTopbl 2022 1. OTKpbITLIA AOCTYM.
KoHTeHT poctyneH no nuueHsum Creative Commons Attribution
License 4.0 International (CC BY 4.0)

YK 551.465

© The Authors 2022. Open access.
Content is available under Creative Commons Attribution
License 4.0 International (CC BY 4.0)

https://doi.org/10.30730/gtrz.2022.6.2.114-123

https://www.elibrary.ru/wmvfjq

OcobeHHOCTM BO36YXAEHNA CENL B aKkBaTOpUn
BONu3n MNMopoHancka (0. CaxanuH)
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E-mail: d kovalev@imgg.ru
Hncmumym mopckoui eeonocuu u eeopusuxu JJBO PAH, IOxcno-Caxanunck, Poccus

Pedbepat. [IpencraBieHsl pe3yibraThl H3y4YeHHs BOSMOXKHBIX HCTOYHHUKOB SHEPrHU BO30yxIeHuMs ceifnr B paiione Ilo-
poHaiicka (0. CaxannH) ¢ HCTIOIB30BaHUEM JTaHHBIX HaTypHBIX n3mepenuii 20082009 rr. BpemeHHbIE psIbl JaHHBIX, TUTH-
TEJILHOCTBIO OKOJIO 3 MEC., MOJTYUCHbI ¢ CEKyHJAHON JUCKPETHOCTBIO ABYMSI aBTOHOMHBIMU PETUCTPATOpaMU BOIHEHUSL.
CreKTpabHBIM aHaIN3 BPEMEHHBIX PSI0B TIO3BOJIMII OIPEACIUTH, YTO BOIHOBBIE TPOLIECCH € MTEPHOAAMH OT 2 710 7 9 MO-
I'yT OBITb OTHECEHSI K ceifiam. C HCIoNIb30BaHUEM YHCIIEHHBIX METOIOB pacueTa COOCTBEHHBIX PE30HAHCHBIX KONIEOaH!I
aKBaTOPUi ONpe/IeNeHbI BO3MOXKHBIC TIEPHO/IbI KoJieOaHHH B 3ai1. TepreHus, KOTopble OJM3KH K ITepHoiaM 00HaPYKEeHHBIX
ceiimr. BerancnenHblie orudaromiye BOIHOBBIX IPOIIECCOB TIOKA3AIM XOPOIIIee COBMAIECHNE TUKOB CEHII ¢ TIEPHUOJIOM 7 4 1
BETPOBBIX BOJIH, YTO MOATBEPIKAACT Iepeaady SHEPIUU OT aTMOC(HEPHBIX BOMYIICHHH CEMUYIacoBOM ceiinre. ITokazaHo,
YTO TIEPUOJL CEUIIL, PABHBIH 3.5 U, COBNANAET C MEPUONOM TIPUIMBHON rapMonruku 4Mo.. [Ipu 5ToM, yunThIBas BRICOKYHO
JUTSL MOPCKUX aKBaTOpHUil JOOPOTHOCTH Ha Tiepuoze 3.5 1, paBHyto 11.9, ycTaHOBIIEH pe30HAHCHBIH ITyTh TIepeIavan SHSPTHI
OT MPUJIMBHON FAPMOHUKH K ceifie. HanbompImme BRICOTHI ceiin Ha eprofe 2.7 9 HaOMoaaioTcs Ha 6—8 CyTKH MOCIIE MaK-
CHMyMa CyTOYHOIO MPUJIMBA C TIEPHOZIoM 24.68 1, KOTOPbI OIM30K K MEpPHOTy TyHHOH NPHIMBHON rapMOHMKK M . AHanus
yCII0BHi1 BO30YKICHHUSI CEHIII ¢ IEPHUOIOM 2 | MOKa3all, 9TO SHEPTHs K HUM ITOCTYIIaeT OT arMOc(epHBIX BO3MYyIIeHUH. [1pn
9TOM YBEIIMYEHHE BBICOTBI CEHIIT POMCXOAUT, KOT/Ia HAOMOA0TCSI BETPa I’KHBIX pyMOOB B 3ai1. TepreHus.

KntoueBble crnoBa: ceiiiun, atMOCepHbIC BO3MYIUCHHS, MPHINBHbIC TApPMOHUKH, JOOPOTHOCTh aKBATOPHM, CIIEK-
TpasbpHasi INIOTHOCTh

Features of seiche excitation in the water area
near Poronaisk (Sakhalin Island)

Dmitry P. Kovalev*, Peter D. Kovalev, Alexander S. Borisov,
Vitalii S. Zarochintsev, Konstantin V. Kirillov

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

Abstract. The results of studying potential sources of seiche excitation energy in the water area near Poronaisk (Sakhalin
Island) using natural measurement data in 2008-2009 are presented. Time series data with a duration of about three months
were collected by two autonomous sea-level recorders at one-second sample rate. Spectral analyses of time series made
possible to conclude that wave processes with periods from 2 to 7 hours can be classified as seiches. Possible seiche periods
calculated by numerical methods are very close to the periods of seiches detected in the Terpeniya Bay. The calculated enve-
lopes of wave processes showed a good coincidence of the peaks of seiches with a period of 7 hours and wind waves, which
confirms the transfer of energy from atmospheric disturbances to the seven-hour seiche. Seiche period of 3.5 hours is shown
to be equal to the period of tidal harmonic 4Ma, . Thus, the resonance pass of energy transmission from tidal harmonic to
seiche was revealed taking into account high for marine waters g-factor equal to 11.9 at the period of 3.5 hours. The highest
seiches at a period of 2.7 hours are observed on the 6-8 day after maximum of daily tide with a period of 24.68 hours, which
is close to the period of lunar tide harmonic M. The analyses of excitation factors of seiches with 2-hour period showed that
the excitation energy, or at least a part of it, is provided by atmospheric disturbances. Thus, the increasing of seiche height
occurs during the winds of southern directions in the Terpeniya Bay.

Keywords: seishes, atmospheric disturbances, tidal harmonics, g-factor of waterbody, spectral density
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OcobeHHocTn Bo3byxaeHns cevill B akBaTopuy Bbnm3mu [MopoHavicka (0. CaxanuH)

BBepeHue

Panee Hamu poOBOUIIMCH MCCIIEA0BAHUS BOJI-
HOBOTO peXHMa B 3aJ1. TeprieHus, B TOM YKCIIE B aK-
Baropuu okono IToponaiicka, o TaHHBIM HAaTypHBIX
HabOmonenuit [1]. B ymoMsHyToi paboTe moka3aHo
HAJIMYME 3HAYUTEIBHBIX CEHIICBBIX KOIEOAHWU C
nepruofaMu 2—7 4. JlaHHbIE CEMIIIN MOTYT IPE/ICTaB-
JSTH poOJieMy TP BBIOIHEHUU MOTPY30-pasrpy-
304HBIX pabot B mopty Iloponaiick. B To e Bpems
B paboTe HEe pacCMaTPUBAIMCh HCTOUHUKH SHEPTUH
BO30Y)KJICHHUSI 3TUX CEHIl, YyTo MOIIO Obl MOCIY-
KHUTh IPOTHO3UPOBAHUIO POCTA BBICOTHI ITUX BOJIH.

Ceiiim — 910 cTOSYME NIEPUOINIECKHUE KoieOa-
HUSI Macchl BOJIBI BO BCEM BOJOEME MJIH B 000CO-
OnenHol ero yactu [2]. OHU MOTYT I'€eHEpUPOBATHCS
O]l BO3JEHUCTBUEM pa3IMYHBIX (DAKTOPOB B 3aJIU-
Bax, OyXTax Uy OTKpBITOro nodepesxbs. M3yueHnem
CEMII B Pa3HBIX AKBAaTOPHUSX 3aHUMAIMCh MHOTHUE
ucciuenosarenu [3—-6; etc.]. Cnexyer OTMETUTB, UTO
NIEPUOBI CEHIII 3aBUCAT OT [1aPAMETPOB aKBAaTOPUIL
KOHKPETHBIX MOOEPEeKHid, a MeproIbl MIETb(OBBIX
CellI OIPEIENSIFOTCS YKIIOHOM MOpCKOro aHa. Ya-
CTO I10J1aratoT, YTO MEPUO/IbI CEHII HAXOAATCS B AU~
armazone ot 0.5 1o 5 nukioB B yac [7]. OqHako, Kak
MOKA3bIBAIOT HAIIM HUCCIIEJOBAHUS, TAKUE NIEPHO/IBI
XapakTepHbI JJIs1 HEOOJIBIINX 10 pa3MepaM aKBaro-
pHid, a B OOJIBIINX AKBATOPUSX EPUO/IBI CEUIIT MOTYT
JIOCTUTaTh HECKOJIBKUX YacOB, U 3TO HE PEIKOCTb.

Ceiiim MOTyT BO30Y>K1aThCsl SHEPTUEN U3 pas-
HbIX BcTouHUKOB. Omuu nuccaemoarenu [6, 8—10]
U3Y4aroT TeHEepaIMIo CEHII 3a CUeT IHEPIHU aTMOC-
(epHbIX BO3MYIIEHU, KOTOpash HENOCPEACTBEHHO
BO3/ICHCTBYET Ha IMOBEPXHOCTh BOIOEMA, YTO Xa-
PaKTEpHO JJIs1 3aMKHYTBIX akBaTtopuil. Ceiliu B 3a-
nuBax U OyXTax reHepUpyrOTCs MPEUMYIIECTBEHHO
Yyepe3 OTKPBITYIO TPaHMUILy, T.€. SBIISIOTCS UHIYLHU-
poBanHbIMU [2]. [Tpu 3TOM 3HEprusi aTMOChEPHBIX
BO3MYILICHUI W3HAYaJIbHO B OTKPBITOM MOpE Iepe-
JIaeTCsl METEOI[yHaMH, & OHU B CBOIO OYEPEb, ITPU-
X071l B OEperoByto 30Hy WM OyXTy, BO30yKAalOT B
HUX CEUIIH.

Hpyrue uccnenosarenu, Hanpumep [5], pac-
CMaTpHBaIOT ceiiM, BO30Yy>KIaeMble SHEpruei us3
OTKpBITOTO MOpsl, II€ OHa MOXKET T€HEPUPOBATHCS
Oosee IIMPOKUM PSIOM MEXaHU3MOB, HaIlPUMEp
NPUIMBOM, NPUOOEM, IIyHaMH, BHyTPEHHUMH BOJI-
HaMH, a TaKXKe U aTMOC(EPHBIMH BO3MYIICHUSAMH
(3,4, 12, 13]. IIpu 5TOM TOMUHUPYIOIUI HCTOUHUK
MOKET Pa3Inyarbcs OT TaBaHU K T'aBaHU B 3aBUCHU-
MOCTH OT HaJIM4Msl TAKUX MEXaHU3MOB U KOHKpPET-
HOW Teorpaduveckoi CHUTyaluu TaBaHu. McTou-
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HHUKOB JIOCTaTOYHO MHOTO, [TO3TOMY MpPEICTaBIISET
MHTEPEC ONpPENCIUTh UCTOYHHUK DHEPIUU CEHI C
LIEJTBE0 BO3MOYKHOT'O MX IIPOrHO3MPOBAHHUS.

Cnenyer ele OTMETUTD, YTO aMILIUTYZA CEHII
OIpEe/ENAeTCsl HE TOJNbKO BEJIMYMHON MOCTyIa-
IOLIEH SHEPruM, HO M IapaMeTpOM PE30HAHCHOU
aKBaTOpUU — J0OPOTHOCTHIO. MIMEHHO OHa IoKa-
3bIBAa€T, HACKOJIIBKO MOTYT BO3pACTaTh aMILTUTY/IbI
MPUXOAAIINX BOJH, UMEIOIIUX MEPUObI, OIN3KUE K
PE30HAHCHBIM IIEpHOziaM camoil akBaropuu. Takue
CEHIIN MOTYT JOCTUTaTh 3HAYUTEIBHBIX AMIUIUTY/
U TIPEACTABIATh YIpo3y IJI XO3SIMCTBEHHOM Jes-
TEJILHOCTH B NpuOpexkHoii 30He. [loaToMy 1 HE0O-
XOIMMO M3y4YeHHE OCOOEHHOCTEH peXuma BOJHE-
HUSI KOHKPETHBIX Y4aCTKOB IIOOEPEXKbS.

[JdaHHble HaGnaeHnNn

B nanHoli paboTe Mcnonb30BaHbl HaOHOAE-
Hust 2008-2009 rT. 32 BostHEHMEM B 3ai1. TeprieHus,
B akBaropuu mnopra [lopoHaiick, KoTOpble MPOBO-
JUJINCH C TIOMOIIBIO aBTOHOMHBIX PErHCTPaTOpOB
BonmHeHUs APB-14. TlpuGop ¢ Homepom 19 Obin
ycranosieH 21.07.2008 B nopty Iloponaiicka Ha
niyOuHe 2.2 M, a mpubop ¢ HoMepoM 22 yCTaHOB-
aeH 30.06.2009 ¢ NpOTHBOMNOJIOKHON CTOPOHBI
3an. Tepnenus Ha miyomne 27.8 M. 3amuch Tpo-
BOMJIach ¢ AUCKpeTHOCThIO | ¢. K coxanenuto,
3amKcy TeMIIeparypbl CoAepkaT MHOTO cOO€EB U TO-
3TOMY HE MOTYT OBITh MCIHOJIb30BaHbI ISl OLIEHKH
BO3MOKHOCTH BKJIaJIa BHYTPEHHHX BOJIH B (hopmu-
poBanue ceii. Kapra paiiona HaOmoaeHui 1 Mec-
Ta yCTaHOBKU NMPHOOPOB Moka3aHbl Ha puc. 1. Ilo-
JIy4€HHbIE BpEMEHHBIE Psi/ibl IPUBEAEHBI HA PUC. 2.

BuaHo, 4to BpeMeHHBIE ps/ibl CYLIECTBEHHO
paznmu4arotces (puc. 2), ¥ CBA3aHO 3TO C Pa3IMIHBbIM
MecTononoxeHneM mpudopos. [Ipubdop Ne 19 pac-
nojarayicsi B mopry I. Iloponaiick, KOTOpBIN Haxo-
JIUTCS B YCThE PEKH, U BETPOBOE BOJIHEHHE U 3bI0b
TaM 3HaYMTENIbHO ocnabnsatorcs. Ha 3amucu xe
npubopa Ne 22, yCTaHOBJIEHHOTO B OTKPBITOM aKBa-
TOopuUU 3al. TeprneHus, KOPOTKONEPUOIHOE BOJIHE-
HHE XOpOIIO BUIHO. BbIIeNAOTCS MOMEHTHI C BbI-
COTOM BOJIH, JOCTUTAIOLIEN 3 M BO BPEMS LLITOPMOB.
B T0 ke BpeMs JIMHHBIE BOJIHBI C NEPUOAMU OT
30 MUH HE U3MEHSIOTCS, O YEM MOXKHO CYIUThH 110
YPOBHIO ITPWJIMBA B pa3Hble roapl. Ha BpeMeHHbIX
psimax 00oMx MPHOOPOB TAKKE XOPOILO BUIHBI CY-
TOYHBIE U TOJYCYTOYHbIE NPUJIMBHBIE KOJeOaHUs
ypoBHs Mops. Mx BennuuHa u B nopry Iloponaii-
CKa, U B palioHe pacrnioyioxeHust npudopa Ne 22 He
npesbiaet 1.5 m.
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Puc. 1. Paiion HaOmoneHni U MecTa pactoyiokKeHHs IPUOOPOB.

Fig. 1. The observation area with locations of the equipment.
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Puc. 2. BpemeHHble psijibl KoJeOaHHi yPOBHS MOPSI IS ABYX ITyH-
KTOB HaOJIO/ICHHUS.

Fig. 2. Time series of sea level oscillations for two observation
points.

AHanus BpeMeHHbIX psaoB

[TonyueHHble BpeMeHHBbIE psijibl ObUIM MOJA-
BEPrHYTHI CIIEKTPAJILHOMY M B3aUMHO-CIIEKTPaJIb-
HOMY aHajJM3y C HCIIOJIB30BAHUEM IPOTrPAMMBI
Kyma [14, 15]. Ha puc. 3. npuBeneHs! rpaduxu
CNEKTPaJbHBIX IUIOTHOCTEH KoieOaHuil ypOBHS
MOPSI JUTS IBYX ITyHKTOB HAOMNIOIEHHS, BEIYHCIICH-
HBIE 110 UCXOAHBIM BPEMEHHBIM PsiJIaM U 110 psijiaMm,
13 KOTOPBIX BBIUTEH MPEABBIYMCICHHBIN IPUIIMB.
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Puc. 3. CnekrpanbHble MIIOTHOCTH KojteOaHuil ypoBHs Mopst (Bep-
THKaJIbHAsl OCh), PACCYUTAHHbIC IS TIOJTYyYEHHBIX PSAIOB HaOIIOz1e-
HUI (CIUIOIIHBIC JIMHUH) M MOCJIC BBIYUTAHHS HPEIBBIYMCICHHOTO
TIpUIINBa (ITyHKTHPHBIE JINHUH).

Fig. 3. Spectral densities of sea level oscillations (vertical axis)
calculated for obtained original time series (solid lines) and for time
series after subtraction of precalculated tide (dotted lines).

CriekTpasibHbIe TUIOTHOCTH PAaCCUYUTAHBI IS
JManasoHa nepuoaoB konebanuit ot 0.5 mo 60 u.
I'paduku (puc. 3) comepxar OONBIIOE YUCTIO TH-
KOB Ha nepuogax or 1 g0 12 4. DTu muKu MOTYT
OBITh OTHECEHBI K MPUJIUBHBIM TAPMOHUKAM BBIC-
X TOPSAKOB HIJIM SIBIASTHCS COOCTBEHHBIMH
KOJICOAHUSIMH aKBaTOPWH, 00NaIaronIux pe3o-
HAHCHBIMU cBoiicTBamu. U3 puc. 3 BUIHO, 4TO Ha
CHEKTPaJbHBIX IUIOTHOCTSX BPEMEHHBIX PSAOB C
BBIYTEHHBIM TIPUITMBOM YaCTh ITMKOB OTCYTCTBYET.
W nockonbKy npeABBIYUCICHHBIN IPUIUB PACCUU-
ThIBaeTCs mporpammoint Kyma mo 6onpiromy unc-
Jqy NPWINBHBIX rapMoHUK — 67 [14], TO, 3HauuT,
OCTaBIIMECS MUKW HE SBISIOTCA MPUJIUBHBIMU
rapMOHUKaMU ¥ ONPEIENAIOTCS ceiiamMu.

Janee Oymem paccMarpuBaTh BOJHOBBIE
poleccsl ¢ nepuogamu okoso 2, 2.7, 3.5 u 7 u.
CpenHue aMIUIUTYAbl 3TUX BOJHOBBIX MPOIECCOB
OTIPENIETICHbI M3 CHEKTPAJbHBIX IUIOTHOCTEH IIO

dbopmyrne [16].
A% = fa‘j’f S(w)dw, (1)

Il MHTETPUPOBAHUE IPOU3BOJUTCS 110 UHTEPBAILY
4acTOT B OKPECTHOCTSIX MHKa, B IIpezenax or 4.1 cm
Juist nepuoaa 2 4 jo 11.1 em ans nepuona 7 . Ilo-
3TOMy O0JIee KOPOTKHE CEHIIH, Kak 0o0Jaaronye
CYILLECTBEHHO MEHBILIEH CPEAHEN aMILUIUTYI0H, Ha-
mpuMep 2.3 cM ans nepuoza 1.2 4, paccmarpuBarh
He OyneM.

OTmeTuM Takke, 4TO MMK Ha MEPUOJE OKOJIO
7 4 Ha CHIEKTPaJIbHOM IJIOTHOCTH U3MEPEHUH TIpU-
6opa Ne 19 ¢ He BBIYTEHHBIM IPHIIUBOM CKPHIBACT-
cst OJIM3KO PACTIONIOKEHHBIMH NMMKaMU MIPUIIMBHBIX
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TapMOHHK, HECMOTPS Ha TO YTO SHEPTHUS ITUX BOJIH
noctatouHo Oonbasi. M aTu xonebanus mposiBis-
IOTCS Ha 3alluCH TOJIbKO a7si mpubopa Ne 19, Ha
Ne 22 onu He oOHapyxmuBaroTcs. Bo3MoxHO, 3TO
CBSI3aHO C MECTOM YCTaHOBKH mipudopa Ne 22 nase-
KO OT IMyYHOCTH KosieOaHuii Ha 3ToM niepuoe. Tax-
e KolleOaHus ¢ IEPUOZOM OKOJIO 7 4 MOTYT OBITh
ceifieoOpa3HpIMu, a He ceiiniell. B aToMm ciydae,
KaK CUYMTAIOT aBTOPHI paboThl [17], ceitmeobpas-
HbIe KoJIeOaHUs UMENH OJHY Y3JIOBYIO JIMHUIO U
npubop Ne 22 B MecTe €ro pacrlonoXeHus He pe-
TUCTPUPOBAI UX.

JIJis OLIEHKH TIEPUOJOB CTOSYHMX KOJICOAHMIA
YPOBHS B THUIPOJOTHUECKON IMPAKTHUKE HCIIOJNb-
3yIOT Pa3JIMYHbIE METObl YMCIEHHOTO pacuerTa.
Haubonbiiee pacrnpocTpaHeHue MOTYUINH METO-
el Mepuana, Jro0ya, [ledanta, Kpucramna, Jla-
BbiioBa U Komeesa [18]. Onpenenum BO3MOXKHbBIE
neproIbl COOCTBEHHBIX KojieOaHwmii 3ai1. Teprenus,
YUUTBIBAs €ro MapaMmeTpsl: AIuHA 65 KM, MIMpUHA
oxono 130 km, cpeanss mryobuna 30 M — U UCTIONb-
3ysa Gopmyny MepuaHa A TOTYOTKPBITBHIX Mpsi-
MOYTOJILHBIX OaCCEHHOB JUTMHBI L W OJTHOPOIHOM
ryouns! H [2, 19]:

2L
Tn:n\/_g—H msmonein=1,2,3,..., (2)

rJe g — YCKOpeHHe CBOOOIHOTO MaeHUsI.

[Ipu 3TOM M1 MEPBOM MOABI CEUIIEBBIX KO-
neGanuii Obul mosydeH nepuon 2.1 4, KOTOpbII
OMM30K K OOHAPY)KEHHOMY IEpUOAY MHKa 2 4 Ha
rpaduKe CIEKTPaIbHOMN IOTHOCTH.

K coxanenuto, ¢popmyna (2) He maeT mpea-
CTaBJICHUS O TUIE CEUIl — MPOJOJIbHBIE WU TO-
nepeyHble. BoO3MOXXHO HCIONb30BaHHE METOJA
pacuera, mpeasioKeHHoro B pabore [17], xotsa u
HECKOJIKO MPUOIMMKEHHO, ISl HEMPSMOYTOIbHOM
dbopmbl Oacceiina 3ai. Teprienus. Beipaxenue s
pacudera ceuil UMeeT BUI:

T _ 2 ab 3
km = [gHVik2b2+mZa?’ &)
rne T, — mepuomabl COOCTBEHHBIX KoJIeOaHWH
skuakoctd, k=0,1,2, ..., m=0,1,2,..., a, b —reo-

METpUYecKHe MapaMeTpbl OacceitHa. WHaekch
k m m onpenensoT KOJIUYECTBO Y3JIOBBIX JMHUHN
YPOBHS Y KaXIOW MOZBI CEHIL, KOTOPOE PABHO
CyMMe€ HUHAEKCOB k + m. UHCIo y370BBIX JIMHUH,
napasulesIbHbIX OCH ), paBHO k (IIpOJOJIbHbIE CEll-
1IM), a MapaJlJIebHbIX OCH X, PAaBHO m (Tomnepey-
HBIC CEHIIIN).
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Brmonaennsiii mo ¢opmyne (3) pacyer mo-
Kasaal B 3ai. TepreHusi, OTpaHUYEHHOM CHU3Y
mupoToi Meica Tepnenus, Hanu4Yue NTPOAOIBLHON
CEHIIM C MEePHOJOM OKOJIO 2 4, YTO COBHAJACT C
pacueroM 1o (opmyine Mepuana. Kpome Toro,
pacdeT BBISIBUJI BO3MOXKHOCTh T'€HEpAlMM IOIe-
pedHoi ceiu ¢ neprogoM okoiio 4.2 4. Iuk ¢
nepuoaoM 4.1 4 mpucyTcTByeT B rpaduke Crek-
TPaNbHOM IIOTHOCTH ISl U3MEPEHUI TprOopomM
Ne 19, xoTs ero BenmMyMHAa HEMHOIO MPEBBIIIAET
85%-11 1OBEpUTEIBHBIN HHTEPBAJ, U ITOT MUK XO-
pOIIO BUJIEH HA KPUBOM, pACCUUTAHHOM MO Py C
BBIYTEHHBIM TIpWIMBOM. Ho sHEprus u amrumry-
7la 3TUX KoJIeOaHUI MaJibl.

B BbITIOJTHEHHBIX BBIIIE pacyeTax MCIOJIb30-
BaJMCh (POPMYJIBI C MIPUOTMKEHUEM TSI CPEIHEH
MOCTOSIHHOW Ti1yOMHBI. DOpMyIIbl pacyeTa CeuIl
JUIS TIEPEMEHHOW TIIyOMHBI JIOCTAaTOYHO CIIOXK-
HbIE. ABTOPBI UCTIOIB30BATIN OTHOCUTENIBHO MPO-
ctyto dopmyny merona [rolya [18, 19] mns pac-
yeTa OIHOY3JI0BOM CEWIM BOJOEMA IEPEMEHHOM
m1yOuHBL. B MeTone oceBas MMHUS JENUTCS HA 7
YYaCTKOB JIJTMHOM Ax W T€pUOJ BBIYHUCIISIETCS T10

bopmyne
T = (%) YiZ6Ax/(JH; +Hir ), (4

rne H v H, — miyOuHa BOIbI B TOYKaX Mepece-
YEeHHsI OCEBOM JIMHUU C TMEePEeYHUCICHHBIMU CTBO-
pamu, paBHOMEPHO pacHpeeIEeHHbIMU IO JJTUHE
BOJIOEMA.

Jnuny 3an. Teprniennst pa3owiu Ha 6 oTpes-
KOB JUTMHON mo 12 KM HadWHasg OT IOKHOTO Oe-
pera o03. HeBckoro 1o mmporel mbica TeprneHus.
Pacuer ¢ ucnonb3oBanueMm (4) mokaszana nepuoi
2.9 4. [lo naHHBIM HaONIOAEHUH, B CIIEKTpallb-
HOM TUIOTHOCTH MPUCYTCTBYET MUK C MEPUOJIOM
2.7 4, T.e. ONIU3KUM K pacueTHOMY. AHAJTOTHYHO
ObUT MpoJEeNaH pacueT AJis MOMEPEeYHON CeHIu
no mupote ot [lopoHaiicka Ha BOCTOK 110 mepe-
cedeHus ¢ 6eperom m-oBa [loponaiickuii. Pacuer
MoKa3ajl mepuoj nepBor Moabl 3.6 4 npu MUKe B
CHEKTPAJIbHOM MIOTHOCTH 3.5 4, T.€. TaKxke OJn3-
KOM K PacyeTHOMY.

B pabote [18] ckazaHo, 4TO IEPHOABI CEHIIL,
BBIYHCIICHHBIC TI0 TMPUBEICHHBIM BHIIIIEe (Hopmy-
J1aM, KaK MpPaBUIIO, OKA3bIBAIOTCS BEChbMa OJIM3KHU-
MU K U3MEPEHHBIM 3HAUECHUSIM, YTO MOJTYUYEHO U B
naHHou pabore. Takum oOpa3oM, pacdeThl MoKa-
3aJI1, 4TO B 3all. TeprneHus: BO3MOXKHA FeHepaLus
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CEIll Ha TepruoAax MUKOB B CIIEKTPAJIbHON TIOT-
HOCTH KoJieOaHul ypoBHs Mops. M 3Tu nepnosisl
ONPECIISIIOTCST PE30HAHCHBIMU CBOMCTBAMU aK-
Baropuu 3ain. Tepnenus. Hexoropsie paznuuust
MEX/Ty PACCUYMTAHHBIMU M HAOIIOJCHHBIMU TIepH-
oJaMH HE MMEIOT OOJIBIIOrO 3HaueHus. [ 1aBHBIM
SBJISIETCS BBIBOJI, UTO T€HEPAIMs CEHII HA MEPUO-
Nax, TOJTYYCHHBIX U3 JAHHBIX HAOIIOICHHIA, BO3-
MOKHA M OOHapy>KEHHbIE BOJHOBBIE MPOIECCHI
JIEUCTBUTENBHO SBIISIFOTCS CEUIlIaMH — PE30HAHC-
HBIMU KOJIeOaHUSIMU aKBaTopuu 3aj. TepneHusl.

AHanun3 BO3MOXHbIX UCTOYHUKOB
3Hepruu Bo30yxaeHUa cenw

PaccMOTprM BO3MOJKHBIE MCTOYHHUKHM JHEp-
I'MH, KOTOpbIE MOTYT BO30yAUTH ceiiu B 3ai1. Tep-
NeHus. Belinie ormeuanoch, 4TO CEHIIM MOTYT
TEHEPUPOBATHCS IIMPOKUM PSJIOM MEXAHHU3MOB,
TaKUX Kak MMPUIIUB, TPUOOH, IlyHaMu, BHYTPEHHUE
BOJIHBI U atMocdepHble Bo3myleHus. [Iposenem
aHaJIN3 BO3MOXHBIX HCTOYHUKOB 3HEPTUU 1S 00-
Hapy’>KEHHBIX Celll ¢ nepuonamu 2, 2.7,3.5u 7.

PaccMoTpum, OTKyza MMoCTyInaeT SHeprusi Ha
BO30y:kzieHue ceiii ¢ nepuonom 7 4. g storo
OT(GUIBTPOBAH BPEMEHHOM psij KojeOaHuil ypoB-
HS C MepuojoM 7 4, MPUBEACHHbIN Ha puc. 4 a.
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Puc. 4. BpemenHoii psii konebanuit yposHs Mopst B 2008 T. ¢ mme-
puomoM 7 4 (a), BpeMEHHOH psifi, COACPIKAIIN BETPOBBIC BOJIHBI U
36106 (b) 1 ux ormbaromue (c). KpacHas kpuBasi 1uisi ceidu ¢ re-
puoaom 7 4.

Fig. 4. Time series of sea level oscillations in 2008 with a period
of 7 hours (a), time series with wind waves and swell (b) and their
envelopes (c). Red line is for seiches with a period of 7 hours.
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OuIbTpanys MPOBOAUIIACH MTOJIOCOBBIM (PHITETPOM
nporpammMbl Kyma B nonoce nepuoaoB = 5 % ot
nepuosa 7 4. Jlanee ero cpaBHUIM C BPEMEHHBIMU
psiaaMu, comepKalliMu TPWIKMB, UHQparpaBuTa-
[IMOHHBIC BOJIHBI M KOJICOAHUS YPOBHS, BBI3bIBAC-
MbI€ BETPOBBIM BOJIHEHHEM U 3610610 (pHC. 4 b). 3a-
METHM, YTO MOCJIETHUN BPEMEHHOU pPsAJT KOCBEHHO
0TOOpa)kaeT MPOXOXKIEHUE BOIM3M WU HaJl paiio-
HOM HaOJI0IeHU aTMOC(EPHBIX BO3MYIIICHHIM.
BusyanbHoe CcpaBHEHHE BPEMEHHBIX PsIOB
MOKa3aji0, YTO MaKCUMaJbHbIE BBICOTHI CEHI CO-
OTBETCTBYIOT MaKCMMyMaM BETPOBOTO BOJIHEHHS
1 36101. OTHAKO, TIOCKOJIbKY TIEPUOJIBI BOJTH 3BIOH,
BETPOBBIX BOJIH U CEMHYACOBOM CEHIM CYIIECT-
BEHHO PA3JIMYArOTCs, Ui Oosbiel yoeauTemnb-
HOCTH JJI pacCMaTrpuBAaEMbIX BPEMEHHBIX PSIOB
OBLTM BBIYMCIICHBI OTHOAIONINE STHUX BOJHOBBIX
nporieccoB (puc. 4 c). [Ipu 3Tom, 4T00BI paccMa-
TpuBaTh A(f) KaKk Oorudarouryro ObICTPO OCLMIIIU-
pytomeit Gpynkuuu ((f), HeOOXOAUMO TaKKe, YTO-
Ob1 kpuBas A(f) xacamach KpuBoW ((f) B TOUKax
MaKCHMAaJbHBIX (aMIUTUTYIHBIX ) 3HAUEHUH. ITOMY

YCIIOBHIO OTBEHalOT Ipeodpa3oBanus [mnbbepra
[21, 22]:

1740
gm—ﬂi —dr (5)
a0=— [z (©6)
T Tt

NPUYEM 37IeCh UMEIOTCSI B BUJTy IVIaBHBIC 3HAYCHUSI
HECOOCTBEHHBIX MHTErpanoB. A dynkums C (7) Ha-
3bIBaeTcs QyHKIMEH, conpsukeHHOM GyHKImu (7).
J1Jis BBIYMCIICHHSI OTHOAOIIECH UCTIOTBh30BaJI-
Csl aITOPUTM TIpeoOpa3oBanus [ minbbepra, BCTpo-
eHHbIl B mporpammy Kyma [14, 15]. Orubaroras
BBIYUCIISETCS KaK PA3HOCTh MCXOJHOTO 3HAUCHHUSI
u pesynprara npeobOpaszoBanus [miasbepra mo

bopmye:

p1 = po — VH,” + Hin?, (7)

IJe p, — UCXOIHOE 3HAYEHHE, P, — HOBOE 3HAve-
Hue, H, — neficTBUTEIbHAS YACTh pe3ysbTaTa npe-
oOpaszoBanus [ mnsbepra, H;,, — MHUMas yacTsb pe-
3yabTara npeodpasosanus [ uiasoepra.
Ucnonp3oBanue mpeodpazoBanus [umbdep-
Ta JUI CPAaBHEHUSI BPEMEHHBIX PSI0B KOJeOaHUit
C TepUoJaMH, Pa3INYAIOIIMMHUCST Ha HECKOIb-
KO MOPSAKOB, OKa3ajgoch BechMa 3(HHEKTUBHBIM
CrocoOOM aHallu3a U MPOAEMOHCTPUPOBAJIO XO-
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poliee coBrajeHue oru0aroIux BOJIHOBBIX MPO-
IIECCOB, UTO YOEAUTEIbHO MOKA3bIBACT Mepeiauy
SHEPTruu OT aTMOCQEPHBIX BO3MYIIEHUH CEMU-
yacoBoi ceume. IIpu 3TOM MakcumanbHbIE aM-
IUTMTYBI ceiil HacTynatoT yepe3 10—15 u nocne
MaKCHMyMa BBICOT BETPOBBIX BOJH U 3bIOM. DTH
JIBa OOCTOSITENILCTBA — YBEJIMUCHUE BBICOTHI CEii-
M NIPU MPUX0/ie aTMOC(HEPHOTOo BO3MYIIECHHUS B
paiion IlopoHalicka U BpeMsl HACTYIUIEHHUSI MaK-
CUMYMOB CeHIll — HEeOoOXOAMMO YUHTHIBATh MpPU
BBITIOJIHEHUH PaboT B MOPTY.

Taxoke ObLTM MPOaHAIM3UPOBAHBI TIOTO/IHBIE
YCIIOBUS JUISI MAKCUMaJIbHBIX BBICOT cei 12 ok-
TAOpsL C HUCIIOJIb30BAHMEM CHHONTUYECKUX KapT,
npenocrasieHHbIXx Caxanuackum YI'MC. Cunon-
THUYECKasi KapTa 10 COCTOSHUIO Ha BpeMs 1OJIX01a
LMKJIOHA K akBaropuu 3ai. Tepnenus 11.10.2008
Ha 6:00 UTC c oTMe4eHHbIM Ha HEll OJI0OKEHUEM
uenTpa nukioHa Ha 00:00 g 12.10.2008 nokazana
Ha puc. 5. BUIHO, 4TO yBEIMYEHUE BBICOTHI CEHIIT
¢ nepuoaoM 7 4 (puc. 4 a) HabIrOmaeTcs mocie
IIPOXOXK/IEHUSI LIMKJIOHA Haj 3ai. TepneHus. Ot1o
TaK)Ke MOJTBEPKIAET CBA3b aTMOC-
(depHBIX BO3MYIIEHUH C BBICOTOM
CEHIIEBBIX KOJICOAHUI YPOBHSI C TIe-
PHUOIOM OKOJIO 7 4.

OueBUJHO, YTO JUIsl CEUII C
nepuogoM 3.5 u B paiione Ilopo-
HaWCKa, MUK KOTOPBIX HAXOIUTCS B
CIIEKTpaJbHOW IUIOTHOCTU BpPEMEH-
HOTO psifla C BBIYTCHHBIM IPEIBBI-
YUCJICHHBIM TIPWIMBOM  (pHC. 3),
SHEPrusi BO3OYXKICHHUS TeperaeTcs
OT TNPWIMBHOM TapMOHUKH, KOTO-
pasi IPUCYTCTBYET B CIIEKTPAJIbHOU
IUIOTHOCTH BPEMEHHOTO psjla ¢
npunuBoM (puc. 3). ITockonbky me-
pHOIBI 00EWX BOJIH IOYTH COBIIAJIA-
10T — pa3HUIla BUHA JIUIIb TIPH Je-
TaJbHOM YBEJIMYEHUU U COCTABIISIET
0.01 4, 3TO MOXKET OBITH CBS3aHO C
MOTPELIHOCTSAMU BBIYMCIIECHUS CIIEK-
TpaJIbHOM IIoTHOCTH. ComtacHo
JaHHbIM [23], npuiIMBHAs TapMOHU-
Ka 4Mc$7 VI MEJIKOM BOIBI MMEET
nepuof 3.5 4, U MOXKHO 3aKJIFOYUTb,
YTO HMEHHO OT J3TOW TapMOHUKH
DHEPIHsl HaNpsMYl0, PE30HAHCHBIM
croco0oOM TepeaaeTcsi ceifie, 9To
BO3MOJKHO TP BBICOKOM 100pOTHO-
CTU PE30HAHCHOM aKBaTOpUHU.
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s 3an. Teprienust pacyer nqo6poTHOCTH, O,
PE30HAHCHOM CHCTEMBI MPOBOAWIN U3 CHEKTPOB,
OCHOBBIBAsICh HA TOM, YTO JOOPOTHOCTH OOYCIIOB-
JIMBAE€T OTHOCUTEIIbHYIO BEJIMUYMHY PE30HAHCHOIO
MaKCUMyMa B JHEPreTHUECKOM CIIEKTpe Kosebha-
Huil [24], 1 ecnu cuctema 001agaeT TOCTATOYHO
BBICOKOM JOOPOTHOCTBIO, TO OHa OIpPEIENseTCs
BBIPAKEHUEM

O=0,/Av, (7)

IIe ®, — PE30HAHCHAs YacToTa CHCTEMBI (Pe30-
HAHCHOT'O MakCUMyMa), A® — IIMPHUHA MAKCUMYMa.
[Ipu 3TOM MmIMpPUHA MaKCUMyMa ONPEeIIseTCs KaKk
I10JI0CA YaCTOT, B IPEeIaxX KOTOPOU SHEPrusl KoJie-
OaHuii criaaet B 2 pasa [24].

Pacuer mnokazan, uro mnsa 3an. TepneHus
O =11.9. D10 GonpiIas 1 MOPCKUX aKBaTOPHIA
BenmuuHa. Tak, Wi CHIIbHO 3aKpbIToll Manoky-
puIbckol OyxXThl ee BeanurHa okoso 8 [25]. Ilo-
3TOMY B JIaHHOM CIly4ae PE30HAaHCHBIA MyTh Iie-
penayn >HEpruu OT NMPUIMBHOM TapMOHUKH HE
BbI3BIBAET COMHEHUH.

Puc. 5. Cunontuueckas kapra Ha 11.10.2008 r, 6:00 UTC no manuemM ['mapo-
mereonenTpa Caxanunckoro YI'MC. [lokazaHO MoJOKeHHE LIEHTpa IMKIOHA Ha
12.10.2008.

Fig. 5. Synoptic map for 11.10.2008, at 6:00 UTC according to the Hydrometeoro-
logical Centre of Sakhalin Department for Hydrometeorology and Environmental
Monitoring. The location of the cyclone centre is shown for 12.10.2008.
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[anee paccMOTpUM BO3MOXHBIA MCTOYHUK
SHEPruu Jyis ceiu ¢ nepuoaoM 2.7 4. Tak ke, Kak
U B ClIy4yae aHaJli3a JUJIsl CEHIl ¢ NepUoAoM 7 4,
OBLITM BBIYMCIICHBI U TOCTPOEHBI OTHUIBTPOBAH-
HbI€ BPEMEHHBIE PsJibl KOleOaHUl ypOBHS MOPSI
¢ nepuoaoM 2.7 4 (puc. 6 a) U CeKTporpaMMsl
CHEKTPaJbHONH IJIOTHOCTH KoleOaHW YpOBHS
JUTISL Pa3HBIX TUAIa30HOB NepuooB (puc. 6 ¢, d),
MIOCKOJIbKY dHEpIusl KojiebaHuil B 3TUX JlManaso-
Hax pasauyaeTcs Ha 2 Mopsiika U Ha OTHOM CIIeK-
Tporpamme KojeOaHus ¢ Majoi YHeprue mioxo
OTOOPaKAIOTCA.

CpaBHEHHE BPEMEHHBIX PAJIOB U CIIEKTPO-
rpamMMm (puc. 6) TOKa3bIBaeT, YTO HAUOOINbIINE
BBICOTBI CEWII ¢ mepuoxoM 2.7 4 HaOIIOmaoT-
cs Ha 6—8-e CyTKHM Iocje MakCMMyMma CYTOYHO-
ro npuiuBa ¢ nepuogoM 24.68 4. DToT nepuoa
B COOTBETCTBUU C JaHHBIMU paboTwl [23] Omu-
30K K NEpPHOAY JIyHHOW NPUIMBHON TapMOHUKH
M,. MoxeT nokasarbCs, 4YTO MaKCHMYM BBICOTBI
CeHII COOTBETCTBYET MaKCUMaJIbHOW BOZE MOIY-
CYTOUYHOTO IIPWJINBA C TepruooM 12.3 4, KOTOpHIii
COOTBETCTBYET JYHHON NPUIMBHON TapMOHHKE
M,(KS), [23]. Onnako npu BHUMATEIBHOM pac-
CMOTPEHUHU BHJIHO, YTO JUJIi MaKCUMyMa 3TOM
MPWINBHOW BOJIHBI 19 aBrycra MakCUMyM CeHIl
¢ nmepuoaom 2.7 4 oTcyTcTBYeT (puc. 6 c, d). Jla
U OTHOIIEHHUE TMEPHOJOB ATUX BOJH JAJEKO OT
L[EJI0TO YHCIIa, YTO TOKa3bIBAE€T HEBO3MOXKHOCTD
Mepe1ayyu 3HEPTUU OT 3TOW NPUIMBHOM BOJIHBI
ceiam ¢ nepuoaom 2.7 u.

B pab6ore [12] Ha ocHOBe aHanmm3a 10-met-
HEro BPEMEHHOTO psga LU(POBBIX AAHHBIX O
npunuBax ¢ o. Maryoaiic, Ilyspro-Puxo, nokasa-
HO, 4TO B YPOBHE MOps, IPX YACTOTE OCHOBHOTO
HOPMAJILHOTO peXuMa CEHIl Ha menbde, UMeeT
MECTO BBIPAKCHHBIM JBYXHENCIbHBIA MMOABEM
BBICOTHI CEHII C MAaKCUMYMOM, HPUXOASIIUMCS
Ha 6—7 IHel 1mociie HOBOJYHMSI U IIOJHOJYHHUS.
B ykazanHoil paboTe Takxke YTBEpXKAAETCS, UYTO
cedmu Bo30yXJ1al0TCsl BHYTPEHHUMHU BOJIHAMH,
CO3/1aBa€MbIMU CHUJIbHBIMM TNPUIMBAMU B IOTO-
BOCTO4HOH yactn Kapubckoro mopsi.

B namem ciydae moxoxkasi CUTyalus, ofHa-
KO TIPOBEPUTH BO3MOKHOCThH BO3OYX ACHUS CEHIII
BHYTPEHHUMH BOJIHAMM HE MPECTABISAETCS BO3-
MOJKHBIM IO NPUYMHE HEUCIPABHOCTH KaHaja
U3MEpEHHUsl TeMIIepaTypbl Y HCIOJIb30BAHHBIX
HaMu pruOOpPOB.
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Puc. 6. Konebanus yposHs Mops (cm) ¢ nepuoznoM 2.7 4 (a), koie-
6anust ypoBHst Mopst (b) U aMarpaMMbl CHEKTPAIbHOM IIIOTHOCTH
kosieGanuii yposHst Mopst (cm?+h) (c, d).

Fig. 6. Sea level oscillations (cm) with a period of 2.7 hours (a),
sea level oscillations (b) and the diagrams of spectral density of sea
level oscillations (cm?-h) (c, d).
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Puc. 7. Bpemennoii psn xone6anuii ypoBHs MOps (Cm) ¢ IEpUO-
JoM 2 4 (a, CHHMH L[BET), BPEMEHHOH PsiJl BETPOBOTO BOJHEHUS U
3b10M (a, roayOol IBET) M CIEKTporpamma KojieOaHWil ypOBHS
Mops (cm*-h) (b).

Fig. 7. Time series of sea level oscillations (cm) with a period of
2 hours (a, blue), time series of wind waves and swell (a, cyan) and
spectrogram of sea level oscillations (cm?-h) (b).
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JI1st cedir ¢ mepuoioM OKOJIO 2 4 TaKXKe U3
HCXOJHOT'O0 BPEMEHHOI0 psla KojJeOaHUuN ypoB-
Hs MOps, 3aperucTpUpPOBaAaHHOTO HpUOOpOM
Ne 19, Ob11 paccunTan BpeMEHHOU psij KoJieha-
HUWM YypOBHS ¢ mepuojaoMm 2 4 (puc. 7 a, CUHUM
[[BET) U MPOBEIEHO €ro CpaBHEHHWE C BpPEMEH-
HBIMHU pslaMU BETPOBOI'O BOJIHEHUS M 3bIOM
(puc. 7 a, romy0o0#t IIBET), a TAK)KE CO CHEKTPO-
rpammoii (puc. 7 b).

W3 cpaBHenus puc. 7 a u 6 BUAHO, YTO MaK-
CUMYMBI BBICOT CEWI C MEPUOAOM OKOJIO 2 4 B
HEKOTOPBIX CllydasX COBIAJal0T ¢ MAaKCUMyMOM
BBICOTBHI CE€WII C mepuogom 2.7 4, Hampumep
6 aBrycta u 4 centsOps. Ho, kak ObutO mMoKa-
3aHO BBIIIE, IPUIMBHAS BOJIHA NEPENAET dHEP-
IUI0 Ha BO30Yy)KJI€HHME CeHll ¢ mepuojom 2.7 d.
[ToaTOMy Henbp3sl HCKIIOYaTh, YTO HEKOTOpas
YacTh SHEPIMM MPUIMBHOM BOJHBI MOXET Iepe-
JlaBaThCsl U CEHIlaM C NMEPUOAOM OKOJIO 2 Y, IIPU
COBIIAJICHUU OIpEeaeNeHHON (a3l MPUIMBHOM
BOJIHBI U IIITOPMOBOTO BOJTHEHUSI, BBI3BAHHOT'O aT-
MOC(hEepHBIM BO3MYIIIEHUEM.

BbiBOoAbI

Onucanbl pe3ynbTaThl HU3YUYEHHUST BO3MOXK-
HBIX UCTOYHUKOB SHEPTUH BO30YKIICHUS CEHI B
parione Iloponaiicka (0. CaxamuH, 3an. Tepre-
HuUs, OXOTCKOE MOPE) C UCIIOJIb30BAHUEM JIAHHBIX
HaTypHbIX HaONIoAeHUN 3a BoiaHeHHeM. M3mepe-
HUS TMPOBOJIMIIUCH C CEKYHJIHON JUCKPETHOCTBIO
C NOMOIIBIO JIByX aBTOHOMHBIX PETUCTPATOPOB
BoniHeHust APB 14 B 2008 u 2009 rr. [Tpogomxu-
TEITBHOCTh TIOJYYEHHBIX BPEMEHHBIX PSJIOB CO-
CTaBJISIET OKOJIO 3 MeEC.

Pacuer cnekTpanpHBIX IJIOTHOCTEHW KoJie-
O0aHuli YpOBHS MOPS 1O MCXOIHBIM BPEMEHHBIM
psiaM U BPEMEHHBIM PsiiaM C BBIYTEHHBIM TIPEI-
BBIYMCIICHHBIM MTPUJIMBOM TTO3BOJIHIT OTIPEICTUTD,
KAaKU€ MUKHU B CHEKTpax SBIISIFOTCS MPUIMBHBIMU
TrapMOHHMKAMH, & KaKhue MOTYT ObITh OTHECEHBI K
ceiimiam. [lo pesynbraram aHanu3a CHEKTpasib-
HBIX TUIOTHOCTEH BBIJICJICHBI BOJIHOBBIE IMPOIIECCHI
¢ nepuoaamu okoio 7, 3.5, 2.7 u 2 4. Iloka3zaHo,
YTO CPEIHUE AMIUIUTYIbI B Mpeaerax 3HepreT-
YECKHX MUKOB ATUX BOJH HAXOATCS B IMANA30HE
oT 4.1 cM i nepuona 2 4 go 11.1 cM mia ne-
puona 7 4. boiee KOpOTKONEPUOIHBIE BOJIHOBBIE
MPOLIECCHI, B CBA3U C UX HEOOIBIIION YHEpTUei, He
paccMaTpUBaIKCh.

C uCnosb30BaHUEM Pa3TUYHBIX YUCICHHBIX
METOJIOB pacueTa ONpeeIeHbl BO3MOKHbBIE MTEPH-
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011kl COOCTBEHHBIX KojieOaHmii B 3aj. TeprieHwus.
[Tony4yeHHble 3HaYECHUsI MIEPUOOB OIM3KHU K IHU-
KaM B CIIEKTPAJIbHBIX MNIOTHOCTSIX, BBIYMCICHHBIX
C MCIOJIb30BAaHUEM HATyPHBIX JaHHBIX, CJIEOBA-
TEJIbHO, 3TU BOJHOBBIE MPOLECCHI C MEpUOJaAMU
okono 7, 3.5, 2.7 u 2 4 MOTYT OBITh OTHECEHBI
K CeHIIaM.

AHanu3 BO3MOXKHBIX MCTOYHUKOB JHEPIUH,
KOTOpbIE MOTYT BO30yAUTh celu B 3ai1. Tepre-
HUs, TI0Ka3aJl, YTO MAaKCUMAaJIbHbIE BBICOThI CEHIII
C IepuosoM 7 Y COOTBETCTBYIOT MaKCHUMyMaM
BETPOBOTO BOJIHEHUS W 3bI0U. [I1si BpeMEeHHBIX
PSI0B BOJH 3bI0HM, BETPOBBIX BOJIH U CEMHYACO-
BOW CEWINM OBLUIM BBIYMCIICHBI OTHOAIOIINE ITUX
MPOIIECCOB, C MCIIOIb30BAHNEM NPeoOpa30BaHUS
['unp6epra. Orubaromue moKazajid Xopoiiee co-
BIIaJICHUE IIMKOB B BOJIHOBBIX IIPOLIECCAX, 4YTO
MOATBEPAWIIO TEepeady SHEpruu oT arMmocdep-
HBIX BO3MYILEHUN CEMUYACOBOM CEHIIE.

[Tokazano, uto st ceifm ¢ nepuoaoM 3.5 4
B paiioHe [lopoHaiicka, MUK KOTOPBIX HAXOIUTCS
B CIIEKTPAJIbHON IJIOTHOCTH BPEMEHHOTO psijia C
BBIYTEHHBIM TPEABBIYUCICHHBIM TPWINBOM, H
NPUIIMBHOM rapMOHUKK 4MG., KOTOpas mpucyT-
CTBYET B CIIEKTPAJIbHOM IJIOTHOCTU BPEMEHHOTO
psiia ¢ IpUIMBOM, MEpUObl 00EHX BOJIH — MpU-
JIMBHOU ¥ CEUIIIU MOYTH COBIIAIAIOT.

CpaBHEHUE BpPEMEHHBIX PSAOB KOJICOaHUI
YPOBHSI MOpsl — HMCXOJHOTO, BTOPOTO C MEpHO-
70M 2.7 94 ¥ CIEeKTpOrpamMMbl KojleOaHuH ypoB-
HSl MOpSl — T0Ka3aJlo, YTO HauOOJBIINE BHICOTHI
ceifr ¢ nmepuoaoM 2.7 4 HabIrogaroTCs Ha 6—8-¢
CYTKH IOCJIE MAaKCUMyMa CYTOYHOIO MpUJIMBA C
nepuoaoM 24.68 4, KOTOphI ONM30K K MEPUOTY
JIyHHOM TIPUIIMBHON TapMOHUKA M.

[Toka3aHo, 4TO MaKCUMaJIbHbIE BBICOTHI
CeHIll C MEepUuoJOoM 2 4 COOTBETCTBYIOT MaKCH-
MaJbHBIM BBICOTAM BETPOBOT'O BOJHEHHUS U 3bI0H,
T.€. PHEpPrusa Ha BO30YKIECHHE CEHI ¢ MepuooM
2 4, 10 KpailHEM Mepe €€ 4acTb, MOCTYIMAET OT
aTMoc(epHbIX Bo3MyIeHHH. Ciydan OTCyTCTBHS
reHepalyy CeiIll Mpyu ITOPMOBOM BOJIHEHUU 00b-
SCHAIOTCSL TEM, YTO YBEJIMYEHHE BBICOTHI CEHII
MIPOMCXOIUT TPU BETpax HKHBIX PyMOOB, cCIIO-
COOCTBYIOIIMX MPUXOAY BOJH B 3as. TeprmeHwus.

N3yuenue sHepreTHyeCcKux HCTOYHUKOB BO3-
Oy>KIeHUs ceHII HEeOOXOAMMO JIJIsl TPOTHO3UPOBa-
HUS 110 UX MOBEJIEHHUIO BO3MOXKHOIO 3HAYMTEIb-
HOT'O POCTa BBICOTBI CEHIII, YTO MOXKET CO37aBaTh
IpoOJIEMBl IPU IPOBEACHUU IOTPY30-pasrpy3ou-
HBIX padoT B mopty [lopoHaiick.
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Hnemumym mopcekou eeonoeuu u 2eogusuxu /[BO PAH, FOxcno-Caxanunck, Poccus

Pedpbepat. BeprukaabHbie ABHKCHHUS, 0COOCHHO B paliOHaX aKTHBHBIX MATEPUKOBBIX OKPAaMH, TAKUX Kak Kypuio-
KamuaTckas mepexonHas 30Ha, TJI0X0 U3y4eHbl. OTHUM U3 (aKTOPOB, CYHIECTBEHHO BIHAIONINX Ha aMILTHTYTY
1 HampaBJICHHE BEPTHKAJBHBIX ABIDKCHUN B IEPEXONHBIX 30HAX, SBIACTCS MaHTHHHAS KOHBEKIUA. [lyTem
YUCJICHHOTO MOJCTUPOBAHUS MAHTHITHOW KOHBEKIIUH, BEITIOJTHEHHOTO METOJJOM KOHEYHBIX 3JIEMEHTOB, IOy YCHEI
OIICHKH 3HAYCHUH BEPTUKAITHHBIX TOIBHIKCK B perruoHe. [Ipm MPHUHSITHEIX CKOPOCTIX MAHTHWHONH KOHBEKIITMH
oT 1 1o 5 MM/ToJ MONTy4YeHBI 3HaUCHUs BO3IbIMaHui paiioHa o. CaxanwH u Kypunsckoit rpsaer ot 0-3 mo 13 m.
[TonyuenHble pe3ysibTaThl CIAEAYET YUMUTHIBATh NMPHU PEKOHCTPYKLUMSIX HEOTEKTOHUYECKOW HCTOPUU pPEruoHa
U OIIEHKAaX T'€0JJMHAMUUYECKON cUTyaluu peruoHa OXoTCKOTO MOPSIX.

KnroueBble cnoBa: maHTHiiHas KOHBCKIIUA, OXOTOMOpCKOﬁ PEruoH, BEPTUKAJIbHBIC ABUKCHHUA, METOJA KOHCYHBIX
3JIEMCHTOB, I'paHUIIa Moxo

Vertical motion modeling as a result of mantle convection
on the Sea of Okhotsk profile

Rustam F. Bulgakov
E-mail: r.bulgakov@imgg.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. Vertical motions, especially in the active continental margins such as Kuril-Kamchatka transition zone,
are still pure studied. One of the factors significantly affecting the amplitudes and directions of vertical motions
is mantle convections. Estimates of the amplitudes of vertical motions in region have been obtained by means of
numerical modeling of the mantle convection made by the method of finite elements. The values of emergences in
the area of Sakhalin Island and the Kuril Ridge from 0-3 to 13 m were obtained with the accepted rates of mantle
convection from 1 to 5 mm/year. The results obtained should be taken into account when reconstructing neotectonic
history of the region and assessing the geodynamic situation in the region of the Sea of Okhotsk.

Keywords: mantle convection, region of the Sea of Okhotsk, vertical motions, method of finite elements, Moho
discontinuity
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BBeaeHue

PacyeramM MaHTHIHONW KOHBEKIIMH ITOCBSIIIE-
HbI KJIACCUUECKUE pabOThl U3BECTHBIX OTEUECTBEH-
HbIX crierpanuctoB — AT TpyOuusina, H.JI. [lo-
openoBa, A.I. Kupmsimkuna (cm., Haripumep, [1]).
B Hux pematorcs miobanbHble MPoOIeMbl TEPMO-
JMHAMMKHM KOHBEKIIMHU; OOBSICHAIOTCA IUIaHeTap-
HBbIE TE0JIOTHYECKHE 0COOEHHOCTH (POPMHUPOBAHUS
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3emin. Hacrosimas pabota mpenctasnsieT co0oit
MONBITKY PEIIUTh YAaCTHYIO, JOKAIBHYIO 3a7a4y —
OIPCAC/INTL BKJIaA KOHBCKIOHWU B BCPTUKAJILHBIC
JIBHKEeHNS B OXOTOMOPCKOM PETHOHE.

MaHTHiiHasET KOHBEKIUSI B HEMOCPEICTBEH-
HOU OJIM30CTH K 30HE CYOIYKIINH, TJI€ MAHTHIHBIHI
IIOTOK YIHPAETCS B MOIPYKAIOLIYIOCS IIJIUTY, BbI-
3bIBACT KPOMC TOPHU3O0HTAJIBHBIX nepeMemeHHﬁ

124 GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(2)


https://doi.org/10.30730/gtrz.2022.6.2.124-129

https://www.elibrary.ru/pdeywh
https://doi.org/10.30730/gtrz.2022.6.2.124-129
https://doi.org/10.30730/gtrz.2022.6.2.124-129
https://doi.org/10.30730/gtrz.2022.6.2.124-129
https://doi.org/10.30730/gtrz.2022.6.2.124-129

MO,E{eﬂMpOBaHI/Ie BepTUKalibHbIX CcMeLLeHnI B pesynerare MaHTUVIHOW KOHBEKLMMN Ha npodmne yepes Oxotckoe Mope

ele W BepTUKaJbHbIe cMemeHus. [Ipu aTom cpe-
I (pakTOpOB, clararouux CyMMapHbIA 3ddekT
BEPTUKAIIbHBIX HEOTEKTOHUYECKUX JIBIKEHUH,
BKJTIoUast PQPEKTHl THAPOM30CTAa3UU, BKIAH OT
MaHTUMHOM KOHBEKLIMH B pPAllOHAX AaKTUBHBIX
KOHTUHEHTAJIbHBIX OKpauH (Takux kak Kypwio-
Kamuarckast 30Ha CyOqyKIMN) MOXKET UMETh pe-
HIaoIllee 3HaYECHHUE.

MeHee u3y4eHHOW CTOPOHOM BKJIaJa MaH-
TUHHOW KOHBEKIMM B BEPTHKAJIbHBIC CMELICHUS
JUISL 30H CYOAyKIIMU OCTPOBOIYKHOTO TUIIA SIBIISI-
eTcs 3a1yrosasi 00JIacTh, B TO BpeMs KaK Ha W3-
YYEHUH JIMHAMUKU TIPEIIYTOBOW OOJIACTH KOH-
LEHTPUPYETCS OCHOBHOE BHUMAHHE.

Jlis olleHKM BKJIa/la KOHBEKIIMH B BEpPTH-
KaJbHbIC JBMKEHHS U CONOCTABJICHUS 3TUX Olle-
HOYHBIX 3HAYCHUN C aMIUTUTYION BEPTHKAIBHBIX
JIBIDKEHUM, 0OYyCIIOBIEHHBIX A((eKToM Tuapo-
M30CTa3uM, B JaHHOW paboTe MpennpuHsATa Mo-
IBITKA BBIMOJHUTH YUCIEHHOE MOEIUPOBAaHUE
MaHTUWHOW KOHBEKIIMH B 3ayroBOM oOmacTu
paiioHa cyOIyKIIMU OCTPOBOAYHOTO THIA B yC-
JIOBUSAX OJM3KUX K YCIOBUSAM paiioHa OXOTCKOro
Mopsi — KypuilbCKHUX OCTPOBOB.

Mopenb

JIns1 BBINOIHEHUS MOJEIMPOBAHUS MAHTHIA-
HOW KOHBEKIMH M €€ BKJI/JIa B aMIUIUTYy BepTHU-
KaJIbHBIX JIBIDKEHUH Obuta mocTpoeHa 2D-ceTka
(mesh) (puc. 1) cnost naurocdepbl U MaHTHHHBIX
cioeB 10 nryounsl 1080 kM. JIutocdepHslit cnoit
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rpado-0aTuMeTpudecKkoro npoduisi 3eMHOU TIo-
BEPXHOCTHU Ha OCHOBE JIaHHBIX OatumeTpun Topex
(https://topex.ucsd.edu/cgi-bin/get data.cgi) u pe-
albHOM rpaHuiel Moxo u3 6a3bl qanHbix Crust 2.0
(https://igppweb.ucsd.edu/~gabi/crust2.html). Ila-
paMeTpbl MOBEPXHOCTH MOTPY>KAIOIMIEUCS TITUTHI
B3SITHI U3 pador [1, 2].

[TocTpoenue cerku (puc. 1) BBINOIHATIOCH
B TPOTPAaMMHBIX ITAKETaX C OTKPBITHIM KOJIOM
1 OTKpBITBIM noctynoM: Salome (https://salome-
platform.org/) u FreeCAD (https://www.freecad-
web.org/).

Mopuenb cTpomIach sl IByX CJIO€B MaHTHU:
npuMepHo 300-KUJIOMETPOBBIN CJIOW, B KOTOPOM
MIPOUCXOTUT TEUCHHE MAaHTUIHOTO BEIIECTBA, YTO
COOTBETCTBYET OILIeHKaM B pabore [1], u moaexa-
[N HEMOJBIDKHBIN coi 10 TryOuHbl 1080 kM.
[IpotsoxennocTh Monenu 2120 kM, npoduns A—B
nepecekaeT OX0TCKOe MOPE OT KOHTHHEHTAIbHOM
4acTH B paioHe xp. JLkyrokyp no Tuxoro okeana
(puc. 2). Peonoruveckne CBOWCTBA CIIOEB JaHBI
B TaOIHUIlE.

Pacuer BBIMOMHSIICS B MPOrPAMMHOM TTAKETe C
OTKPBITBIM KOZIOM U B cBOOOmHOM noctyne Elmer
(https://www.csc.fi/web/elmer). IIporpammubIii
MaKeT MpeIHa3HAYCH IS PeLICHHS IIUPOKOTo Kpy-
ra 3aja4 METOI0M KOHEUHBIX neMeHToB (MKD).

TedyeHre MaHTUHUHOTO BEUIECTBA MOJAEIHPO-
BaJOCh B BEPXHEM MaHTHMHOM CJ0€ IIyOMHOM
407 xm [1, 3], NOTOK HaNpaBJIsLICS OT KOHTUHEH-
TaJbHOI CTOPOHBI B CTOPOHY OKeaHa (puc. 1 a, B).
CkopocTh TMOTOKa MOJAETHPOBAIach B BEPXHEH
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Puc. 1. I[ByMepHaS{ CeTKa [Jist MOACIUPOBAHUS MaHTHIHHON KOHBEKIIUHU U OIEHKU BEPTHUKAJIbHBIX JIBVDKCHUN MCTOAOM KOHCYHBIX 3JICMCH-

ToB (MKD).

Fig. 1. Two-dimensional grid for the mantle convection modeling and assessment of vertical motions by the method of finite elements (MFE).
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Tabauna. XapakTepUCTHKHI JTUTOC(HEPHl 1 MAHTHH, IPUHATHIE B paboTe sl MOJEeITH
Table. Lithosphere and mantle characteristics taken in the work for modeling

Croit IT0THOCTS, KI/M? Mozxyml)lIOHra, BsskocTs, I1a-c Koagpurent
x10" ITa [Tyaccona
JIutochepa 3233.6 0.45 1.0 - 10% 0.49
BepxHuii c10i MaHTUH 3367.12 2.0 0.5-10" 0.49
IMoaexanuii cioit MaHTHI 3988.07 0.85 0.5-10% 0.49

YaCTU MAaHTUMHOIO CJIOSl, HEIOCPEACTBEHHO IO
TuTocepoil, ¢ TMHEHHBIM YMEHBILICHHEM CKOPO-
CTH JI0 HYJIsl HAa TPaHMIIE ¢ HUKHUM MAaHTUHHBIM
cnoeM. B Monenu ObutM MPUHATHI [Ba BapHaHTa
3Hauenus ckopoctu: 0.34 - 10 m/c, uto cooTBeT-
crByer 1 mm/ron, u 1.54 - 10 m/c (5 mm/ron) [4].
[ToTok momkeH ObLIT UATH TOPU3OHTAIIBHO JI0 Ipa-
HULBl MOTPYXAroIIEeHcs IUIMTBI U IOTPYyKaThCs
BJI0JIb €€ IPAaHULIBI.

B3aumogeiicTBue NOTOKa ¢ TpaHULIAMU MPO-
HCXOJUJIO MO CHELUAIbHOW Mpolenype «B3a-

125° 130° 135° 140° 145° 150° 155° 160° 165° 170° 175°

UMOJICUCTBUS KHUIKOW U TBepmout cpenb» (fluid
structure interaction — FSI) [5]. CyTtb nporemnypsr
3aKJIIOYAETCSl B ONPENEIICHUH CUJI, JEUCTBYIOLINX
Ha MOBEPXHOCTb, BBIBOJIMMBIX M3 PEILIECHUS ypaB-
Henuss HaBbe—Crokca mnia nortoka. CHayana npu
JOMYIIEHUH, YTO T€OMETPUs TIOBEPXHOCTH, C KO-
TOPOU B3aUMOZEHUCTBYET BA3KAsl JKUIKOCTh, IIOCTO-
sIHHA, peutaercs: ypaBHeHHe HaBbe—Crokca c He-
NOJBMKHBIMU I'DAaHUYHBIMU IOBEPXHOCTSAMH JJIS
CKOPOCTH MOTOKA. 3aT€M pPAaCCUUTHIBAKOTCS CHIIBI,
BO3/IEMCTBYIOIINE HA TOBEPXHOCTh TBEPJOTO TEIA.
C ucnonp30BaHUEM ITHX BEJIMYMH pac-
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13 15/ 23 26 29 30 31 |33 36|40
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Moho, km
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Dzhugdzhur
A Range
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Sakhalin Isl.
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Kuril
Ridge

45°

250 0 250
km

40°

CUMTBHIBAIOTCS JAedopMariii B TBEPAOM
tene. [lomydeHnbie nedopmanui BHOBB
MPUHUMAIOTCS KaK MOCTOSIHHBIE, U TOBTO-
psiercs peuienue ans ¢mrouna. [Iporecc
MOBTOPSIETCS IO TOCTHKEHUS 3aIaHHOTO
3HAYEHUSI CXOAMMOCTH.

MaHTHIHBIA TOTOK NMPU JBUKEHUHU
B3aMMOJICHCTBOBAI 4Yepe3 MpOoILenypy
FSI ¢ amkHel rpanuteit mutocgepsl.

VYpaBuenne Hane—Crokca u ypas-
HeHHe Je(opMUpPOBaHUS TBEPIOTO Teja
pelanoch Mpu CIEAYIOUNX YCIOBHSX:
MaKCHMaJIbHOE KOJIMYECTBO HMTEPALUil —
500; wurepanuun — BiCGStab (crabumm-
3UPOBAHHBIM MeTOA OHCOMPSAKEHHBIX
IpaJMeHTOB), MaTepHall HEC)KUMaeMbIH
MaKCBEJUIOBCKOTO THIIA; TPENEN CXOIU-
MoctH utepanuu — 1077; mpeaoOycasiu-
Batenb — HenonHoe LU-pasnoxenue 6e3
3anoiaHeHus [LUO.

HenonBmXHBIMH DIIEMEHTAMU MO-
nenu OBLIM OmpeesieHbl OOKOBBIC U
HUKHUE CTOPOHBI MOJENH M TMOBEpX-
HOCTh «IIOTPY’KAIOILICHCS TUIUTBD). 3eM-
Hasl IOBEPXHOCTh OCTABAIACH CBOOOTHOM.
s Pemienre BBIMONHSIOCH TIO THITY
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Puc. 2. Cxema pacnosnoxeHust poQuiist, BBIOPAaHHOTO ISl MOAEIUPOBAHUS
(;mmaMs A-B). [BeTom nokaszaHa nryOuHa 10 rpaHUIEl Moxo (B KM).

Fig. 2. Location scheme of the profile selected for modeling (line A-B).

The depth down to Moho discontinuity (in km) is shown by color.
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«mepexopsmiee» (transient) ¢ TOUHOCTHIO
CXOXKIIEHHsI 0 —7 CTENCHH C BPEMEH-
HBIMH HWHTCpBAJIaMU LIara B 1 miH ner
1o 30 maros, T.e. 30 MJIH J€T.
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Pe3ynbTaTthbl U 06CyXaeHUe

Pesynbprarel MofenupoBaHus, pU 3aJaHHBIX
napaMmeTpax, MoKa3ald BOCXOSIINE BEPTUKAJIb-
HbIE JIBUKEHUSI C aMIUTUTY0HM, BApbUPYIOLIEH OT
0 1o 3 M ipu ckopocTH ToToka 1 Mmm/rox (puc. 3)
n ysenumuuBaromenca 10 10-13 M mpu ckopo-
CTH 5 MM/ToA. 3aMeTHbIE YYaCTKU BO3JbIMAaHHMA
3€MHOM IIOBEPXHOCTH JIOKAJIU30BAJINCh HA y4acT-
Kax mpo¢uis ¢ NeHTPOM B parioHe o. CaxaiuH 1
Kypunsckoit rpsiast (puc. 3). Hamgo 3ameTuTs, 4To

HAOIIOaeTcss CBSI3b AMIUIUTYJ BEPTHKAIbHBIX
JHMCIIOKAIUI ¢ KOH(pUTYpaluei rpaHuibl Moxo.
I'oprzoHTaIbHBIE CMEIIEHNS 10 OOJIBIIEH Yac-
TU UMEIOT HE3HAYUTEIILHOE OTPULIATEIIbHOE 3HAYE-
HHE T0Jl KOHTUHEHTAJIbHON YacThiO MPOQUII, T.C.
B 3TOM MECTE BEpXHSs YacTh JUTOCHEpPhl UCTIBITHI-
BacT pacTsbkeHus. Ho HaumHas ¢ palioHa 3anagHee
0. Caxanut u 10 Kypubckoit rpsibl TOpU30HTAIIb-
HbIE CMEILEHUS COIIACYIOTCS C HAalpaBJICHUEM
MaHTUIHON KOHBEKLU U UCIIBITHIBAIOT CIKATHE.
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Puc. 3. Pesynsrarsl MopenpoBaHUs MAHTUITHONM KOHBEKINHU N0 Tpoduiito A—B ¢ mimmrocTparmeld CMeIeH i 0 TOpH30HTAITN — KOOPIMHATE
y (BBepxy) u xoopauHare x. llIkanma Displacement Y — amrumTya BepTHKanbHbIX cMerennit (B M). lkana Velocity Magnitude — 3nauenus
CKOpOCTEH MaHTHITHON KOHBEKLIHH (B M/C), JaHHAsI LIKaJla OTHOCHTCS K CTPEJIKaM.

Fig. 3. The results of mantle convection modeling along profile A—B with illustration of the horizontal displacements — along y coordinate (up)
and along x coordinate. Displacement Y scale is an amplitude of vertical displacements (in m). Velocity Magnitude scale represents the values of

mantle convection velocities (in m/s), this scale refers to the arrows.
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Heob6xoaumo 0TMETHTB, YTO MOJEITMPOBAHNE

BBINOJHSIOCH CO CIEAYIOIUMU JOMYIICHUSIMH:

* ]I MOJICJIMPOBAHMS HCIOJIb30BaHA OTPAHU-
YeHHas 10 pa3Mepy o01acTh MPOCTPAHCTBA;

* QOTpYyXKarolasics OKeaHW4ecKas IJIUTa B MO-
JIeTIM COXpaHsJIach 3aKPEIUICHHONM M HEemoJ-
BIDKHOM;

* HE YYMTHIBAJIIUCh TOPU3OHTAJIbHBIE, Bpalla-
TeJbHbIC IBMKEHUSI OXOTOMOPCKOM TUIUTHI;

* HE YYHUTHIBAJIIUCH TEPMUUECKUE OCOOCHHOCTH,
BBI3BaHHBIE MAHTUMHON KOHBEKITHUEH;

* HE YYMUTHIBAJIOCH BIUSHUE TUAPOU30CTA3UN Ha
aMITTUTY/Ty BEPTHUKAJIbHBIX JBUKECHUH;

* TIyOWHA, 10 KOTOPOH MPOUCXOIUT JIBHIKCHHE
MaHTHIHOTO MMOTOKA, 3aMMCTBOBAaHA U3 PE3YJIb-
TaTOB TEPMOAMHAMUYECKOTO MOJEITUPOBAHUS
[1, 3], cnenoBaTenbHO, MOYKET UMETh OTKJIOHE-
HUS OT peabHBIX MAcIITa00B KOHBEKIIUH.

OTO OrpaHUuYMWIO MPHUOIMKEHUE MOJENTU
K peanbHOCTH. HO OCHOBHYIO 3asauy — ompeje-
JUTH BIUSIHHE MAaHTUMHON KOHBEKLIMU HA TEH]ICH-
MU B BEPTUKAJIbHBIX JBIKEHUSX 3€MHOI KOPBI
1 OXOTOMOPCKOTO PETHOHA — YIAIOCh PEINTh.

Y4uTBIBas, YTO OIEHKH aMIUTUTYIbl BEPTH-
KaJlbHBIX JIBMKEHUH IO CclieaM MOIHSATHIX JPEB-
HUX OEperoBbIX JHHUN JJIi BPEMEHHBIX HUHTEp-
BajioB oT 190 1o 120 TeIc. €T Ha3aa BapbUPYIOT,
Hanpumep, 175t 0. Caxanuu ot 40 no 10-11 m [6],
clieflyeT NMpU3HaTh, YTO MAHTUIHAs KOHBEKIMS,
B 3aBHCHMOCTH OT CKOPOCTH IOTOKa MaHTUHHO-
TO BEIIEeCTBA, CIIOCOOHA BHOCHUTD CYIIIECTBEHHBIH
BKJIaJ] B HEOTEKTOHUYECKUE BEPTHUKAJIbHBIC JBH-
XKeHus u 0e3 Hee ouepTaHHs OeperoBO JIMHUH
U TOMO-O0aTUMETPHUS MOIIM Obl MMETh IPYTYIO
KOH(UTYpALHIO.

CoBpeMeHHbII KOHBEKTUBHBIN TOTOK B BEPX-
Heil MaHTHH B OXOTOMOPCKOM pETHOHE, Ipel-
MOJIOKUTEIBbHO, CPOPMUPOBAJICS CUHXPOHHO
C COBpPEMEHHBIM MOPQPOCTPYKTYPHBIM TLIAHOM
B KOHIIE HEOreHa — Hadvaje ruieictoreHa [7, 8].
Ocraercst OTKPBITBIM BOTIPOC, HACKOJIBKO Ha TPO-
TSOKEHUU 3TOTO BPEMEHHM MOTOK COXPAHSUI CBOIO
CTaOUIBHOCTh OTHOCHUTENIBHO paclpeeeHuUs
B HEM JIaBJICHUS, YTOOBI HIMETh BO3MOKHOCTH H3-
MEHSTh TEHJICHIIUN B BEPTUKAJIBHBIX CMEIICHHUSAX.

AMITTUTYIBI BEPTUKAIIBHBIX CMEIIIEHUH B pe-
3yabTare A QeKTa ruIpon30CTa3ui — M3MEHEHHH
Harpy3ku BosHoro cronda B 100—130 M, koTopbie
MIPOUCXOIUIIH TIPU CMEHE JICTHUKOBBIX STMOX MEXK-
JETHUKOBBSIMH, JOCTHUTAIOT HECKOJIBKUX METPOB
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B 3aBUCHUMOCTH OT PEOJIOTUYECKUX CBOMCTB MaH-
TUUHBIX cJ0eB [9]. DTO com3Mepumo c napame-
TpaMU BEPTUKAJIbHBIX CMELEHUMN, TOITyYEHHBIMU
MpU  MOJEIUPOBAHMM KOHBEKTUBHOTO IOTOKA.
MogenupoBaHue TaKXe IO0Ka3al0 3aBUCUMOCTb
BEPTUKAJIBHBIX CMEUIEHUI OT MOITHOCTH 3€MHOM
KOpbI. DTO CTaBUT BOMPOC O XapaKTepe B3auMO-
JEUCTBUA TUAPOU30CTA3UNA U MAHTUIHON KOHBEK-
uuu. Ecnu BiusHME TMAPOM30CTa3UM MPSMO 3a-
BHCHUT OT MOLTHOCTH 3€MHOM KOPbI: 4eM OoJIbIlas
IyOouHa 710 rpaHull Moxo, TeM Oonbliasi 4yB-
CTBUTEJILHOCTh K Harpyske BOAHOrO ctojba [9],
TO BJIMSHUE KOHBEKIIMM HA BEPTUKAIBHBIC IBHU-
KEHHUs1 B OOJBbIIEH CTENEHU 3aBUCHUT OT pacrpe-
JIeJIeHUs] JaBJICHUs] B MMOTOKE MAaHTUMHOIO Belle-
cTBa. BKitag MaHTHITHON KOHBEKLIMH B AMIUIUTYLY
BEPTUKAJIBHBIX CMEIICHUH HIPaeT pEeLIalouIylo
POJIb Ha Y4acTKaX, KOTOPbIE PACIIOI0KEHbI ONIHKe
K OCTPOBHOM J1yre 30HbI CyOAyKIINH.

3aknrwuyeHue

MonenupoBaHue€ BEPTUKAJIBHBIX CMEIICHUN
B pe3y/ibTare MAaHTUMHOW KOHBEKIWH, IMpU 3a-
JIAHHBIX YCJOBHSX, A0 3HAYEHUS BEPTUKAJIb-
HBIX CMENICHUW B TepBble MeTpbl. CpaBHUTEb-
Hasl OLICHKA aMILTUTY/ BEPTHKAIBHBIX CMEIICHHUM
BCJIC/ICTBUE MAHTHITHOM KOHBeKIuH st OXoTo-
MOPCKOT'O pETHOHA, KaK aKTUBHOW KOHTHHEHTaIb-
HOM OKpaWHbl, C BEPTUKAIbHBIMHU JIBHXKEHUSIMU,
BbI3BaHHBIMH A(P(HEKTOM THIIPOU30CTA3UU MPH
CMEHAax JIEHUKOBBIX M MEXKJIEIHUKOBBIX JIIOX,
MoKasajia, 4TO BEPTUKAJIbHBIC NBW)XCHHS, O00Y-
CIIOBJICHHBIC MAHTHWHOM KOHBEKIIMEH, B IICIIOM
MPEBBINIAIOT aMIUTUTYLy CMEIIEHUH B pe3yabTare
a¢dhekTa ruIpou30CTa3uH.

B pesynbrate pacyeToB, ¢ y4eToM OIU3KOM
K peajbHOU Tomorpaduu paiioHa W TIIYOUHBI T10-
J0XKeHus rpaHulsl Moxo Ha npoduiie, Hanbob-
1€ BEPTUKAJIBHBIE CMEIICHUS OBLIU MOJTYYEHBI
i ydactka o. CaxanuH u Kypuibckol rpsjibl
C MpUMBIKAOIIEH K rpsae yacTtbio Kypuibckoii
BraguHbl (OXOTOMOPCKOW KOTJIOBHHBI), a Hau-
MEHBIINE U JaXe HE3HAYUTEIIbHO OTPULIATENb-
Hble — Ui parioHa lllanTapckux OoCTpoBOB, 3a-
nagaoro menbda CaxamuHa B MECTe Mepexona
B Kypuiibckyto Briaguny.

Crnenyer OroBOpPUTHCS, YTO MAaKCHUMAaJIbHbIE
MOJIOKUTENbHbIE BEPTUKAJIbHbIE CMEIIeHUS BOIH-
3u KypuibCKOW rpsifipl, BbI3BaHHBIE KOHBEKTHB-
HBIM TOTOKOM C 3aIlaJlHOM CTOPOHBI, HE YUYHWTHI-
BAIOT BKJIaJIa B BEPTUKAJIbHBIC CMEIICHUSI B 3TOM
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MO,E{eﬂMpOBaHMe BepTUKalibHbIX CMeLLeHUN B pesynerare MaHTUIHOV KOHBEKLMW Ha npodamne yepes Oxotckoe Mope

MECTE B Pe3yJbTare MOTPYKEHUs OKECAHWYECKOM
muThl. OlLIEHKa B3aMMOJICHCTBUS KOHBEKTHBHO-
T'O IMOTOKA U IIOoTI" py)Ka}omeﬁcsl IIJINTHBI nycz[aeTcs{
B CIICOUAJIBHOM MOI[GJ'II/IpOBaHI/II/I.

[Ipy ormeHkax reoJuHaMUYEeCKOM CUTyalluu
U HamnpsKeHHO-I1e(POPMHUPOBAHHOTO COCTOSIHUS
3eMHOW KOpBI HEOOXOAUMO YUYHUTHIBAaTh MaHTUM-
HYIO0 KOHBEKITHIO B 3aJyTOBOM 00JacTH 30H CyO-
JyKIIUA OCTPOBOTY>KHOTO THTIA.
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JKCneanums no n3y4eHmo HOBbIX TepMaribHbIX MPOSBEHUI
Ha o. Atypyn B 2022 .

A. B. [leezmepes', JI. H. Kozno6™, O. P. Xybaesa®, A. JI. Xomuanoeckuii®
E-mail: 'd_a88@mail.ru; * kozlovdn@bk.ru; *grifon03@yandex.ru; *khomscience@mail.ru

Y2 Mnemumym mopckoti 2eonoauu u 2eopusuxu JJBO PAH, FOoxcro-Caxanunck, Poccus
34 Unemumym gynxanonoeuu u ceticmonoauu JJBO PAH, Ilemponaenosck-Kamuamexuti, Poccus

Pecbepat. B pamkax coBmecTHO# HayuHoil skcreauumu corpyanukamu UBuC JIBO PAH u UMI'ul' IBO PAH
B (eBpane 2022 1. Ha 0. Utypyn (FOxupre Kypuiabsckue ocTpoBa) BIiepBbIe OBLTH MOMyYEHBI JaHHBIE IO MOP(OII0-
THYECKOMY OOJHMKY M MOP(OMETPUUECKUM NapaMeTpaM KOTJIOBHHBI HE OTMEYEHHOTO Ha CYIIECTBYIOIIMX KapTax o3epa
VY1r0-bans, TemnepaTrype 1 XUMHYIEeCKOMY COCTaBy ero BoA. O6cie10BaHbI Ta30THAPOTEPMBI, pa3rpyKaronecs BIOIb
nariku meica Konakosa.

Expedition to study new thermal manifestations
on lturup Island in 2022

Artem V. Degterev', Dmitrii N. Kozlov™?, Olga R. Hubaeva®, Anton L. Khomchanovskiy*
E-mail: 'd_a88@mail.ru; > kozlovdn@bk.ru; *grifon03@yandex.ru; *khomscience@mail.ru

Y nstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk
*Institute of Volcanology and Seismology, FEB RAS, Petropavlovsk-Kamchatsky, Russia

Abstract. Within the framework of a joint scientific expedition, for the first time, the staff of IVS FEB RAS and IMGG
FEB RAS obtained the data on the morphological appearance and morphometric parameters of the basin of Lake
Utko-Banya, which is not marked on the existing maps, temperature and chemical composition of the lake waters. Gas-
hydrotherms discharged along the dike of Konakova cape have been examined.

Ans yumupoeaHus: Jlerrepes A.B., Koznos I.H., XyGaesa
O.P., XomuanoBckuii A.JI. Dxcnequuus o U3yuyeHMIo HOBBIX Tep-
MaJIbHBIX IposiBiieHuH Ha 0. Utypyn B 2022 1. [eocucmemvr nepe-
X0OHwIX 30H, 2022, T. 6, Ne 2, ¢. 130-135. https://doi.org/10.30730/
gtrz.2022.6.2.130-135; https://www.elibrary.ru/dcebih

B ¢depane 2022 1. cocrosiiiack BHEIIIAHOBAs
BYJIKQHOJIOTUYECKAsT IKCISHIINSI TI0 U3YYCHHIO pa-
Hee He OMMCAHHBIX B JINTEPAType TEPMaIbHBIX TPO-
sBrieHui 0. Utypyn. [loBomoMm [uist ee opranuszayu
nociIy>kuiia HH(popMaIys, pa3MeIIeHHas B COLHab-
HBIX MEMA: IPUMEPHO ¢ cepenuHbl ssHBaps 2022 1.
TYPUCTBI, THIl U MECTHBIE XUTeNH 0. UTypyn Ha-
Yau MyOnMKoBaTh (DOTOCHUMKH 03€pa, UMEOIETO
HEOOBIYHBIM HACHIIIEHHBIN OMPIO30BBIN IIBET BOJbI
1 Ha3bIBAEMOIo YTKO-OaHs, YTHHAs OaHsS WIH YTH-
HbIe OaHM (M3-3a TOTO, YTO B 3MMHUH MEPHO] OHO HE
3aMep3aeT M CITY)KUT MECTOM OOWTAHHUSI MECTHBIX
nomyysiuii yToK). Ha ocHoBe mH(opmarum, mo-
JTy4eHHOM OT MOOBIBABIIMX TaM OYEBHIIIEB, ObLIO

VoLCANOLOGY. GEOMORPHOLOGY. GEOECOLOGY

For citation: Degterev A.V., Kozlov D.N., Hubaeva O.R., Khom-
chanovskiy A.L. Expedition to study new thermal manifestations on
Iturup Island in 2022. Geosistemy perehodnykh zon = Geosystems of
Transition Zones, 2022, vol. 6, no. 2, pp. 130-135. (In Russ.). https://
doi.org/10.30730/gtrz.2022.6.2.130-135; https://www.elibrary.ru/dcebih

YCTaHOBJIEHO €10 MECTOIOJIO)KEHUE U OCHOBHBIE BU-
3yallbHbIE TIapaMeTphl (LIBET, MPUMEpHas TeMIiepa-
Typa, DTyOWHA, HTHTEHCUBHOCTb a30TrHIpOTepMallb-
HBIX NPOSIBJICHUH M 1Ip.). lopsiuMe MCTOYHMKHU O.
Htypyn u3ydeHsl JOCTaTOYHO IETANBHO, UX UCCIIe-
JIOBAHUE BENIETCS C CEPEVHBI NPOLLIONO CTOJIETHS
[1-3; u ;mp.], omHaKoO HU B JIUTEpaType, HA IO YCT-
HBIM COOOIIEHUSIM OT T€OJIOTOB U TMAPOreoJIoroB,
paboTaBLIMX B pa3HbIEe IOkl HA OCTPOBE, HUKAKUX
YIOMHMHAHUKA O JAHHOM O3€pe HAWTH HE YIAJIOCh.
['maporepmbl Ha Mbice KoHakoBa yHOMUHAIUCH
panee B paborax E.K. Mapxununa [2] u E.I. Ka-
7ma4eBoi [4], oHAKO HHUKAKHUX JTAHHBIX, KPOME HX
MECTOIOJIOXKEHHS, B ITUX PabOTax HE MPHUBOAUTCSL.
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Okerneamumsa no nsy4eHuto HoBbIX TEpMaribHbIX MPOSBIeHN Ha o. Utypyn B 2022 r.

B s10i1 CcBA3M, cpa3y mocie NoaydeHUs yKa-
3aHHOH BbIIEe MH(pOpMALUK, OBUIO MPHHATO pe-
IIEHUE O CPOYHOM OpraHU3alMH SKCIEAULMU Ha
0. Utypyn 11st u3ydeHus: YHUKaJIbHOTO BOIHOIO
00bEKTa W Ta30TUAPOTEPMATBHBIX MPOSBICHUH
03. YTKo-baHs (ucnonb3yem 53TO Ha3BaHUE Kak
HamOosee 9acTo BcTpedaromieecs). Kpome Toro,
ObUTO 3aIJIAHUPOBAHO M3YYCHUE TOPSYUX UCTOY-
HHUKOB, pasrpyxaromuxcst B paifone mbica Ko-
HaKoBa [2, 4], Tak KaK 3T UCTOYHUKH HU3BCCTHBI
OTHOCHUTEJIBHO HEJIABHO, & MX XMMHUYECKUH CO-
CTaB He u3y4eH. B moneBoi oTpsa, cocrosmuit u3
4 4genoBek, BOLLIM COTpPyIHUKHM MHcTHTyTa ByIl-
kanosnoruu u ceiicmonoruu JIBO PAH, 1. Iletpo-
nasnoBck-Kamuarckuii (O.P. Xybaesa, A.JI. Xowm-
yaHOBCKMI), U MHCTUTYyTa MOpPCKOH Teosoruu
u reopusukn J[BO PAH, r. IOxno-CaxanuHck
(A.B. [lertepes, JI.H. Ko3nos) (puc. 1).

[ToneBble pabOTHl BKIIOYAIN KOMILUIEKC I'eo-
MOP(OJIIOTHYECKUX U THIPOXUMUYECKUX HCCIIe-
noBaHui. B wactHOCTH, ObUT Ipou3BeneH OTOOP
npo0 TepMaNBHBIX BOJ JUIA W3YYCHUS MX XUMU-
YeCKOTO COCTaBa, BBHINOJHEHA OaTMMeETpHYec-
Kasi CheMKa O3E€PHON KOTJIOBHHBI (10 METOIUKE
[5] mpu momomu tmdpoBoro sxonora Lowrance
LMS 527 CDF-iGPS (pabouas yactota 200 k[').

OU3NKO-XUMHYECKUE TapaMeTpbl ONpPenesuiu
npu nomoInu 1upoBoro tepmomerpa Digitron—
T200KC (repmonpeobpazoBarens KTXA 01.02P-
T310, muanazon paboumx Temmeparyp ot — 200
no 1350 £ 0.1 °C), MOOMIBHOTO TEIUIOBH30pA
Caterpillar Cat S61 (BO3MOXHOCTh (PUKCAIIUH TEM-
nepatypbl 10400 °C) u pH-merpa Hanna HI 98130.

03. YTro-bans pacnonoxeHno B 12 kM K 10ro-
BOCTOKY OT c. PeiinoBo (Kypuibckuii ropoackoit
OKpyT), B LIeHTpasbHOI yactu o. Utypyn (puc. 2),
BIAN OT JICHCTBYIOIIMX BYJIKAHOB, ONVKauIIme
13 KOTOPBIX HAXOMATCS OT HETro Ha paccTosHuu 14
(Bnk. bapanckoro) u 18 km (Bynkansl Uupun u bor-
JaH XMEeJTbHUIIKHI).

[To croBaM MECTHOTrO CTapOXKWIIA, KHUTEISI
c. Peiinoo, Binagumupa BacunbeBuua Tapuko, 06
o3epe eMy u3BecTHO ¢ 70-X TOZ0B: OH OOHAPYKUIT
€ro BO BpeMs OIHOTO M3 CBOMX MHOTOYHCIICHHBIX
JIBDKHBIX ITOXOJI0B 10 OKPECTHOCTAM c. PelinoBo,
MEPUOIMYECKH TTOCEIIAT €T0 M B MOCIEAYIOLIHE
rozbl. OH OTMEYaeT, YTO BU3YaIbHO COCTOSTHHE 03.
VYTko-bansi 3a 3T0 BpeMsl He '3BMEHMIIOCh: TEMITEpa-
Typa (onpenensi TaKTHIbHO, 0€3 UCTIONb30BaHUS
puOOpPOB), UHTEHCUBHOCTH Ta30BbIX BbIACICHHIA
U LIBET BCET/la 0CTaBaJINCh MPUMEPHO OJMHAKOBbI-
MU Ha MPOTSKEHUHN HECKOJIBKUX JIECATKOB JIET.

Puc. 1. Yuactauku skenenunuu 2022 1. Ha 0. UTypym, Ha done 03. YTKO-bans (crneBa Hampaso): A.B. [lerrepe, A.JI. XoMuaHOBCKHIA,
O.P. Xy0aesa, /I.H. Ko3nos.

Fig. 1. Participants of the expedition on Iturup Island in 2022, against the background of Lake Utko-Banya (from left to right): A.V. Deg-

terev, A.L. Khomchanovskiy, O.R. Hubaeva D.N. Kozlov.
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Puc. 2. PacnionoxeHue paifona padot, 03. YTko-baus u uctounuka y mpica Konakosa.
Fig. 2. Location of the study area, Lake Utko-Banya and the spring at Konakova Cape.

JlanamagT paiioHa, B KOTOPOM PacHONIOKEHO
03epo, TPENCTABISET COO0M BCXOIMIICHHYIO PaB-
HHUHY ¢ a0COIFOTHBIMH OTMETKaMH OKoJso 3540 M.
O3epo nMeeT KpyThle, CUIIbHO 3apociire 0amOyy-
HUKOM M KeIPOBBIM CTIaHWKOM Oepera. Ero ¢op-
Ma B IUIaHE TpeacTaBisier codor oBai 30 x 40 w,
CJIETKa BBITSHYTBIH B BOCTOYHO-CEBEPO-BOCTOUHOM
HamnpasieHuu. [lapamMerpsl BomoeMa: IIIOIIANb
900 M?, muHa OeperoBoit nuHuMM 115 M, Makcu-
MaJtbHas ITyOnHa, 3a()UKCUPOBaHHAS TIPH TIOMOIITH
axonota, — 1.5 M. Bona o3epa nmeeT HachIEHHbII
OMpIO30BBII IBET, MECTaMH HaOIIOAAETCS MHTEH-
CHBHOE BBIJICJICHUE Ta30B; OILIYIIAETCs 3amax ce-
poBonopona. Ilo 1aHHBIM 3aMepOB, BBIMOJIHEHHBIX
Hamu 17 despans 2022 1. mpu MOMOIIY TEPMOTAPEI
U TEIIOBU30pa, TEMIIEpaTypa O3epa COCTaBislIa
15.9 °C (puc. 3), pH 3.5. Ha 1oxxHoM Oepery o3e-
pa, B 5 M oT OGepera, pacroJIOKeHbI JJBa HCTOYHHKA,
UMEIOIIUE CXOKHE C O3€PHOM BOLOH TEMIIEPATYpy
14 °C u pH 3.5. BrionHe BeposATHO, YTO O3€pHas
KOTJIOBHHA TPEACTAaBIsIET cOOOW OIHOAKTHYIO, B
3HAUUTEIBHON Mepe SpOIUPOBAHHYIO, HKCILIO3UB-
Hy!0 (hopMy (BOpOHKY B3pbIBa, WJIM Maap), OFHAKO
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JUISL TIOATBEPKACHUS 3TOTO NPEANOIOKEHHUS HYX-
HBI OoJiee JIeTalbHbIEe TeosIoro-reoMopdonorniec-
KH€ U3BICKaHUS B JIETHUI MEPUOJ.

Taxke B XOA€ SKCIEAUINH OBbLTH WU3yYEHBI
TE€PMaJIbHOE BBIXOJbl, PACIOJIOKEHHbIE Ha TH-
XOOKeaHCKOM TMolepexbe mepernieiika BeTpo-
BOii, B OyXTouke K tory ot mMbica Konakosa [2, 4]
(puc. 2). VctouyHuKHM pasrpyxaroTcs BIOJIb Ce-
pUH JaeK, MPOCTUPAIOLINXCS BIOJH OeperoBoi
JUHUM: OJHA W3 HUX JIOKAaJU30BaHa B Mpefenax
MOJIBOTHO-0EPEroBOT0 CKJIOHA, a JBE JApPYrHe —
Ha IpaHMLE ype3a BOIbI, OTAEISS IUIDK OT OKeaHa
(puc. 4). Temmieparypa rpyHTa BIOJb MPUMBIKAIO-
el K IspKy aaiiku cocrasisuia ot 15 °C Ha mo-
BepxHocTH A0 40 °C Ha miyOune ~40 cm. 3nech
e HaOJII0AI0TCsl BBIXO/BI TEPMAIIbHBIX BOJ, TEM-
neparypa KoTopbIx BapeupyeT ot 25 mo 38 °C.
BrnepBbie OblT M3yueH XMMHYECKHI COCTaB Ta30-
rugporepm Mbica KonakoBa. [Ipenmnonoxurens-
HO, TI0 CBOEMY COCTaBy OHM OTHOCSTCS K MHHE-
paeaeiM  (11.7 1/1), HeltpaneabiM  (pH 6.6),
XJIOPUJHBIM HATPHUEBBIM BOJaM, a HOHHBIE
OTHOILIEHUsI B razoruaporepmax mbica KoHakoBa
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Cpaa; 125C ] L) : Cpenl9,5°C
Make: 152C = Makc15,9°C
e e S ELE “Muu.F811 °C

Puc. 3. Bux Ha 03. YTKo-bans ¢ ceBepHoro Gepera (BepXHHUI CHUMOK) U TepMOrpamMMa 03epa, BBIITOIHEHHAs! IIPU TOMOIIN MOOHIBHOTO
TerIoBu30pa (HWKHsI naHens). @Pomo J].H. Koznosa.

Fig. 3. View of Lake Utko-Banya from the northern shore (upper image) and a thermogram of the lake made using a mobile thermal
imager (lower images). Photo by D.N. Kozlov.

Puc. 4. laiixn mpica Konakosa (0. Utypym, Kypuisckne octposa), 2022 . @omo O.P. Xybaesoii.
Fig. 4. Dikes of Konakova Cape (Iturup Island, Kuril Islands), 2022. Photo by O.R. Hubaeva.
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(Na/Cl 0.83; Ca/Mg 0.2; SO,/C1 0.1; Cl-Na/Mg
0.93; SO, /SO,+Cl1 0.098) npakTHYECKH MACHTHY-
HBI TAKOBBIM JUI1 MOPCKHMX BOJ PETMOHA, YTO YKa-
3bIBa€T Ha BIMSHUE MOPCKOW BOJBI WM COJIEBOTO
cocTtaBa MOpCKHX ocaakoB [2]. [lomaraem, uro mo
re0XMMHUYECKOMY OOJIMKY HAllM TMIPOTEpMbl HO-
NOOHBI TepMaJbHBIM U MHMHEPAJIbHBIM HCTOYHU-
KaM, HEpEIKO BCTPEYAIOUIMMCS B TNPHOPEKHBIX
paiionax Kypuibckux octpoBoB (Hampumep, Bo-
nonajaHele U balMauHble TepMaibHbIE HCTOYHU-
ku Ha 0. IlInamkoran, IleTymkoBckue XonomHble
MHUHEpaJbHbIE HCTOYHUKHM M OeperoBoil xomon-
HBIIl MUHEpAJIBHBIN HCTOYHUK MbIca KirroueBoii Ha
0. Ypyn [2]).

[IpenBaputenbHble pe3yabTaThl XHUMHUYEC-
KOr0 aHajanu3a Ta30TUAPOTEPM IPHUBEICHBI B
Talnuiie.

Tadmmuua. Coneprkanue 31eMeHTOB (ppb, MKI/i1) BoA, pas-
rpy’Kalommxcs BOOdb naiiku mbica Konakosa (0. Utypym,
Kypunbsckue octposa)

Table. Content of elements (ppb, pg/l) of the waters dis-
charged along the dike of Konakova Cape (Iturup Island,
Kuril Islands)

Li 318.95 Zn 71.90 Nd 0.62
Be 0.15 Ga 0.00 Sm 0.54
B 3132.25 Ge 3.40 Eu 0.28
Na 4676513.27 As 44.14 Gd 0.28
Mg 390892.67 Se 40.40 Tb 0.37
Al 21.80 Rb 74.00 Dy 0.45
Si 60039.17 Sr | 2537.33| Ho 0.42
P 93.26 Y 0.00 553 0.60
S 306744.31 Zr 0.00 Tm 0.40
Cl 9132695.18 Nb 0.00 Yb 0.23
K 148523.15 Mo 19.99 Lu 0.64
Ca 166222.50 Ag 0.00 Hf 0.42
Sc 23.87 Cd 0.36 Ta 0.46
Ti 12.65 Sn 5.14 W 0.00
\Y 42.15 Sb 0.76 Re 0.51
Cr 1.46 jIic 0.72 Tl 0.45
e 0.00 Cs 1.95 Pb 1.88
Mn 447.08 Ba 40.51 Bi 0.26
Co 0.67 La 0.10 Th 0.94
Ni 3.07 Ce 0.29 U 1.70
Cu 0.00 Pr 0.17

Ipumeuanue. AHanu3bl BHINOIHEHB! B LleHTpe KOIJIEKTHBHOIO
nonb3oBanust LKIT «Mukpoananus» npu JIMMHOIOrHYECKOM
urctutyte CO PAH r. UpkyTck. Mcnonuurens: k.r.-mM.H. Crena-
Hosa O.I', maGopaTopust MEXIUCIUITHHAPHBIX IKOJIOT0-IKOHO-
MHYECKUX UCCIIENOBAaHUN U TEXHOJIOTUI.

Note. The analyzes were performed in the Center for collective
use CCU “Microanalysis” at the Limnological Institute, SB RAS,
Irkutsk. Performer: O.G. Stepanova, Cand. Sci. (Geol. and Mi-
ner.), Laboratory of interdisciplinary environmental and economic
research and technologies.
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Takum o0pa3oM, KpaTKOCPOYHbBIE MOJIEBbIE
pabotsl 2022 1., HampaBlCHHbIE Ha H3y4YCHHE
HOBBIX, paHEE HE PACCMOTPEHHBIX B JIUTEPATypE
ra3orupoTepMabHbIX MNposiBaeHud o. Urtypyn,
MOKa3aJIy HaJIMYKMe B pailoHe UHTEPECHBIX U Iep-
CTHEKTUBHBIX OOBEKTOB Ul JNaJIbHEUIIMX HCCIIe-
noBaHMil. Tak, HE OTMEUYEHHOE Ha CYIIECTBYIO-
HIMX KapTax o3epo YTko-baHs mocToiiHo, Ha HaII
B3IJISL, TTOJPOOHOTO M3y4YeHHUs M B Mopdonoru-
YECKOM, M B peKpeanuoHHOM actiekre. Ocraercs
OTKPBITHIM BOIIPOC F€HE3UCA 03€PHOM KOTIOBUHBI
(3KcIo3uBHAsT BOpPOHKA/Maap?), peuieHue Ko-
Toporo TpeOyeT mpoBeneHust OoJjiee ACTaTbHBIX
pabot. J{ns ra3oruapoTepMalbHbBIX MPOSBICHHIM
paiiona Mbpica KoHakoBa Moiy4eHsl IEpBHIE J1aH-
HbIE 0 XUMUYECKOM COCTaBE BO/I.

B Hacrosiee Bpemsi OoCylIecTBIsieTcsl 00-
paboTKa MOTYYEHHBIX JAaHHBIX: COCTAaBICHHUE Oa-
TUMETPUUYECKOM CXEMbI BOJOEMa, OMHCAHUE €Tro
XapaKTepHBIX MOP(HOMETPUYECKUX TMapaMeTpoB,
MHTEpIIpETALMs TEPMOTpamMM C TEIIOBU30pa, Be-
NyTcs aHAJIMTUYECKUE paboThl, HallpaBJIEHHbIE Ha
U3y4eHHEe 0COOCHHOCTEN XUMUYECKOTO COCTaBa U
TUIOBBIX XapaKTEPUCTHK BOI.

BaaronapHocTu U (puMHAHCMpPOBaHUe. ABTOPHI TpU3HA-
TEJIHHBI 32 TIOMOIIb B OPTaHU3AINHU TIOJEBBIX paOOT U KOH-
cyJbTaluy xxutensM c. Peiioso u r. Kypunbsck: Brnagumu-
py BacunbeBuuy u Bragumupy Biaaumuposuuy Tapuko,
Branumupy Bragumuposuay OnbxoBckomy, Bukrtopy Ap-
kanpeBuay CtpenbrnoBy u ['epmany CepreeBuuy Bacroxu-
Hy. BeIpaxkaeM OTAenbHYI0 ONarogapHOCTh 3a IKCIEPT-
HYyI0 KOHCyJbTanuio Padasmio Bragumuposuay XapkoBy
(UMTul” IBO PAH).

HccnenoBanusi mpoBOAWIIUCH B paMKax mpoekra Poc-
cuiickoro HayuHoro (onma (Ne 21-17-00049 «M3yuenue
BYJIKAHMYECKOM, CEMCMMYECKOM M IlyHaMH ONAcHOCTH, a
TaKKe OILEHKAa T'€OTEPMATBHBIX PECYpCOB JUIS Pa3BHUBAIO-
umxcss Tepputopuilt  KypuiabCKux OCTpPOBOBY»; PYKOBOJIHU-
tenb akan. E.W. Topneer), B cootBercTBUU ¢ 1uiaHom HIP
naboparopuu BYJIKAHOJOTHH M ByJIKaHoonacHoctd MMIul®
JIBO PAH (Ne 121030100168-3; pyk. A.B. lertepes).
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CogepxaHne MUKPOINEMEHTOB B AanbHEBOCTOYHON MOWBE
Mallotus catervarius (Pisces: Osmeridae) n3 npnbpexxHbix Bog
toro-3anagHoun Yactm o. CaxanvH

0. H. ITonmes®, T. I Kopenesa, B. E. Mapuioicuxun, 1. B. Coip6y

*E-mail: y.poltev@sakhniro.ru

Caxanunckuii gunuan Beepoccuticko2o HayuHO-UCC1e008amenbCKo20 UHCMUMYyma pblOHO20 X03CmEd
u oxeanocpagpuu (CaxHHUPO), FOxcno-Caxanunck, Poccust

Pedpepart. IIposesena onenka conepxanus Fe, As, Cu, Mn, Cr, Ni, Pb, Hg u Cd B MbII[ax u roHajiax JaJbHEBOCTOUHOM
MoIiBbI, oToOpanHOoi B 2020 I B MpUOpEKHBIX Bojax roro-amajgHoi yactu o. CaxanuH. HanbGosbliee conepikanue As
oTMeuaeTcsl B MbIIax, Mn — B ukpe, Hg — B Mbitiax u mosiokax. ConepixaHue MUKPOAJIEMEHTOB B MBIIIIAX U TOHAIAX
pbI0 cHinkaercs B psiny Fe — Cd nm Hg. KonenTpaium HopMupyembIx TOKCHUHbIX anieMenToB Pb, Cd, As u Hg B ronaax u
MBIIIIIAX MOMBBI SIBIISIOTCS O€30MACHBIMHU 10 TMTHEHUUECKUM TPEOOBAHMSAM K ITHIIEBBIM MpoyKTaM. [TosrydyeHHble JaHHbIE
KOCBEHHO CBH/ICTEIBCTBYIOT O OIAaronpHsATHON 3KOJIOTHUECKOH OOCTAaHOBKE OTHOCHTENBHO COAEPKaHMS HOPMHUPYEMBIX
TOKCHYHBIX JIEMEHTOB B BOZIaX y I0ro-3amaaHoro CaxanuHa.

KntoueBble CNoBa; MUKPOAIEMEHTHI, aTOMHast a0COPOLHS, JaIbHEBOCTOYHAS MOMBA, MBIIIIBI, TOHAIbI, Tarapckuii mposuBs

The content of trace elements in the Pacific capelin
Mallotus catervarius (Pisces: Osmeridae) from the coastal waters
of the southwestern part of Sakhalin Island

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

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

Abstract. The content of Fe, As, Cu, Mn, Cr, Ni, Pb, Hg and Cd in the muscles and gonads of the Pacific capelin sampled
in 2020 in the coastal waters of the southwestern part of Sakhalin Island was estimated. The highest content of As is noted
in muscles, Mn — in fish eggs, Hg — in muscles and milt. The content of trace elements in fish muscles and gonads decreases
in the range Fe — Cd or Hg. The concentrations of normalized toxic elements Pb, Cd, As and Hg in the muscles and gonads
of the Pacific capelin are safe according to hygienic requirements for food products. The data obtained indirectly indicate a
favorable ecological situation in terms of the content of normalized toxic elements in the waters near southwest Sakhalin.

Keywords: trace elements, atomic absorption, Pacific capelin, muscles, gonads, Tatar Strait

Ans yumupoeaHus: Tlonres FO.H., Kopenesa T.I., Mapboku-
xuH B.E., CeipOy U1.B. ConeprkaHue MHKPOSIEMEHTOB B JIallbHE-
BOCTOUHOUM MoitBe Mallotus catervarius (Pisces: Osmeridae) u3
NPUOPEKHBIX BOJ| Oro-3amnagHoil dactu o. Caxamus. [eocucmemot
nepexoomwvix 301,2022, T. 6, Ne 2, ¢. 136-140. https://doi.org/10.30730/
gtr2.2022.6.2.136-140; https://www.elibrary.rw/ipdmhb

BnarogapHocTu u puHaHCUpoBaHue

ABTOpBI OnarofapsAT BEAYIIEro CIEIMAINCTA JIA00paTOpHU
AKBaKYJIBTYPbI OECIIO3BOHOYHBIX U Bojopociieit CaxainHCKo-
ro ¢puwmana BHUPO (CaxHHUPO) B.A. Cepreenko 3a oT60p
JTAJTEHEBOCTOYHON MOMBBL. ABTOPBI MPU3HATEIIBHBI PEIICH3CH-
TaM 3a KOHCTPYKTHBHBIE 3aMEUaHMsi, CIIOCOOCTBYIOIINE YTy~
HICHHIO JaHHOTO COOOIIEHUSI, M LICHHBIE COBEThI OTHOCUTEIIb-
HO METOJIUKH OYIyIIMX HCCICIOBAHUI 110 TEME.
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Coaep>xaHue MUKpO3rieMeHTOB B allbHEBOCTOYHOM MoviBe Mallotus catervarius (Pisces: Osmeridae)

BBepneHue

HeratuBHOll CTOpOHOM HAy4YHO-TEXHHUYEC-
KOTO IMpOrpecca sIBISIETCs 3arpsi3HEHUE OKpYyxkKa-
IOLEH Cpedbl pa3INYHbIMHM IOJUIFOTAHTAMU, W3
KOTOPBIX HanOojee TOKCUYHBIMU CUUTAKOTCS TH-
xeiple Metaiuibl. [lonanas B BOgOeMbl U BOJIOTO-
KU CYIIIU, & TAKXKe B IPUOPEIKHBIC YUACTKU MOPE
U OKEaHOB, OHM aKKyMYJIUPYIOTCSI B T'MJIPOOHOH-
Tax, UCIOJIb30BAHNUE KOTOPHIX YEIOBEKOM B IHIILY
MOKET HEraTUBHO OTPA3WUThCA HA €ro 370pPOBbBE.
B cBs13u ¢ aTM npoGiiema 6€30MacHOCTH MPOAYK-
TOB IIMTaHUSI MOPCKOTO ITPOUCXOKICHUS SBISETCS
aKTyanbHOM [1].

JlanpHEeBOCTOYHAsT MOiIiBa, MacCOBO IIOJIXO-
JSIIas B MOCeTHUe Toabl K 6eperam o. CaxanuH
JUIslL HEpeCTa U, COOTBETCTBEHHO, HCIIOJIb3yeMasi
MECTHBIM HaceJICHUEM JJis TUTaHusl, paHee Ha Co-
JIep’)KaHHe MUKPOAJIEMEHTOB He M3ydanach. Llenp
Haliel paboThl — BBISIBUTh YPOBHH COJCPIKAHUS U
OCOOEHHOCTH pacHpeAesieHUs] MUKpPO3JIEMEHTOB,
B TOM YHCJI€ TOKCHUHBIX HopMmupyembix (Pb, Cd,
Asu Hg), B MbIIIIIax v ronagax JaibHEBOCTOUHOM
MOWBBI 3 MPUOPEKHBIX BOJ] FOTO-3aMaHOI YacTh
ocTtposa 0. CaxanuH, a TaKXe 1aTb CAHUTAPHO-THU-
TMEHUYECKYIO OLIEHKY UX Ka4eCTBa.

A

o~

47000 Q.

.

Jar

1427040 1437001

Mecto oTdopa abHEBOCTOUYHON MOWBEL.

Place of sampling of the Pacific capelin.

EcoLoGY

MarepuanoM s HACTOSILEr0 HCCIENOo-
BaHMs CIY>KWJIM MBIIIIBI ¥ TOHAbl JaJIbHEBOC-
ToYHON MOWBBl Mallotus catervarius (Pennant,
1784), orobpannoit 25 ampens 2020 r. y 1. Ye-
x0B (0. CaxanuH) B paiioHE € KOOpAUHATaAMH
47°25'47" con. m 141°58'00" B.A. (cM. KapTy-
cxemy). OTIOB pBIOBI MPOBOIMINA C HCIIONB30-
BaHMEM Cayka B IEPUOJ] €€ MACCOBOIO HEpecTa B
npu6oitHoi monoce. CpeqHio MpoOy JUIsS MBI
camMok otoOpayi u3 15 ocobeit, ukpsl — u3 13, mMo-
7ok — u3 10. [IpoOb1 XpaHuinu B MOpO3HIIHHON Ka-
Mepe nipu remmneparype —20°C.

VY pei6 m3mepsim 1uuHy o Cmuty (0T Bep-
IIMHBI PbIJIa 0 KOHIIA CPEIHUX JTy4eil XBOCTOBOTO
TIaBHUKA, FL).

Jlnst MuUHEepanu3au U3 mpod oTOMpaIu Ha-
BecKy | r ¢ Ttounocteto 710 0.01 1. [Ins onpenene-
Hust HEg B TKaHSIX MCTIONB30BANN «3aKPBITHIN CIO-
c00 pa3IoKeHNsT HABECOK CMECHIO KUCIIOT (CEpHOI
1 a30THOM) U niepMaHranara kanus [2]. Onpenerne-
nue Fe, Pb, Cd, Cu, Cr, Mn, Ni u As npoBoauiIn
Coco0OM «MOKpOI» MUHEpaIU3aluid B MHKPO-
BonHOBOM meun [3]. Konnentparuio Pb, Cd, Cu,
Cr, Mn, Ni u As onpeensuid aTOMHO-a0CcopOIu-
OHHBIM METOIIOM B PEXHME 3JIEKTPOTEPMHUUEC-
kot atomm3zanuu (GFAA) Ha criekrpodoromerpe
Shimadzu AA-6800 c rpadguToBO¥i MeUbI0 U KOpP-
pekuueii pona Ha ocHoBe 3(pdexra 3eemana. Kon-
HeHTpaun Fe u3Mepsuti 3TUM e METOIOM, HO B
IUIAMEHHOM PEXHME C JIEUTEPUEBON KOppEKIUE
¢dona (FLAA). Conepxanne Hg ompenensiin me-
TotoM «xonoxHoro nmapa» (CVAA) ¢ ucnons3oa-
HueM npuctaBku MVU-1A k cniekrpodoTomerpy
AA-6800. Tounocts uzmepenuii cocrasmia 20 %
s Fe u Hg, 25 % — nnst Pb u Cu, 26 % — ans Cd,
32 % st As u Mn, 34 % — nia Cr, 36 % — nns
Ni [3]. Jna rpagyupoBku cHeKTpodoTOMeTpa U
KOHTPOJISI TOUHOCTH PE3yJIbTaTOB U3MEPEHUH MpH-
MEHSJTH CTaHIAPTHBIE 00pa3lbl YTBEP)KICHHOTO
tuna — ['CO 7330-96 coctaBa pacTBOpa HOHOB Me-
tayioB (Fe, Cd, Mn, Cu, Ni u Pb), I'CO 7264-96
cocrasa pacteopa nonos As(Ill), I'CO 7781-2000
cocrasa pactBopa nono Cr(VI), 'CO 8004-93 co-
cTaBa BOJHOTO pacTBopa noHoB Hg.

Pe3ynbTaThl M 06cyxaeHue

JanbHeBocTouHast MoiBa Mallotus caterva-
rius (Pennant, 1784) — MOpcKoii, COTOHOBATOBO/I-
HbI, HEPUTHYECKUN BHJ, XapPaKTEPU3YIOLIUICS
KOPOTKHM >KU3HEHHBIM ITUKJIOM M 3HAYUTEIILHOMN
dmrokTyarueit yncneHHocTd [4]. Y BOCTOYHOTO
nobepexnsi Poccun BcTpewaeTcst OT ceBEpHOH vac-
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TH SINOHCKOTO 110 FO’KHOM YacTh YyKoTCKOro Mopst
[5-7]. ¥ a3marckoro moOepexbs UKPOMETaHUE
MIPOUCXOUT B BEpXHEH YACTH JUTOPAIU, B TPH-
JIMBO-0TIMBHOMU 30HE [8]. YV OeperoB CaxanuHa u
[Ipumopspsi oHa HepecTUTCs Ha NIyOMHE HE Oosee
1-2 m [7, 9, 10]. Ce30HHBIC MUTPAIIUU OTPAHUYH-
BAaIOTCSl CMEILIEHUEM CKOIIJICHUI BECHOU U3 MOPHC-
TBIX B IPUOPEXKHbBIE pailoHbl, a OCEHbIO — B 00part-
HOM Hanpasienuu [7, 11, 12].

Jlmuaa FL WccnenoBaHHBIX PhIO BapbUPO-
Baja B mpexaenax ot 14.5 no 17.2 cM, coctaBuB B
cpenHeM 16.1 £ 0.12 cMm, macca Tena — ot 20 110
321 (25.0£0.7 r). Ha ocoGeii ¢ FL 15.6-16.5 cm
npunuioch 64.0 %. CooTHOILIEHHE CaMOK K CaM-
mam 1/0.67. YV caMOK OTMEUaluCh HepecTAIIue-
cs (86.7 %) u ornepectusmmecs (13.4 %) oco-
0u, y camIilOB — OTHEpECTHUBILIMECA. Y BCeX pbIO
KeTmyaku ObuTH mycThiMU. ConlepKaHue HOPMHUPY-
eMBIX TOKCHYHBIX 3JIEMEHTOB B MBIIIIAX', HKPE H
MOJIOKaX Ipe/ICTaBiIeHO B Ta0. 1.

ConepkaHue MHUKPOIIEMEHTOB B MBbIIIIAX
CaMOK M TOHAJax JajJbHEBOCTOYHOW MOMBBI CHHU-
JKAETCS B PALY JKEJIE30 — KaJMHUUN WINA PTYTh. Psiibl
MOCJIE0BATEIbHOCTEH, PACTIONIOKEHHBIX B MOPSII-
K€ YMEHBIIICHUSI KOHIICHTPAIIMA MUKPOAJIEMEHTOB,
HMMEIOT BUJL:

Fe >> Mn > Cu > As > Cr > Ni > Pb > Hg >> Cd

(MBITIIIIBI);

Fe >> Mn > Cu > Cr >> Ni > Pb > As >>
Cd > Hg (uxpa);

Fe >> Mn > Cu > Cr > Ni >> Pb > As >
Hg >> Cd (monokn).

W3 uux Hanboree OMM3KU IOCIIEIOBATEND-
HOCTH JUII UKPBI U MOJIOK — Pa3JIM4Me TOJIHKO B
nonoxennn Cd u Hg. Bonee cuipHOE paznuuue
(monoxxenue Cr, Ni, Pb u As) ormeuaetcst 1yis mo-
CJICIOBATEILHOCTCH MBI CAMOK M MOJIOK, Hau-
OoJplliee pa3Iu4ue — JUIsl TIOCIIENOBATEIbHOCTEH

MBIIII] caMOK U UKpbI (monoxenue Cr, Ni, Pb, As,
Cd u Hg). O6mmum [u1s 3TUX TpeX psiIOoB SIBIISETCS
3HAYHMTENFHOE JIOMHHUpPOBaHHUE cozepxanust Fe B
TKaHSAX M OpraHax 1o CpaBHEHMIO C APYTUMH 3Jie-
MEHTaMH, a TaKXKE CXOXKECTh B IookeHuu Fe, Mn
1 Cu, 3aHUMAIOLIMX B HUX TPH NIEPBbIE O3ULINH.

Pe3ynbrarsl MCCIEIOBaHUI MOKA3bIBAIOT, YTO
pa3Iuumsl KOHLEHTPALUH MUKpPO3JIEMEHTOB B pac-
CMaTpPHBAEMbIX TKAHSIX HEBEIUKH W HAXOMATCS B
npenenax ofaHoro nopsaxa. Mckmouenue cocras-
aseT As, colepKaHHe KOTOpOro B MBIIIAX Ha
TIOPSIZIOK BBIIIE, YeM B UKpe W MoJoKax. Pacripe-
JIeJICHUEe MHUKPOJIEMEHTOB B TKAHSIX MMEET CBOM
ocobeHHOCTH. MakcuMasnbHOE comepikaHne As
NPUXOIUTCS Ha MbIIIBL, Mn — Ha ukpy, Hg — Ha
MBIIIITHI 1 MOJIOKH.

JlonmycTumble YpOBHHU COJEP)KaHUS TOKCHY-
HBIX DJIEMEHTOB B MBIIICYHBIX TKaHAX MOPCKUX
pBIO B MI/KT CBIPOM Macchl cocTapisitoT: Pb — 1.0;
As — 5.0; Cd — 0.2; Hg — 0.5; B uKpe ¥ MOJIOKaX:
Pb, Cd, As — 1.0, Hg — 0.2 (tabm. 2). CormacHo
HOJIyYeHHBIM JaHHBIM, KOHIIEHTpAlUH HOPMHPY-
€MBIX 2JEMEHTOB B MCCIIEJOBAaHHBIX OOpa3Lax
HIDKE JIONYCTUMBIX YpoBHEH (Tabm. 2). Takue xe
JTAaHHBIE TIOTYYEHBI U 111 MOBBI Mallotus villosus
u3 bapennesa mops [13]. Cnegyer oTMeTuTh, 4TO
B MBIIIIAX TUXOOKEAHCKOW MOVBBI BBIIIE KOHLICH-
tpaiuu Pb, a GapenueBomopckoii — As, Cd u Hg,
npu 3ToM conieprkanre Cd y Hee BBIIIe Ha TIOPSIOK.

Takum 00pa3zoM, onpeseseHbl CpeTHUe KOH-
[EHTPAIlMd MHUKPORJIEMEHTOB B MOWBE, OTOOpaH-
HOHI B NMpHUOPEKHBIX BOJAX y IOI0-3amajHoro Io-
Oepexxbss 0. CaxanMH B TIEPHOJ €€ MAacCOBOTO
HepecTa. BeIsACHEHbI 0COOEHHOCTH pacrpeeIeHus!
SNIEMEHTOB B MBIIIIAX U TOHagax pel0. B mpImax
OOHapyKEHbI MAKCUMAJIbHBIE KOJTMYECTBA MBIIIIb-
sIKa, COZIep KaHMsl KOTOPOTO Ha MOPSJIOK BBIIIE, YEM
B HKpE ¥ MOJIOKAX.

Tabéauua 1. CpenHue KOHIIEHTPAIIMK MUKPOIJIEMEHTOB B MBIIIIAX M TOHA/1aX JaIbHEBOCTOYHON MOMBBI U3 MPH-

6p€)KHI>IX BOJ Oro-3araJHoro CaxanuHa

Table 1. Average concentrations of trace elements in muscles and gonads of the Pacific capelin from the coastal

waters of southwest Sakhalin

MHEKpPO3IIEMEHTBI, MI/KT CBIP. MACChI
Txann -
Fe ‘ Mn ‘ Cu ‘ As ‘ Cr ‘ Ni ‘ Pb ‘ Hg ‘ Cd
MBI 3.74 0.54 0.48 0.35 0.23 0.09 0.02 0.016  0.005
Uxkpa 3.09 0.86 0.59 0.03 0.25 0.09 0.04 0.004  0.005
Moutoku 2.46 0.46 0.42 0.02 0.24 0.11 0.04 0.016  0.003

'TTo TeXHHYECKUM TMpUYAHAM aHAJIU3 Ha COACPIKAHNUE MUKPOSJIIEMEHTOB B MBIIIIAX MPUIIIIOCH OTPAHUYUTH aHAJIN30M MBIIIIT CAMOK.
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Tabmuna 2. CpenHie KOHIIEHTPAIIMA HOPMHUPYEMBIX TOKCHYHBIX SJIEMEHTOB B HKpPE, MOJIOKAX M MBIIIIAX JaJlb-
HEBOCTOYHOW MOWBBHI M3 MPUOPEKHBIX BOI FOTo-3amagHoro CaxaquHa W MBIIIIAX aTIaHTHUYECKOH MOWBBI M3

Bbapennesa mopst

Table 2. Average concentrations of normalized toxic elements in fish eggs, milt and muscles of the Pacific capelin
from the coastal waters of southwest Sakhalin and muscles of the Atlantic capelin from the Barents Sea

HopMupyemble TOKCHYHBIE 3JIEMEHTBI, MI/KT ChIP. MacChl
Bun, TkaHu (OpraHbr)
As | Pb Hg cd

Mallotus catervarius (Tatapckuii IpoIUB)
Hxkpa 0.03 0.04 0.004 0.005
Mornoku 0.02 0.04 0.016 0.003
MBIIs 0.35 0.02 0.016 0.005
Mallotus villosus (bapeHiieBo Mope)
Mprms [13] 2.71 0.09 0.019 0.075
JHormycTumble ypOBHU?
Hkpa, monoku 1.0 1.0 0.2 1.0
MBIIsI 5.0 1.0 0.5 0.2

KoHneHTpanmm HOpMUPYEMBIX TOKCHYHBIX

anementoB (Pb, Cd, As u Hg) B moliBe HuXe pe-
[IAMEHTHPYEMBIX YPOBHEW, OHa sBIseTCS 0e30-
MACHOU M0 THTUEHUYECKUM TPEOOBAaHUSM K TTHIIIE-
BBIM TIpoxykTaM. [lorydeHHble TaHHBIE KOCBCHHO
YKa3bIBAIOT Ha OJIATONIPUSATHYIO 3KOJOTHYECKYFO
00CTaHOBKY B BOJIaX pailoHa OOUTaHUS MOMBBHI.

B nepcnekruBe IUIaHHUpYETCsS HCCIIENOBATH

MHKPODJIEMEHTHBIM COCTaB JaJIbHEBOCTOYHOM
MOWMBBI U3 IPYTHX pailOHOB MPUCAXATUHCKUX BOJ,
B YaCTHOCTH U3 3aJl. AHMBA U IOT0-BOCTOYHOM Yyac-
TH OCTPOBA, JIJIsl CPAaBHEHMSI YCIIOBUI 0OUTaHUSI.
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