https://doi.org/10.30730/gtrz

TEOCUCTEMbI MEPEXO/HDIX 30H
Tom 9 Ne 3 2025 Wionb — CeHTAaAGPD

ISSN 2541-8912 (Print)
ISSN 2713-2161 (Online)

GEOSYSTEMS OF TRANSITION ZONES
Vol. 9 No. 3 2025 July - September

Hayu4HbIn XypHan

Yupedumernb u uzdamerb:

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

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

OcHoBHas 3agaya XypHana — UHhOPMMPOBAaHWE Hay4HON
06LLEeCTBEHHOCTU, POCCUIACKO U 3apyOexHON, 0 pesynbraTax
N3y4YeHNs reocMcTem NepexofHbIX 30H 3emMnn 1 CBA3aHHbIX

C HMVK Npobnem reoramnku, recnornm, reoauHamMmKH,
CEeNCMOsIorum, reoaKonorMm N Apyrux Hayk.

AKypran:
* BkNoYeH B EQMHBbIN rocyaapcTBeHHbIN NepevyeHb
Hay4HbIX U3gaHumn — «benbii cNMCcoky, ypoBeHb 2;

* niaekcupyetcs B Russian Science Citation Index
(sAapo PUHL);

* peructpupyetcs B cucteme CrossRef. HayyHbim
nyGnukaumam npyuceamsaeTcs naeHtugukatop — DOI;

« BkntoyeH B katanor Ulrich’s Periodicals Directory;
* VHOEKCUpYyeTCsl B MexayHapoaHon 6ase Hay4YHbIX

XypHanos oTkpbIToro goctyna — Directory of Open Access

Journals (DOAJ);

« BkntoveH B MNepeyeHb BAK — NepeyeHb peLieH3npyembix
HayYHbIX U3OaHWUIA, B KOTOPbIX AOMKHbI GbITb ONYGNUKOBaHSI

OCHOBHbl€ Hay4Hble pes3ynbraTbl /:mccepTau,vnh Ha couckaHue

YYEHOIA CTeneHn KaHamaaTa Hayk, 4OKTopa Hayk no

cneayrwmnm HaydyHbiM cneumarnbHOCTAM U COOTBETCTBYOLWNM

MM OTpacnam Hayku:

1.6.1. O6wasn n pernoHanbHas reonorus. FeoTekToHuka n
reofvHaMuKa (2e0/1020-MUHEpPanoau4yeckue)

1.6.3. [leTponorus, BynkaHonorus
(eeonoeo-muHepanozau4eckue)

1.6.9. Teodumauka
(2eonozo-mMuHepanoau4eckue; (husuKo-mMamemamuyeckue)

1.6.14 'eomopcponorusa n naneoreorpacus
(eeoepacpuyeckue)

1.6.17. OkeaHonorus
(2eoepachuydeckue; 2e0/1020-MUHEpPaoauYecKuUe;
¢bu3uKo-mamemamu4ecKkue)

1.6.20. l'eonHdopmaTurka, kapTorpadus
(gpusuko-mamemamuuyeckue)

1.6.21. leoakonorus
(2eozpaghuyeckue; 2e0/1020-MUHepaioau4yecKue)

1.5.15. Bkonorusa (6uonozuyeckue)

1.1.8. MexaHuka gedopmmpyemoro TBepaoro tena
(mexHu4eckue; husuKo-mamemamu4ecKkue).

Scientific journal

Founder and Publisher:

Institute of Marine Geology and Geophysics
of the Far Eastern Branch
of the Russian Academy of Sciences

Published since January 2017
Periodicity: Quarterly

The main objective of the journal is informing of scientific
community, Russian and foreign, about the results

of researches in geosystems of the Earth’s transition
zones and related problems of geophysics, geology,
geodynamics, seismology, geoecology and other sciences.

The Journal is:
« included in the Unified State List of Scientific
Publications — "White List", Level 2;
« indexed in Russian Science Citation Index
(RISC core);
« registered in the CrossRef system. Scientific publications
are assigned an individual identifier DOI;

« included in the Ulrich’s Periodicals Directory database;

* indexed in the Directory of Open Access Journals
(DOAJ);

« included in the VAK List — the List of peer reviewed
scientific journals, in which main scientific results

of dissertations for the Candidate of Sciences and

Doctor of Sciences degrees in the following scientific
specialties and corresponding branches of science should
be published:

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

1.6.3. Petrology and volcanology
(Geology and Mineralogy)
1.6.9. Geophysics
(Geology and Mineralogy; Physics and Mathematics)
1.6.14 Geomorphology and Paleogeography
(Geography)
1.6.17. Oceanology

(Geography; Geology and Mineralogy;
Physics and Mathematics)

1.6.20. Geoinformatics and cartography
(Physics and Mathematics)

1.6.21. Geoecology
(Geography; Geology and Mineralogy)

1.5.15. Ecology (Biology)

1.1.8. Mechanics of deformable solids
(Physics and Mathematics; Engineering).

Adpec yuypedumens u uzdamensi

UMIvlr ABO PAH

yn. Haykn, 16, FOxHo-CaxanuHck, 693022
Ten./dbakc: (4242) 791517

E-mail: gtrz-journal@mail.ru

Caint: http://journal.imgg.ru

KoHTeHT gocTyneH no nuueHsun Creative Commons Attribution
License 4.0 International (CC BY 4.0)

Postal address

IMGG FEB RAS

1B, Nauki Str., Yuzhno-Sakhalinsk, 693022
Tel. / Fax: (4242) 791517

E-mail: gtrz-journal@mail.ru

Website: http://journal.imgg.ru

© MIulr IBO PAH, 2025

Content is available under the Creative Commons Attribution
License 4.0 International (CC BY 4.0)



TEOCUCTEMbI MEPEXOAHbLIX 30H, 2025, 9(3)

GEOSYSTEMS OF TRANSITION ZONES, 2025, 9(3)

PepgakuymnoHHas Konnerus

InasHbIl pedakmop

3aBbsnos etp OneroBuY, uneH-koppecnoHaeHT PAH,
[-p reorp. Hayk, 3aMecTUTenb ANPeKTopa, PyKOBOAUTENb
nabopaTopuv B3aumoaeicTBIs okeaHa ¢ BOgamu CyLuu
1 @aHTPOMOreHHbIX NpoLeccoB, MHCTUTYT okeaHoMorMn
um. MN.M. Wupwosa PAH, Mocksa

3amecmumenb enagHo2o pedakmopa

Boromonos JleoHng MuxannoBuy, a-p dus.-mart. Hayk,
aunpektop, MHCTUTyT Mopckoi reonorum u reogmankn BO PAH,
FOxHO-CaxanmHek

OmeemcmeeHHbIU cekpemapb

MpbiTkOB AnekcaHgp CepreeBuY, kaHa. dus.-Mar. Hayk,
WHcTuTyT Mopckoi reonorum v reocpmankm OBO PAH,
FOxHO-CaxanmHek

* AaywkuH Butanui BacunbeBuy, akagemuk PAH, o-p dus.-mar.
Hayk, MHcTuTyT uHamukm reocdep PAH; MockoBckuin duauko-
TEXHUYECKUI MHCTUTYT, Mockea

AnekcaHuH AHaTtonuin iBaHoBWY, A-p TEXH. Hayk, HCTUTYT
aBTOMaTUKK M npoLieccos ynpaenenus [BO PAH, BnagusocTok

BeikoB Bukrop MeHHaabeBuY, 4-p u3.-Mart. HayK, MHCTUTYT
TEKTOHWKM 1 reodpmankm um. F0.A. KoceirnHa [1BO PAH, Xabaposck

3akynuH Anekcanap CepreeBuy, kaHa. Gu3.-Mart. Hayk,
WHCTUTYT MOpckoi reonorum 1 reocomankn [1BO PAH,
HOxHo-CaxanuHck — 3aM. 2/1agH020 pedakmopa

Kosanes [mutpun MetpoBuy, a-p pu3.-mart. Hayk, MHCTUTYT
mopckon reonorum v reocpmsnkm 1BO PAH, FOxHo-CaxanuHek

KouapsH leBopr paHToBMY, O-p u3.-MaT. Hayk, npodpeccop,
WHctuTyT anHamukm reocpep PAH, Mocksa

KypkuH Anppein AnekcaHapoBud, a-p ¢una.-mart. Hayk, npocdeccop,
Hwxeropogckui rocynapCTBeHHbIA TEXHUYECKWIA YHUBEPCUTET
um. PE. Anekceesa, HwxHnin Hosropog,

Ja6ai Bavyecnae CtenaHoBuY, 4-p 61on. Hayk, CaxanuHckuii
¢punman Becepoccuitckoro Hay4HO-MCCeno0BaTenbCkoro MHCTUTYTa
pbIGHOrO X035IACTBa M OkeaHorpaduu, KOxHo-CaxanmHek

JleBuH Bnagumup AnekceeBuy, akagemuk PAH, a-p ¢ma.-mar.
Hayk, npodeccop, MHCTUTYT aBTOMaTMKM W MPOLIECCOB
ynpasnexnst IBO PAH, Bnagusoctok; UHCTUTYT mexaHukn MY
um. M.B. llomoHocoBa, Mocksa

Jlyunn Bnagumup AnekcanapoBud, 4-p reorp. Hayk,
TrxooKeaHCKMI OkeaHONOrMYeCKWiA HCTUTYT M. B.W. nbnyesa
[BO PAH, BnaaneocTok

Mapanyneu KOpuit BaneHTuHOBMY, O-p (hn3.-MaT. HayK, JOLEHT,

VHCTUTYT KOCMOCHM3NHECKIX MCCTIEOOBAHWI 1 PacTPOCTPaHEHUS
pagvosonH [BO PAH, Kamyatckuit kpait, MapaTyHka

OropopgoB CtaHncnaB AHatonbeBud, npogeccop PAH,
O-p reorp. HayK, 4n.-kopp. PAEH, MY um. M.B. JlomoHocoBa,
Mockea

MnexoB Oner AHaTonbeBuY, Yn.-kopp PAH, a-p dus.-maT. Hayk,
npodeccop, MHCTUTYT MexaHuku cnnowwHblx cped YpO PAH,
Mepmb

Pa3xuraeBa Hapexnaa Mme6oBHa, a-p reorp. Hayk, TXOOKeaHCKiA

uHcTuTyT reorpacoum BO PAH, BnagmeocTtok

* PeGeukuit Opuin lleoHnpgoBuY, a-p pus.-mart. Hayk, HCTUTYT
cpuaukm 3emnm um. O.10. LLimnata PAH, Mocksa

* Poakud Muxaun BnagumupoBuy, g-p gus.-Mart. Hayk,

MesxayHapOoaHbI MHCTUTYT TEOPUM NPOrHO3a 3eMNETPACEHUI

1 maTemaruyeckomn reocpmanku PAH, Mockea

* Pbi6bnH AHatonui Kysbmuy, g-p dus.-mart. Hayk, HayyHas ctaHums
PAH B r. buwkeke, buukek, Kuprusus

222

Editorial Board

Editor-in-Chief

Peter O. Zav’yalov, Corr. Member of the RAS, Dr. Sci.
(Geography), Deputi Director, Head of the Laboratory of
land-ocean interactions and the anthropogenic impact,
P.P. Shirshov Institute of Oceanology RAS, Moscow, Russia

Deputy Editor-in-Chief

Leonid M. Bogomolov, Dr. Sci. (Phys. and Math.), Director,
Institute of Marine Geology and Geophysics of the FEB RAS,
Yuzhno-Sakhalinsk, Russia

Executive Secretary

Alexander S. Prytkov, Cand. Sci. (Phys. and Math.),
Institute of Marine Geology and Geophysics of the FEB RAS,
Yuzhno-Sakhalinsk

« Vitaly V. Adushkin, Academician of RAS, Dr. Sci. (Phys. and Math.),
Institute of Geosphere Dynamics of the RAS; Moscow Institute
of Physics and Technology, Moscow

Anatoly I. Alexanin, Dr. Sci. (Eng.), The Institute of Automation
and Control Processes of the FEB RAS, Vladivostok

Victor G. Bykov, Dr. Sci. (Phys. and Math.), Yu.A. Kosygin Institute
of Tectonics and Geophysics of the FEB RAS, Khabarovsk

Alexander S. Zakupin, Cand. Sci. (Phys. and Math.), Institute
of Marine Geology and Geophysics of the FEB RAS,
Yuzhno-Sakhalinsk — Deputy Editor-in-Chief

Dmitry P. Kovalev, Dr. Sci. (Phys. and Math.), Institute of Marine
Geology and Geophysics of the FEB RAS, Yuzhno-Sakhalinsk

Gevorg G. Kocharyan, Dr. Sci. (Phys. and Math.), Professor,
Institute of Geosphere Dynamics of the RAS, Moscow

Andrei A. Kurkin, Dr. Sci. (Phys. and Math.), Professor,
Nizhny Novgorod State Technical University n.a. R.E. Alekseey,
Nizhniy Novgorod

Vyacheslav S. Labay, Dr. Sci. (Biology), Sakhalin Branch
of the Russian Federal Research Institute of Fisheries and
Oceanography, Yuzhno-Sakhalinsk

Vladimir A. Levin, Academician of RAS, Dr. Sci. (Phys. and
Math.), Professor, Institute of Automation and Control Processes of
the FEB RAS, Vladivostok; Lomonosov Moscow State University,
Moscow

Vladimir A. Luchin, Dr. Sci. (Geogr.),
V.l. Ilichev Pacific Oceanological Institute of the FEB RAS,
Vladivostok

Yuri V. Marapulets, Dr. Sci. (Phys. and Math.), Associate
Professor, Institute of Cosmophysical Research and Radio Wave
Propagation of the FEB RAS, Kamchatka Region

Stanislav A. Ogorodov, Professor of RAS, Dr. Sci. (Geogr.),
Corr. Member of the RAES, Lomonosov Moscow State University,
Moscow

Oleg A. Plekhov, Corr. Member of RAS, Dr. Sci. (Phys. and Math.),
Professor, Institute of Continuous Media Mechanics of the Ural
Branch of the RAS, Perm’

Nadezhda G. Razjigaeva, Dr. Sci. (Geogr.), Pacific Institute

of Geography of the FEB RAS, Vladivostok

Yuri L. Rebetskiy, Dr. Sci. (Phys. and Math.), Schmidt Institute

of Physics of the Earth of the RAS, Moscow

Mikhail V. Rodkin, Dr. Sci. (Phys. and Math.), Institute

of Earthquake Prediction Theory and Mathematical Geophysics

of the RAS, Moscow

+ Anatoly K. Rybin, Dr. Sci. (Phys. and Math.), Research Station of the
Russian Academy of Sciences in Bishkek City, Bishkek, Kyrgyzstan



TEOCUCTEMBI MEPEXO[HLIX 30H, 2025, 9(3)

GEOSYSTEMS OF TRANSITION ZONES, 2025, 9(3)

PenakumnoHHas konnervs

* CepreeBa WpuHa BsiuecnaBoBHa, f-p 61on. Hayk, npodeccop,
CapaToBCKMii rocyNapCTBEHHbIN YHUBEPCUTET FEHETUKN,
BuroTexHonorum n uixeHepun um. H.N. Basunosa, Capatos

* Takaxawm Xupoaku, npocheccop, VIHCTUTYT cerncmornorim
1 ByrnkaHonorn Yuusepcuteta Xokkango, Cannopo, AnoHus

Tpouukas Onus UropesHa, a-p us.-mart. Hayk, npocdeccop,
WHeTutyT npuknagHon duanku PAH, HuxHuin Hosropog;
Hwxeropogckuii roc. yHueepcutet um H.A. ITobavesckoro,
HwxHuin Hosropog

LWakupoB Penat BenanoBuy, A-p reon.-MUHEP. HayK, [OLIEHT,
TuxookeaHCKuii OKeaHONOrNyeckuin HCTUTYT M. B.W. Unbuyesa
[1BO PAH, BnagusocTok

LeB4eHko Meopruit BnagummupoBuy, a-p u3s.-mart. Hayk,
CaxanuHckuin dunman Bcepoccninckoro Hay4yHo-
ICCNeNoBaTenbCKOro MHCTUTYTa pbiBHOTO X03sCTBa

1 okeaHorpacuu, KoxHo-CaxanmHck

Lemenna Anekcanap Mnbuu, npocheccop NCKNYUTENBHOMO
knacca, YHusepcuteT Huuubl Cocus-AHtunonue, Huuua,
®paHums

Apmontok Bnagumup Buktoposuy, akagemuk PAH, a-p reon.-
MUHEp. HayK, VIHCTUTYT reonoruv pyaHbIX MeCTOPOXAEHWNA,
netporpadum, MuHepanorm u reoxumin PAH, Mocksa

Editorial Board

« Irina V. Sergeeva, Dr. Sci. (Biology), Professor,
Saratov State University of Genetics, Biotechnology and
Engineering named after N.I. Vavilov, Saratov

* Hiroaki Takahashi, Professor, Institute of Seismology
and Volcanology, Hokkaido University, Sapporo, Japan

* Yuliya l. Troitskaya, Dr. Sci. (Phys. and Math.),
Professor, Institute of Applied Physics of the RAS,
Nizhniy Novgorod; Lobachevsky University,
Nizhniy Novgorod

* Renat B. Shakirov, Dr. Sci. (Geol. and Miner.), Associate Professor,
V.l. Ilichev Pacific Oceanological Institute of the FEB RAS,
Vladivostok

* Georgy V. Shevchenko, Dr. Sci. (Phys. and Math.),

Sakhalin Branch of the Russian Federal Research
Institute of Fisheries and Oceanography,
Yuzhno-Sakhalinsk

+ Alexandre |. Chemenda (Shemenda), Dr. Sci. (Phys. and Math.),
Professeur des Universités de Classe Exceptionnelle, Université
de Nice Sophia Antipolis, Nice, France

* Vladimir V. Yarmolyuk, Academician of RAS, Dr. Sci. (Geol.
and Miner.), Institute of Geology of Ore Deposits, Petrography,
Mineralogy and Geochemistry of the RAS, Moscow

XKypHan 3apervuctpupoBaH B ®efepanbHoii cnyx6e no Hag3opy B cdepe CBA3N, MHPOPMALMOHHBIX TEXHOMOTUN U MacCOBbIX KOMMYHUKaLWNA.
(PervictpaumoHHbiin Homep MU Ne ®C 77-73243 ot 13.07.2018 r.). TeppuTopus pacnpocTpaHenusi — Poccuiickas ®epepaums, 3apybexHble CTpaHbl.

lMepesodyuk Yepa AHacTacus [iIMUTpUeBHa

Pedakmop k.p.H. Huzsesa MNanuHa dununnoBHa
KomnibtomepHasi sepcmka ®PunumoHkMHa AHHa AnekcaHApoBHa
[Ju3zatiH NeoHeHkoBa AnekcaHapa BukropoBHa

Adpec pedakyuu xypHana u murozpaguu:
693022, Poccus, r. KOxHo-CaxanuHck, yn. Hayku, 16.
gtrz-journal@mail.ru

dopmart 60 x 84 /8. Ycn. ney. n. 13.9.
Tupax 150 ak3. 3aka3 8072. CeobogHas LeHa.
[aTta Bbixoaa B cBeT 26.09.2025.

MoanucHon nHaekc B O6beaMHEHHOM UHTEpHET-KaTanore «[Mpecca Poccum»
(www.pressa-rf.ru) — 80882.
Mo BoMpocam pacnpocTpaHeHst 06paLLaTbCs Takke B pefakLmio.

223

Translator Anastasiya D. Chera

Editor Galina Ph. Nizyaeva, Cand. Sci. (Phylology)
Desktop publishing Anna A. Filimonkina
Design Alexandra V. Leonenkova

Postal address of the Editorial Office and printing house:
1B, Nauki Str., Yuzhno-Sakhalinsk, 693022.
gtrz-journal@mail.ru

Sheet size 60 x 84 /8. Conv. print. sheets 13.9.

Number of copies 150. Order no. 8072. Free price.

Date of publishing 26.09.2025.

Subscription index in the United web-catalogue “Press of Russia”

(www.pressa-rf.ru) — 80882.
Please also contact the Editorial Office for distribution.



lEOCMCTEMbI NEPEXOAHBIX 30H
Tom9 Ne3 2025 Wionb — CeHTAGPb

ISSN 2541-8912 (Print)
ISSN 2713-2161 (Online)

GeosysTEmMS oF TRANSITION ZONES
Vol. 9 No.3 2025 July - September

http://journal.imgg.ru

https://doi.org/10.30730/gtrz-2025-9-3

https://doi.org/10.30730/gtrz-2025-9-3

COOEPXAHWE

[eodmsnka. Nle0TEKTOHMKA 1 reogMHaMmnka

H.®. Bacunenro, A.C. Ilpwoimxos, /. 1. @ponos, A.C. Ten. CoBpemeH-
HBIC JBIKCHUS U JeopMaliii LEeHTpaIbHOM YacT octpoBa Caxa-
JIH .\ oot e et e e e e e e e 225

[eodmsuka, cencmonorma

B.H. Cviues, JI.M. bozomonos. lunaMu4eckue napaMeTpbl 04aros
3emueTpsicennit Ha octpose Caxamuu B 1978-2024 1t . ... .. 238

KPATKOE COOBIIEHUE

A.C. 3axynun. Ilporno3 3emmuerpsicenuii meroqom LURR na Ca-
XaJIMHE B PEKUME PEaNIbHOTO BpeMeHHU. Pe3ynbraTsl MOHUTOpPHHTA
B 2023-2025 IT. 4 UX OLICHKA B CBSA3H C MEra3eMJIeTPsCEHUEM Ha
Kamuarke 30.07.2025, M 8.8 .. ... ... . .. ... 256

[eodmsuka, cencmonorma
[eonHpopmaTumka 1 kapTorpadgusa

I1.H. Anexcanopos, JI.B. Cmacenxo. OnpeneneHre MOMEHTOB Bpe-
MEHH BCTYIUICHHS CEHICMUYECKHX CUTHAJIOB HAa OCHOBE aHAJIN3a UX

(ha30BBIX XAPAKTCPHCTHK .+« v voe e veeeaee e enennennnns 265
OkeaHonorus

FO.I1. Koponés. BonHBI B clioe ®KHUIKOCTH, BO30yKIacMbIe Bapua-
LUSIMH JIaBJICHUS HAJl CBOOOIHOM HOBEPXHOCTBIO . . . . .. .. .. 277

Okonorusa. NeonHgopmaTtmka n kaptorpadoua

A.B. Kocapes, U.B. Cepeeesa, A.B. Knouukos, C.B. Yymaxkosa,
A.A. Jleonmves. XapaKTepuCTUKa IPEBECHOH pPACTUTEIBHOCTH
JIECHOTO OMOTeOleH03a C NPUMEHEHHEM HCKYCCTBEHHOIO WHTEI-
JIEKTa Ha OCHOBE JJAHHBIX JIUCTAHI[MOHHOTO 30HIUPOBaHUS . . 286

Okonorus. Mmgpobronorus

O.H. Myxamemosa, U.H. Myxamemos. YcnoBUs HEpECTa SITOHCKO-
ro anuoyca Engraulis japonicus (Engraulidae) B roro-BocTouHO#
gactu CaxanuHCcKoro 3aiuBa (OXOTCKOE MOPE) . .. ... ... 299

[eonorus, nouck, passegka v akcnnyartaums
HEMTAHLIX M ra30BbIX MECTOPOXOEHWUM

KPATKOE COOBIIEHUE

P.®. byneaxos, JI.M. Bocomonos. MeTonn4ueckuil 3KCIIEPUMEHT
10 IPHMEHEHHIO IIEOIUTH3NPOBAHHBIX TY(OB UIsi 0OHAPYKEHUS
HU3KHX KOHIEHTPAIWi yITIeBOAOPOIOB B CPeJie, MOAEIUPYIOMIEH
TIPUIOHHBIE OCATKH .« « v v e vt e etee e e e e e e e e 325

XpOHMKa Hay4YHOM XKU3HU

JAJIBHEBOCTOYHBIE YUEHBIE
UIl. Kpemnesa, O.B. Becenos, A.B. /leemepes, M.B. Yubucosa.
Bynkanonormdeckue uccienoBanus Ha Caxanuae u Kyprimbckux

octpoBax moj pykoBoactsoM B.H. Illmnosa B 1958-1971 romax
(u3 ucropun UMI'ul' IBOPAH) ......... ... ... ..... 332

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

224

CONTENT

Geophysics. Geotectonics and geodynamics

N.FE. Vasilenko, A.S. Prytkov, D.I. Frolov, A.S. Ten. Recent move-
ments and deformations in Central Sakhalin .................

Geophysics, Seismology

V.N. Sychev, L.M. Bogomolov. Dynamic parameters of earthquake
sources that occurred on Sakhalin Island in 1978-2024. . . ... 238

SHORT REPORT

A.S. Zakupin. Real-time LURR earthquake forecast in Sakhalin.
Results of the monitoring in 2023-2025 and their assessment
in connection with the megathrust earthquake in Kamchatka
onJuly 30,2025, M8.8. . ..ot 256

Geophysics, Seismology
Geoinformatics and cartography

P.N. Aleksandrov, L.V. Stasenko. Determination of the timing of
the entry of seismic signals based on the analysis of their phase

characteristics. .. ..ottt 265

Oceanology
Yu. P. Korolev. Waves in a fluid layer excited by pressure variations
above the freesurface. .. .............. ... .. ... ........ 277

Ecology. Geoinformatics and cartography

A.V. Kosarev, LV. Sergeeva, A.V. Klyuchikov, S.V. Chumakova,
A.A. Leontiev. Characterization of the woody vegetation of the
forest biogeocenosis using artificial intelligence based on remote
sensing data . ....... .. 286

Ecology. Gydrobiology

O.N. Moukhametova, I.N. Moukhametov. Spawning conditions of
Japanese anchovy Engraulis japonicus (Engraulidae) in the south-
eastern part of Sakhalin Gulf (the Sea of Okhotsk) ......... 299

Geology, exploration and exploitation
of oil and gas deposits
SHORT REPORT

R.F. Bulgakov, L.M. Bogomolov. Methodical experiment on the
use of zeolitized tuffs to detect low concentrations of hydrocar-
bons in an environment simulating bottom sediments . ........

Current scientific events

FAR EASTERN SCIENTISTS

L.P. Kremneva, O.V. Veselov, A.V. Degterev, M.V. Chibisova.
The volcanological studies in Sakhalin and the Kuril Islands un-
der the leadership of Vsevolod N. Shilov in 1958-1971 (from the
history of IMGG FEBRAS)....... ... ... oot 332

Content is available under the Creative Commons Attribution
License 4.0 International (CC BY 4.0)



FEO®U3UKA. [EOTEKTOHUKA U FTEOUHAMMUKA TEOCUCTEMBI MEPEXOA[HLIX 30H, 2025, 9(3)

© ABTopbl, 2025 1.
KoHTeHT goctyneH no nuueHsumn Creative Commons Attribution
License 4.0 International (CC BY 4.0)

© The Authors, 2025.
Content is available under Creative Commons Attribution
License 4.0 International (CC BY 4.0)

YOK 551.242.1:528.344 https://doi.org/10.30730/gtrz.2025.0.rma-361
https://www.elibrary.ru/zlcdns
Ony6nukosaHa online 30.07.2025

COBpeMeHHbIe AOBWXEHNA U ued)opmau,vm
Ll,eHTpaJ'IbHOI;I 4aCTun OCTpOBa CaxanuH

H. @. Bacunenxo', A. C. Ilpoimkos'®, J[. H. ®ponos®, A. C. Ter?
@E-mail: a.prytkov@imgg.ru
' Unemumym mopckoit 2eonoeuu u 2eogusuxu JJIBO PAH, FOxcno-Caxanunck, Poccus

2 Qusuxo-mexnuyeckuil uncmuniym umenu A.@. Hogppe PAH, Canxm-Ilemepbype, Poccus
3 Boruucnumensuowiti yenmp J{BO PAH, Xa6aposck, Poccus

Pe3tome. Ha ocHoBe MexcelicMuueckux ckopocteit GNSS-IIyHKTOB JeTann3upOBaHbl TOPU3OHTANBHBIE Je(opma-
UK [eHTpasbHON acTH 0. CaxanuH. B paifoHe nccinenoBannii npeobiaaoT ycIoBHs OAHOOCHOTO CKaTHsl, OTHAKO
MIPOCTPAHCTBEHHOE paclpenenenue neGopMaruii B OKPeCTHOCTAX TPAaHCPErHOHAIBHBIX JIMTOC(HEPHBIX Pa3ioMOB
(LenrpanpHOo-CaxanmuHckoro u Xokkaimo-CaxalTnHCKOT0) HEOTHOPOOHO. MaKkCUMalbHOE COKpAaIeHIe 3eMHOM T10-
BepxHOoCcTH C3-FOB HampapieHus: MPOUCXOOUT B 30He Xokkaino-Caxamuackoro pasnoma. K 3oue Llenrpansao-Ca-
XaJIMHCKOT'O Pa3JioMa 1 ero OJKaiIiM OKPECTHOCTSIM IPUYpOoUeHa 00JIacTh HHTEHCHBHBIX Jie()OpMaIHii MpaBoCTo-
POHHETO CABUIa U MUHHUMAJIbHBIX CKOpOCTeﬁ JuJiaTanuu. Kunemaruka paﬂOHa B IEJIOM CBUACTCILCTBYET O CXKATUU
OCTPOBHOI1 CYIIIN CO CKOPOCTBIO 2 MM/TOJ] M TPABOCTOPOHHEM CABHTE 2.5 MM/TOJI, YTO COOTBETCTBYET COBPEMEHHOMY
TEKTOHHYECKOMY pexxumy pernona. [IpaBocroponnuii casur B 30He LleHTpansHo-CaxannHckoro paszinoma (1 Mmm/rom)
MOATBEP)KAAET €r0 KMHEMATHKY I10 JJAHHBIM T'e0JIOT0-reoMOp(OIOrHIecKuX nccienoBannii. IIpu3Haky nmpaBocTo-
POHHETO c/IBHTA B 30HE X0KKango-CaxannHckoro pasnoma (~0.4 MM/To[) IPOSBISIOTCS TOJNBKO B Ipeneiax OmmdoK
ero ompeneinenus. Ilo nanasiM GNSS-HabIrOnEHNIT MONTy4YeHa nepBast OIICHKA BEKOBBIX BEPTHKAJBHBIX ABIDKEHUH
B pailioHe MccieoBaHUN. AOCOJIOTHBIE BEPTHKAJIBHBIE JIBUKEHHS LIEHTPAIBHOW YaCcTH OCTPOBa UMEIOT yHACJeI0-
BaHHBII XapakTep M0 OTHONICHHIO K HOBEHIINM CTPYKTypaM. Bo3bIMaHus cO CKOPOCTBIO ~3 MM/TOZ MPOSIBISIOTCS
B mpenenax 3amanHo-CaxammHckoro U Bocrouno-Caxanmackoro momHsaTuii. HeGonpimoe omyckaHue 3eMHOU TO-
BEepPXHOCTH mpoucxoauT B Teimb-IlopoHaiickom mporube.

KntoueBble cnoBa: coBpemennas reoqunamuka, GNSS-nabaronenus, nedopmariiu, octpos Caxanuu
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Abstract. Based on the interseismic velocities of GNSS points, the horizontal deformations in Central Sakhalin were
studied. The research area is characterized by the predominance of uniaxial compression conditions, however, the spa-
tial distribution of deformations in the vicinity of the trans-regional lithospheric faults (Central-Sakhalin and Hokkai-
do-Sakhalin) is heterogeneous. The maximum reduction of the earth’s surface in the NW-SE direction occurs in the
Hokkaido-Sakhalin fault zone. The area of intensive deformations of right-lateral slip and minimal dilatation rates is
confined to the Central Sakhalin fault zone and its nearest surroundings. Overall, the kinematics of the region indicate
the compression of the island at the rate of 2 mm/year and the right-lateral slip of 2.5 mm/year, which corresponds
to the recent tectonic regime of the region. The right-lateral slip in the Central Sakhalin fault zone (1 mm/year) confirms
its kinematics according to geological and geomorphological studies. Signs of a right-lateral slip in the Hokkaido-
Sakhalin fault zone (~0.4 mm/year) appear only within the limits of their determination errors. Based on GNSS obser-
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vations, the first estimates of secular vertical movements in the investigation area were obtained. The absolute vertical
movements in Central Sakhalin are inherited in relation to neotectonic structures. West-Sakhalin and East-Sakhalin
uplifts elevate at the rate of ~3 mm/year. A slight sinking of the earth’s surface occurs in Tym-Poronaysk depression.

Keywords: recent geodynamics, GNSS observations, deformations, Sakhalin Island
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BBeneHue

OctpoB CaxanuH BXOAWT B YHCJIO HamOo-
Jilee TeKTOHUYECKU aKTHBHBIX pernoHoB Poccum.
Ero reomunamMuka B CBETE COBPEMEHHBIX MpeIl-
CTaBJICHUHN OIpeaenseTcss KOHBEpreHiuen EB-
pasuiickoii 1 CeBepoamepukaHckoil (OXOTCKOM)
murocepHbix wiuT. [Ipu Bceld HEOTHOPOIHOCTH
TOYEK 3pEHUS Ha IMOJIOKEHUE MEKIUTUTOBOM Ipa-
HUIIBI OOJNBIIMHCTBO UCCIIEOBATENEH CBSI3BIBAIOT
€€ C CHCTEMOH TpaHCPETrHOHAJbHBIX CyOMepH-
JMOHAJIBHBIX Pa3JIOMOB OCTpoBa: Xokkaijo-Ca-
xanuHckoro, llenrpanbHo-CaxanuHckoro u 3a-
nagHo-Caxamunckoro [ 1-4] (puc. 1). CxoxaeHue
TUTOC(EPHBIX TUIUT MPOSIBIISETCS B MHTEHCUBHOM
HEOTHOPOTHOM Jie(hOpMHUPOBAHUH 3E€MHOM KOPBI
BBICOKOM CEHCMUYECKON aKTHBHOCTH PErvoHa [5].

B naugane 2000-x rogoB Ha ceBepe, B IICH-
TPAJILHON YacTH U IOT€ OCTPOBa OBUIM CO3/IaHBI
peruonanbHble cetu cmyTHUKOBBIX GNSS (Global
Navigation Satellite System) reogumHaMuuecKux
HaOMIOZICHNH, MTPECTABISAIONINE COO0H momnepey-
Hble MPOUIH, TEPECEKAIOLIUE OCTPOBHYIO CYIITy
¢ 3amaja Ha BOCTOK. [lo JaHHBIM MHOTOJIETHUX
GNSS-HabmtoneHuit  yCTaHOBIIEHA  CKOPOCTH
CXOX/ICHUSA M IIIyOMHa MEXaHHYECKOro Cclerie-
HUSL TUTOC(EPHBIX TUIUT, a TAKXKE HCCIEIOBaHO
pacnpesieieHue TOPH3OHTAIBHBIX JedopMaruit
B MpeJiesiax OCTPOBHOM cymiu [4, 6].

[lepBble MHCTPYMEHTAJIbHBIE CBEJIEHUS O CKO-
POCTSIX BEPTUKAIBHBIX JBUKECHUN HEOTCKTOHUYE-
CKHX CTPYKTYp OCTpoBa ObLiu 0000111eHbI B KapTe
COBPEMEHHBIX BEPTUKAJIBHBIX JBHKCHUN 36MHOMU
kopbl 0. Caxanun (manee — xapra CBJI3K), co-
CTaBJIEHHOU B KOHIE 70-X rogoB MPOLLIOrO CTO-
netus [7, 8]. B LeHTpaabHOM CErMEHTE OCTPOBa
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KapTa OXBaThbIBaJla TOJBKO €r0 3alaJHyI0 YacTb.
B reone3ndeckyto 0CHOBY KapThl OBLITH TTOJIOKEHBI
JUHUHM TOBTOPHOTO BBICOKOTOYHOTO HHBEIUPO-
BaHMs. J{J1s1 mOMy4eHus: aOCONMIOTHBIX CKOPOCTEH
BEPTHUKAJIbHBIX JIBIKEHUI B Ka4eCTBE MCXOIHBIX
UCTIOJIb30BAINCh JTaHHBIE TIOCTOB HaOIIOAeHUI
3a ypoBHeM Mopeil. [lonpaBka B Mapeorpaduue-
CKHE€ JIaHHbBIC 3@ HBCTATUYECKUM MOIBEM YPOBHS
MupoBoro okeaHa He BBOJWJIACH, YTO SIBISIETCS
OCHOBHBIM HEJIOCTAaTKOM KapThl U MPUBOAUT K He-
KOPPEKTHBIM BEJIHMUYNHAM a0COIIOTHBIX (BEKOBBIX)
CKOpOCTEH M MX WMHTEpHpeTaluu. ITOT HEAOYET
HeNb3s OTHECTU K YIYIIEHUIO aBTOPOB KapThl:
CKOPOCTb 3BCTATUYECKOTO MOJbeMa YPOBHS Mu-
pPOBOTrO OK€aHa KO BPEMEHHU COCTABJIECHUS KapThbl
ObUTa TpeaMeTOM OOUIMPHBIX IUCKYCCHH U OIle-
HEHa C JOCTaTOYHOW TOYHOCTHIO TOJIBKO K HaYaIly
XXI B. [9].

I'eogunamuueckas ceTb B LIEHTPE OCTPOBA,
B OTJIMYME OT CEeBepa U Iora, Ha HauyaJbHOM 3Ta-
€ UCCIEAOBAHUM HE UMea JOHKHOIO CTYIIEHUS
Y HE M03BOJIsIIa B IOJTHOW Mepe OLIEHUTh TOPU30H-
TaJbHbIC U BEPTUKAIBHBIE CMEILIEHUS OTACIbHBIX
CTPYKTYpHBIX 371emMeHToB. B 2011 r. monepeunsIit
npoduias B 3TOM YacTU OCTpoBa ObLI JOMOTHEH
HOBBIMU MPOMEXYTOUHBIMU ITyHKTaMH HaOJIOIe-
Huii (puc. 1 6). /laHHbIE TOBTOPHBIX M3MEPECHUI
GNSS-cetu B 2023 1. 103BOJININ AETAIU3UPOBATH
peruoHabHbIE Te0JUHAMUYECKHE UCCIIeI0BaHUS.

Lenpto HacTosmIel pabOTHI SIBISETCS yTOU-
HEHHE KApTHUHBI COBPEMEHHBIX TOPU30HTAIBHBIX
nedopmanuii 3eMHOM MOBEPXHOCTH U OLIEHKA Be-
KOBBIX BEPTHUKAJIBHBIX JABUKCHUN HEOTCKTOHHMYE-
CKUX CTPYKTYp LIEHTpaibHOW uyactu o. CaxanuH
Ha OCHOBE MEXCEHCMHMUECKHX CKOPOCTEH ITyH-
KTOB reoauHamMuueckoi GNSS-ceTn.
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Puc. 1. (a) 'panuns nurocdepusix mut perunona: EU — Epasuiickas, NA — CeBepoamepukanckas, PA — Tuxookeanckas, OK — Oxot-
ckast. CTpenkamy MoKa3aHbl CKOPOCTH CXOXKICHHS JIMTOC(EepHbIX IIUT oTHOcUTenbHO CeBepHoll Amepuku [10]. MexaHn3Mbl 04aros
CHJIBHEHIINX 3eMiieTpsiceHni npuenens! mo naHueM The United States Geological Survey (https://earthquake.usgs.gov). [Ipsmoyrosns-
HUKOM BBIJIEJICH paiioH uccienoBanuil. (60) Cxema pacnonokernss GNSS-IyHKTOB Te0JHHAMHYECKOH CETH IeHTpanbHOo! yactu 0. Caxa-
JIMH U 3TULEHTPHI 3emierpsicenuii ¢ M > 3.0 3a nepuox oktsi6ps 2000 — utoss 2023 rr. YepHbIMHU TpeyroinbHUKaMy 0003HAYEHBI ITYHKTHI,
HaOmoneHns Ha KoTopbix Hadatel B 2000 1., 6enbivu — B 2011 1. [ — 3ananHo-Caxanuackoe nmonastue, 11 — Bocrouno-CaxanuHckoe moa-
uatue, 111 — Tervp-Tloponatickuii mporu6. TpancpernonaneHble TUTOChEepHBIE pa3noMsl: 1 — 3anagHo-CaxanuHckuii, 2 — LleHTpanbHo-
CaxanuHckuit, 3 — Xokkaiino-CaxanuHCKuil; KopoBble pasziaombl: 4 — AnpenoBckuid, 5 — [lepBomaiickuii, 6 — [lorpannunslif. Paznomsl
[OKa3aHbl 10 JaHHBIM [11] ¢ ynpomeHuem.

Fig. 1. (a) The boundaries of the lithospheric plates: EU, Eurasian; NA, North American; PA, Pacific; OK, Okhotsk. The arrows show
the rates of convergence of the lithospheric plates in relation to North American [10]. The focal mechanisms of the strongest earthquakes
are given according to The United States Geological Survey (https://earthquake.usgs.gov). The research area is marked by rectangle.
6) The layout scheme of GNSS points of the Central Sakhalin geodynamical network and earthquake epicentres with M > 3.0 for the
period from October 2000 to July 2023. Black triangles indicate the points where observations began in 2000; white ones, in 2011.
I, West-Sakhalin uplift; 11, East-Sakhalin uplift; I1I, Tym-Poronaysk depression. The trans-regional lithospheric faults: 1, West-Sakhalin;
2, Central- Sakhalin; 3, Hokkaido-Sakhalin; and crustal faults: 4, Aprelovsky; 5, Pervomaisky; 6, Pogranichny. The faults are given
according to [11] (simplified).

XapaktepucTtuka
panoHa nccrnenoBaHUn

B TextoHmdueckoMm otHomeHnu o. CaxaiauH
npeacTaBisieT co0oil KailHO30MCKyrO CKiaaya-
T0-0nokoByt0 cucremy [12, 13]. Llenrpanbhbrit
CETMEHT OCTpPOBa B PETHOHAIBHOM CTPYKTYp-
HO-HEOTEKTOHMYECKOM IUIAHE COCTOUT M3 JIBYX
MOIHATHI: MOJOAOTO, TUTHOLIEH-YETBEPTHUUHO-
ro 3amamgHo-CaxajauHCKOTo W 0ojiee JPEBHETO,
Men-najeoreHoporo  Bocrouno-CaxanmHCKoro,
BHUJION3MEHEHHO-BO3POXK/ICHHOTO B IUIHOIICH-
YETBEPTUYHOE BPEMA, — pa3ACICHHBIX ThIMb-
[Toponaiickum mporudom (puc. 1 6). 3amagHo-
CaxanmHCKOE€ TOMHSATHE TPEIACTABISAET COOOM
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eInHoe, CyOMEpHIMOHAIBHO BBITIHYTOE BOJb
OCTPOBa TOPHOE COOPYKEHHE, COCTOALIEE U3 CyO-
napajuiesIbHO BBITSHYTBIX XpeOTOB, TOrJga Kak
BocTtouno-CaxanuHCKOE NTOIHATHE COCTOUT U3
OTJENBHBIX, PE3KO Pa300IIeHHBIX XpeOTOB, 00pa-
3YIOUIUX CIOKHYIO TOPHYIO CUCTEMY.
Kpynueitime AM3bIOHKTUBBI IIEHTPaIbHOU
4acTH OCTPOBAa MHOTMMHU HCCIIEIOBATENISIMU OT-
HECEHBbI K pa3jioMaM pPa3HOro paHra — TpaHCpe-
THOHAJLHBIM JIUTOCHEPHBIM pazioMaM (3amaf-
Ho-Caxanunckuii, llenTpanbHo-CaxanuHCKUM,
Xokkaiino-CaxaquHCKui) U pernoHalIbHbIM KO-
poBbIM paznomam [3, 11, 13—15]. Kunemaruky 3a-
naaHo-Caxanuuckoro u llenTpanbHo-Caxanus-
CKOTO pa3jIOMOB OOJBIIMHCTBO HCCIEq0BaTENeH
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XapakTepu3yeT Kak B30pOCO-HaJIBUIOBYIO, C SIB-
HBIMH TPHU3HAKAaMU TMPABOCTOPOHHUX CIBUTOB.
[IpencraBieHust O HaNpaBIEHUHW CMELICHUS
B IIEHTpaJbHOM cerMeHte Xokkanjao-CaxanvH-
CKOTO pa3jioMa BeChMa pPa3HOPEUHBHI.
CelicMUYHOCTh ~ palloHa  UCCJEeIOBaHUM
3a BeCh MepUOJl MHCTPYMEHTAIbHbBIX CEHCMOJIOTHU-
YeCKUX HAONIOACHHUI XapaKTepHU3yeTcs HEOMHO-
POIHBIM pAaCIpElEICHUEM AIUIEHTPOB 3eMile-
TPSICEHU, TUTIOLEHTPBI KOTOPBIX COCPEIOTOUEHBI
B OCHOBHOM B 3€MHO#1 Kope Ha riyouHax 70 20 km
[5]. Boicokoii celicMrUUeCcKOl aKTUBHOCTBIO BbIJIE-
nsieTcst Tepputopus 3anagHo-CaxaluHCKOTO Moj-
HATHS, TOrga Kak paiioHbl Teimb-IlopoHalickoro
nporuba u 6ombiieit yactu BocTouno-CaxanuH-
CKOTO TOJHATHS MpaKTU4YecKu acecMuyHbl. He-
OOJBINON YYaCTOK PEAKUX U OTHOCHUTEIHHO Cia-
ObIx 3emieTpsaceHuit M < 4.9 ormeuyaeTcsi TOJIbKO
B BOCTOYHOM uactu BocrouHo-CaxalnHCKOro
nonHsTHs Ha mupoTe ~50.7° N mexay XoKKaigo-
Caxanunckum u [lorpannuHbeIM pa3ioMamu.
[ToBpiieHHast celicMUYHOCTh 3anaaHo-Ca-
XaJIMHCKOTO TOJHATHS TECHO CBSi3aHA C TEKTO-
HUYECKOW aKTHMBHOCTBIO OTPAHHYMBAIOIIUX €T0
TpaHCpPErMoHalIbHBIX pa3noMoB — 3anagHo-Caxa-
nuHckoro u llentpanbHo-Caxanuackoro. O6ma-
CTH CTYIIEHUSI yMEPEHHBIX U CHIIbHBIX 3eMIIETPSI-
CEHHUH, TIPUYPOUYCHHBIE K 30HAM JTHX Pa3JIOMOB
Y UX OTIEpEHUH, pa3/ielIeHbl yYacTKaMU C PEAKUMHU
SMUIICHTPaMU c1a0bIX TOM4YKOB. B 30HE 3anaaHo-
CaxaJIMHCKOTO pasjioMa IMPOU30LUIO HECKOJIbKO
CWJIBHBIX 3eMJIETpsiICeHUH, B ToM uncie Jlecorop-
cko-Ymieropckoe 1924 r. Mw = 6.7 u Yrneropckoe
2000 r. Mw = 6.8 [5] (puc. 1 a). Heckonbko MeHB-
masi celicMUYHOCTh Tpucya 30He L{eHTpanbHo-
CaxanuHckoro pasinoma (BKIIIOYasi OMEPSIOMINI
ero AmpenoBckuii pasinom). B paitone OHOpcKoro
CEerMEHTa 3TOr0 pa3ioMa 3a MHCTPYMEHTAIbHBIH
Nepuo] CEHCMOIOTHYECKUX HAOIIONCHUN IMPOu-
301110 HECKOJIBKO 3emueTpsicenuit ¢ M = 5.0. On-
HaKo MO pe3yJbTaraM NajeoCeicMOIOTHUECKUX
HCCIIEIOBAaHUN Pa3joM CIOCOOEH TI'€HEpUpPOBATh
3emierpsicenusi ¢ M =7.0-7.5 [16].
CunpHelmmM  CeMCMUYECKUM  COOBITH-
eM B IeHTpajbHOU yacTu o. CaxanuH 3a nepu-
on GNSS-na6moonenuit (2000-2023 rr.) sBH-
nocs Onopckoe 3emierpscenue 14.08.2016 r.
Mw =35.8, ynajgeHHoe OT oIepeyHoro npouis Ha
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65 kM [17]. Ouar 3emieTpsiceHust ObLI MPUYPOUCH
K OJHOW M3 BTOPUYHBIX CTPYKTyp LleHTpasbHO-
CaxanuHckoro B30poca-HaJBUTa — ONEPSIOLIEMY
pasnomy, cekyiemy 3anaaHo-CaxaJluHCKUE ropbl
B HampaelieHUHN mooepexbs (puc. 1 6). KopoBbix
3eMiieTpsiceHuii ¢ M > 3 B OnmkalImX OKpeCcTHO-
CTAX F€OAMHAMHUUYECKON CETH He 3a()MKCHPOBAHO.

FeognHamunyeckas ceTb,
annapartypa un metogbl nccnegoBaHuUmn

l'eopunamuueckue GNSS-uccnenoanus
B LIEHTpaJibHOM YacTu CaxajauHa HayaThl CIYCTS
TPHU Mecsla Nociae YIIeropckoro 3eMJIETpsICEHUS
4(5).08.2000 . Mw = 6.8. Ha HauampHOM 3Tarme
CeTh COCTOsJIa M3 IIECTH IYHKTOB IONEPEYHO-
ro npo¢uis, nepeceKkarollero OCTPOBHYIO CYIIy
Ha mupore okoso 50° N (BOSH, AIVA, PBDN,
PERYV, PILG u HUZI), u onopuoro nyakrta UGLG
(r. Yrieropck), pacroyIoKEHHOTO F0XKHee Ipodu-
7 Ha 3amajHoM mobepexkse ocTposa (puc. 1 0).
B kadecTBe reosie3snuecKux LEHTPOB Ha MMyHKTaX
MOMEPEYHOTO0 TPOQUIS HCIOIB30BaHBl TPYHTO-
Bble perepsl TpyOuaTod KOHCTpyKUuHU. ITyHKT
UGLG npencrapnser co00i METAIITHYSCKHUHN TTH-
JIOH, 3aJI0OKEHHBI OypeHHeM Ha DIyOouHy ~3 M,
C IJIOLIAJKON MPUHYAUTEIHHOTO IIEHTPUPOBAHUS
aHTeHHb! (puc. 2 a). Jns monroBpeMeHHOU cTa-
OUIIBHOCTH pernephl 3aKiIaIbIBAJINCh HUXKE TITyOH-
HbI HaMOOJIBIIET0 MPOMEP3aHUs TPYHTA B palloHe
UCCJIEIOBAHUM, a UX SKOPS U HIDKHAS 9acTh MHIIO-
Ha OETOHMPOBAJIKCh.

B 2002 u 2005 rT. 6171M TPOBEICHBI TTOBTOP-
Hple GNSS-u3mepeHns reoguHaMHUYEcKOl CETH
Y TIOJTy4Y€HBI NIEPBbIE CBEICHUS O BEIMUMHAX CKO-
poCTeil COBpPEMEHHBIX TOPU30HTAJIBHBIX JBIKE-
HUl 3eMHOM noBepxHocTH [4]. B aBrycre 2009 r.
B paMKax LeneBoil KOMIIIIEKCHOM pOrpaMMbl Ha-
yunbix uccienosannii JIBO PAH «CoBpeMenHas
reoIMHaMUKa, aKTHBHBIE T€OCTPYKTYPBHI U TPH-
ponnbie onacHocTu JlanbHero Bocroka Poccumy
nyHKT UGLG nepeBesieH B HENPEPBIBHBIN pexXUM
peructpanuu qaHHbIX [18] (puc. 2 6). B2011 . Ha
npoduae ObUIM 3aJI0)KEHBI HOBBIE MPOMEKYTOY-
ueie neHTpsl (SHIR, CARE, PRVL u ZIMN), uto
MO3BOJIMJIO JIETAM3UPOBATh PETHOHAJIbHBIE TeO-
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nuHaMuueckue uccnenaoBanus (puc. 1 6). [locnen-
Hee U3MEpPEHUe Bcell ceTH nposeeHo B 2023 1.

Ha nomnepeunom npoduse usmepeHus BbI-
MOJIHSUIUCh ~ JIByXYacCTOTHBIMU ~ TTPUEMHUKAMH
AshTech Z-XII u Trimble NetRS ¢ antennamu
tuna Choke Ring u Trimble Zephyr Geodetic,
MpU 3TOM Ha BCEX MYHKTaX HCIOJB30BAIIUCH TE
K€ aHTEHHBI, UTO U B MPEAIIECCTBYIOIIHNE MOXH
HaOmoneHuu (puc. 3). st MUHUMU3AIIUY CE30H-
HOTO BJIMSIHUS HA TOYHOCTH MO3UI[MOHUPOBAHUS
TIOJIEBBIC pa0OTHI MPOBOIUIINCH B JICTHE-0CCHHHM
nepuoa. AHTCHHBI 3aKPEIUISIIN Ha CTAaHIAPTHBIX
HITaTUBaX, UX HEHTPUPOBAHKUE OCYIIECTBISIOCH
¢ moMomibio ontudeckoro nearpupa Carl Zeiss
(Jena) ¢ meHow nenenust 3'. BICOTBI aHTEHH U3-
MEPSIIUCH C TOYHOCTHIO 0.1 MM M KOHTPOJIMPOBA-
JUCh, KaK U IIEHTPUPOBAHKE, TTOCIIC BHIIOTHCHUS
HaOJIIOIEHUI.

[TpoaomKUTETLHOCT HU3MEPUTEIIBHONU CeC-
CHUU Ha KaXIOM MYHKTE MOMEPEYHOTO MPOQuIs

a

cocTapisiia He MeHee 3 cyTok. CyTouHble (halibl
dbopmupoBanuck ¢ 30-CEeKyHIHOW HUCKPETHO-
CThIO U MACKOW BO3BBIIICHUS CITYTHUKOB OT 5°.
OOpaboTka MaHHBIX OCYIIECTBIsJIACh C WC-
MOJIb30BAaHUEM CIELUAIM3UPOBAHHOIO IMaKeTa
nporpamMmmHoro obecneuyenusi Bernese 5.2 [19].
Bricokas TOUHOCTB pe3yabTaTOB U3MEPEHUH J10-
CTUTajach TOCIE y4yeTa Pa3IMYHBIX IOMPABOK
B mpouecce obpabotku. Ilpu 3TOM HCHoIB30-
BaJKMCh (pUHAJIbHBIE OPOUTHI CIYTHUKOB, MpE-
craBnennble IGS (International GNSS Service),
napameTpsbl opueHTanuu Bpamienus 3emin [ERS
(International Earth Rotation and Reference
Systems Service), Tabnuibl 3aBUCUMOCTEN (ha-
30BBIX LIEHTPOB aHTEeHH, mnapamerpsl ConHia
u JIyHBI U Opyrue Martepuaibl, PeKOMEHIOBaH-
Hele Mexaynapoanoir GNSS cnyx60ii. B kaue-
CTBE IpHMepa Ha puc. 4 TMOKa3aHbl PE3yabTATHI
CYTOUHBIX U3MepeHuil Ha myHkTe AIVA B 2023 1.

)

Puc. 2. Crannus nenpepsiBHO# peructpanuu UGLG (1. Yrieropek): a — munoH ¢ anteHHo# Trimble Zephyr Geodetic Mod. 2; 6 — GNSS

npuemMHUK Trimble NetRS.

Fig. 2. UGLG station of permanent registration (Uglegorsk town): (a) pylon with antenna Trimble Zephyr Geodetic Mod. 2; (b) GNSS

receiver Trimble NetRS5.
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Puc. 3. GNSS na6monenus B 2023 r.: a — Ha myHkte PERV ¢ antennoit ChokeRing; 6 — Ha mynkre ZIMN c anteHHoit Zephyr Geodetic.
Fig. 3. GNSS observations in 2023: (a) at PERV point with ChokeRing antenna; (b) at ZIMN point with Zephyr Geodetic antenna.

Puc. 4. I'paduku cyrounoit moropsemoct koopaunat nmynkra AIVA B 2023 r. orHocurensHo cranimd UGLG no KoMIoHeHTam:
N —ceBep, E — BocTok, U — BBepx. AlIpHOpHAs OLICHKA TOYHOCTH CyTOUYHBIX N3MEPEHHH NI0Ka3aHa BEPTHKAIbHBIMU JIMHUSIMH BBEPX—BHU3
OT KaXK/I0l TOYKH.

Fig. 4. Plots of diurnal coordinate repetition of AIVA point in 2023 relative to UGLG station by components: N, north; E, east; U, up.
A priori estimation of diurnal observation accuracy is shown by vertical lines up and down from each point.
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Pesynbrathbl n 06cyxaeHue

CKOpOCTH COBPEMEHHBIX JIBHXKCHHUI 3€MHOMN
MOBEPXHOCTU UEHTpaJibHOM YacTu o. CaxanuH
onpeneneHsl A 11 MyHKTOB ceTH, Ha KOTOPBIX
¢ 2000 mo 2023 r. ObUTO MpOBEAEHO OT 2 A0 5
uukioB GNSS-u3zmepenuii. 3a Bech nepuoj Ha-
OMoIeHWiA B pailoOHE HWCCIeIOBAaHUN HE 3aperu-
CTPUPOBAHO KPYMHBIX CEHCMUYECKHUX COOBITHH,
a TPEXMECSIYHBIN WHTEPBAJI BPEMEHHU MOCIIE CHITh-
HEWILIEro YIIIErOpCKOro 36MIIETPSICEHHUS 10 IIEPBOM
AMOXHU U3MEPEHUN J1aeT OCHOBAaHUE I0JIaraTh, 4YTO
MOJIyYE€HHBIE CKOPOCTHU HE MOIBEPKEHBI BIUSIHUIO
nocrceiicMuyeckux 3PpQeKToB, COMPOBOKIABIINX
3emyerpsicenue. [loaTtoMy ckopocT cMeleHH
ITyHKTOB MOXHO YBEPEHHO OTHECTHU K MEKCEHC-
MUYECKHM CKOPOCTSM, CBOOOJIHBIM OT BIIHMSIHUS
ceicMUYeCKUX CcOObITHH. JIJIS BBIIEICHHUS CO-
CTaBJISAIONMINX, OOYCIOBIEHHBIX TMOTPAHUYHBIM
nedopMHpOBaHUEM B KOHTEKCTE TEKTOHHYECKOTO
CTPOEHHUSI palilOHa UCCIIEJOBAHUM, OKOHYATEIIbHbIE
pE3yaBTaThI IPEICTABICHBI B BUJIE CKOPOCTEHN CMe-
IIEHUI MYHKTOB OTHOCUTEIBHO YJAJICHHOW CTaH-
uun UGLG (. Ymeropck). Bpemennblie psiabl u3-
MEHEHHsI KOOPAWHAT OJHOTO U3 IMTyHKTOB — ITYHKTA
AIVA — nokasansl Ha puc. 5. CxeMbl ckopocTen
TOPU30OHTAIBHBIX M BEPTUKAIBHBIX CMEIICHUIN
MIPEICTaBIEHBI Ha pUC. 6.

lopuzoHTanbHble CKOPOCTH BCEX IMyHKTOB
JIOCTOBEPHBI,  CPEIHEKBAJAPATHUECKHE  OIINO-
KU OIPENENeHUs UX KOMIIOHEHT HE MNPEBBIIAIOT
0.2 mm/ron. OmmOKH BEPTUKAIBHBIX CKOPOCTEH
MyHKTOB, HaOmoaBmmxcs B 20002023 ., Bapbu-

pytot B npenernax 0.2—0.4 mm/rom; s OONBIITMH-
CTBa MyHKTOB, HaOmomaBmmxcs B 2011-2023 rr,,
He TpeBbImaroT 0.5 MM/TOJI, ¥ TOJIBKO Ha TYHKTE
PRVL ommubka mocruraet 0.8 Mmm/roz.

rOpVI3OHTaJ1beIe ABUNXeHuUsA

BekTopsl ropu30HTaIbHBIX CMELIECHHUIN ITyH-
KTOB TIOMEPEYHOro Mpoduias B OCHOBHOM Je-
MOHCTPUPYIOT  B3aHMHYK  COIVIACOBAaHHOCTb.
Nx ckopocTu OCTaTOMHO MOHOTOHHO BO3pac-
TalOT C 3araja Ha BOCTOK, JOCTUrasi MaKCUMaJlb-
HBIX 3HadeHWd 3.2 mm/rom Ha myHKTax ZIMN
u HUZI. K Bocroky ot Llentpanbno-Caxanun-
CKOTO pa3jioMa CKOPOCTH MEHSIOT CBOE HaIpaB-
nenue ot IOKO3 na I03. Kunemaruka paiiona
B IIEJIOM CBHUJIETEJICTBYET O CyOIIMPOTHOM CXKa-
THM OCTPOBHOM CYIIM CO CKOPOCTBIO ~2 MM/T0J
U TIPaBOCTOPOHHEM cnBure ~2.5 mm/ron. Takas
KapTUHA TOPU30HTAJIbHBIX JIBUJKEHUU COOTBET-
CTBYET TEKTOHMUYECKOMY PEKHUMY 30HBI KOHBEp-
reHuun EBpasuiickoii u CeBepoaMepHKaHCKON
(Oxorckoif) TuTOC(hEepHBIX TUIUT U HAXOTUT OTpa-
JKEHUE B HAMPABICHUAX PETMOHAIBHOTIO TEH30pa
HanpsDKEHW CKaTusl 1O JAaHHBIM MEXaHU3MOB
ouyaroB 3emuieTpsicenuit [20].

Ha ocHOBe TOpPM3OHTAIBHBIX CKOPOCTEU
CMELIECHUN IYHKTOB BBIYMCIEHBI CPEAHET010-
Bble CKOpOCTH JedopManuii 3eMHON MOBepX-
HocTH. Pacuer ocymecTBisics MO METOIUKE
[21], xoTopas peanm3yeT MOAXOH MOAUPHUIIAPO-
BaHHOTO METOJla HAaWUMEHBIIMX KBaApaToB [22].
Ha ocHoBe moiyueHHbIX COOCTBEHHBIX 3HAYCHUI

Puc. 5. BpemeHnb1e psaabl m3MeHeHHsT KoopanHaTHl myHKTa AIVA 32 nepron 2000-2023 rr. otHOCcHTensHO craHnnu UGLG mo xommo-
HeHTtam: N — ceBep, E — Boctok, U — BBepX. IIpsimMoii nuHuEl noka3aHa JUHEWHas alnpOKCUMAaLUs BPEMEHHOTO psilia, BEPTUKAIBHBIMU
JIMHUSIMA BBEPX—BHH3 OT Ka)XKJ0i TOUKH — alpuOpHast OLEHKa TOYHOCTH HAOIOCHHH. .

Fig. 5. Coordinate time series of AIVA point for the period from 2000 to 2023 relative to UGLG station by components: N, north; E, east;
U, up. The straight line shows linear approximation of the time series, a priori estimation of observation accuracy is shown by vertical

lines up and down from each point.
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Puc. 6. Cxembl cKOpoCTeil TOPH30HTAIBHBIX (a) W BEPTHKAIBHBIX (0) CMEMIEHUH IyHKTOB IOMEpPeYHOro mpoduist 3a nepuox 2000—
2023 rr. otHocuTtenbHO craniu UGLG (T. Yrieropek). DUTHIICOM NOKa3aHbl 16 OMIMOKKM TOPU3OHTAIBHBIX CKOPOCTEil. YCIOBHBIE 000-

3HA4YEHUs CM. puc. 1.

Fig. 6. Schemes of horizontal (a) and vertical (b) rates of the displacement of transversal profile points for the period from 2000 to 2023
relative to UGLG station (Uglegorsk town). Ellipse indicates 1o errors of horizontal rates. For symbols, see Fig. 1.

TEH30pa CKOpPOCTH JAe(opMainuii BBIYHCICHBI
CKOPOCTH TUIOCKOM nedopManuu (IuiiaTaiun).

LleHTpalbHbIl CErMEHT OCTpOBa B IIEJIOM
XapaKTepHU3yeTcsi BeCbMa HEOIHOPOIHBIM Xapak-
TepoM J1e(pOpMHpPOBaHMS 3EMHON MOBEPXHOCTHU
¢ mpeoOyajaHueM YCIOBUI OTHOOCHOTO CXKaTus
(puc. 7). B pacnpenenenuu aedopmaruii MOXKHO
BBIICTTUTH HECKOJIBKO 00NacTell ¢ pa3nuyHON Teo-
IUHAMHYECKOM 0OCTaHOBKOM.

Paiton wMexny 3ananHo-CaxaJMHCKUM U
[enTpanpHo-CaxaJMHCKUM pa3iOMaMU  HCIIbI-
ThIBaeT NPaKTU4ECKU ogHoocHOoe cxarue F03-CB
HanpasJieHust co CKopocThio (—20...—30) x 10 B rox.

MaxkcumalnbHble CKOPOCTH TOPU3OHTAIBHBIX
nedopmarnmii (10 | 45-50 | x 10~ B rof) IpUypO-
4yeHbl K 30He LlenTpanpHo-CaxamimHckoro B30po-
CO-HAJBUTa U €ro ONMKaWIIUM OKpPECTHOCTSIM.
CKopoCTH cXKaTus U PaCTSKEHUS 3[ECh MPAKTH-
YECKHU COIMOCTaBUMBI (CKOPOCTh AWUJIATallUd He
npesbiaer —5 x 10 B rox). IIpaBocTopoHHMit
CHIBHT B 30HE pazioma (~1 MM/Ton) moAaTBepkaaet
€ro KMHEMaTHKy MO0 JaHHBIM IeojIoro-reoMmopgo-
JIOTMYECKUX UccieaoBaHui [14].

HauGonee  WHTEHCHBHOE  COKpalleHUE
3eMHON NoBepxHOCTHU B HampasieHuun C3-IOB
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IIPOUCXOAUT B BOCTOYHOM YAaCTU paliOHA MEX-
ny IlorpaamynbiM u Xokkaigo-CaxaauHCKUM
pasiioMamy, IA€ CKOPOCTb JUIATALMU JOCTUIaeT
—45 x 107 B roa. K 3amany ot [TepBomatickoro pas-

Puc. 7. Cxopocty quiaTanyiv ¥ TOPH3OHTAIBHBIX HedopManuii
3eMHOH MOBEPXHOCTH LEHTpanbHOI dact 0. CaxammH 3a 2000—
2023 rr. OcTanbHbIe yCI0BHBIE 0003HAaUeHHS CM. puc. 1.

Fig. 7. The rates of dilation and horizontal deformations of the
earth’s surface in Central Sakhalin for the period from 2000 to
2023. For symbols, see Fig. 1.
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noma C3-FOB opuenTanus aepopmanuii cxatus
MeHseT cBoe HarpasiieHue Ha FO3-CB. Henocpen-
CTBEHHO B 30HE XOKKaino-CaxaauHCKOTO B30po-
CO-HAJIBUTa, CyJIs IO BEKTOPaM TOPU30HTAIBHBIX
ckopocrteii mynktoB PRVL u PILG, nabmomaercs
HeOonbIIoe (B mpejenax omuboK) MpaBoCTOPOH-
Hee CMEIEeHNEe CO CKOPOCThIO ~0.4 MM/TO/I.

[lo cpaBHEHMIO € MPEenbIIYLIIUM HEPUOIOM
HaOmoneHuH [6] Ka4eCTBEHHBIX N3MEHCHHM B Xa-
paxTepe Ae(pOopMUPOBaHUS paiiOHa UCCIIeI0OBAHUI
HE MMPOUCXO/IUT, OTHAKO TTOJTyYeHHBIE C YBEIHUe-
HHUEM KOJIN4eCTBA MyHKTOB HAOI0aTeIbHON CEeTH
OIICHKH SIBJIIOTCS O0Jiee HaJIe)KHBIMHU.

BepTVIKaHbeIe ABUNXeHua

CkopocTu BepTUKAJIbHBIX CMEIIEHUI IyH-
KTOB MOIEPEYHOro Mpo(uisi Ha HA4YaJIbHOM 3Ta-
1€ OIpe/IeIeHbl OTHOCUTEIHLHO OMIOPHON CTaHIINH
UGLG, xotopasi pacnojio)keHa B 2.5 KM OT Ma-
peorpaduueckoro (ypoBHemMepHOro) mocrta. Ilo
pesyabsratam uccanenosanuil I'I. SAxymko Bepru-
KaJbHAasi CKOPOCTb ONMXKAMIINX OKPEeCTHOCTEH
OCTPOBHOUM CYyIIM OTHOCHTEIHHO YPOBHS MOPS
(6e3 yuera HBCTAaTMYECKOTO TMOABEMA YPOBHS
MupoBoro okeana) 3a pacueTHbli niepuon 1964—
1986 rr. coctaBisna 0.0 = 0.5 mm/rox [23]. K co-
JKaJICHUI0, B JAJbHEHIIIEM ATH UCCIEIOBAHUS HE
BBITMIOJIHSUIMCh, TIO9TOMY a0CONIOTHAs CKOPOCTh
MOAHATHS ONTIOPHOM CTAaHLIMH OLICHEHA BEJTMYMHON
2.0 £ 0.6 mm/ron myTeM 100aBIEHUS CKOPOCTH
ABCTATUYECKOTO MOAbEMa YpOBHSI MUPOBOTO OKe-
ana (1.96 = 0.20 Mmm/ron) Ha CpPEIHIOO JIaTy pac-
yeTHoro nepuona [9].

[IpuBeneHne  BepPTUKAIBHBIX  CKOPOCTEH
MyHKTOB K aOCOJIFOTHBIM 3HAYEHUSM BBITIOHE-
HO J00aBjeHHEM aOCOJIIOTHOW CKOPOCTH OMOp-
HOHM CTaHIMM, NMPUHAB €€ HEeU3MEHHOU (puc. ).
CpenHekBapaTuyeckue OIIMOKKM aOCONIOTHBIX
ckopocreit 3a nepuoa 2000-2023 rr. He MpeBbI-
maroT 0.7 MM/TONI; HA MyHKTax, HaOMIOAABIIUXCS
tonbko B 2011 u 2023 rr., gocturarot 1.0 mM/roz.
Tem He MeHee, MPAKTUYECKHU BCE CKOPOCTH JI0-
CTOBEPHBI, MOCKOJBKY VX BEITUYHHBI IPEBBIIIAIOT
3 cpenHekBaaparnyeckue omuOku. MckiodeHu-
€M SIBJISICTCSI TOJIBKO a0COIIFOTHASI CKOPOCTh OITy-
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Puc. 8. Cxema aOCONOTHBIX BEPTHUKAIBHBIX CKOPOCTEH IMyHKTOB
re0JMHAMHYECKOM CeTH LeHTpanbHOU yacTu 0. CaxanuH. YCIIOB-
HbIC 0003HAYCHUS CM. pHC. 1.

Fig. 8. Scheme of the absolute vertical rates of the points of Central
Sakhalin geodynamic network. For symbols, see Fig. 1.

ckanus nyHkra CARE, conocraBumas ¢ ommoOKkoit
€€ OIpe/eIICHHUS.

CKOpOCTH IyHKTOB MOMEPEYHOTO TPOPUIIS,
nepecekaroniero Bocrouno-CaxanuHckoe moa-
HATHE, HEOAHOPOAHBI. LleHTpanbHasg ero 4vacte
(mynkTter PRVL, PILG u ZIMN) Bo3absIMaeTcst o
cpenHeil ckopocthio 3.9 MM/roa. MakcumanbHas
CKOpPOCTb MOAHSTHS (4.7 MM/TO/) OTMEUaeTcsi Ha
nyHkre PRVL ¢ camoil 6onblioi BBICOTHOW OT-
meTKo# (792 M) Ha BceM npodumite. [Tyrakrsr HUZI
n PERYV, pacnonoxkeHHbIE, COOTBETCTBEHHO, B
KpaeBOM BITaJINHE HAa BOCTOKE MOJHATHS U BOJIU-
3M 3aMajiHoro ero 60pTa, NOJHUMAIOTCS, COOTBET-
CTBEHHO, CO CKOpocThio 1.8 u 2.3 Mmm/ron.

B 3ome 3anmagHo-CaxaJWHCKOIO HOIHIATHUSI
nyHktel BOSH, AIVA, SHIR u PBDN wucnsbiThI-
BalOT TIOJHSATHE CO CKOPOCThIO 2.5-3.3 mm/roj.
Menspmass cxkopocth omnopHoi cranumu UGLG
(2.0 mm/Ton), ckopee Bcero, oOyclIOBJIeHa ee pac-
MOJIOKEHUEM B 3aI1aIHOM MO/I30HE OTHOCUTEIBHO
OTMYIIEHHBIX CTPYKTYP ITOTO MOTHATHUS.

JInst HEOTEeKTOHMYECKOro JTana pa3BUTHUSA
0. CaxannH Ha OCHOBE T€0JIOTO-TeoMOp(hoIOTH-
YECKUX HCCIEAOBAHUI YCTAHOBJIEHO, YTO IVIaB-
HOM TEHJECHIUEH COBPEMEHHBIX IBUKCHUHN SB-
JSe€TCA HANpaBICHHOE BO3/AbIMAHHUE MOJHATHUH,
Ha (OHE KOTOPBIX IHUIIb HEKOTOPHIE PANOHBI
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WCTIBITBIBAIOT OTHOCHUTENbHOE TOTpYyKeHue [24].
OnHaKo KOIMYECTBEHHBIE OLEHKU ATUX IBUKECHHM
MPaKTUYECKU OTCYTCTBYIOT. TONBKO AJIs 3amaHoO-
ro noOepexpsi OCTpOBa MO Pe3yyibTaTaM HHUBEIU-
POBKHM MOPCKHUX OE€PETOBBIX BAJIOB U COCTABICHHUIO
MPOAOJBHBIX Mpoduieii no npudpeKHbIM TEppa-
caM CpelHsIsl CKOPOCTh MOJHATHS OLIEHEHA BEJU-
4uHOH 2.5-3 MM/TOI.

AOCOIIIOTHBIE ~ BEPTUKAIBHBIC  JIBHIKCHHUS
LIEHTPaJIbHON YacTH ocTpoBa 1mo gaHHbIM GNSS-
HaOMIONEHNN KMEIOT YHAclIeZOBaHHBIM Xapak-
TE€p MO OTHOLIEHWIO K HOBEWIIUM CTPYKTypam
U JAlOT KOJMYECTBEHHYIO OIIEHKY MX BEKOBBIX
ckopocrel. IlonokuTenpHble CTPYKTYpPbI BO3/IbI-
MAaIOTCs CO CpellHel CKOPOCThIO ~3 MM/TOM, B TO
BpeMs Kak pa3ielsioluil X Iporud ¢ He3HaYu-
TEJIBHOW CKOPOCTBIO OMyCKaeTcs. AOCOIIOTHbIE
ckopoctu cranmmu UGLG u mynkra BOSH (2.0
1 3.3 MM/TOIl COOTBETCTBEHHO) XOPOIIO COTJIa-
CYIOTCS C HEOTEKTOHUYECKON OIICHKON CKOPOCTH
TIOMHSTHS 3aMaJHOTO TMoOepexbs octposa. Jlo-
KaJIbHbIE HEOJHOPOJHOCTH HEOTEKTOHMUYECKUX
cTpykTyp 3amagHo-CaxanuHckoro u BocrtouHo-
CaxanuHCKOTO TOMHATUM HAXOMAT OTpaKCHHE
B CKOpPOCTSIX X BEpTUKaJbHBIX ABMKeHUH. Co-
IJ1acyeTcsi ¢ Te0JIoro-reoMopdoIornyecKUMH uc-
CJIeIOBaHUSAMH U HEKOTOPOE HapacTaHUE C 3amnajaa
Ha BOCTOK OCTPOBa aMIUIUTY/ U IPaIUEHTOB CKO-
pOCTE BEPTUKAJIBHBIX JIBUKCHUMU.

Kapra coBpeMeHHBIX BEpPTUKAIBHBIX JIBHKE-
HuM 3eMHOI Kopbl 0. Caxanul B paiioHe GNSS-
HCCIIE0OBAHUM OXBaThIBaJla TOJILKO TEPPUTOPUIO
3anagHo-CaxanuHckoro nogusatus [7, 8]. B 30ne
3TOTO MOAHATHUS TUHUU TOBTOPHOTO HUBEJIHPOBA-
HUS TIPOXOJMIIA B OKPECTHOCTSAX 5 MYHKTOB T€0-
JMHAMHYECKON CETH, YTO IO3BOJIUIIO CPaBHUTH
a0CONIIOTHBIE BEPTHUKAJIbHBIE CKOPOCTH 3E€MHOM
MOBEPXHOCTH, MOJNyUYEHHBIE JIByMsI Ppa3IUYHbI-
MU MeTojaMu. PacueThl MOKa3bIBalOT, YTO KapTa
CB/I3K, mocne KOppeKIUH HCXOAHBIX JaHHBIX
OmKalIIuX ypOBHEMEPHBIX MOCTOB (YIiieropcka
u Iloponaiicka), mpuBeeHHBIX B OoJiee Mmo3aHelH
pabore [23], 1 yueTa MOMpaBKH 3a IBCTATUUECKUI
oaBEM YpOBHSI MupoBoro okeana [9], moxer
OBITh MH(POPMATUBHOH (B Ipeesiax €¢ TOYHOCTH)
JUTSL OLICHKH BEKOBBIX BEPTHUKAIBHBIX JBUKCHHUI
LIEHTPAJIbHOM YaCTH OCTPOBA.
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3akn4yeHue

Ha ocHOBE MeXCEHCMHYECKUX CKOPOCTEU
IMyHKTOB reopuHamudeckod GNSS cerm 3a me-
puon 2000-2023 rr. meTanu3MpoOBaHA CIIOXKHAs
KapTHHa COBPEMEHHBIX TOPU30HTAIBHBIX Ae(op-
MaIMi 36MHOU MOBEPXHOCTHU U OLICHEHBI BEKOBBIE
BEPTUKAJIbHBIE JBUKEHUS HEOTEKTOHHYECKUX
CTPYKTYp HEHTpaJbHON YacTH 0. CaxasuH.

Paiton wucciienoBaHuil xapakTepusyercsi He-
OIHOPOAHBIM JehOpMUPOBaHUEM C Mpeodiaaa-
HHUEM YCJIIOBUM OJIHOOCHOTO TOPU30HTAJIBLHOTO
CKaTusi 3€eMHOM MOBEPXHOCTU. MakcumalbHOe
COKpAIIeHHE 3eMHOW TMOBEPXHOCTH MPOUCXOIUT
Mexay [lorpannunbiM n Xokkaigo-CaxamauHCKUM
pasiioMamu, TA€ CKOPOCTh JWUIATALMH JIOCTUTAET
—45 x 10~ B rox. O6macTh MUHHUMAJIBHBIX CKOPO-
creit qunatanuu (—5... —10) x 10~ B rox) ¥ MHTEH-
CUBHBIX JedopMaiuii MpaBOCTOPOHHETO CIABUTA
npuypodeHa K 30He llenTpanpHO-CaxamnHCKOTO
pazioMa u ero OKalmmM oKpecTHOCTsM. CKo-
poctu AeopMalmii CKaTUS U PACTSKEHUS 31€Ch
COMOCTABUMBI 110 BETMYMHE U JIOCTUTAIOT MAKCH-
MaJIbHBIX 3HaYEHUH (10 | 45-50 | x 107 B Tox).

Kunemaruka pailoHa B II€JIOM CBHUIETEIb-
CTBYET O CXKAaTUU OCTPOBHOM CYyIIM CO CKOpO-
CThIO ~2 MM/TOJ M TPABOCTOPOHHEM CIBUTE
~2.5 MM/TOJ, YTO COOTBETCTBYET COBPEMEHHOMY
TEKTOHUYECKOMY pexumy peruona. IIpaBocto-
poHHuii ciur B 30He LlenTpansHo-CaxamnHcko-
ro B30poco-HaaBUTa (~1 MM/TOM) MOATBEPKIAET
€ro KMHEMaTHKy MO0 JaHHBIM IeoJoro-reoMopdo-
Jornueckux uccienosanuii. B 3one Xokkaiino-
CaxanuHCcKkoro B30pPOCO-HAJIBUTA TPOSBISIOTCS
MPU3HAKY (B Tpe/ieax OMMO0K) MPaBOCTOPOHHE-
TO CJIBHTA CO CKOPOCTHIO ~0.4 MM/TOI.

AOCONIOTHBIE ~ MEXKCEMCMUYECKHE BEPTH-
KaJIbHBIE JIBIDKCHHSI 3€MHOUM TMOBEPXHOCTH II€H-
TpPaJIbHOM YacTH OCTPOBA IMOATBEPKIAOT 00-
IIYI0 TEHJICHIIMI0 HEOTEKTOHUYECKHUX JABUKECHUM.
IIo OTHOWIEHHIO K HOBEWIIUM CTPYKTypaMm OHH
MMEIOT YHACJIeIOBaHHBIM XapakTep U AarT KO-
JUYECTBEHHYIO OIIEHKY BEKOBBIX CKOpPOCTEH.
[IpeBanupyromue BO3AbIMAHUS CO CKOPOCTBIO
~3 MM/TOI TIPOSIBIISIIOTCSA B TIpejesiax 3amajaHo-
Caxanunckoro u Bocrouno-CaxainmHCKOro moj-
HATUN. JIOKaIbHBIE UX HEOIHOPOAHOCTH HAXOMAST
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OTpaXE€HHE B CKOPOCTSIX BEPTUKAIBHBIX IBUKE- 3.
Huil. HeGonbioe omyckaHue 3eMHOM MOBEPXHO-
ctu ipoucxoauT B Teimb-Iloponatickom mporwuoe.
Pesynpraret GNSS-Habmtonenuii, B OTIMYHE
OT KapTbl COBPEMCHHBIX BEPTUKAJIbHBIX I[BPI)KCHHIZ 9.
3eMHON KOpbl 0. CaxayivH, TIO3BOJMIN TOTYYUTh
IIEPBYIO OLICHKY BEKOBBIX BEPTUKAIBHBIX JBIKE-
HUWA BCEX HEOTEKTOHWYECKHX CTPYKTYyp parioHa
uccnenosanuii. Kapra CBJ/I3K, B nenrpamsrom 10
CEIMCHTC OCTpPOBa OrpaHUYCHHAs 3aHaI[HO-C3.X€l—
JUHCKUM noHsATHEM U ThiMb-IlopoHalickum mpo-
rHOOM, MOXET OBITh MH(GOPMATUBHOM JJIsI OIICHKH 1"
BCKOBBIX JBHKCHHH ITIOCJIE KOPPCKIUHU HCXOJHBIX
MapeorpadUIecKiX JaHHBIX U yueTa MOMpPaBKH 32 12.
ABCTATUYECKUI MOoABEM YPOBHA MI/IpOBOFO OKE€aHa.
[Tomy4yeHHBIE OLIEHKH HAKOTUICHHS Aedop-
MalMil 3€MHOW KOpbl MMEKT NPUHUHUIHAIBHOE 13.
S3HAYCHUEC I HCCICAOBAaHUA IIPOLECCOB IIOM-
TOTOBKM 3€MJIETPSICCHUN B LIEHTPAJIbHOM YacTH
0. CaxanuH. 14.
15.
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[nHamunyeckne napameTpbl 04aroB 3eMJIETPACEHNN
Ha ocTpoBe CaxanuH B 1978—2024 .

B. H. Coiues®, JI. M. Bocomonos
@E-mail: koitash@mail.ru

Hucmumym mopckoil eeonoeuu u eeogpuzuxu, J{BO PAH, FOoicno-Caxanunck, Poccust

Pe3tome. Ilonyuensl 3HadcHHMs AuHaMudeckux mapamerpoB (II1) mms 110 3emieTpsceHuii ¢ MarHUTYIaMH
M, = 4.7-7.7, nponsomenmux Ha Caxanuue B 1978-2024 rr. [{ng 3TUX 3eMIETPACEHUN paHee ObLT ONMpeneicH
CKaJISIpHBIN celficMudeckuii MoMeHT. s omeHok apyrux JIl: pagmycoB odaroB, cOpOIICHHBIX KacaTeIbHBIX Ha-
MPsDKEHUH U IPUBEACHHOMN CeHCMUYECKOl YHEpTHH — HCIIONB30BaJICs (PEHOMEHONOTHYECKHH TTOAX0A, OCHOBaHHBIN
Ha HaJWYUH PETPECCHH, CBS3BIBAIONICH pagWyc odara W 3HAYCHHS CKAJIIPHOTO CEHCMHUYECKOTO MOMEHTA ISl 3eM-
nerpsicennid Ha Tepputopun Caxanmmno-Kypuibckoro perroHa. Pesynabsrarsl paOboThl cBeIEHBI B TaOMHILy JAaHHBIX.
[TocTpoens! KapThl pacmpeneneHusl yepeaHeHHbIX 3HadeHni »tux /Il mo ruromaan mzydaemoro pernona. Takum
00pa3oM, 3HAYUTEIHLHO YBEIMYEH 00bEM JaHHBIX MO COPOLICHHBIM HaNpsDKCHUSIM U NPUBEICHHON ceHcMHYeCcKoi
SHEPIHH /ISl CAXaTMHCKHUX 3eMJICTPSICEHHH.

KntoueBble cnoBa: celicMUYHOCTh, 3eMJIETPSCEHHE, KATaJIOT, CKaIsIPHBIA CEHCMUUECKUN MOMEHT, PauycC
oyara, cOpoc HampspkeHui, ocTpoB CaxanuH, ceBepo-3amaaHas 4acTb THXOro OKeaHa
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Abstract. The values of dynamic parameters (DP) for 110 earthquakes with magnitudes M, = 4.7-7.7 that occurred
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[unHammnydeckue napameTpbl 04aroB 3eMeTpsiceHnii Ha octpoBe CaxanuH B 1978-2024 rr.

duHaHcupoBaHue n 6narogapHocTu

PabGoTa mpoBezneHa B paMKax TOCYAapCTBEHHOTO 3aJaHMS
HucturyTa Mopckoit reonorun u reodusnku JJBO PAH
(Ne 075-00604-25). IIpn BIOTHEHUN PAaOOTHI UCIIOIB30-
BaJIUCh JIaHHBIC, TOJyYEeHHbIE Ha YHHKaJIbHON Hay4YHOH
ycraHoBke «CelcMOMH(Pa3BYKOBOH KOMIIJIEKC MOHHUTO-
pPUHTa apKTHYECKOW KPHUOJIHMTO30HBI M KOMILIEKC HEIpe-
PBIBHOTO celicMUuYecKoro MoHutopuHra Poccuiickoit ®e-
JIEpaliy, COMpPENeNIbHBIX TeppuTopuit u mupa» (https:/
ckp-rf.ru/usu/507436/; http://www.gsras.ru/unu/).

BBepeHue

OctpoB Caxanun u Kypuibckue octpoBa —
JTAIbHEBOCTOYHBIE POCCUIICKHE PETHOHBI C BHICO-
KUM YPOBHEM CE€MCMMUYECKON akTUBHOCTH [1-4].
Pa3BuTHIO METOZOB MOHMTOPHMHIA HaNpsKEHHO-
1e(OPMHUPOBAHHOTO COCTOSIHUS T€0JOrMUYECKOM
cpensl B JlalbHEBOCTOYHOM PETMOHE M OLIEHKAM
BEPOSTHOCTH CHJIBHOTO 3€MJIETPSICEHUS (TIPOTHO-
3y) MOCBSIIEHO MHOKECTBO padoT, Hanpumep [2,
4-7]. Tem He MeHee, COBEPIIICHCTBOBAHUE METO-
JIOB OIICHKH CEMCMHMYECKOM OmacHOCTH B Jlayb-
HEBOCTOYHOM PErMOHE OCTAETCsl AKTyaJIbHbBIM.
Wndopmanus o nuaamMudeckux napamerpax (1I1)
0YaroB 3eMJICTPSICEHUI: pajnyce odara, CKajsp-
HOM CEWCMHUYECKOM MOMEHTE M, COpPOLICHHBIX
KacaTeIbHbIX HAIpPSKEHUAX AGC, INPUBEICHHON
CEHCMHUYECKON JHEPIruM — MOXKET XapaKTepu30-
BaTb PETrHOHAJIbHBIE OCOOEHHOCTH Je(opMalu-
OHHOTO Ipolecca U, TaKuM 00pazom, ObITh BOC-
TpeOOBaHa B MCCJIECJOBAHUSAX, HANPABICHHBIX Ha
BO3MOYKHOCTb IIPEJCKA3aHUsl CUIIBHBIX 3€MJIETPSI-
cenuil. K npumepy, BpeMeHHbIE Bapualuu Cpel-
HEero ypoBHsA Ac sl BBIOOPOK COOBITHUN 3ajaH-
HBIX MarHUTYyJl SIBJSIOTCS IMPU3HAKOM M3MEHEHMUS
HaNpsHKEHHOTO COCTOSIHUS 3€MHOM KOpBI 10 ua-
rpamme Kynona—Mopa.

Jns ceBepo-3anagHoit yactu Tuxoro okeaHa,
KaK U JJI1 MHOTUX JPYTUX PErMOHOB, 3HAYCHMS
napamerpa M, ONpENeNsIuCh PEryjspHO, BMe-
CT€ C BOCCTAHOBJIEHHEM TEH30pa CeilcMHUYecKo-
ro momenTa. OHu npencrasieHsl Ha caiite CMT
(Centroid Moment Tensor) (Global CMT Catalog
Search; https://www.globalcmt.org/CMTsearch.
html). A Bor apyrue Il nmns 3emnerpsceHuit
B 3TOM peruoHe U, B yacTHOCTH, Ha CaxajuHe
UCCJIEJIOBAJIUCh B 3HAUNUTEIBHO MEHBIIEH cTerne-

FEO®U3UKA, CEACMOJIOrUS

239

Funding and Acknowledgements

The study was carried out within the framework of the state
assignment of the Institute of Marine Geology and Geophys-
ics of the Far Eastern Branch of the Russian Academy of Sci-
ences (No. 075-00604-25). To carry out the study, we used
data obtained at the unique scientific installation “Seismic
Infrasound Monitoring Complex of the Arctic Cryolitho-
zone and the complex of continuous seismic monitoring of
the Russian Federation, adjacent territories and the world”
(https://ckp-rf.ru/usu/507436/ ; http:/www.gsras.ru/unu/).

HU. B opurunansHoOi pabore [8] mpencTaBieHbI
JaHHBIE 10 BCEM CHEKTPaJIbHBIM (BKJIIOYas Mpe-
JICNIbHYIO CIIEKTPAJIbHYIO IIOTHOCTh €2 ¥ YIJIO-
BYIO 4acTOTy f) ¥ JMHAMHYECKMM MapaMeTpam
ouaroB 431 3emieTpsiceHHs] B CEBEpO-3alajHOMI
yacTh THXOro oOKeaHa, KOTOpbIE MPOU3OILIN
B nepuon 1969-1996 rr. dakrtuvecku ObUT CO-
crapnen karaior J[II (aBrop P.H. Bypwimckas),
KOTOPBIN /10 HACTOSIIIIETO BPEMEHU OCTAETCS Hau-
OOJBIIMM IO YHCTY ONpeAeseHui cOPOIIEHHBIX
HanpsokeHU Ac B J{aJIbHEBOCTOUHOM  PETHO-
He. 3HaueHHs AcC, paccCuuTaHHBIE IJIST MOJETH
paspeiBa ouara no bprony [9, 10], cocTaBusitor
0.1 MIla < Ao < 85 MlIIa. Karanor Takxe conep-
KUT 3HAYCHUS MOMEHTHON MarHuTyasl M, KOTO-
pble HaxoasaTces B peaenax 4.1 < MW <8.7.

OINULIEHTPAJILHBIE TIOJIOKEHUST 3eMJIETpsiCce-
HUWA U3 Karajora BbypbIMCKO#l MpeicTaBieHbl Ha
puc. 1. Kak BUIHO W3 pHCYHKa, MOJABIISAIOIIEE
OOJIBIIMHCTBO OYaroB pPacHoJIOKEHbl B 30HE BO-
kpyr Kypuibckux o-BoB, Ha Tepputoputo o. Caxa-
JIMH TI0IamaroT Bcero & cooerruii u3 431. D10 00-
YCIIOBJIEHO pacnoniokeHneM Kypuiabckux o0-BOB
YW HaKJIOHHOW CeHCMO(OKAIIBHON 30HBI MOIITHO-
cThi0 okoyio 70 kM [ 10] (GrmkHEH OKpecTHOCTH 00-
JacTu cyonykiuu THXOOKEaHCKOH TUTUTHI). 37eCh
KOHILIGHTPUPYIOTCSI O4Yaru 3eMIIETPSICEHUN U J0-
CTHraeTcs TIOYTH MaKCHMallbHasi ceiicMHuyecKas
aKTUBHOCTh Ha IiaHere. CoracHO Marepuaiam
€XEroHUKOB «3emietpsicenus: Poccum» 3a 2003—
2023 rr. (http://www.gsras.ru/zr/contents.html),
cpefHee KOMUYECTBO TEKTOHUYECKUX 3eMIIeTpsice-
Huii ¢ Maruutynamu M > 1.3, perucTpupyeMbix
non akBaropuet y HOxHbIX KypuibCkux 0-BOB,
cocrasisier 2-3 ThIC. coObITHI B To1. Ha Caxanu-
HE ceificMUYecKass aKTUBHOCTb HOCHT YMEpPEHHBII
XapakTep, OHa COCPEAOTOUYECHA TIIaBHBIM 00pa3oM
B 3eMHOM Kope Ha riryonHax 10-30 kM.
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Puc. 1. PacnonoxeHue 5>HHULEHTPOB 3emieTpsceHudl 1969—
1996 rr.,, 15t KOTOpPBIX B [8] OBUIM OmMpeneNeHbl CIeKTpaIbHbIE U
JMHAMUYECKHE MapaMeTphl 10 3alUcsSM aHAJIOTOBBIX (YacTOTHO-
HM30MpaTebHBIX) CEHCMOCTAHIIUIH.

Fig. 1. Location of epicenters of earthquakes that occurred in 1969—
1996, for which spectral and dynamic parameters were determined
in [8] based on the records of analog (frequency-selective) seismic
stations.

B nenaBueii padore [11] u3 karanora bypbim-
CKOI OBLIO BBIEIEHO 264 COOBITHA B KOMITAKTHOM
paiione HOxHbIX KypmibcKMX OCTpOBOB M JUIs
9TOH BBIOOPKH YCTAaHOBJIEHO HAJIM4ME perpec-
CUH, CBA3BIBAIOIIMX 3HAUEHHUs pajuyca odyara 7,
COpOILICHHBIX HANpsDKEHUH AG M NPUBEICHHOM
CENCMHUYECKOM SHEPTHHU €, CO 3HAYCHUSIMH CCUC-
mMuyeckoro MmomenTa M. Jlins saBucumoctu r(M,)
oTMeueH Oosee BBICOKH k03 duiiueHT koppes-
LMY, YeM JJIs1 APYTUX pErpeccuil.

Kak nmponomkenune noaxona [11] k ananuzy
PErpecCUOHHBIX COOTHOIICHUH B JAHHOM pabo-
T€ paccMaTpUBAETCS BO3MOXKHOCTb HMX HCIOJIb-
30BaHUSl U1l  (DEHOMEHOJIOTMYECKHX OIEHOK
cOpoca HanpsoKEHUH U TpUBEISHHON celicMude-
CKOM sHepruu ais 3emuieTpsiceHuil Ha o. Caxa-
nuH. Llenbto siBrsieTcs co3naHue (paciupeHue)
0aHKa JNaHHBIX MO JWHAMHYECKHM IapaMmeTpam
(B 0COOEHHOCTH O COPOIICHHBIM HAIMPSKEHUAM
U TIPUBEJCHHON CEHCMHUYECKOH HHEPruu) oua-
roB 3emiieTpsiceHuil Ha 0. CaxaJluH U OKpyXkaro-
men akBaropur OXOTCKOTO U SIMOHCKOro Mopeu
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Ha OCHOBE JaHHBIX 0 110 3emnerpsceHusx ¢ us-
BECTHBIM CEHUCMUYECKMM MOMEHTOM, TPOU30-
meamux B nepuoa 1978-2024 rr. Takue oueHku
JIT morytT mpencTaBisiTh HMHTEPEC, MOCKOJIbKY
B pabotax mo cericMuuHoctu CaxanwHa B Hada-
ne XXI B. (T.e. B mocneanee 25-jeTue) BHUMaHUE
OBUIO CKOHIICHTPUPOBAHO HAa KHHEMAaTHYECKHUX
(bokanbHBIX), HO HE TUHAMHYECKHUX MapaMeTpax
ouaros [12, 13].

MeTopauka

COporieHHble HanpsKeHMs, cornacHo [9, 10,
14], BBIYKCIAIOTCS C MOMOILBIO BBIPAXKEHUS

Ac =TM/16r. (1)

CornacHo Mozenu pazpbiBa B ouare [15],
BEJIMUMHA NPUBEACHHOW CEMCMUYECKOW DHEp-
TUH, T.€. OTHOUICHUS U3TyYE€HHON CEHCMUYECKON
sHepruu E, K CEMCMUYECKOMY MOMEHTY M|, Tak-
’Ke MPONOPIHOHAIbHA OTHOIEHUIO M /7° U, 3Ha-
4yuT, nponopruonansHa Ac. Koaddumment npo-
HOPIHUOHATIBHOCTH MEXIy IapaMeTpaMu e, |
AG 3aBHCHUT TOJBKO OT CBOMCTB CpE€Ibl U MOJEIHU
paspeiBa ouara. [{ius mepecdyera 3Ha4yeHUN Ac Ha
MPUBEIACHHYI CEUCMHYECKYI0 SHEPTUI0 MOKHO
WCTIONB30BaTh BbipaxkeHue [11]:

e,. = (32k/7)Ac/ G )

rae G — cpeaHuid MOIyINb CABUTa, k — k03 dumu-
€HT, 3aBUCSIINN OT MOJIEH Pa3phIBa.

Hpyras ¢popma BbIpaxXeHHUs I e, IpUBEIe-
Ha B MoHOTpadum [16]:

e, = 0.2 Ao/pVe, 3)

TJI€ p — IUIOTHOCTh, V — CKOPOCTH MOIEPEYHBIX
BOJIH.

Hcnonp3ys cootHomenue G = p V2, MOXHO
MOKa3arh, YTO BhIpakeHus (2) u (3) SKBUBAJICHT-
Hel [11].

3HAYEHUs CKAJIIPHOIO CEWCMUYECKOTO MO-
MeHTa M 11 COOBITHI B MCCIIEYEMOM PETHO-
He MOXHO Tony4nTh ¢ caiita CMT (https://www.
globalemt.org/CMTsearch.html). Ilpu orcyr-
CTBHM HKCIIEPHUMEHTAIbHBIX JaHHBIX O pajany-
cax o4aroB AJis BeluucieHuit Ac no popmyne (1)
MOKHO HCIIOJIb30BAaTh MOJIEIbHYIO 3aBUCUMOCTD
pagvyca oyara OT MarHuTyael (M, ), Hanpumep,
u3 xpecromaruitHoi pabotsl 10.B. Puznnyenkxo
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[17]. Bce MmonenpHBIE 3aBUCUMOCTH Aanee OymyT
IIpUBEZIeHBl B cucteme usmepenuit CH.

Kak wm3BecTHO, MOMEHTHass marHuryraa M,
CBsI3aHA JINHEHHOM 3aBUCUMOCTBIO C JIOrapu(pMom
CKaJIIPHOTO CEWCMHUYECKOro MOMeHTa ((opmyra
Kanamopwu [18]):

M, =2/3 (Ig (M,)—9.1), 4)

TaK 4TO MpaBas 4acTh (1) MOKET OBITh BBIpaXKe-
Ha KaK Qynkuus M. B kadecTe Apyroi monenu
r(M,) mst 04aroB 3eMIIETPSCEHUH B paccMarpu-
Ba€MOM PErMOHE MO)KHO HCIIOJIb30BaTh perpec-
CHI0, OCHOBaHHYI0 Ha AaHHbIX [8]. ComtacHo [17],
BBIpa)XXEHHE ISl pajnyca oyara (pacCyuTaHHOTO
o Mozienu bprona) 3anuceiBaercs B popme

Ig (1) =0.4M,+1.5=0.271g (M) —0.92. (5)

Ilo maHHBIM O 3HAYCHUSX 7, MO, MW IS
3eMJIETPSICEHUM U3 KaTajora [8] HaxoIuM cliey-
IOIHNE PErPeCCUOHHBIC 3aBUCUMOCTHU JJII BCETO
KaraJjora.

Ig (r) =0.36M, + 1.78 =024 g (M,) — 0.4. (6)

Ha puc. 2 nmokasanbl rpaduku ans obeux
MO/JIEJIbHBIX 3aBUCUMOCTEMN (IlIKaja pajnycoB JIo-
rapudmudeckas). Takxke moka3zaH pa3dpoc 3Ha-
yenul r (panuyca bprona [9, 10]) mo karamory
BypbimMckoi.

Kak Bumno u3 puc. 2, sapucumoctu (M),
MOJlyYEHHBIE [0 pa3HbIM HCTOYHHUKAM, JaroT
OnM3KKe 3HAYCHHs PaJNyCOB o4ara B JUAma3oHe
marauTyn 4.5 < M < 8.5, Kyna monagaer noja-
BJIsSIfOIIIee OOJBIIMHCTBO COOBITUN W3 Karajora
[8]. s cobwrthii ¢ M, < 6.7 perpeccus (6), oc-
HOBAHHAs HA SKCIIEPUMEHTANBHBIX TaHHBIX, JACT
IJIs O4aroB HECKOJIBKO OoJblne 3HaueHus r (M)
10 CpaBHEHHMIO ¢ anmpokcumarueit (5). st qua-
na3oHa MaruuTya M, > 6.7 COOTHOIIEHHUE OLEHOK
r(M,,) obparnoe. Hanbonbuiee paznuane MExIy
3HaueHussMHu g r (oxomno 20 %) umeer MecTo st
HaWMMEHBIIINX MarHUTY]T MW ~4.5

B Hacrosmieit pabote smnupuueckas perpec-
cus (6) ucnonb3yercs Uil OLEHOK paguyca odara
¥ MOCIENYIOIHMX OUCHOK AG U e,,, TeOpeTnuye-
cKasl anmpokcuManus (5) — 71 OIIEHOK BO3MOXK-
HOM MOTPENIHOCTH B 3HAYCHUSIX ITUX MTaPaMETPOB.

Perpeccuonnas 3aBucuMocth (6) mo3BoJs-
€T MOJyYUTh OLIEHKY pajuyca ouara s MOJENu
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Puc. 2. Monensusie 3aBucuMocts 1g(r (M, )): 1 — TeopeTnaeckas,
comtacHO 0600menuto [17], 2 — smoupuyeckas, mo karanory JI1
[8]. 3HaueHus: paguycoB O4aroB OIpe/esIeHbl 110 Mojesu bproHa.

Fig. 2. Model dependences lg(r(M,,)): 1, theoretical, according to
the summary book [17], 2, empirical, according to the DP catalog
[8]. The values of the source radii have been determined by the
Brune model.

bprona [9, 10], Tak kaKk UMEHHO JJISI TOW MOJETHU
paspbiBa, HanboJee pacIpPOCTPAaHEHHOHN B paboTax
1980-1990-x roxos, B [8] mpencTaBiieHbl JaHHBIC
0 TaK Ha3bIBaeMbIX paauycax bpiona. B paborax
XXI B. ObUH TIpENIIOKEHBI ABTEPHATUBHBIE MO-
JIEJIA pa3pbiBa B O4are.

IIpu cpaBHEHUM 3HAUYECHUN PaJAUYyCOB OYaroB
1o bproHy, paccurTaHHBIX yepe3 napameTp yrio-
BOM 4acToThl f; [9, 14], ¢ Habmonenusmu Kocemc-
MUYECKUX Pa3pbIBOB, BBIXOJSAUIMX HA JTHEBHYIO
MOBEPXHOCTh, OBLJIO YCTaHOBIEHO, YTO MOJEINb
bprona naet 3aBbliieHHbIe oLeHKHU 7 [19]. Benen-
CTBHE 3TOT0 ¥ 00paTHO MPOMOPLUOHAIBHO 3aBH-
cumoctd Ac ot 7° B popmyie (1), orieHku cOpo-
IIEHHBIX HANPSHKEHUH MOTYT OKa3aThCs B Pa3bl
HIKE peasibHbIX 3HaueHuil. [losicaum BbIOOp MO-
JIENIA pa3pbiBa, MO3BOJSIOUIEH YTOUHUTH OLEHKY
paauyca oyara (6).

B monmenn bprona oGmacte owara cdepuue-
CKast C paJiiyCoM 7'y, & CMENIEHUE TIPOUCXOMUT OJ-
HOBPEMEHHO I10 BCEH IKBaTOPUAJIbHOM INIOCKOCTH
(moBepxHOCTH pa3pbiBa). Mojenb mpeanonaraer,
YTO BBICOKOYACTOTHBIE TAPMOHUKH CEHCMHYE-
CKHX BOJIH Cpa3y BO30YXkJal0TCsS BCEM KPYTOBBIM
pa3pbIBOM, a HE HA4YaJIbHBIM MaJIbIM YYaCTKOM.
N3-3a 31010 M MOTYYAIOTCS 3aBBILICHHBIE OLICHKU
pajauyca r = r, JUis JAHHOTO 3Ha4€HMs [1apamMeTpa
J» XapaKTepHU3YIOUIETO BLICOKOYACTOTHYIO 4acTh
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CIIeKTpa cercMuyeckux BoJH. [Ipu mcnonb3oBa-
HUM Mojenu bproHa 3HaueHue ko3 puimenra k
B BbIpaxkeHuu (2) k= 0.37 [11].

B monenu Manpapuaru [15, 20] B kauecTBe
oyara mpeajaraercsi paccMarpuBaTh PaCTYIIYIO
C KOHEYHOW CKOPOCTBIO V|, IMCKOBYIO TPELINHY,
KOTOpasi OCTAHABJIUBAETCs, KOINAa €€ paguyc J10-
CTUTaeT MaKCUMaJIbHOTO 3HAY€HHUs1, Ha3bIBAEMOTO
pazuycom paspyuienus 7,,. CKOpocTs pocTa Tpe-
LIMHBI 3aBEJOMO MEHBIIE CKOPOCTH MONEPEYHBIX
BOJIH V, €€ XapakrepHbie 3HaueHus V, ~(0.7-0.9)
V [21]. Oyar cunTaeTcst MUIMHAPUYECKH CUMMeE-
TPUYHBIM, a €r0 PaJNyC MOXHO OTOXIECTBUTH C
BCIIMYUHOM 7. B 5TO# MOzIenu BIpaKeHHE, CBs-
3BIBAIOIIEE PAJIMyC O4ara U yrioBYIO 4acToTy f,
3aBUCHUT OT CKOPOCTH paspbiBa V, KoTopas ocTa-
€TCs1 HEOIIPEIETIEHHBIM TapaMeTPOM.

B pa6ote [22] mpunsaTH BO BHUMaHUE P dek-
Thl cleruieHus (cohesion), CyIIECTBEHHbIE IS
pocTa TPEUMHBI TaKoH ke (POPMBI, KaK B MOZIEITH
Magapuaru, 4to MO3BOJWJIO YTOYHHUTH 3Ty MO-
JIeNIb. YCOBEPIIEHCTBOBaHHAsI MOAEIb IMOIydnia
Ha3BaHue Mmozaenu Manapuarn—Kaneko—Illupepa
(MKII). B pamkax 3Toil Mozmeiau MOKa3aHO, YTO
IPpH CKOPOCTU PaCIIMPEHHst TpemuHsl V, ~ 0.9V
BEJIMYMHA pajidyca ovara npu GUKCHPOBAHHOM f,
nojyyaercs paBHod npumepno 0.7 r, (pamuyca
s mozaenu bprona). Ilpu n3mMeHeHun ckopocTH
V. B npenenax (0.75-0.9) V, oTa oneHka MeHseT-
Cs He3HAYUTEIbHO B nipeAenax 15 %. s monenu
MKII ko3¢ dunment k B popmyie (2) pasen 0.26,
YTO KaK pa3 COOTBETCTBYET COOTHOILEHUIO PaJu-
ycoB r,, = 0.7 r,. Beiopas monens MKIII, Gynem
MIEPECUNTHIBATh «OPIOHOBCKUID paguyc, onpee-
JISIeMbIN BbIpakeHHueM (6), B paanyc JJIs STOH MO-
nenu. [lpu norapudmuueckoil 3anvcu yist mepe-
xoza k paguycy o moxenu MKIII nocrarouno u3
(5) Bbruects nompasky or = |1g0.7| = 0.155.

McxogHble gaHHbIe

Karanor 3emmuerpsicenu, 1uisi KOTOPBIX pac-
CUMTaHbl KOMIIOHEHTBHI TEH30pa CEHCMHYECKOTO
MOMEHTa, TpencTaBieH Ha caiite Global CMT
Catalog  Search  (https://www.globalcmt.org/
CMTsearch.html). Karanor cogep>xut Taxxe 3Ha-
YCHUSI CKAJSIPHOTO CEHCMHUYECKOr0 MOMeHTa M| 1
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MOMEHTHOW MarHuTyabl M, JUsi CEHCMUYECKHUX
COOBITUH pa3IMUHBIX peruoHoB 3emun. [ Tep-
putopun 0. CaxaluH U CONMpPEIeTbHBIX aKBATOPUI
OxoTckoro u SIMOHCKOTO MOpPEW U3 3TOr0 UCTOY-
HUKa MOJy4eHbl JaHuble 1 110 3emnerpscenuit
c 1978 no 2024 r. Ha puc. 3 npexacraBieHo pac-
MTOJIOKCHHE SITUIICHTPOB ATUX COOBITHIA.

Puc. 3. Pacnpenenenue snuuentpos 110 3emnerpsicennii 3a 1978—
2024 rr. 1O TUIOIIAM W3YyYaeMOro PerroHa, COIVIACHO Karajory
CMT (https://www.globalemt.org/CMTsearch.html). Kpacusmmu
3Be3q04YKaMu 00o3HaudeHbl 3emierpsicenus: 2008 — Hesenbckoe
(2007.08.02, M, = 6.3), 2016 — Onopckoe (2016.08.14, M = 5.8).
UepHBIMH JINHUSIMU TIOKA3aHbI KPYITHEHIINE Pa3IoOMBI M Pa3iIoM-
Hble 30HBI [23]: 1 — Bocrouno-CaxanuHckuii (Xokkaiigo-Caxa-
JIMHCKUH) pasziom, 2 — lenrpanpno-CaxanuHckas, 3 — 3anaaHo-
CaxaJHCKas pa3JIOMHAs! 30Ha.

Fig. 3. Distribution of the epicenters of 110 earthquakes in
1978-2024 over the studied region, according to the SMT
catalog (https://www.globalemt.org/CMTsearch.html). Red stars
indicate earthquakes: 2008, Nevelskoye (2007.08.02, M, = 6.3);
2016, Onorskoye (2016.08.14, M, = 5.8). Black lines show the
largest faults and fault zones, according to [23]: 1, East Sakhalin
(Hokkaido-Sakhalin) fault; 2, Central Sakhalin fault zone; 3, West
Sakhalin fault zone.
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Puc. 3 nemoHCTpUpYET, 4TO OYaru 3eMieTps-
ceHuilt Ha Tepputopun CaxalvHa U Ipuierarolie-
ro menbda npuypoueHsl K 3amnagHo-CaxaInHCKOI
u [entpanbHo-CaxaauHCKON pa3jIOMHBIM 30HaM,
a Taxke kK Bocrouno-Caxanuackomy pazinomy. Ta-
KO€ paclpeesIeHUE M0 IUIOIIAU XapaKTepHO IS
COOBITHH PETHOHAIILHON CEHCMUYHOCTH C MarHu-
Tynamu Bbiite 4.0 [3]. HekoTopbsle KonuuecTBEH-
HbI€ XapaKTEPUCTHKU JUId paccMaTpuBaeMoiu
BbIOOpKH 3 110 coOwiTHii (pacmpeneneHue 1o
MarHuTyAaMm, BpEMEHH U TIIyOHHE) TPeCTaBICHBI
Ha puc. 4. Marautyna coObITHI HAaXOIUTCS B Ipe-
nenax 4.7 <M, <7.7, npu4eM CUIbHBIE COOBITHS
C MarHuTynoi My,> 6.0 cocraBsirot 16 % (18 co-
obrtuii). [To Bpemenu ¢ 1978 mo 2024 r. coObITUs
pacnpezeneHsl Ooiiee WM MEHEe PaBHOMEPHO.
Pacnipenenenue no nryObuHe MOAYEPKUBAET OCO-
OeHHOCTH CceHCMO(pOKaTbHOW 30HBI B CEBEPO-
3almagHor JacTu THXOro okeaHa, OTMCEUCHHEIC,
B YaCTHOCTH, B [3].

I'myGokodoKyCHbIE 3eMIIETPACEHUS] TPOHC-
XOISAT MPEUMYIIECTBEHHO B pailoHe OXOTCKOro
MOpsl M COCPENOTOYEHBl B OCHOBHOM B HAKJIOH-
HOM celficModokansHOI 30HE (CD3) MOITHOCTEHIO
okoJio 70 KM, IPOCTUPAIOIIEHCS O] MATEPUK 10
r1youH okoio 650 km [3]. [myOuna runoneHTpoB
3eMIIeTpsCeHUH, mpousomenmux Ha CaxannHe
WIM TpuieraroneM menbde, Kak MpaBHIIO, HE
npesbimaeT 60 kM. YUUTBIBas 3TH 0COOCHHOCTH
TyOMHHOTO pacIpeieeHusl 3eMIETPSACEHUH, pas-
JISJTIM HaIry BBIOOPKY Ha JBe YacTh: 48 COOBITHIT
¢ mIyOMHOH runoneHTpoB MeHee 60 kM u 62 co-
OBITHS C TUTIOLIEHTpaMH Ha Tiryoune 6oiee 60 kM.
Pacnipenenenne JII1 ynobHOo paccmarpuBaTh Juis
3TUX BbIOOPOK IO OT/IEIBHOCTH.

Pe3ynbrathbl

Pesynprarel pacueTa JUHAMHUYECKUX apame-
TpoB 110 3emiieTpsiceHuii: paanycoB 3emMieTpsce-
HU o moxensiM bprona u Magapuarn—Kaneko—
[upepa, cOpOIIEHHBIX HAMIPSHKEHUH (ITs1 MOJISTTH
MKIII), a Taxke NpUBEIECHHOW CEHCMUYECKON
sHepruu npusencHbsl B [lpunoxxenun. Hapsany
¢ otuM B [Ipunoxxenuun npezacrasneHa nHpopma-
U O TUIIOLUEHTpPax U BEJIIMYMHAX CKAIAPHOTO
CEHCMHUYECKOI0 MOMEHTA AJIs 3TUX 3eMJIeTpsice-
Huii. [lomy4yeHHble 3HaYeHUS COPOLICHHBIX HAIpsI-
»keHuit nexkat B npeaenax 0.7 < Ac < 13.5 Mlla,
a 3HAYEHHMS e, TopsIKa 10*u nexar B mpeaeaax
3-10%<e,, <5107

Ha puc. 5 npencrasieHo paconoKeHUe 311u-
LEHTPOB IS IBYX IPYIIIN 3€MJIETPSICEHU U3 KaTa-
sgora CMT, aJist KOTOPBIX C MOMOIIBIO BEIPAKEHU I
(1), (2), (6) ObLIM OLIEHEHBI AUHAMUYECKUE Mapa-
METpBI: JUIsi COOBITUI C ouaramu Ha TIIyOWHE [0
60 kM u Gonee 60 kM.

BBuny nponopuuoHaiIbHOCTH TMPUBEICHHOM
ceficMUYecKoil sHeprun W cOpoca HampsHKEHUH,
Pa3HOLIBETHBIE 3HAUKHU HA PUC. 5 XapaKTEpU3YIOT
TaKXKe W 3HAYCHUs €,, M0 MECTY PACIOIOKEHHUS
SMUIIEHTPOB pacCMaTPUBAEMbIX COOBITH.

3HaueHus MapaMeTpoB AG U e,, CaMH 10 cele
OTHOCSTCA K 00J1aCTH o4ara, T.e. K BeChbMa MaJloMy
o0bemy cpensl. [loaTomy mpencTaBisier UHTEpEC
yCpeIHEHHE 3THUX MapaMeTpoB MO BHIOOpPKE CO-
ObITHIA, C(HOPMHUPOBAHHON MO KAKOMY-JTHOO TpH-
3HaKy (Hampumep, IO PacloJIOKEHUI0 TMIIOLEH-
TPOB B 33JaHHOM 30HE WJIM OJUHAKOBOMY THUILY
NOJBMKKU B odare). 9TO, B YaCTHOCTHU, IMO3BO-
JUT CONOCTAaBUTh paclpeesieHue COPOLICHHBIX

Puc. 4. Pactipenenenue 110 3emmnerpsicenuii u3 xkaraimora CMT: a — mo marautynam, 6 — BO BpeMeHH U B — 10 TITyOHHE.

Fig. 4. Distribution of 110 earthquakes from the CMT catalog: a, by magnitudes; 0, in time; B, by depth.
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HanpspKeHUH ¢ reoJuHaMHuYecKoil 0O0CTaHOBKOM
U TEOJIOTHYECKUMHU CTPYKTypamMH (KOTOpbIE MpH
HEOOXOIMMOCTH KapTHUPYIOTCS C YCPEAHEHUEM 10
6osbiioi momiaau). IlockonbKy Ans odara paau-
yca r CHSITHE KacaTeJIbHBIX HAIPSKEHHUH IPOUCX0-
IUT B 00bEME MOPSIAKA 7°, €CTECTBEHHO UCIIONB30-
BaTh NPU YCPEAHEHUN AG CPEIHEB3BEIICHHOE I10
o0beMy 3Ha4YeHHE ATOTo Mapamerpa. B xauectse
BECOBOTO MHOMKHTEJIS IS i-TO 09Yara MOXKHO HC-
T0JIb30BaTh BEJIMYUHY 7, (IIPONOPIMOHAIBHYIO
ero oobremy). Torma cpeHeB3BEIIEHHOE 3HAYCHHE
COpOLICHHBIX HATIPsUKEHUH <AG>,, OyzeT onpene-
JSITBCS BEIPQKEHUEM:

AG: T3

Xi n

(7)

Ho Tax xax npoussenenue Ac.7’ = 7/16 (M),
TO JJISi CPEIHEB3BEUICHHOTO (YCPEAHEHHOTO II0
0o0beMy) 3HAYeHHUS COPOIIEHHBIX HAMPSIKEHUN
nmoJty4aeTcsi ynoOHas pacueTHast popmyra:

7 . .
< Ao >y = T Zi (MO)I/Zirf' (8)

CToUT OTMETHUTh, YTO MEPEXOA OT UHAUBHU-
JlyaldbHbIX 3HAYE€HU AG K CpeIHEB3BEIIEHHBIM
aHAJOTUYEH YCPEIHEHHUIO IPHU Nepexoie OT ma-
paMeTpOB ME€XaHHU3Ma OTAECIbHBIX 04aroB K Mapa-
MeTpaM CeHCMOTEKTOHNYECKOH nedopmannu [24,
25]. EctecTBeHHO, YTO BECOBBIE MHOKUTEIH JIJIsI
ATUX CIy4YaeB Pa3InyaroTCs.

Ucnons3ys Beipaxenue (8) u perpeccuto (6),
CBSI3BIBAIOIIYIO PAJINYC i-TO O4ara ¢ COOTBETCTBY-

Puc. 5. DnuieHTpanbHOe HONOKEHUE 3eMIICTPSICEHUH, TS KOTOPBIX ONpelesieHbl 3Ha4YeHUs! COPOIIeHHbBIX HanpspkeHuid u apyrux I1:
a — ¢ nryOuHOM runoneHTpoB 10 60 kM, 6 — ¢ NIyOHuHOI TunoneHTpoB Ooxee 60 kM. Pagnyc kpyra — 3Ha4Ka 3eMIIETPSCEHUs IPOIIOp-
IMOHAJIEH BEIMYMHE MarHUTY/BI, a IIBET YKa3bIBaeT BeMHMUNHY cOpoca HanpsokeHnss MIla. B merenne yka3aHsl 3HaU€HNS COPOIIEHHBIX

HanpsDKeHUH, paccunTannble 1 moaenu MKILIL

Fig. 5. The epicentral position of earthquakes for which the values of the stress drop and other DP were determined: a, with a depth
of hypocenters up to 60 km; 6, with a depth of hypocenters more than 60 km. The radius of the earthquake circle icon is proportional to
the magnitude, and the color indicates the magnitude of the stress drop, MPa. The legend shows the values of the stress drop calculated

for the Madariagi—Kaneko—Shearer model.
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IOIUM €My 3Ha4eHHUEM CEeCMHUYEeCKOro MOMEH-
Ta M, TOCTPOMM DPACIPENEIICHUE TIO TIONIAIN
CPEIHEB3BEIIEHHBIX M0 00beMy COpOLICHHBIX
HalnpsbKkeHu. PacdeTsl IpoBEAEHBI Ui SYeeK
pazmMepoMm 1 X 1°, mpu 3TOM CHBUI TakXke 3aja-
Bajics B 1°. Jlng oroOpaxeHus: pe3yabTaToB HC-
MoJIb30Bajach Mporpamma nearneighbor nakera
GMT (The Generic Mapping Tools; https://www.
generic-mapping-tools.org/), B KOTOpoii peanu3o-
BaH aJropuTM OJMKaiiero cocena st IpucBoe-
HUS CPETHETO 3HAYCHUS KaXKIOMY Yy3I1y, KOTOPBI
MMEET OJIHY WJIN HECKOJIBKO TOYEK B IPEJeIiax 3a-
JAHHOTO pajauyca OT y3ia. B aTom nporpammHoM
NakeTe y3eJ CUMTAETCS LEHTPOM AIIUITHYECKOU
(KpyroBoif) 30HBI, Ha KOTOPYIO pacpoCTpaHseTcs
BBIYMCIIEHHOE cpeaHee 3HauyeHune. Ha puc. 6 noka-
3aHO IUIOUIA/HOE pacrpe/esieHue Jorapupmude-
CKUX 3HaYECHUH CPEHEB3BEIIEHHBIX COPOIIEHHBIX
HaNpsOKEHUH 10 TEpPUTOPUM JIsi COOBITHM Ha-

IIMX JIByX BBIOOPOK: € TNIyOUHOI T'MIIOLIEHTPOB 110
60 kM u 601ee 60 kM. Homep Ha prcyHKe COOTBET-
CTBYET HOMEpPY CTPOKH B Ta0. 1, riie npuBeIeHbI
KOOpAMHATHI SYEHKH, 3HAYEHUE CPEIHEB3BEILCH-
HOTO COpPOIIEHHOTO HANPSHKEHUS M KOJINYECTBO
COOBITHH, 1O KOTOPBIM 3TO COpPOIICHHOE Harpsi-
KEHHUE OIpeIeNIeHO.

ITo puc. 6 a BUIHO, YTO JUIsl HEITYOOKHX 3€M-
JETPSICCHUH 30HBI C HAaUOOJBIIMMU 3HAYECHUSAMU
CPEIHEB3BEIICHHBIX COPOIICHHBIX HAaNpPsHKEHUH
pacnonoxensl B paiioHe [losicka (~48° c.m.)
u Ha mupote . Hormwmku (~52° c.m1.). Ha rore Ca-
XaJrHa B paiioHe okono 3anagHo-CaxaluHCKON
Pa3I0MHOM 30HBI, I11e celicMUYEeCKasi aKTUBHOCTh
MakcuMaibHa (Bbllle TOJNBKO Ha Kypuiabckux
0-Bax, MO JaHHBIM €XKETOJHUKOB «3emiieTpsice-
Hust  Poccum»; http://www.gsras.ru/zr/contents.
html), 3Ha4eHusT cpenHEeB3BEIICHHBIX COpPOIICH-
HBIX HampsokeHuid MeHee 3 MIla. HawubGonee

Puc. 6. Pacnipenenenue norapu)MUHeCKIX 3HAUYCHUH CPETHEB3BEILICHHBIX COPOILIEHHBIX HANPSDKEHHH 110 rurotnaay 0. CaxanuH U OKpy-
JKAKOIIUX MOpeii: (a) oyark 3eMiieTpsCceHui HaxonsaTcs Ha miyoune 10 60 kM, (0) Ha miybune G6omee 60 kM. Homep B ammrce coot-
BETCTBYET HOMepy 3amucH B Tabi. 1. IIBer siuelikk COOTBETCTBYET JIorapu(My BEIHYHMHBI YCPEIHECHHBIX COPOIICHHBIX HAIPSKCHUH
(nmorapudmudeckuii MacTab Mo3BoIIsAET O0Jiee KOHTPACTHO BBIICIHTH SIYCHKH C MUHUMAJIbHBIM 3HAUYCHHEM COPOILICHHBIX HAMPSHKEHUI).

Fig. 6. Distribution of the logarithmic values of weighted average stress drop over the area of Sakhalin Island and surrounding seas: (a),
earthquake sources at depths up to 60 km; (6), earthquake sources at depths of more than 60 km. The number in the ellipse corresponds to
the number of the entry in Table 1. The color of the ellipse corresponds to the logarithmic value of the averaged stress drop (the logarithmic
scale promotes a clearer differentiation of ellipses with a minimum value of the stress drop).
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Tadmuua 1. PaccuntanHsle 3Ha4CHUS CPEIHEB3BEUICHHBIX COpO-
IIEHHBIX HAIIPSXKECHUH

Table 1. Calculated values of weighted average stress drop

Ne ¢, °N A, °E <I\A/I(;)>av’ n,
Tyouna < 60 km
1 51.5 140.5 0.9 1
2 45.5 141.5 1.0 2
3 46.5 141.5 2.1 8
4 52.5 141.5 0.8 1
5 53.5 141.5 1.1 1
6 47.5 142.5 0.9 2
7 48.5 142.5 4.8 5
8 49.5 142.5 1.6 1
9 50.5 142.5 1.5 5
10 51.5 142.5 1.6 1
11 52.5 142.5 1.5 4
12 53.5 142.5 6.6 4
13 48.5 143.5 0.8 1
14 51.5 143.5 0.7 1
15 52.5 143.5 1.3 5
16 45.5 146.5 1.6 1
17 47.5 146.5 1.5 1
18 45.5 147.5 0.9 2
Tyouna > 60 km
19 47.5 138.5 1.9 1
20 46.5 139.5 4.7 2
21 48.5 140.5 3.6 1
22 45.5 141.5 1.8 3
23 48.5 141.5 7.8 2
24 45.5 142.5 1.7 7
25 46.5 142.5 1.7 2
26 49.5 142.5 1.5 1
27 45.5 143.5 1.1 1
28 46.5 143.5 1.6 2
29 45.5 144.5 1.0 1
30 46.5 144.5 2.3 3
31 47.5 144.5 3.8 4
32 46.5 145.5 1.8 5
33 47.5 145.5 1.9 3
34 48.5 145.5 1.5 1
35 49.5 145.5 13.5 1
36 46.5 146.5 1.7 3
37 47.5 146.5 7.0 6
38 48.5 146.5 1.9 1
39 49.5 146.5 2.8 3
40 45.5 147.5 1.0 1
41 47.5 147.5 1.9 1
42 48.5 147.5 1.5 3
43 49.5 147.5 4.3 2
44 50.5 147.5 2.6 1

Ilpumeyanue. @ M A — IUPOTA U JOJITOTA Y3JIOBOH TOUKH,
<AG>, — CPEIHEB3BEIIEHHOE COPOIIEHHOE HANPSIKEHHE,
2n, — KOIMIECTBO COOBITHH B I9EHKeE (CM. pHC. 6).

Note. ¢ and A, latitude and longitude of node point; <Ac>,
values of weighted average stress drop; Zn, the number
of events in the ellipse (see Fig. 6).
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Hu3Kue 3Hayenus <Ac>, ~ 1.2 MIla xapak-
TepHBI Uil coObITUH Ha tore CaxaluHa OKOJIO
[HenTpanbHo-CaxaquHCKON pa3IOMHOM  30HBI
u B ceBepHoil yactu Tarapckoro mponusa. /s
1y00KO(OKYCHBIX 3emiieTpsiceHui B OXOTCKOM
MOpE BBIJEISIFOTCS 30HBI C Hanbojee BHICOKUMH
3HAYCHUIMU <Ac5>v, npesbimatomumu 6 Mlla.
Opnna u3 HUX pacrnosnoxeHa Ha 47° c.., 146° B.1.

B pabortax [26, 27] mOCTpOCHBI KapThI-CXe-
MbI paiionupoBanus 0. CaxajauH MO THUITY Te€0Iu-
HaMu4eckol oOcTraHOBKU. KapTbl cocTaBieHbI
Ha OCHOBE OOpabOTKH IOJIEBBIX MaTEpHAJIOB IO
MHAMKATOpaM HamNpsHKEHHOTO COCTOSIHUS  cpe-
Jbl 1 KOCMOCHMMKOB C IPOSIBICHHEM pa3jIOMOB
B penbede. BrigeneHo Tpu pexxuma: 0JHOOCHOE
C)KaTue, OJJHOOCHOE (TOPU30HTAJILHOE) PACTSAKE-
HUE U TPEXOCHOE HAINpPSDKEHHOE cOoCTOosiHUE. st
COIOCTABJICHUSI pACHpEeNIeHUs] TeolrHaMuye-
CKUX 00CTaHOBOK M CPEIHEB3BEIICHHOTO cOpoca
HanpspKeHUH Oy/ieM UCTOIb30BaTh OIICHKH, MOJTY-
YEHHBIC JIJI1 BHIOOPKH 3EMJIETPSICEHUN C TIyOu-
HOM runoneHTpos 10 60 km. Ha puc. 7 nokazano
pacmoioKeHue 30H C Pa3IMYHbIMU 3HAYCHUSIMHU
<Ac>,, Ha KapTe reoMHaMUYECKHX OOCTaHOBOK,
MIPUBEICHHON B [27].

OpnHa U3 ABYX 30H C HAMOOJIBIITUM 3HAYEHHU-
eM cOpoca yCpeIHEHHbIX HalpsKeHUN pacrosna-
raeTcsi o MECTY Y3KOH 4acTHh OCTpOBa U OXBa-
TBIBAET TE€OJIOTMYECKHE CTPYKTYpBl IEpelieika
[Toscok. DTa 30Ha mMoOMamaeT Ha TpaHHUYAIIUE
JIpyT C IpyroM pailoHbl ¢ 00CTaHOBKaMHU Mpeod-
JaJarouIero OAHOOCHOTO ckaTus (ee ceBepHas
4acTh) U MPeodIaaroero OAHOOCHOTO pPacTs-
KeHHUs (Fo’KHas yacTh). Jpyras 30Ha ¢ HanboOb-
MM 3HaYe€HneM <Ac>, , ¢ HEHTpOM y 53.5° c.1.,
OXBAaTbIBACT CONpPEEIbHbIC PalOHBI C 0OCTAaHOB-
KaMH TpPEXOCHOTO HAINpPSKEHHOTO COCTOSHHS
U Tpeo0nagaoniero OJHOOCHOTO pPaCTKEHUS.
30HbBI ¢ HAMMEHBLINM 3HAYEHUEM <AG>, B HOXK-
HOH yactu 0. CaxajauH NEepeKpbIBAIOT CETMEHTHI
[lenTpanpHo-CaxaJIMHCKONW pPa3JIOMHON 30HBI,
a Ha ceBepe mnomnaaarT Ha TarapcKuil IpoJuB
U ceBepo-3anagHoe nodepexne 0. Caxanun. Co-
IJ1acHO puc. 7, odyaru Hambosiee CUIIBHBIX 3€M-
JeTpsiceHui, mnpoumsomenmux Ha o. CaxaiauH
B XXI B.: Hesenbckoro 02.08.2007, M, = 6.2,
1 Onopckoro 14.08.2016, M, = 5.8, okasamucek
JSKALUUMHU BHYTPH 30H ¢ HEOOJIBIIMMH 3HAaYEHHU-
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Puc. 7. Cxema paiionuposanus Teppuropuu o. CaxaiuH 10 TUILY
reOJMHAMHYECKON 00CTaHOBKH, COINIacHO [26, 27], n pacmomioxe-
HHE 30H C Pa3IMYHBIM CPEIHEB3BEIICHHBIM COPOCOM HAIPSHKEHUI
B palloHax ¢ 0OCTaHOBKOH TPEXOCHOTO HANPSKEHHOTO COCTOSIHUS
(1), mpeobnagaromiero 0AHOOCHOTO pacTshkeHHs (2) U mpeobiaga-
IOLIEro OfIHOOCHOrO cxatud (3). LiBeT amiuica u 4uciao BHYTpU
3JUTAIICA 03HAYAIOT TO XK€, YTO Ha puc. 6.

Fig. 7. The zoning map of Sakhalin Island based on the type of
geodynamic regime, according to [26, 27], and the location of zones
with different weighted average stress drop in areas with modes:
areas with triaxial stress (1), areas with predominant uniaxial tension
(2), and areas with predominant uniaxial compression (3). The color
of the ellipse and the number inside the ellipse mean the same as in
Fig. 6.

SIMH CPEHEB3BEIICHHBIX COPOIICHHBIX HAaIpsi-
Keuuit, <Ac> ~ 3 Mlla, 110 CpaBHEHHIO C MaK-
CUMyMaMH B «KpPacHBIX 30HaX». TeM He MeHee
3Ha4YEHMs <AG> JUI1 3THX JIBYX «3€JIEHBIX» 30H
NPUMEPHO BTpOE OOJbIIe, YeM ISl 30H C MUHU-
MaJIbHBIMU CPETHEB3BEIICHHBIMH HAMPSHKCHUSMH.

B 3o0nHax ¢ reoguHamMu4YecKuMU 00CTaHOBKa-
MU IPpe06J1aAar0IIero OHOOCHOTO CKaTHs U TPEX-
OCHOTO HAIPSHKEHHOTO COCTOSTHUS, 3aHUMAIOIIUX
HanOombIinyto miomans o Caxanun (puc. 7), ne-
JKAT o4ard 3eMIICTPSICEHUN C pPa3HBIMU TUTIAMU
MOJIBMKEK (MM, JPYTHMMH CJIIOBaMH, C Pa3HBIMH
(OKAIBHBIMH ~ MEXaHU3MaMH  3EMIICTPSICEHUN).
[IpencraBnsier wHTEpEC, HAPSALY C TLIOMIATHBIM
pacnpeneireHneM <A0>V, COIIOCTaBUThL CpeIHE-
B3BEIIICHHBIE COPOIIICHHBIE HANPSHKEHUS IJIs BbI-
OOpOK COOBITHUI C OAMHAKOBBIMH THUIIAMHU TIOI-
BIDKEK. [[711 3TOrOo TakKe MOXKHO HCIOJIb30BaTh
uHpopmarmio u3 karamoroB CMT, cogepkamux
JaHHble 00 yImax majeHus oceil cxarus Ppl
u pactspkeHus Tpl. [1o 3HaYeHUSM yIJI0B aJACHUS
(YIJI0B MEXIy STUMH OCSMH M TOPHU30HTAIBHOU
TUIOCKOCTHIO) MOXHO OMNPEIENIUTh THUI MOJBUXK-
ku [24, 25]. B Tabn. 2 mpencTaBieHO Koidde-
CTBO OYaroB C Pa3HbBIMU TUIIAMHU TOJBUKEK IS
paccmarpuBaemoil BeiOopku B 110 3emnerpsce-
Hui 3 karaigora CMT. Takxe npuBeneHbl aua-
Ma30HbI 3Ha4eHUH yrioB Ppl u Tpl, 1o KOTOphIM
ONpEeENsICs TUI MOABMXKHU Kaxkioro ouara. Co-
[JJacHO TalNl. 2, cpelAM OdYaroB 3eMIICTPSICEHUN
Ha TIyOmHax n0 60 kM mpeobmamaroT B30POCHI
(45 %) u B30poco-casuru (10 %). DToT pe3yinb-
TaT COINIACYETCA CO CXEMOW paliOHUPOBAHMS

Tab6auua 2. Pacnipenenenue 3eMIETPsSCEHUN B 3aBUCUMOCTH OT THIIA MTOJIBUXKKH B o4yare
Table 2. Distribution of earthquakes according to the type of focal shift

[Tapametp Tun moaBmwKKH ((HhOKATHHBIA MEXaHU3M )
B36poc Copoc TopuzonTaneHblii | B30poco-casur | COpoco-caBur Bspes
C/IBUT
VYron nagenust ocu P Ppl<30° | Ppl > 60° Ppl < 30° Ppl<30° 30<Ppl<60 |30<Ppl<60
VYron nagenus ocu T Tpl>60° | Tpl <30° Tpl <30° 30 <Tpl <60 Tpl <30° 30 <Tpl <60
Bce cobbiThs 50 (45) - 8(7) 25(23) 8(7) 19 (17)
110 (100)
I'ny6una < 60 kM 38 (79) - 2 (4) 5(10) 1(2) 2 (4)
48 (100)
I'ny6una > 60 kM 12 (19) - 6 (10) 20 (32) 7 (11) 17 (27)
62 (100)

Ipumeuanue. B ckoOkax yKka3aHO MPOIIEHTHOE COOTHOIICHUE KOJIMYECTBA 3eMIICTPSICEHH C PA3HBIM THUIIOM TMOJIBI)KKH B OYare.

Note. The percentage of earthquakes with different types of focal shift is indicated in parentheses.
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Tepputopuu 0. CaxaiauH Mo TUIY reoJuHaMuye-
CKOM 00cTaHOBKH (pHC. 7), COCTaBICHHOH B [26,
27] Ha OCHOBE TIE€OJIOTMUECKUX HHIUKATOPOB
HaIpsHKEHHOTo COCTOsiHUA cpensl. Ha rmyOm-
Hax O6osee 60 kM HauOosbIIAs OIS TPUXOTUTCS
Ha B30poco-caBuru (32 %) u B3pe3sl (27 %).

CpenHeB3BeIIeHHbIE 3HaUE€HUsI COPOIIEHHBIX
HanpsDKEHUH U1 pa3HbIX THUIIOB MOJBHXKEK pac-
CUHTBIBAJIUCH 110 (popmyie (7) ¢ CyMMHpPOBaHHEM
10 BBIOOPKAaM OJTHOTHUITHBIX 3€MJIETPSICEHUH, pa3-
JIeJIbHO JUI TITyOWH TMIIOLIEHTPOB MeHee U OoJee
60 kM. Pe3ynbrar pacueToB nokasaH Ha puc. 8.

Jnst ouaroB, nexanmx Ha rryonnax 10 60 K,
HauOOJbIINEe  3HAUEHUS  CPEIHEB3BELICHHBIX
COpOILIEHHBIX HAINpPSHKEHUH CBOWCTBEHHBI TMOA-
BIDKKaM THUIA «TOPU3OHTAIbHBIN CIABUI», a Hau-
MEHBIIINE — COPOCO-CABUTAM M B30POCO-CABUTAM
(puc. 8 a). Ilockonbky MakcUMalbHOE U MUHH-
MaJIbHOC 3HAYCHHUS <Acs>V paznuyarorcs B ~6 pas,
3TOT pe3yNbTaT 3Ha4UM, HECMOTPS Ha HEOOJIBLIYIO
cTaructuky coobiThil. Ha myounax Oonee 60 kM
CPEIHEB3BEIIEHHOE 3HAYEHHE COPOILEHHBIX Ha-
MPsDKEHUH 0Ka3ajloch HAuMOONBIIUM JUIsl 04aroB
TUNa B30pOC, a HAUMEHBIINM — JJIs TUIAa TOpH-
30HTAJIbHBIN CABUI, IPUYEM pa3InYUe TaKXKe Iie-
cTukparHoe. Ha aTux mmyOuHax ass o4arosB ¢ 1oj-
BIDKKaMU THIIa B3pe3 U cOpPOCO-CIBUT 3HAYCHUS
<Acs>v HaMHOTO 0OJIbIIIE MUHUMAIBHOTO.

C nomourpto BbIpaxkeHus: (3) NPOBEICHBI
OLICHKH MPUBEACHHON CEMCMHYECKON SHEPTUU IS
48 3emileTpsICeHUI, KOTOpPbhIE MPOU3O0IUIN Ha ITy-
O6unax 10 60 kM. 3HadeHHs COPOIICHHBIX HAMps-
JKEHUH B3ATHI U3 Tabn. 1. Jns mapaMeTpoB cperpbl
IIPUHATHl  CIEIYIOIIUE XapaKTEPHbIE 3HAYCHMSL:
p=2700 kr/m’, cormacuo [28]; V=430 m/c [29, 30].

Jlnist 3eMIeTpsCeHU ¢ ITyOMHAaMU TMIIOIeH-
TpoB Oonee 60 KM OLEHKH e,, HE MPOBOIUJIUCH
M3-3a 3HAUUTEJILHOTO Pa3JInyus IIIOTHOCTU U CKO-
POCTH YIPYTHX BOJH Ha PAa3HbIX PACCTOSHUAX OT
HAKJIOHHOH celicModokaibHOl 30HBL. Ha puc. 9
IIOKa3aHa 3aBUCHUMOCTb IPUBEICHHON CEHCMHYe-
CKOM 3HEPTHMM OT MOMEHTHOM MarHUTYJAbl 3€MJIe-
TpsICeHUH ¢ oyaramu Ha rTyOuHax 1o 60 kM. [ua-
Ta30H U3MEHEHHUs e, cocTapusger or 10~ go 107,
YTO COOTBETCTBYET JaHHBIM JUISl «HOPMAJIbHBIX)
TEKTOHMUYECKUX 3EMIIETPSICEHUN B JIPYrUX pe-
ruonax [11, 16, 31]. Ioxy4yeHHble 3HAYCHUS €,
B OTOM JMala3oHEe COMIACYIOTCA TaKXKe C Ipel-
CTaBJICHUSAMU 00 U3ITyUYEHUU CEHCMUYECKON SHEP-
TUU NIPU JUHAMUYECKUX pa3pbiBax [16].

CtouT OTMETHTH, YTO W3 BbIpakeHuil (1),
(3), (6) u dopmynsr Kanamopu (4) BeITEKaeT Ha-
JINYWE JTUHEUHOU PErpeCcCUH MEXKIY 3HAYECHUSIMU
IIPUBEIECHHON CENCMUYECKON YHEPTUU U MOMEHT-
HOM MarHuTyabl. Puc. 9 nokassiBaet, 4To BO BCEM
nuanazone marautyn 4.7 < M < 7.0 pasbpoc
TOYEK lg e,, HE3HAYUTEILHBIA, a KOdPUIHEHT

Puc. 8. Cpez[HeB3BemeHHme C6pOHIeHHLIe HaIpsiKEHUs 1J1s 3eMHeTpﬂCGHHﬁ C pasHbIMU THIIAMH OYaroBbIX ITOJABHIKCK: (a) o4yarm Ha

mryouse 60 kum, (0) odarn Ha mIyOuHe 6osee 60 KM.

Fig. 8. Weighted average stress drop for earthquakes with different types of focal shift: (a) source depth up to 60 km; (6) source depth of

more than 60 km.
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[unHammnydeckue napameTpbl 04aroB 3eMeTpsiceHnii Ha octpoBe CaxanuH B 1978-2024 rr.

Puc. 9. 3aBHCHMMOCTDP TpPUBEICHHOH CEHCMUYECKOH OJHEPTHU
OT MAarHUTyIbl 3eMJICTPSCEHUsI Ui COOBITHH C DIyOHMHOW TH-
HOIEHTPOB 10 60 KM. YpaBHeHHE perpeccHu (KpacHas JIMHHS)
lge,, =041M ,—5.96.

Fig. 9. Dependence of the reduced seismic energy on the magnitude
of the earthquake for the events with a depth of hypocenters up to
60 km. The regression equation (red line) Ig e,, = 0.41M,— 5.96.

PR

nerepmuHaiuu R [32] cocrasmser 0.94, uto ne-
MOHCTPHUPYET XOPOIYI0 (PyHKIIMOHATBHYIO 3aBH-
cuMocTbh Mexay nepemeHHbiMH [33]. CornacHo
aprymeHTanuu [16], HEOOXOAMMBIM yCIIOBUEM
reOMEXaHMYECKOTO CaMOMOAOOUs O0YaroB SBJIs-
€TCSl OTCYTCTBHE CTAaTUCTUYECKH 3HAUMMOMW B3a-
MMOCBSI3U MEXIY TNPUBEACHHON CEHCMUYECKOU
SHEPIrUue U CKAISIPHBIM CEUCMHUYECKUM MOMEH-
TOM (MM MOMEHTHON MarHuTynoil). Takum 00-
pasom, s 3eMJICTPSICEHHM ¢ TTTyOMHOM TUITOLICH-
TpoB 10 60 kM, mpouzomenmux Ha o. CaxaauH
U npuierawomiei aksatopur Oxorckoro u SmnoH-
CKOTO MOpei, moJo0ue o4aroB He peanan30BaHO.
DTOT pe3yabTaT aHAJIOTMYEeH OTMEYEHHOMY B [11]
0 JIAaHHBIM O JUHAMHUYECKHX MTapaMeTpax 04aroB
cnabeix (M, < 3.6) semnerpsicennii B CeBepHOM
Tsup-1llane. Takum o0Opa3zom, [UIsi HECKOJIBKUX
PETHOHOB YCTAHOBJIEHO, YTO MEXAY YCPEIHEH-
HbIMU BEJIMYMHAMHU CKaJISPHOTO CEHCMUYECKOTO
MOMEHTa COpOILIEHHBIX HAMIPSHKEHUH U IPUBEICH-
HOM CENCMUYECKON 3HEPrUU CYLIECTBYET MOHO-
TOHHO pacTyIlas 3aBUCUMOCTb.

3aknoyeHue

C HCnonbpb30BaHHEM (bCHOMeHOJIOFI/I‘{eCKOFO
noaxoaa, OIMMUparomIerocda Ha HaJIU4ue perpeccu-
OHHOM 3aBUCHUMOCTH paauyca odara OT CKaJIApHO-
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r0 CEHCMUYECKOTO MOMEHTa M (M MOMEHTHON
MarHuTyasl M, ), TONyYeHbl 3HAYEHUS JAUHAMM-
yeckux mapametpoB s 110 3emuerpsicennii Ha
CaxanuHe U OKpY’KalIIMUX aKBaTOPHSX, MPOU30-
menmux B 1978-2024 rr. B xauecTBe MCXOIHBIX
JTaHHBIX UCTOIh30BaHA HHPOpPMAIIHS U3 KaTaiora
CMT o ckansipHOM CEHCMUYECKOM MOMEHTE JIst
04aroB 3THX cOObITHH. B pesynbrare 3HaunTEH-
HO yBeJIMYEH O0bEM JaHHBIX 110 COpOIIEHHBIM
HalpsDKEHUSAM WM IPHUBEICHHOW CEHCMUYECKON
SHepruu s 3emiieTpsiceHnii B CaxaJauHCKOM
PEruoHe, MO CPABHEHHUIO C KAaTaJIOIOM JIUHAMU-
YECKUX MapaMeTpOB 3EMIIETPSICEHUN B CEBEPO-
3amagHou 4dacthd Tuxoro okeana 3a 1969-1996
[8], Tne conmepxkutcs Tosnbko & 3anuce ansa Ca-
xanuHa. Vcrnonb30BaHHBIN MOAX0] ONMUPAETCs Ha
KOHLIETILIMIO O B3aUMOCBSA3H »* = (M, ), 4TO COOT-
BETCTBYET Y3KOMY JMana3oOHy 3HAUE€HUU CKOpO-
cru paspeiBa V, ~ (0.75-0.9) V.. Bmecte ¢ Tem
HAOTIONATNCh CITydau, Koraa Ve~ Vyumm s
V., a TaKKe Cily4au MEICHHBIX 3€MJIETPACEHHH
¢ V, K V.. Dro orpann4mBaer o6aacTh mpuMme-
HEHUS TaHHOTO (DEHOMEHOJIOTHYECKOTO TOIX0/1a.
J1st KapTHpOBaHUS pacIpeaesieHus COPOIICHHBIX
HaIpsHKEHUM U CPAaBHEHHUSI ¢ TE€OAMHAMUYECKUMU
00CTaHOBKaMU MPEIOKEHO BBECTU CPEIHEB3BE-
IICHHbIE 3HAYEHUS COPOILIEHHBIX HAaMpPSKEHHUM
C BECOBBIMH KOA(hGUITUEHTAMH, POTIOPIIHOHATb-
HBIMH 00beMy odara. Takue 3HaueHus 7151 04aroB
¢ mryoumHamu 10 60 KM HaXoIsTCs B Mpeaenax
0.7-6.8 MIla. Boigenensl 30HbI ¢ HAUMEHBIIU-
MU ¥ HauOONBIIMMHU 3HAUYCHUSIMH CpEIHEB3BE-
IIEHHBIX COpOILIEHHBIX HampspkeHuil. B athx xe
30HaxX JOCTUTAETCS, COOTBETCTBEHHO, MUHUMYM
M MaKCUMYM NPUBEIECHHOW CEHCMHYECKON SHEp-
ruu. OTMEUYEHO, YTO JJIsl 04aroB 3€MJIETPSICEHUH,
Jexanmx Ha IyouHax 10 60 KM, BBIIOJIHSETCS
JUHENHAas perpeccus MexAy BeIUYMHaMU IpHU-
BEJICHHON CEHCMUYECKOW JHEPrUM U MOMEHT-
HOM MarHuTyabl. CpeqHeB3BEUICHHOE 3HAYCHUE
COpOIICHHBIX HANPSOKEHUH NJIsi 09aroB Ha ATUX
mTyOMHAX C TUIOM TOJBHMXKKH «TOPU30HTAIBHBIN
caBur» cocrasister 6.8 MIla, yTto 3aMeTHO 0OJIB-
11e, 4YeMm Ui APYyTuX TUIOB. A Ha IiyOuHax Oosee
60 kM Hanbonbee 3Hauenue <Ac>, = 12.3 MIla
0Ka3aJIOCh y 0YaroB C MOJBUYKKOM «B30POCY.

TEOCUCTEMBI MEPEXOAHbIX 30H, 2025, 9(3)



CbiyeB B.H., Boromonos J1.M.

Cnucok nurtepartyphbl

1.

10.

11.

GEOPHYSICS, SEISMOLOGY

3aBbsoB A.Jl. 2006. Cpeorecpounviii npoeHos 3emie-
mpscenui. OcHogvl, memoouxa, pearuzayusi. M.: Ha-
yKa, 242 c.

Tikhonov I.N., Rodkin M.V. 2012. The current state
of art in earthquake prediction, typical precursors, and
experience in earthquake forecasting at Sakhalin Island
and surrounding areas. In: Earthquake Research and
Analysis — Statistical Studies, Observations and Plan-
ning, Ch. 5, p. 43-78. https://doi.org/10.5772/28689

TapakanoB P.3., Tuxonor M.H. 2011. CaxanuHckas

CEHCMOITOTHS: pa3BUTHE M HEKOTOPHIC pPE3YJbTaTHI.
Becmnuk JIBO PAH, 6: 34-42.

Tuxonos W.H., Muxaiinos B.U., Mansimes A.U. 2017.
MogenupoBaHue MOCIEI0BATENbHOCTEH 3eMIIeTpsice-
Hu# rora CaxajanHa, NpeABapsIONINX CUIIbHBIE TOTUKH,
C LENbI0 KPAaTKOCPOYHOTO MPOrHO3a BPEMEHU UX BO3-

HUKHOBEHUs. Tuxookeanckas eeonozus, 36(1): 5-14.
EDN: XWRJZN

Hpyxun I'U., Mapanynen FO.B., Yepuesa H.B., Hca-
eB A IO, Conomuayk A.A. 2017. AkycTHuecKue u dekK-
TPOMArHUTHBIC W3JIyYCHHS TIEpel 3eMIIETPICEHHEM
Ha Kamuarke. Joxnaowr AH, 472(5): 584-589. EDN:
BIRGXD

3akynuH A.C., bornackas H.B. 2022. CpegaecpodHsie
nporHo3sl 3emiierpsiceHuit meronom LURR Ha mpumepe
cunbHeWux 3emiuerpacennid XXI cronerus. Jlumoc-
gepa, 22(6): 872-881. https://doi.org/10.24930/1681-
9004-2022-22-6-872-881

Gavrilov V.A., Panteleev I.A., Descherevskii, Lander
A.V., Morozova Yu.V., Buss Yu.Yu., Vlasov Yu.A. 2020.
Stressstrain state monitoring of the geological medium
based on the multi-instrumental measurements in
boreholes: Experience of research at the Petropavlovsk-
Kamchatskii geodynamic testing site (Kamchatka,
Russia). Pure Applied Geophysics, 177(1): 397-419.
https://doi.org/10.1007/s00024-019-02311-3

Byprimckas P.H. 2001. CnexrpanbHblii cOCTaB H3ITy4e-
HHUSI ¥ OYaroBBIC MMapaMeTpbl 3eMIICTPSCCHUN CEBEpO-
3amagHoi yactu Tuxoro okeana 3a 1969—1996 roxpl.
B xn.: Junamuxa ouacoevix 30H u npocHO3Uposanue
CUNbHBIX 3emlempsicenull cegepo-3anada Tuxoeo okeana.
IOxH0-Caxamuuck: UMIul” JIBO PAH, 1. 1, c. 48-67.

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

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

CrrueBa H.A., Boromomnos JI.M. 2020. O cOpomieHHBIX
HalpsDKEHUSIX B oyarax 3emuerpsiceHuit CeBepHOit
EBpa3zun u npuBeAEeHHOM CEHCMHUYECKON SHEpPruu.
Teocucmemor nepexoomnvix 3om, 4(4): 393-416. https://
doi.org/10.30730/gtrz.2020.4.4.393-416.417-446

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

250

Konosanos A.B., Haropusix T.B., Cadonos J/[.A. 2014.
Cospemennble UCCIe008aAHUSL MEXAHUIMO8 04A208 3eMle-
mpscenuii o. Caxanun. Bnanusoctok: [lansHayka, 251 c.

Tarayposa A.A. 2015. Ilons HanpspkeHU# U gedopma-
Ui TI0 TAHHBIM MEXaHU3MOB KOPOBBIX 3eMJICTPSACCHU I
o. Caxanun. Becmnux KPAYHI]. Cepus: Hayxu o 3em-
ne, 3(27): 93-101.

Scholz C.H. 2002. The mechanics of earthquakes and
faulting. Cambridge: Cambridge University Press, 496 p.

Madariaga R. 2011. Earthquake scaling laws. In:
R.A. Meyers (ed.) Extreme environmental events:
Complexity in forecasting and early warning. Springer,
364-383. https://doi.org/10.1007/978-1-4419-7695-6 22
Kouapsn I'T. 2016. [eomexanuxa paznomos. Poccuii-
cKas akajeMus Hayk, WHCTHTYT AMHaMUKH reocdep,
Poccwuiickuit nayunsiii poua. M.: TEOC, 424 c.

Pusamuenko FO.B. 1985. [Ipobremor ceticmonoeuu:
N36pannsie Tpyasl. M.: Hayka, 408 c.

Kanamori H. 1977. The energy release in great earth-
quakes. J. of Geophysical Research, 82(20): 2981—
2987.

Kimrouesckuit A.B., lembsinoBua B.M. 2002. [Inramu-
YeCcKHe MapaMmeTphl ouaroB 3emiieTpsiceHuil baiikanb-
CKOM celicMuYeCcKor 30HbI. Pusuxa 3emnu, 2: 55-66

Madariaga R. 1979. On the relation between seismic
moment and stress drop in the presence of stress and
strength heterogeneity. J. of Geophysical Research, 84:
2243-2250. https://doi.org/10.1029/jb084ib05p02243

Kanamori H., Brodsky E.E. 2004. The physics of earth-
quakes. Reports on Progress in Physics. 67: 1429-1496.

Kaneko Y, Shearer P.M. 2014. Seismic source spec-
tra and estimated stress drop derived from cohesive-
zone models of circular subshear rupture. Geophys.
J. Int. 197: 1002—-1015. https://doi:10.1093/gji/ggu030.

Zelenin E.A, Bachmanov D.M., Garipova S.T., Tri-
fonov V.G., Kozhurin A.I. 2022. The Active Faults of
Eurasia Database (AFEAD): the ontology and design
behind the continental-scale dataset. Earth System Sci-
ence Data, 14: 4489-4503.

Oura C. JI. 1990. Memoowr u pesynomamol uzyueHus
ceticmomexmoHuyeckux degpopmayuii. M.: Hayka, 190 c.

CorueBa H.A., boromonos JI.M., Kysukos C.H. 2020.
Beiuucnumenvnvie mexnonocuu 6 cercmMono2uueckux
uccneooganusx (na npumepe KNET, Cesepruiii Tano-
Ulany). YOxno-Caxamuuack: UMI'ul” IBO PAH, 358 c.

Cum JI.LA., boromonoB JI.M., bpsunesa I.B., Cag-
puueB I1.A. 2017. HeoTekTOHMKA W TEKTOHHUYECKHE
Hanpspkenust ocrtpoBa Caxanus. Geodynamics &
Tectonophysics, 8(1): 181-202. https://doi.org/10.5800/
GT-2017-8-1-0237

Cum JI.A., Kamenes I1.A., boromonos JI.M. 2020.
HoBble naHHBIE O HOBEHIIEM HAIPSKEHHOM COCTOSI-
HUU 36MHOU KOpBI ocTpoBa CaxaiuH (110 CTPYKTYpPHO-

GEOSYSTEMS OF TRANSITION ZONES, 2025, 9(3)


https://doi.org/10.30730/gtrz.2020.4.4.393-416.417-446
https://doi.org/10.30730/gtrz.2020.4.4.393-416.417-446
https://doi.org/10.5800/GT-2017-8-1-0237
https://doi.org/10.5800/GT-2017-8-1-0237

[unHammnydeckue napameTpbl 04aroB 3eMeTpsiceHnii Ha octpoBe CaxanuH B 1978-2024 rr.

28.

29.

30.

31.

32.

33.

reoMopQOIOrMYECKIM HHAUKATOPaM TEKTOHHYECKHX
HampspkeHuil). [ eocucmemvt nepexoouvix 30H, 4(4):
372-384. https://doi.org/10.30730/gtrz.2020.4.4.372-383

TuxomupoB B.M. 1970. [lnomuocms eopuwvix nopoo
u 2eonocuyeckoe kapmuposanue 6 yciogusx Caxaiuna.
M.: Hayka, 111 c.

ITarpuxees B.H., Jlomte B.JI. 2016. Pa3noms! cesep-
Horo CaxannHa: 0COOEHHOCTH CTPOEHUsS U ceficMuye-
CKasl ONACHOCTh. [eonocusi u nonesHvle UCKonaemvle
Muposozo oxeana, 3: 44-58.

Conosses B.H., Tuxonos 1.H., Koxypun A.11. 2014.
YTouHeHHE (POHOBOIM CEHCMHYHOCTH HA YYaCTKE H3HI-
ckanmii «Caxamuackast [ POC-2» (0. Caxamun). Bonpo-
cbl UHoICeHepHotl ceticmonozuu, 41(2): 60-76.

Jo6pemanHa A.A. 2009. OgaroBsie mapaMeTphl 3eMiIe-
Tpsicennii baitkanbckot pudToBoii 30HEL. Dusuka 3em-
au, 12: 60-75.

AnBazsa C.A., Mxutapsa B.C. 2001. [lpuxiadnas
cmamucmuka. Ochogbl 5koHOMempuku: B 2 T. M.
IOunuTu-/lana. 1088 c.

Marnyc S.P., Karsimes I1K., Ilepecernkuit A.A. 2004.
Oxonomempura. Hauanvuwiii kype. M.: Jleno. 576 c.

References

1.

FEO®U3UKA, CEACMOJIOrUS

Zavyalov A.D. 2006. [Medium-term earthquake fore-
cast. Fundamentals, methodology, implementation)].
Moscow: Nauka, 242 p. (In Russ.).

Tikhonov I.N., Rodkin M.V. 2012. The current state
of art in earthquake prediction, typical precursors, and
experience in earthquake forecasting at Sakhalin Island
and surrounding areas. In: Earthquake Research and

Analysis — Statistical Studies, Observations and Plan-
ning, Ch. 5, p. 43—78. https://doi.org/10.5772/28689

Tarakanov R.Z., Tikhonov L.N. 2011. [Sakhalin seis-
mology: development and some results]. Vestnik of the
FEB RAS, 6: 34-42. (In Russ.).

Tikhonov L.N., Mikhaylov V.I., Malyshev A.l. 2017.
Modeling the Southern Sakhalin earthquake sequences
preceding strong shocks for short-term prediction of
their origin time. Russian J. of Pacific Geology, 11(1):
1-10. https://doi.org/10.1134/s1819714017010092

Druzhin G.I., Marapulets Yu.V., Cherneva N.V.,
Isaev A.A., Solodchuk A.A. 2017. Acoustic and elec-
tromagnetic emissions preceding the earthquake in
Kamchatka. Doklady Earth Sciences, 472: 215-219.
https://doi.org/10.1134/S1028334X17020118

Zakupin A.S., Boginskaya N.V. 2022. Medium-term
earthquake forecasts by the LURR method on the ex-
ample of the strongest earthquakes of the 21st century.
Lithosphere, 22(6): 872-881. (In Russ.). https://doi.
0rg/10.24930/1681-9004-2022-22-6-872-881

Gavrilov V.A., Panteleev I1.A., Descherevskii, Lan-
der A.V., Morozova Yu.V., Buss Yu.Yu., Vlasov Yu.A.

251

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2020. Stressstrain state monitoring of the geological
medium based on the multi-instrumental measurements
in boreholes: Experience of research at the Petropav-
lovsk-Kamchatskii geodynamic testing site (Kamchat-
ka, Russia). Pure Applied Geophysics, 177(1): 397—
419. https://doi.org/10.1007/s00024-019-02311-3
Burymskaya R.N. 2001. [Spectral composition of ra-
diation and the source parameters of earthquake in the
northwestern Pacific during 1969—-1996]. In: A.1. Ivash-
chenko (ed.) [Dynamics of source zones and forecast
of the strong earthquakes in the Northwestern Pacific].
Yuzhno-Sakhalinsk: IMGG FEB RAS, vol. 1, p. 48—67.
(In Russ.).

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

Brune J.N. 1971. Corrections. J. of Geophysical Re-
search, 76: 5002.

Sycheva N.A., Bogomolov L.M. 2020. On the stress
drop in North Eurasia earthquakes source-sites versus
specific seismic energy. Geosistemy perehodnykh zon =
Geosystems of Transition Zones, 4(4): 417-446. https://
doi.org/10.30730/gtrz.2020.4.4.393-416.417-446

Konovalov A.V., Nagornykh T.V., Safonov D.A. 2014.
[Modern research on the mechanisms of earthquake foci
on Sakhalin Island). Vladivostok: Dal’nauka, 251 p.

Tataurova A.A. 2015. Stress and strain fields based on
data on crustal earthquake mechanisms in Sakhalin
Island. Vestnik KRAUNTS. Nauki o Zemle = Bull. of
KRAESC. Earth Sciences, 3(27): 93—101. (In Russ.).

Scholz C.H. 2002. The mechanics of earthquakes and
faulting. Cambridge: Cambridge University Press, 496 p.

Madariaga R. 2011. Earthquake scaling laws. In:
R.A. Meyers (ed.) Extreme environmental events: Com-
plexity in forecasting and early warning. Springer, 364—
383. https://doi.org/10.1007/978-1-4419-7695-6 22
Kocharyan G.G. 2016. Geomechanics of faults.
Moscow: GEOS, 424 p. (In Russ.).

Riznichenko Yu.V. 1985. [ Problems of seismology: Se-
lected works]. Moscow: Nauka, 408 p. (In Russ.).
Kanamori H. 1977. The energy release in great earth-
quakes. J. of Geophysical Research, 82(20): 2981—
2987.

Klyuchevskii A.V., Demjanovich V.M. 2002. Source
amplitude parameters of strong earthquakes in the Bai-
kal seismic zone. Izv., Physics of the Solid Earth, 38(2):
139-148.

Madariaga R. 1979. On the relation between seismic
moment and stress drop in the presence of stress and
strength heterogeneity. J. of Geophysical Research, 84:
2243-2250. https://doi.org/10.1029/jb084ib05p02243
Kanamori H., Brodsky E.E. 2004. The physics of earth-
quakes. Reports on Progress in Physics. 67: 1429-1496.

TEOCUCTEMBI MEPEXOAHbIX 30H, 2025, 9(3)


https://doi.org/10.30730/gtrz.2020.4.4.372-383

CbiyeB B.H., Boromonos J1.M.

22.

23.

24,

25.

26.

27.

Kaneko Y, Shearer P.M. 2014. Seismic source spectra
and estimated stress drop derived from cohesive-zone
models of circular subshear rupture. Geophysical Jour-
nal International, 197: 1002—1015. https://doi:10.1093/
gji/ggu030.

Zelenin E.A, Bachmanov D.M., Garipova S.T., Tri-
fonov V.G., Kozhurin A.I. 2022. The Active Faults of
Eurasia Database (AFEAD): the ontology and design
behind the continental-scale dataset. Earth System Sci-
ence Data, 14: 4489-4503.

Yunga S.L. 1990. [Methods and results of studying seis-
mic tectonic deformations]. Moscow: Nauka, 191 p.
(In Russ.).

Sycheva N.A., Bogomolov L.M., Kuzikov S.I. 2020.
[Computational technologies in seismological studies
(on the example of KNET, Northern Tian Shan)] Yu-
zhno-Sakhalinsk: IMGG FEB RAS, 358 p. (In Russ.).
https://dx.doi.org/10.30730/978-5-6040621-6-6.2020-2

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

Sim L.A., Kamenev P.A., Bogomolov L.M. 2020. New
data on the latest stress state of the earth’s crust on Sakha-

28.

29.

30.

31.

32.

33.

lin Island (based on structural and geomorphological in-
dicators of tectonic stress). Geosistemy perehodnykh zon
= Geosystems of Transition Zones, 4(4): 372-383. (In
Russ.). https://doi.org/10.30730/gtrz.2020.4.4.372-383

Tikhomirov V.M. 1970. [Rock density and geological
mapping in Sakhalin conditions]. Moscow: Nauka,
111 p. (In Russ.).

Patrikeev V.N., Lomtev V.L. 2016. Northern Sakhalin
faults: structure peculiarities and seismic hazard. Geol-
ogy and Mineral Resources of World Ocean, 3: 44-58.
(In Russ.).

Soloviev S.L., Tikhonov IN., Kozhurin A.I. 2014.
Refinement of background seismicity within the site
location of the power plant «Sakhalinskaja GRES-2»
(Sakhalin Island). Problems of Engineering Seismol-
ogy, 41(2): 60-76. (In Russ.).

Dobrynina A.A. 2009. Source parameters of the earth-
quakes of the Baikal Rift System. Izv., Physics of the
Solid Earth, 45(12): 1093-1109.

Ayvaz’an S.A., Mkhitar’an V.S. 2001. [Applied statis-
tics. Fundamentals of econometrics]: in 2 vol. Moscow:
Yuniti-Dana, 1088 p. (In Russ.).

Magnus YA.R., Katyshev P.K., Peresetskiy A.A. 2004.
[Econometrics: The initial course]. Moscow: Delo
Publ., 576 p. (In Russ.).

APPENDIX /ITPUJIOKEHUE

[TapameTpbl TUIIOLEHTPOB U TMHAMHUYECKIE ApaMeTPhl 04aroB 3eMileTpsiceHnit Ha CaxarHe M NPUICTalONX aKBaTOPHIX
Oxorckoro u SmoHCKOT0 MOpei

Hypocenter parameters and dynamic parameters of earthquake sources on Sakhalin and adjacent area of the Sea of Okhotsk
and the Sea of Japan

No. | Date ¢,°N A°E h,km | M M()I\.I-lrg”’ 7y 100, m | 7 -10°, m 131%&1 e, 10*
1 1978:11:15 47.78 146.30 15.0 54 1.76 5.30 3.72 1.49 5.85
2 1979:07:28 49.48 142.41 15.0 55 247 5.75 4.04 1.63 6.41
3 1980:12:22 48.14 145.95 485.1 5.5 2.33 5.75 4.04 1.54 6.04
4 1981:02:06 48.24 146.48 517.1 5.7 4.82 6.79 4.77 1.94 7.60
5 1982:07:14 45.62 142.57 328.7 54 1.80 5.30 3.72 1.53 5.99
6 1982:11:27 50.22 147.01 628.0 6.0 13.40 8.71 6.12 2.56 10.02
7 1983:03:17 51.60 140.84 15.0 5.1 0.48 4.13 2.90 0.86 3.38
8 1984:02:01 49.10 146.31 581.3 6.3 36.00 11.17 7.85 3.26 12.77
9 1984:04:23 47.49 146.56 417.0 6.5 60.10 13.18 9.26 3.31 12.96
10 1984:12:22 50.17 142.79 37.8 5.2 0.68 4.49 3.15 0.94 3.70
11 1985:01:06 45.56 143.06 3325 53 1.02 4.88 343 1.11 4.35
12 1985:02:23 4731 145.57 429.3 53 1.14 4.88 3.43 1.24 4.86
13 1985:10:18 46.05 146.10 2717.1 5.7 5.00 6.79 4.77 2.01 7.89
14 1987:05:07 46.67 139.01 442.2 6.8 176.00 16.90 11.88 4.59 18.00
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[unHammnydeckue napameTpbl 04aroB 3eMeTpsiceHnii Ha octpoBe CaxanuH B 1978-2024 rr.

No. Date 0,°N ML°E h,km | M MOI\.LIrg”’ ry 105, m | r, 105, m ﬁg,a e, 10%
15 1987:05:18 49.12 147.39  551.7 6.8 170.00 16.90 11.88 4.44 17.39
16 1988:06:26 45.92 14425 3740 5.1 0.55 4.13 2.90 0.99 3.88
17 1989:08:29 48.00 14743 4443 5.2 0.73 4.49 3.15 1.02 4.00
18 1990:05:12 48.94 14138 6125 7.2 818.00 23.55 16.55 7.90 30.95
19 1990:08:20 46.21 14226  348.0 5.7 4.42 6.79 4.77 1.78 6.97
20 1991:07:05 4796 14591 4652 5.8 7.26 7.38 5.19 2.28 8.93
21 1992:03:27 48.01 147.07  450.6 5.6 3.35 6.25 4.39 1.73 6.77
22 1992:06:16 45.49 142.47 3304 6.0 11.30 8.71 6.12 2.16 8.45
23 1993:01:24 45.64  142.08 3123 5.3 0.97 4.88 3.43 1.06 4.15
24 1993:02:09 45.66 14194 3144 56 2.86 6.25 4.39 1.48 5.78
25 1993:08:30 48.38 143.64 44.9 4.9 0.27 3.50 2.46 0.81 3.16
26 1994:12:13 53.94 141.84 35.3 52 0.80 4.49 3.15 1.11 4.37
27 1995:02:18 46.61 145.77  353.0 5.5 1.97 5.75 4.04 1.30 5.11
28 1995:03:10 46.10 143.31 3548 5.6 3.601 6.25 4.39 1.86 7.30
29 1995:05:27 53.03 142.65 23.6 7.0 432.00 19.95 14.02 6.86 26.87
30 1995:05:28 52.98 142.96 25.8 5.0 0.41 3.80 2.67 0.94 3.67
31 1995:06:13 53.09 142.88 15.0 5.1 0.65 4.13 2.90 1.15 4.52
32 1995:06:13 52.61 143.11 15.0 5.1 0.65 4.13 2.90 1.16 4.53
33 1995:09:30 51.85 142.91 33.0 5.4 1.88 5.30 3.72 1.60 6.25
34 1995:12:18 52.53 143.02 15.0 5.3 1.28 4.88 3.43 1.39 5.46
35 1996:01:08 53.31 142.57 15.0 5.6 2.99 6.25 4.39 1.54 6.05
36 1997:11:28 46.96 145.81  401.0 55 2.13 5.75 4.04 1.41 5.52
37 2000:07:10 46.83 145.59  361.3 5.8 6.52 7.38 5.19 2.05 8.02
38 2000:08:04 48.77 142.03 15.0 6.8 192.00 16.90 11.88 5.01 19.64
39 2000:08:10 48.73 142.17 15.0 5.2 0.69 4.49 3.15 0.96 3.77
40 2001:02:26 46.79 14454 3964 6.0 14.90 8.71 6.12 2.84 11.14
41 2001:09:01 47.44 142.53 15.0 5.2 0.70 4.49 3.15 0.98 3.85
42 2002:02:09 45.97 142.31 356.3 5.4 1.78 5.30 3.72 1.51 5.92
43 2002:03:07 47.97 146.93 4538 5.6 2.78 6.25 4.39 1.43 5.62
44 2002:11:05 49.06 14228 6040 5.6 2.81 6.25 4.39 1.45 5.68
45 2002:11:17 47.81 146.45 4798 7.3 1050.00 25.59 17.98 7.90 30.98
46 2003:02:08 48.45 142.71 45.1 5.1 0.49 4.13 2.90 0.88 3.44
47 2003:07:27 46.99 139.23 4772 6.7 146.00 15.56 10.93 4.89 19.15
48 2004:04:17 46.96 145.64  408.3 5.3 0.99 4.88 3.43 1.07 4.21
49 2004:05:30 47.34 142.01 19.2 4.9 0.27 3.50 2.46 0.80 3.12
50 2004:11:07 47.93 14452 493.0 6.1 18.10 9.46 6.65 2.69 10.56
51 2005:03:08 52.34 141.72 17.4 5.0 0.37 3.80 2.67 0.85 3.33
52 2005:06:12 52.85 143.92 15.0 5.5 1.94 5.75 4.04 1.28 5.03
53 2006:03:14 48.04 14746 4203 5.3 1.26 4.88 3.43 1.37 5.37
54 2006:06:16 46.44 14456 3753 5.3 1.28 4.88 343 1.39 5.46
55 2006:08:17 46.54  141.77 18.1 5.6 3.68 6.25 4.39 1.90 7.44
56 2006:09:13 46.75 146.46  351.1 5.3 1.22 4.88 3.43 1.33 5.20
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No. | Date ¢,°N AL°E h,km | M, M()I;I-lrg”’ ry 105, m | 7,105, m l\élg’a e,.'10*
57 2007:03:28 44.90 146.28  209.6 5.0 0.39 3.80 2.67 0.90 3.52
58 2007:08:02 46.84 141.82 12.0 6.2 23.50 10.28 7.22 2.73 10.69
59 2007:08:02 46.81 141.67 13.4 5.8 5.42 7.38 5.19 1.70 6.67
60 2007:08:02 46.71 141.78 18.2 52 0.86 4.49 3.15 1.19 4.68
61 2007:08:02 46.73 141.63 12.0 5.4 1.65 5.30 3.72 1.40 5.49
62 2007:08:14 46.86 141.74 12.0 5.4 1.49 5.30 3.72 1.26 4.95
63 2008:09:18 46.18 14349 3438 54 1.39 5.30 3.72 1.18 4.62
64 2009:10:26 47.61 14520 4802 53 1.03 4.88 3.43 1.12 4.39
65 2010:03:16 52.14 142.09 12.0 5.8 5.39 7.38 5.19 1.69 6.63
66 2010:07:09 52.12 142.06 13.1 5.0 0.35 3.80 2.67 0.79 3.11
67 2010:11:02 46.82 146.87 3624 5.5 1.98 5.75 4.04 1.31 5.13
68 2011:12:09 46.93 144.60  390.0 5.8 5.43 7.38 5.19 1.70 6.68
69 2011:12:12 50.70  142.97 16.4 5.1 0.62 4.13 2.90 1.11 437
70 2012:02:07 45.53 142.18  317.8 52 0.89 4.49 3.15 1.24 4.87
71 2012:07:09 49.12 14725  556.0 54 1.53 5.30 3.72 1.30 5.09
72 2012:07:29 47.29 13890 5069 5.7 4.69 6.79 4.77 1.89 7.40
73 2012:08:14 49.97 14570 5982 7.7  4840.00 35.65 25.05 13.47 52.81
74 2012:09:22 45.99 141.78 3285 52 0.74 4.49 3.15 1.03 4.05
75 2012:10:21 53.52 142.48 12.0 5.0 0.37 3.80 2.67 0.86 3.36
76 2013:01:03 45.01 141.73 23.2 4.9 0.24 3.50 2.46 0.71 2.79
77 2013:03:27 45.42 142.65 2884 5.0 0.47 3.80 2.67 1.07 421
78 2013:07:04 46.83 141.62 17.9 5.0 0.47 3.80 2.67 1.07 4.20
79 2013:08:04 46.97 14522  378.0 5.8 7.19 7.38 5.19 2.26 8.84
80 2013:11:24 52.02 142.10 20.1 4.9 0.28 3.50 2.46 0.81 3.18
81 2013:11:25 45.93 141.63 20.6 5.2 0.82 4.49 3.15 1.14 4.48
82 2014:02:19 52.36 143.33 17.8 4.9 0.33 3.50 2.46 0.96 3.75
83 2014:02:20 46.07 142.38  329.3 5.1 0.66 4.13 2.90 1.18 4.63
84 2014:09:16 45.12 147.06 18.1 5.0 0.35 3.80 2.67 0.81 3.16
85 2015:01:14 48.94 14197 5914 53 0.98 4.88 3.43 1.07 4.18
86 2015:08:27 45.01 147.39 1542 5.1 0.58 4.13 2.90 1.05 4.10
87 2016:07:23 47.68 14691 4232 58 7.11 7.38 5.19 2.23 8.74
88 2016:08:14 50.45 142.30 12.5 5.8 5.58 7.38 5.19 1.75 6.86
89 2016:08:15 50.55 142.28 14.6 4.9 0.29 3.50 2.46 0.85 3.33
90 2016:08:17 50.50 142.33 13.3 4.7 0.17 2.96 2.08 0.80 3.15
91 2016:09:26 45.30 147.26 22.6 4.9 0.32 3.50 2.46 0.94 3.67
92 2017:04:23 46.25 141.98 14.9 5.1 0.62 4.13 2.90 1.11 4.37
93 2017:11:29 45.31 146.34 17.0 5.5 2.36 5.75 4.04 1.56 6.12
94 2018:07:01 47.02 144.88 3989 5.6 3.66 6.25 4.39 1.89 7.40
95 2018:11:02 47.81 146.65  446.7 6.0 13.90 8.71 6.12 2.65 10.40
96 2019:07:09 47.35 144.86 4509 5.6 3.30 6.25 4.39 1.70 6.67
97 2020:09:13 48.93 142.08 14.0 4.8 0.18 3.22 2.26 0.69 2.72
98 2020:11:30 48.30 140.61 599.7 64 51.50 12.13 8.53 3.63 14.24

GEOPHYSICS, SEISMOLOGY 254 GEOSYSTEMS OF TRANSITION ZONES, 2025, 9(3)



[unHammnydeckue napameTpbl 04aroB 3eMeTpsiceHnii Ha octpoBe CaxanuH B 1978-2024 rr.

No. | Date 0,°N A°E h,km | M M()I\.I‘lrg”’ ry10°, m | 7, 10°, m 161(}?21 e, 10"
99 2021:09:03 49.44 146.87 588.0 5.8 5.95 7.38 5.19 1.87 7.32
100 | 2021:09:12 47.10  146.62  360.8 54 1.42 5.30 3.72 1.20 4.72
101 | 2022:02:05 52.59 143.29 12.6 5.3 1.17 4.88 3.43 1.27 4.99
102 | 2022:02:08 48.48 142.14 13.1 5.0 0.42 3.80 2.67 0.98 3.82
103 | 2022:03:24 51.98 143.61 22.0 4.7 0.14 2.96 2.08 0.68 2.65
104 | 2022:07:02 4591 141.81 3200 59 8.23 8.02 5.63 2.01 7.89
105 | 2022:08:10 44.95 141.92 13.2 5.0 0.42 3.80 2.67 0.95 3.74
106 | 2022:08:10 44.93 141.93 13.9 52 0.80 4.49 3.15 1.12 4.38
107 | 2023:06:17 47.95 14737 4138 5.7 4.77 6.79 4.77 1.92 7.52
108 | 2023:06:23 45.86 14293 3294 57 3.91 6.79 4.77 1.57 6.17
109 | 2024:08:10 47.10 144.64 4125 6.5 83.20 13.18 9.26 4.58 17.95
110 | 2024:11:05 49.40 146.92  581.0 54 1.55 5.30 3.72 1.32 5.15

IIpumeuarue. @, ). — IMPOTa U TOJTOTA, /i — TIyOUHa, M, — MOMEHTHAs MarHUTY/a, M, — CKaJIAPHBIA CEHCMUIECKHI MO-
MEHT, 7', 7\, — PAIMYChI 04aroB 1o mozenam bpiona u Manapuaru—Kanexo—Illnpepa cooTBeTCTBEHHO, AG — COpOIIEHHBIE
KacarelbHbIE HANPSIKEHHUS, €, — IPUBEIEHHAs CEHCMUIECKAs SHEPTHSL.

Note. ¢ and }, latitude and longitude; £, depth; M_, moment magnitude; M, scalar seismic moment; 7, and r,, radii of the
sources by the models of Brune and Madariaga—Kaneco—Shearer, respectively; Ao, shear stress drop; e, ., reduced seismic

energy.
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[MporHo3 3emnetpsaceHnn metogom LURR Ha CaxanuHe

B peXumMme peanbHOro BpeMeHu.

Pesynbratbl MOHUTOPUHra B 2023—-2025 rT. 1 X oLeHKa

B CBA3U C MerasemreTtpsiceHmemM Ha Kamuatke 30.07.2025, M 8.8

A. C. 3akynun
E-mail: dikii79@mail.ru
Hucmumym mopckoul eeonoeuu u eeogpuzuxu /[BO PAH, FOocno-Caxanunck, Poccus
Caxanunckuil ¢unuan @UIL] «Edunas eeogpusuueckas cuyscoa PAHy, FOxcno-Caxanunck, Poccus

Pe3tome. [IpeacrasieHbl pe3ysIbTaThl MPOMODKAIOMIETOCS HCCTIeA0BaHus ceiicMuuHocTr CaxalnHa METOIOM CPel-
HecpouHoro nporxo3a semierpsicernit LURR (load-unload response ratio). Pe3ynbraTel ouepeqHOro 3Tamna BKIua-
10T pacuetsl napamerpa LURR mo ceiicmudeckum qanusiM ¢ 2023 o 2025 1. (mepssiii aTan 2019-2022 1) B 36 pac-
YETHBIX 00MacTsIX. DTH 00JIaCTH PAaBHOMEPHO MOKPHIBAIOT OCTPOB ceTKoH ¢ marom 0.5° o mupore u gonrore. B te-
YEeHHE BCETo Mepro/ia eXKEeKBAPTAIBHO aHATU3UPOBAIaCh MHPOPMAIIHsI O HOBBIX aHOMAJIUSX B TOBEJCHUH ITapaMeTpa
LURR wu 30Hax mporHo3sa. 3a 2023 — 3 kBapran 2024 1. 6bu10 06HapyxeHo 24 anomanuu. C yyetom 11 anHomanuit
2022 1. ux o0IIee KOJIUIESCTBO CTaI0 35 3a 2 ¢ MoIoBHHOM roja. [I0cKoIbKY CHIIBHOTO 3emiieTpsiceHus Ha CaxannHe
HE MPOU30IILI0, ECTECTBEHHO OBLIO MPEIIOIIOKHUTh, YTO TAKOE KOJHMYECTBO aHOMAJIMI MOIJIO OBITH 0OYCIIOBICHO HE-
OpAMHAPHBIM M 3HAYMMBIM (akTopoM 3a npexaeiaamu CaxanuHa. Takum (akTOpOM MOT CTaTh MPOIECC OATOTOBKU
Merazemierpscenus Ha Kamuarke 30.07.2025, M 8.8. Iy mpoBEpKHU 3TOTO MPENNOI0KEHHS IPOBEACHBI PacUeThI
napamerpa LURR B anunienTpe 3emnerpsacenus 30.07.2025, a Takxke BAOIb 30HBI CyOAYKIMN B HalpaBICHUU pac-
npocTpaHeHus obyiaka adrepuiokoB. [TTaBHBIM pe3ylbTaToM cTajao 0OHapyKEHUE PETPOCIIEKTUBHOTO MTPEBECTHHUKA
3a HECKOJILKO MECSILIEB JI0 3eMileTpsiceHns. KpoMe Toro, B pe3ynprare aHain3a MoKa3aHo, YTO TIePHOIbl aHOMaJIbHON
aktuBHOCTH LURR B nepuon ¢ 2022 no 2024 r. qyig nanHoro paiiona Kamuatku u CaxanuHa coBIIaaroT.

KnroueBble cnoBa: ceiicMUYHOCTh, ceficMuueckue coObiTus, MOHUTOPHUHT, MeToq LURR, anomanust napame-
tpa LURR, npenBecTHUK 3eMieTpsceHUs

Real-time LURR earthquake forecast in Sakhalin.

Results of the monitoring in 2023—2025 and their assessment
in connection with the megathrust earthquake

in Kamchatka on July 30, 2025, M 8.8
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Abstract. The results of the ongoing study on the seismicity of Sakhalin using the LURR method (Load-Unload Re-
sponse Ratio) of the medium-term earthquake forecast are presented. The results of the recent stage of the study includ-
ed calculations of the LURR parameter based on seismic data from 2023 to 2025 (the first stage, from 2019 to 2022) in
36 calculated areas. These areas evenly cover the island with a grid with a step of 0.5 degrees in latitude and longitude.
During the entire period, the information about new LURR anomalies and forecast zones was analyzed on a quarterly
basis. From 2023 to 3Q 2024, 24 LURR anomalies were detected. Taking into account 11 anomalies registered in 2022,
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the earthquake occurred, and Sakhalin.

Mna yumuposanun: 3axynmua A.C. IIporHo3 3emieTpsiceHUit
metonoM LURR na Caxanune B pexxume peanbHOTO BPEMEHH.
Pesynprarsel MoHUTOpUHTA B 2023—-2025 IT. ¥ BIX OLIEHKA B CBS3H
¢ merazemiuerpsicenremM Ha Kamuarke 30.07.2025, M 8.8. [eo-
cucmemvl nepexoonvix 30u, 2025, 1.9, Ne 3, c. 256-264. https://
doi.org/10.30730/gtrz.2025.9.3.256-264; https://www.elibrary.
ru/eaazgl

(DVIHaHCVIPOBaHVIe n 6naro.qap|-|ocm

Pabora BBIMONMHEHA TpH noAepskke MuHOOpHaykn Poccnn
(B pamkax rocynapctBeHHoro 3amanus UMI'ul' IBO PAH
Ne 075-00604-25) ¢ ncronp30BaHNEM JaHHBIX, TIOTYICHHBIX
Ha YHHMKaJbHOH Hay4HOH ycraHoBke «CelicMOMH(pa3ByKO-
BOH KOMIIJIEKC MOHHMTOPHHTA apKTUYECKOH KPHUOINUTO30HBI
U KOMIUICKC HETPEPHIBHOTO CEHCMHYECKOr0 MOHUTOPHH-
ra Poccuiickoil ®@enepaiuu, conpenenbHbIX TEPPUTOPUN U
mupay (https:/ckp-rfru/usu/507436/; http:/www.gsras.ru/unu/).
ABTOp OJlaromapuT yBa)kaeMbIX PEIICH3EHTOB 3a JICTallb-
HBIH aHaJu3 pabOoTHI ¥ MOJIE3HBIC 3aMEYaHUSI.

BBeneHue

UccnenoBanus ceiicmuunoctu CaxanuHa
METOJIOM CpPEIHECPOYHOTO MPOTHO3a 3EMIETPSI-
ceanit Metogqom LURR (load-unload response
ratio) [5—7] B peanbHOM BpeMeHu s o. Caxa-
JUH TIPOBOISTCS COBMECTHO MHCTUTYTOM MOp-
ckoit renorun u reodusuku Poccuiickoit akaze-
muu Hayk (UMI'ul’ IBO PAH) u CaxanuHckum
¢unnanom denepanbHOro HCCIEI0BATEIHCKOIO
nentpa «Exgunas reodusmyeckas ciyxkba Poc-
cuiickoit akanemun Hayk» (CD OUIL ET'C PAH)
B pamkax pabotel CaxanuHckoro ¢unuana Poc-
CHUHCKOTO 3KCIEPTHOTIO COBETa MO 4Ype3BblYaii-
HeiM cutyauusim (CO PIC). Ilpakruka mnpo-
BEPKH METOJIOB TIPOTHO3a ONBITHBIM ITyTEM
M3BECTHA U BIEpPBBIE ObLIa MPUMEHEHa B XOJe
MPOJOIIKUTENHHOTO JKCTIEpUMEHTa (B TEUCHHE
20 ner) B MHCTUTYTE TEOpuHU MPOrHO3a 3eMiie-
tpsacenuit (UTII3 PAH) npu npoBepke MeTOn0B
M8 u MSc [4]. OcHOBHas 1eNb HAIIETO JKCIe-
pumeHTa, Hayatoro B 2022 r., — 3T0 anpoodanus
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a total of 35 anomalies were identified in 2.5 years. Since no major earthquake occurred in Sakhalin, it was reasonable
to assume that such a large number of anomalies could be due to unusual and significant factors outside Sakhalin. A
hypothesis has been proposed regarding the possible impact of the megathrust earthquake in Kamchatka on July 30,
2025 (M = 8.8), on the LURR parameter in Sakhalin. To test it, we calculated the LURR parameter at the epicenter of
the earthquake on July 30, 2025, as well as along the subduction zone in the direction of the aftershock cloud. It was
shown that the hypothesis is valid due to the presence of the precursor several months prior to the event. Moreover, the
analysis revealed that the LURR anomalies in the period from 2022 to 2024 coincide for the part of Kamchatka, where

Keywords: seismicity, seismic events, monitoring, LURR method, LURR anomalies, precursor of the earthquake
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paboThI C JaHHBIMU B PEXKUME PEaTbHOTO BpeMe-
HU (TOJTy4YeHUE U aHAIKU3 JTaHHBIX pa3 B KBapTa)
U TMpOBEepKa KayecTBa PEUICHUS] MPOIEAYPHBIX
BOIIPOCOB I10 BEACHUIO MPOTHO3a OT CTaJIUU yT-
BEPIKJEHHUS 0 CTaUU 3aBeplleHus. Pe3ynbrarsl
MEPBOIO ATaIra, MOJYYECHHbBIC U3 aHAIN3a JAHHBIX
3a nepuon 2019-2021 rr, a Taxxke 3a 2022 r.,
ObLTH OMyONHMKOBaHBI B [3]. DTOT MpPOMEKYyTOU-
HBI pe3yapTaT MoKa3ajd Xopomyr 3(QexTus-
HocTh MeTtona LURR: u3 4 odwunmansHo BeITaH-
HBIX MPOTHO30B 3 OBUIM YCHEIIHO PeaIn30BaHbI,
a YeTBEPTHIH HAa MOMEHT IMyOJHMKAIMK SIBIISIICS
nericTByronuM (1o cepeaunsl 2024 1.). B 2023—
2025 rr. mpeACTOsIIO 1aTh OLIEHKY JIEUCTBYIOLIE-
MY MPOTHO3Y, @ TAKKE BBIABISTh U GUKCUPOBATH
HOBBIE 30HBI JUIs OyAyIIUX 3eMIIETPSCEHUH.

[Ipu 5TOM HeINb3sl HE YUYUTHIBATh, YTO HAMpPs-
KEHHO-1e(OPMUPOBAHHOE COCTOSIHHUE (M, COOT-
BETCTBEHHO, oTpaxaromue ero anomanuu LURR)
CaxaJIMHCKUX JIMTHEAMEHTOB MOXKET OBITh CBA3AHO
CO CTPYKTypaMH, KOTOpbI€ HAXOJATCS B KOJUIU3UU
Ha BCEM MPOTSHKEHUH TpaHull OXOTCKOW TUIUTHI.

TEOCUCTEMBI MEPEXOAHbIX 30H, 2025, 9(3)



BakynuH A.C.

B 2025 . y wro-BoctoyHoro nobepexps Kawm-
YaTKH MPOU30IILIO 3€MIIETPSICEHUE TUIaHETapHO-
ro ypoBHs (30.07.2025, M = 8.8). D10 3emueTpsi-
CEHME CTAJIO JIEBATHIM 3eMileTpsceHueM ¢ M > 8
B XXI croneruu, a B cTaTyce CWIbHEHUIINUX BXO-
JUT B JECATKY KPYNHEWIINX CEeHCMHUYECKUX
cOOBITUH, TPOU3OMIENIINX B MHUPE B TEUCHHE
nocieaHux 125 netr. 3eMIIeTpsICEHUIO MpeJiie-
cTBOBaJio 0koJio 50 popurokoB ¢ M > 5, BKiIrouast
3emretrpsicenue 20.07.2025 (M = 7.7). Ilponon-
KAIOT PETHCTPUPOBATHCS MHOXKECTBEHHBIE ad-
TEpIIOKH, B TOM uucie M > 6. 3emieTpsaceHue
MIPOU3OIILIIO B 30HE CYOMyKUMU HA rpaHuue Tu-
x00okeaHckoM U OxoTckol miut u At CaxainHa
MMEET CTaTyC OJM3KOTO0 PEruOHAIbHOTO 3eMIie-
TpsiceHus (o paccrosiauio). Kpome toro, Caxa-
JIMH HaxoauTcs Ha cThike OXOTCKOM 1 AMYypCKOit
IJIAT, U €CJIM CUUTATh B JIIOOOM TPHUOIMKEHUH
TEKTOHUYECKUE IUIMTHl LEIbIMU M KECTKUMH
00BbEKTaMH, TO KPUTUUYECKHUE HATPY3KU HA OJHOM
(baHTe MOJDKHBI KAKUM-TO 00pa3oM OTpa)KaTbCst
Ha MPOTUBOMOJIOAKHOM — TJ€ TAKXKE MPOUCXOAUT
KoJuIM3us IUT. [loaTOMy IIpeicTaBseT HUHTEpEC
OIIEHUTDH PE3yJIbTAThl HAIIETO JOKAJIbHOTO MOHHU-
TOPHUHTa BO B3aUMOCBSI3H C MIEPUOAOM MOATOTOB-
KM 3TOTO 3HAYUMOTO CEHCMHUYECKOTO COOBITHS.

MeTtoauka JKCNnepuMmeHTa

OKCIIEpUMEHT — TpearnojaraeT IMoNIy4eHHue
U aHajJu3 JaHHBIX B ONEpaTHMBHOM (OOHOBIEHHE
pa3 B KBapTall, 3aJiep>Kka He Oojiee Mecsla oT Te-
KyILIEro BpeMeHH) pexume. B xone Broporo stana
JAHHBIA perTaMeHT COOIo/IajCs B IMOJHOW Mepe,
4YTO OTpaxkeHo B npoTtokoaax CD POC.

Jiis ananuza ceficmuuHocty CaxanuHa, a Tak-
K€ I0r0-BOCTOYHON 30HBI OKOJIO M-0Ba Kamuarka
(tme mpomzonuio 3emietpscenue 30.07.2025) me-
togom LURR wucnone3yercss onepaTuBHbII Kara-
jor u3 0a3bl JaHHbIX PernonambHOro MHQOpMa-
MOHHOTO-00pabareiBatoniero nenrpa (PHUOLL)
«IOxHO0-CaxalmHCK», BXOIMAILIETO B CTPYKTYpY
C® ®UIL EI'C PAH.

Meronuka pacyetoB mnapamerpa LURR,
BKJIOYasl TIPUHIUIBI OMPEICIICHUS PACUETHBIX
30H, BBISIBIICHUS aHOMAJIMH U OINpeAENeHUs 30H
IPOrHO3a MOJHOCTBIO COOTBETCTBYET TOM, KOTO-
pYI0O TECTHMpPOBAJIM B MAacIUTAaOHOM HCCIIEA0Ba-
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HuM cercmuyHoctn CaxanuHa B nepuojn 1997—
2019 rr. [1] n xoropast mpuUMeEHANAcCh C Hayajia
sxcniepumenTa (¢ 2019 r.). OcHOBHBIE IPUHIUIIBI
METOJUKHU: JTOCTATOYHO IUIOTHOE MOKPBHITHE Tep-
PUTOPUU PACUYETHBIMU OONACTSIMH (3TO OKpPYXK-
HOCTH PaauycoM B 1°, KOTOpbIE pacrojI0KEHbI
yepe3 0.5°; ocTtpoB, Takum 00pa3oMm, MOjAEIeH
Ha 36 oOmacreil); (pUKCHpPOBaHHBIE MapaMETPHI
MaTeMaTH4YeCKOl 00pabOTKH (CKOIB3SIIEe OKHO
B 360 nueii); paboudass BeIOOpKa 3eMIeTpsice-
HUN B 00JaCTH pacuera B JIMalla30HE MarHUuTyx
ot 3.3 1o 5); nepuon oxumanus 2 roga. Onpene-
JIEHBI U IPUHLUIIBI BBIIETIEHUS aHOMAJIUM, B 4acT-
HOCTU OJMH M3 TJIaBHBIX — 3TO MOpor (paBeH 3),
[IPU TPEBBILIEHUU KOTOPOTO MapaMeTp BBIXOIUT
B 001acTh aHOMaJbHBIX 3HaueHWM. [y pacuera
napamerpa LURR B paiione Kamyarkn ckoisb3-
1ee OKHO CITIa)KMBaHUs BHIOMPAIOCH B JIBa pas3a
menbIie — 180 gueit. B pabote [2] aTOT mapameTp
onpezeneH amnupuiecku (Ha npumepe FOxHbIX
Kypunbckux OCTpPOBOB) M MOXKET MPUMEHATHCS
B 30HaxX CyOAyKIHH C OOJBIIUM KOIUYECTBOM
3emieTpsiceHnii M > 4.

PesynbraThbl

K 2023 r, kak yxe ObUIO CKa3aHO paHee,
B HaJIMYUU UMENCS OQUIIUATBHO yTBEPIKICHHBIN
MPOTHO3, OCHOBaHHBIM Ha 10 aHOMaNIUAX, KOTO-
pBle NOABUIINCH C MapTa 1o aBryct 2022 r. B ce-
BepHOM yacTu octpoBa. Torga pemenuem CoBeTa
(mpotoxosn CD POC Ne 3 ot 14.10.2022 1.) m0 Mas
2024 r. 6bU1 OOBSABIEH CPETHECPOUHBIN MPOTHO3
cercMHUuecKoro coObITusi ¢ MarautTynou M > 5.0
(£0.1) nns ceBepHoli yactu 0. CaxaauH B rpaHU-
max 52.0-54.5° c.ur., 141.5-144° B.1.

B ¢espane 2023 r. aHoManuu napaMmerpa
LURR ObutH BBISBICHBI B IIATH PacYETHBIX 00J1a-
CTSIX B IEHTPAJIbHOM YaCTH OCTPOBA, B PE3yJIbTaTe
yero npotokoiaoM CO POC ot 20.04.2023 r. 6611
OObsIBIIEH o4yepeqHON (TATHIA OT Hayana Hccie-
JIOBaHUs), CPEIHECPOUHBIN NMPOTHO3 3EMIIETpsICE-
Husg ¢ M = 5-6 nns paitoHa B koopauHaTax 48—
49.5° c.m. u 141.5-143° B.a. no ampens 2025 r.
OnHako yxe B Mae, a 3aTeéM B aBryCTE B psizie
pacueTHbIX oOyacTedl MOSBUIMCH HOBBIE aHOMA-
nuu. BrocneacTBUM OCTPOB «HAKPBUIO» Cepusi-
MU aHoManui (puc. 1), mpuueM OHU NOSBISIMCH
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C TaKoM 4acToToil, 4To OBLIO MPUHATO pELICHHE
Oonplie MporHo3oB He odopmisAte. C ydeTom
CJIO’KUBIIEHCS] OOCTAHOBKU TaKXKe ObLIO MPHHSTO
peluieHre YINOMSHYTBIM MPOrHO3 CEHCMUYECKOTO
coObITHS Ha ceBepe ¢ MarHuTyaou M > 5.0 (£0.1)
IPOAJIUTH 10 KoHa 2024 r.

Hecmotpss Ha TO 4TO B uyeTBepTOM KBap-
tane 2024 r. u B nepBhIX IBYyX KBapTanax 2025
aHOMAaJIMM IIPEKpaTWINCh, iepuoy ¢ mapra 2022
no ceHTs0pb 2024 1. TpeOyeT BHUMATEILHOTO
paccmoTpenust. CuTyanusi, Koraa aHoMajuu BOJI-
HaM{ HAKpBIBAIOT YacCTH OCTPOBA B KOPOTKHE

Puc. 1. lunamuka pacupocrpaneHus aHomanuii napamerpa LURR mo pacderssim o6mactsim ¢ 03.2022 mo 09.2024. Pa3HpIME LBETaMU
MIOKa3aHbl 00JIaCTH pacyeTa, B KOTOPhIX aHOMAJINH HOSBISUINCH B IEPHOBL: cepbiM — B 2022 u ¢eBpane 2023, yepHbiM — B aBrycte 2023,
cHHUM — B oKTs10pe 2023 u mapte 2024, xpacHbIM — B stHBape 2024, opaH)XeBBIM (Ha KapTe cipaBa) — B ceHTs10pe 2024 1.

Fig. 1. Dynamics of the distribution of LURR parameter anomalies in the calculated areas from 03.2022 to 09.2024. The calculated areas
where anomalies appeared during the following periods are shown in different colors: gray, 2022 and February 2023; black, August 2023;
blue, October 2023 and March 2024; red, January 2024; and orange (map on the right), September 2024.
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TepUoAbl BPEMEHH, ISl BCEH HCTOPUU TIPHME-
Henust Mmeroga LURR na CaxanuHe yHUKaJIbHas.
JleranpHOe uccaenoBanue [ 1] HUYEro mogoOHO-
r0o 3a MOCJHEIHUE EeCATUIICTUS] HE OOHAPYKUJIIO.
3a 1997-2019 rr. 6BUTO BBISIBJIECHO BCETO 77 aHO-
Majui, Torna kak ¢ mapra 2022 r. mo ceHTsa0pb
2024 r. (nara MOSBICHMS IOCICIHUX aHOMAJIHMI
Ha CEeBepe OCTpoOBa), T.e. 3a 2.5 roma, ux ObLIO
3auKcUpoBaHO 35.

[Tocne takoro nmoroka anomanuii LURR ot-
CYTCTBHE X B MIOCIIEAHUX Tpex kBapTanax 2025 .
BUJIUTCSI KaK pa3rpy3Ka, OJHAKO 3€MIIETPACEHUI
¢ M > 5 Ha ocTpoBe TaK M HE Mpou3oluio. B Ha-
gane 2025 r. CoBer mpu3Had HECOCTOSBIIUMCS
MPOTHO3 TIO ceBepy (Y4eTBepThiit U3 5 00bsABICH-
HBIX), @ CPETHECPOUHBIN TTPOTHO3 3€MJICTPSCEHHUS
¢ M >5.5 (£0.5) B rpanunax ot 48.0-49.5° c.m.
u 141.5-143° B.A. mpoyIni1, B CBSI3U C OKOHYAHU-
eM cpoka Tpesoru (mportokon ot 09.04.2025 1),
1o 31 suBaps 2026 r., pacmupus 30HY 10 47.0—
49.5° (mpotokoma Ne 2 ot 09.04.2025).

Anomanun B 2022-2024 IT. TOSBUIINCH
B TAKOM KoJiMuecTBe, pu kotopom Metoq LURR
cTaHOBUTCS Oecrone3HbiM. [1o cyTu, U3 sKkcre-
pUMEHTa MO MPOTHO3Y CEUCMUYHOCTH OCTPO-
Ba JTaHHBIM METOJOM BBITIAAIOT ABa roja. Yem
MOXKHO OOBSCHHUTH TAKO€ aHOMAJIbHO HAIPSKEH-
HO€ COCTOSIHME 3€MHOM KOpPbI OCTPOBA U OTCYT-
CTBHE €ro pas3rpy3Kd B MpeJliesiax OCTPOBHOTO
peruona? BroiHe BeposSTHO, UTO 3TO 00yCIIOBIIE-
HO CEHCMHYECKUMU COOBITUSIMU B COCEIHUX pe-
THOHAX CYyOQYKIIMOHHOW 30HBI, OMOCPEIOBAHHO
BIUSIIONIMMH Ha HaNPsHKEHHO-1ehOPMUPOBaH-
Hoe coctosinne Ha Caxanune. Hanpumep, moaro-
TOBKOW CHJIBHOIO 3emieTrpsiceHus: Ha Kamuarke

30.07.2025, xoTopoe B COYETaHUH C MacHITab-
HOW BYJIKAHMYECKON aKTUBHOCTBIO YK€ CTallo
OJIHUM M3 LIEHTPAJIbHBIX B UCTOPUU CEHCMUYHO-
ctu XXI B. B cBs3U ¢ 3TUM MBI POBENIHN pacCyEThI
noseaeHus napamerpa LURR B obnactu noaro-
TOBKH JIaHHOT'O 3€MJIETPSICEHMUS.

[Tapamerp LURR mno3Bonsier omnpenenuthb
BO3MO)KHBIE TPU3HAKH MTOATOTOBKH COOBITHUS 1 BBI-
SIBUThH MEPUOJIbI, KOTIa HAIPSHKEHHO-IehOpMUpO-
BaHHOE COCTOSIHME B paccMarpuBaeMon 00JacTH
COOTBETCTBYET HEYCTOHNYMBOMY, OKOJIOKPUTHYE-
CKOMY COCTOAHMIO. LIeHTpbl i OKpYy:KHOCTEH
paauycoM B 1° MBI pacrionaraiy Mo JuaroHajiu
(xak OBl IBUTasiCh B IOr0-3aralHOM HalpaBICHUU
ot snuienTpa 3eminerpscenus 30.07.2025 na 0.5°
[0 HIMPOTE U JOJNTOTE) BAOJb 30HBI CyOMyKIIUH
U C MaKCHUMAaJIbHbIM OXBaroM agTeplIOKOBOTO
obmaka. B Takom ciy4ae 7 pacueTHBIX oOmacTeit
HE TOJIbKO TMOKPBUIM BCIO 30HY a(TEepIIOKOB,
HO 1 00ecreunsiu HeOOIbIIOe EPEKPHITHE MEXKTY
coboii. Ha puc. 2 npuBeZeH CKPUHILIOT CTPaHUILIBI
C® POC, rme nmokaszaHbl MO3UIMUA IIEHTPOB pac-
YeTHBIX 00nacTeit u 3emuierpsicenus ¢ 19.07.2025
mo 19.08.2025 (20 utons ObLT 3aperuCTpUPOBAH
MoIIHBIN popuok M = 7.7). Pactipenenenue snu-
LIEHTPOB 3E€MJIETPSICEHUN B JAHHBIN IIEPUOJL XOPO-
10 BBIJEISIET 00JIaKO aTEPIIOKOB 3eMIIETpsCe-
nus 30.07.25.

IlenTp camoii ceBepHOM pacueTHOH 00IacTH
No 1(52.5°N, 160.5° E) coBnagaeT ¢ S1UIEHTPOM
semuierpsicenust 30.07.2025 (52.4° N, 160.5° E).
JlanHble [UIsi pacdyeToB B3ATHI 3a IOCJIEIHUE
5.5 net (¢ 2020 1.), yTo oOecmeunBaeT J0CTATOU-
Hy!0 DyOuHy a”anu3a o merony LURR (Bpems
JI0 3€MJIETPSICEHUSI C MOMEHTa IOSABIEHUS Ipel-

Tadmuma. KonmnuecTBo 3emierpscennii B pacueTHbIX obnactsix ¢ 2020 r. mo 30.07.2025
Table. Number of earthquakes in the calculated areas from 2020 to July 30, 2025

Pacuernas Koopaunats! Bcero W3 Hux
o0nacte coObITHI M=33-5
1 52.5°N, 160.5° E 891 680
2 52°N, 160° E 869 635
3 51.5°N, 159.5°E 343 230
4 51°N, 159° E 260 121
5 50.5°N, 158.5°E 455 168
6 50°N, 158°E 982 463
7 49.5°N, 157.5°E 1160 547
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Puc. 2. Kapra ¢ odurmansHoit ctpannnsl Bed-caiita CD POC (http://sakh-res.imgg.ru/realseis.htm) ¢ 3emiuerpsceHusiMi B 10ro-Boc-
TOo4YHOI okpecTHOCTH Kamuarku 3a mepuox ¢ 19.07.2025 mo 19.08.2025. KpykkaMu yKa3aHBI 3eMJIETPSICEHUS 3a MecsI] (3eJIeHbIe), 3a
Hezemo (KeNThIe) U mocieanee B nepuose (kpacHblit). CHHUE 3BE3104YKH — LIEHTPhI PacyeTHBIX obactell (KpyroB paanycom B 1°).

Fig. 2. The map from the official website of the SF RES (http://sakh-res.imgg.ru/realseis.htm) with earthquakes in the southeastern part
of Kamchatka from July 19, 2025, to August 19, 2025. The circles indicate the earthquakes for the month (green), for the week (yellow),
and the last one in the studied period (red). The blue stars are the centers of the calculated areas (circles with a radius of 1°).

BECTHHKA J0 JABYX JeT). B Tabnuie mpuBeneHsI
napaMeTpsl pabourx BHIOOPOK B CEMH PACUETHBIX
obnacTsax 3a uccienyemsbiid nepuon. Ha pwuc. 3
MIPEJICTABICHBI TpaUKA W3MEHEHUs TapaMerpa
LURR B 3THX 00mactsx.

Kak BuaHO u3 puc. 3, Haubosiee 3aMeTHas
aHoManus BblJesieHa B 30He Ne 5 (mopor mpeBbl-
meH B ¢eBpane 2025 1), mpuyem 3a MATh C IO-
JIOBUHOU JIeT OHA enuHCcTBeHHas. B 3omax Ne 1
1 7 mpeBbIICHHH 1Topora 3 (T.e. aHOMaJIWiA) He 3a-
(bukcupoBaHo, a B 30HaX Ne 2, 4, 6 peBBIIICHHUE
O4YeHb He3HauuTenbHOe. Eciu ke MpUHATH IS
30HBI CyOyKIIMU OPOT PaBHBIN 5, Kak mpejiara-
JI0Ch B pabote [2], TO 11 BCEX pacyeTHBIX 00JIa-
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cteii (puc. 3) Oyzner BblJeNeHa TOIBKO aHOMAJIHS
B 30He Ne 5, koTopast mosiBMIIack 3a 5 Mec. 10 3eM-
nerpsacenusa 30.07.2025. IlpensecTHUK BblAEIEH
B pacueTHON 00JacTH, KOTOpast pacroyiaraeTcsi Ha
200 kM r0)KHEE YIUIEHTPA 3€MJIETPSACEHNs, OJHA-
KO B IIpe/ienax odara, KOTOPbI OKOHTYpHBAeTCs
a¢TepIIoKoBbIM obnakoM. B mobom ciaydae 3To
xopomuii pesynsrar s LURR, Beap pazmep 00-
JIACTH pacyeTa COIOCTaBUM C 3TUM PACCTOSHHUEM.

IIpumeuarenpbHo, urto anomasmu LURR
B 2022-2024 1. Ha CaxanuHe u Ha Kamuarke no
BpeMeHu coBnainu. Ha rpagukax B 3oHax Ne 2
M 3 XOpOIlIO BHJHBI NPEBbIIIEHUS nopora B 2022
n 2023 T, npuueM B 30He Ne 3 0HO 3HAUUTEIBHOE.
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Puc. 3. I'paduku m3menenns napamerpa LURR B 7 pacueTHbIX
00J1acTAX B FOTO-BOCTOYHOM OKpecTHOCTH KamyaTkw.

Fig. 3. Graphs of the LURR parameter variation in 7 calculated
areas in the southeastern part of Kamchatka.
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lporHo3 3emnetpsiceHni metogom LURR Ha CaxanvHe B pexume peasibHoro BpeMeHu

HNmeHHO B 3TOT mepuo] (PUKCUpPYETCsS MaccOBOE
«HamiectBue» aHoManuii Ha CaxajiuHe, IpUYeM
4yacTh CEpUH J1aXKe COBMAJAeT ¢ MMKaMHU Ha rpadu-
Kax puc. 3 (k mpumepy, nepssle anomanuu Ha Ca-
xanmuHe ¥ Kamyarke mosBUIMCH OIHOBPEMEHHO
B Mapre-Mae 2022 r.). MoXHO HpeanoaoXuTh,
YTO B COCTOSSHUM HEYCTOMYMBOCTH ATH JBa pPeru-
OHa OBUIM KaKOe-TO BpeMsl OTHOBPEMEHHO, HO Ha
CaxanuHe aHOMaJIMU MPOJOKAIIUCH JI0 CEHTAOps
2024 r., a na Kamyarke npekpaTtuinces B cepeau-
He 2023 r. BeposaTHO, QOKyC KpUTHYECKUX Ha-
rpy30K Ha rpanuiax OXOTCKOW IUIUTHI CMECTUJIICS
B 2023-2024 rr. ¥ Caxanuny, TJe aHOMaJIUH TPO-
JoJKaNuch, B ominuue ot Kamuarku. OnHako Ta-
Kasg cUTyalusi OblIa BPEMEHHOM, O 4YeM TOBOPHUT
anomanus B ¢eBpaine 2025 r. B 3oHe Ne 5, mociie
yero Ha CaxanmHe OOCTaHOBKA YCIOKOMJIACH,
a Ha KaMuaTke npou3onuio 3eMJIeTpsICEHHE.

3aknroyeHue

Ha ouepennom sramne skcniepuMeHTa IO HC-
nonb3oBaHuio Metona LURR mns cpemnecpou-
HOTO MPOTHO3a B PEAJIbHOM BPEMEHU MOIYUYEHBI
MHTEPECHBIE PE3YIIbTaThI.

B teuenue mapra 2022 — cenrsops 2024 rr.
B PAaCUETHBIX OO0JACTAX (PUKCHPOBAIMCH MHOTIO-
YUCJICHHbIC AHOMAJIMM B paclpeIeICHUH TTapame-
tpa LURR (35 3a aBa ¢ monoBuHoO ros1a), mpuyemM
B HEKOTOPBIX 00JacCTSIX 3a 3TOT HEOONBIION Tie-
pHOJIl aHOMAJIMK OBLIIN BBISIBIICHBI HEOJHOKPATHO.
B taxoii cutyarum anroputM nNporHo3a He MOXKET
ObITh peanu3oBaH. B atoit cesizu CO POC Bpe-
MEHHO MPHUOCTAaHOBUJI PETUCTPAIUIO MPOTHO30B
metonom LURR.

[Tockonbky B pabotax ¢ Mmetogom LURR ms
ceiicMmuuHoctn CaxajauHa paHee HE OTMEYaloCh
TaKOro KOJIMYECTBA aHOMAalMi 3a HeOOJbIIue
MIPOMEKYTKH BPEMEHH, CIIETIAHO MPEANOI0KEHHE,
YTO 3TO CBSI3aHO C U3MEHEHHUEM HaIPSKEHHO-/Ie-
($hopMHPOBAHHON OOCTAaHOBKHM B NPOCTPAHCTBCH-
HOM MaciiTade OoJblleM, 4YeM H3ydaemas 30Ha.
HcTouHrKOM, MOBIUSABIIMM Ha Harpy3kH, OKa3bl-
BacMble Ha CaXaJUHCKHE pPa3IOMblI (M, COOTBET-
CTBEHHO, Ha nosiBiaeHue anomanuii LURR), mormna
CTaTh 3aKIIOYNTENIbHAS CTaAus IOATOTOBKH 3EM-
netpsacenusa 30.07.2025, M 8.8 Ha 10ro-BOCTOKE
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Kamuarku. J{nsi 060CHOBaHMSI TaHHOTO MPEATO-
JIO’)KEHUS TIpoBeieHbl pacyeThl nmapamerpa LURR
B 7 pacyeTHhIX OONacTsIX B pailoHe SMHUIIEHTpa
JAHHOTO 3€MJIETPSICEHUS.

B o6nactu, xoropast pacnionoxxena Ha 200 kM
IOKHEE OT 3nuieHTpa 3emierpsacenus 30.07.2025,
Obu1 BbIZENeH TpenBecTHUK (aHoMamus LURR)
B ¢eppaie 2025 r. Hapsany ¢ stuM B mpusierato-
IIUX K SMUIEHTPY 00NaCTSIX OTMEYEHBI aHOMAITUH
B 2022-2023 rT., 9TO COOTBETCTBYET MIEPHOILY OOJTh-
nioro koiaudectBa anoManuii Ha Caxanmune. Taxoit
pe3ysbTaT MO3BOJISIET MPEATIOIOKHUTE BIUSHUAE TOJI-
roToBKM Kamuarckoro 3emiieTpsCceHHs] Ha Hamps-
YKEHHO-JIe(hOPMUPOBAHHYIO OOCTAHOBKY B CaXaJIHH-
CKHMX 30HaX BO3MOYKHBIX O4aroB 3eMJIETPSICEHU.
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Onpe,u,eneHVle MOMEHTOB BpeEMEHU BCTYIJIEHUA
CEVCMUYECKNX CUTHANoB
Ha OCHOBE aHaJln3a UX Cba3OBbIX XapaKkTepnucTtuk
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Pe3toMe. B crarhe paccMaTpUBatOTCSI METOAMIECKHAE BOPOCH! IPUMEHEHUsI (ha30BBIX XapaKTEPHCTHK K OMpesese-
HHUIO MOMEHTOB NPUX0Ja CEICMUYECKHUX BOJH. TOUHOCTH JIOKAIMH 3eMJICTPSICCHHI 3aBUCUT OT TOYHOCTH OMpezerie-
HHS BpEMEH IPUX0Ja MPOJOJIBHBIX, IOIEPEYHBIX U IOBEPXHOCTHBIX BOIH. OnpeneneHue (Ha30BbIX XapaKTePHCTHK
cefiCMUYECKUX BOJIH UMEET 0c000€ 3HAUCHUE IS JIOKAUK ONM3KUX 3€MIIETPSICCHUHN, MOCKOIBKY ISl AATbHUX CO-
OBITHI 3TH BOJHBI pa3aeistoTces. MccinenoBaHsl cioco0b! OMPEACICHUS MOMEHTOB BCTYIUICHUS! CEHCMUYECKHUX BOITH
Pa3NUIHON IPUPOABI, XaPAKTEPHU3YIOIINXCS pa3HBIMHU YaCTOTAMH, HA OCHOBE aHAIN3a (ha30BBIX XaPAKTEPUCTHK CHT-
HaJIOB OT CEHCMHUYECKNX COOBITHH. PaccMOTpeHBI TeopeTHIeCKiEe OCHOBBI JAHHOTO MOAXO0/A U IPUBEICHBI PE3YIIb-
TaThl 00pabOTKHN CEHCMHUYECKUX JaHHBIX IO ONPEENICHHIO BPEMEH ITPHUX0/1a BOIHOBBIX ITAKETOB COOTBETCTBYIOIIUX
YOPYTHUX BOJH, CBSI3aHHBIX C 3€MJICTPSICEHUSIMHU.

KntoueBble cnoBa: semierpsiceHus1, npeodpazoBanue ['miabdepra, Gpa3oBblil CieKTp, BpeMsl BCTYIUICHUS

Determination of the arrival time of seismic signals
based on the analysis of their phase characteristics

Pavel N. Aleksandrov®', Liya V. Stasenko?
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Abstract. The article discusses methodological issues of applying phase characteristics in determining the arrival time
of seismic waves. The accuracy of earthquake location depends on the precision with which the arrival times of lon-
gitudinal, transverse, and surface waves can be determined. Determining the phase characteristics of seismic waves is
crucial for locating nearby earthquakes, since these waves are different for distant earthquakes. Methods for determin-
ing the arrival times of seismic waves of various natures characterized by different frequencies are investigated based
on the analysis of the phase characteristics of signals from seismic events . Theoretical underpinnings of this approach
are considered, and the results of processing seismic data on determining the arrival times of wave packets of the cor-
responding elastic waves associated with earthquakes are presented.

Keywords: earthquakes, Hilbert transform, phase spectrum, arrival time
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AnekcaHgpos [1.H., CtaceHko J1.B.

BBepeHue

N3yyeHnue celicMHYECKUX BOJIH, BO3HHMKAIO-
LUX [IPU 3€MJIETPSICEHUSIX, UTPAET BAXKHYIO POJIb,
IIOCKOJIBKY TO3BOJIIET ONPEACIINTh OCHOBHBIE Xa-
PAKTEpUCTUKU KaK CPEIbl pacCIpOCTPAHEHUS, TAK
u oyara coObITus. [Ipy u3yueHuu 3emiieTpsiceHui
OCHOBHOE€ BHUMAaHHE YIEISIETCS OLICHKE IeoMe-
TPUYECKUX U KHHEMAaTHYECKHUX IIapAMETPOB CEHC-
MHYECKOIO IIOJIA, BKJIKOYAsl MECTONOJIOXKEHUE,
MarHuTyay, pasMepbl pa3jIoMOB M 04aroBblE MeXa-
Hu3Mbl. CeiicMruecKe BOJIHBI, CBSI3aHHBIE C 3EM-
JETPSICEHUSIMH, IO XAPaKTePy PacIpOCTPAHECHUS
JEJIATCS Ha TIPOAOJIBHBIE, IIONIEPEYHBIE U ITOBEPX-
HocTHbIe. [IpomonbHas P-pomna (primary, mep-
BUYHAs) — 3TO BOJIHA THIA 3BYKOBOM, CBs3aHHAas

Puc. 1. Xapakrep pacupocTpaHeHHs YIIPYyTUX BOJIH B CIUIOIIHOM cpefe A yaaleH-
HOTO (PErHOHAILHOIO) CeCMUUECKOro coObITHs (a) [2] 1 GIU3KOro (JIOKaJbHOTO)
ceficMudeckoro coobitust () M3 pEerHOHAIBHOTO ceificMideckoro Karanora HaydHoit
cranuuu PAH, no nanaeiM cetn KNET (Kuprusckoii celicMudeckoil Tenemerpude-
ckoit cety; https://doi.org/10.7914/SN/KN). IToka3aHno mociae0BareibHOS BCTYILIC-
HUE BOJIH MPOIOJIBHBIX P, momepedHsix S M MOBEPXHOCTHBIX L COOTBETCTBYIONIMX

BOJIHOBBIX ITAKETOB.

Fig. 1. The nature of the propagation of elastic waves in a continuous medium for
a remote (regional) seismic event (a) [2] and for a nearby (local) seismic event (b)
from the regional seismic catalog of the Research Station of the RAS, according
to the KNET network data (Kyrgyz Seismic Telemetry Network; https://doi.
org/10.7914/SN/KN). The sequential arrival of waves in the form of longitudinal
P-waves, transverse S-waves, and surface L-waves of corresponding wave packets

is illustrated.
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C TIpoIIeCCaMU CHKaTHS U PACTSHKEHUSI TOPHOMU TT0-
pOABI IpPU PACHPOCTPAHEHHH B T'EOJOrMUYECKOM
cpene. [lonepeunas S-BonHa (secondary, Bropud-
Has) oOmamaeT CIABUTOBBIM MEXaHH3MOM IIiepe-
nayn Bo3MymeHHs. [IoBepXHOCTHbBIE BOJHBI Ha-
3pIBalOT L-BomHamu, win JuinHHBIME (long), Tak
Kak nepuoj kojaeOaHui y HuX Oosnblie, ueM y P- u
S-BONH. DTH BOJIHBI TIPEICTABIISIFOT COOOM code-
TaHWe NByX TUTOB: BOJH JIsBa LQ (momepeunbie
konebanus), 1 BoaH Penest LR (wactuiiel mepeme-
IIAIOTCS 110 AJUIUIICAM BJIOJIb M MOMEpPEK MOBEepX-
HOCTH I'paHullbl pa3aena cpen) [1]. XapakrepHblit
BUJ] CUTHAJIOB OT YJAJIEHHOTO U OJIM3KOTO 3eMJie-
TPSICEHU MPEICTABICH Ha puC. 1.

TouHOCTH OmpesneseHus aMILUTUTY] U BpeMe-
HU TIPHXO/la CeMCMUYECKOM BOJHBI OOYCIIOBIIH-
BAeTCsl OTHOLIEHHEM CHUTHaJ/IIyM
U CTENEHBIO COBMAJCHMUSA CIIEK-
TPaJIbHOTO COCTaBa BOJHBI C MOJO-
COM NPOIYCKAaHHSI PETUCTPUPYIO-
e anmnaparypsl. [lepBoouepennoit
3ajayeil B mpouecce 00paboTKU
CEMCMUYECKUX CUTHAJIOB SIBISETCS
oOHapyXeHHEe CaMOro CHUrHajga —
OIIpEJeIIEHNE MOMEHTOB BCTYILIE-
HUS BoMH. O4YeHb BaXXHO B ITHX
ClTydasix PaBUIILHO HHTEPIIPETUPO-
BaTh (asel P-, S- u L-ponn [3]. s
JalbHUX 3eMJIETpsCEeHHH nmpoliema
OIIpPEJENICHUs] MOMEHTOB IPHUXO-
7la BOJIH CTOUT HE TaK OCTPO, KaK B
cilydyae ONMKHHMX 3€MIIETPSICEHUH.
[TockonmbKy Tpu OMHM3KUX paccTosi-
HUSIX OT SMULEHTPA 3eMIICTPSICEHUI
MIPOUCXOIUT OUYEBUIHOE HATIOKECHUE
ceiicMUYeCKUX BOJH, B Ipolecce
00pabOTKU MOTYT BO3HUKATh TPYI-
HOCTHU B OIpeieIeHnH (a3 MepBbIX
BcTymieHuit P-, S- u L-BomH.

3amady JIOKAIMKM 3€MIIETpsiCe-
HUW MOYKHO pa3JeiauTh HA JBE MO-
3aja4l — OOHaApy)XeHHE CHUTHaja
u ero a”amu3. [lnga omnpenenenus
MOMEHTOB BpPEMEHHU BCTYIUICHUH
P-, S- u L-BonH celicMosiorus cra-
Jla WCMOJb30BaTh IIUPOKUN CIEKTP
Pa3HOOOpPa3HBIX METO/IOB.
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O630p MeTOAOB aHanu3a
CEeMCMUYECKUX CUrHanoB

B celicmonorum Ha CEroAHSIIHUN JE€Hb HAU-
0ojee pacmpoOCTPaHEHHBIM aJTOPUTMOM JIETEK-
tupoBaHus sBisgercs aaroputm STA/LTA. JlaH-
HBIA METOJI IO O0Hapy)eHHIo (a3 cecCMUUeCKUX
BOJIH OCHOBAH HA aHAJIN3€ OTHOLICHUS aAMILIATYL
B KOPOTKOM U JJIMHHOM BPEMEHHBIX OKHax. JTa
METO/IMKa OomKcana B pabdorax [3—5]. B myOnuka-
nusix [6, 7] npeaiokeH Mmoaxojl, OCHOBAHHBIN Ha
BEUBIIET-NIPEOOPa30BAHUN CEMUCMUYECKUX CHUT-
HajoB. JlaHHBIM METON MO3BOJIAET OTOOpa)KaTh
CUTHaJ KaKk BO BPEMEHHOH, Tak U B YaCTOTHOM
0071aCTsIX, MOXKET Pa3ACNATh CUTHAI U IIyM, CBSI-
3aHHBIA ¢ P-BomHamu. [IpumenenusM ¢paxTaib-
HBIX CBOMCTB CHUTHAJIOB OT 3€MIJICTPSICEHHUN I10-
CBAIIIEHBI MHOTOUHCJICHHBIC myOnukamuu [8—10].
B pa6ore [11] moka3aHo, 4TO CBOIMCTBAa MYJIbTH-
(paKkTaIBHOTO CIIEKTpa MOTYT OBITH HCIOJIB30-
BaHbI JIsI OOHAPYKEHHs PUXOJA CEHCMHUUYECKOM
BOJIHBI, OLIEHKH €€ JJIUTEIbHOCTU U Pa3esICHUs
P-, S- u L-BonH. B ocHOBe ¢pakTaspHOTO aHau-
3a BBISBICHO, YTO (DOHOBBIC IIYMOBBIC YYaCTKH
CUTHAJIOB JICMOHCTPHUPYIOT MOHO(]paKTaIBHOE
noBeneHue. M3MeHnenue (pakTaibHBIX CBOMCTB
3aMKUCH 3eMJIETPSCEHUS] TO3BOJIAET OMPENEIUTh
MOMEHT MPUX0Ja CEHCMHUYECKOM BOJHBI. [[71s1 aHa-
TU3a 3amuceil CUTHAIOB U OOHAPYKEHUS TEPBBIX
BCTYIUICHHI CEMCMHUYECKHX BOJIH TAKXKE MpPUME-
HSIOTCS MOZIETTU ITyOOKOTO MAIlIMHHOTO O0YYeHHUSI
[12, 13]. B cratesix [14, 15] paccmarpuBaetcs ap-
XUTEKTypa U anpoOaiys Moaenu pa3paboTaHHOM
aBTOpaMH HEMPOHHON ceTH, OCHOBHOU (hyHKIIHO-
HaJl KOTOPOH HampapiieH HA aBTOMATHYE€CKOE BbI-
nenenue ¢dasz P- u S-BomH. YkazaHHBIE METOMBI,
KakK U JIpyrue METOJbl TI0 OOHAPYKEHUIO TIEPBBIX
BCTYIUICHUI CEMCMUYECKHX BOJIH, OCHOBaHbI Ha
WHJUBUIyalIbHBIX TIOJIOKEHUSAX M MareMaruye-
CKMX TEXHHMKaX, HCIOJb3YEeMbIX ISl PEIICHUS
3a/1a4M JIOKallUK 3emiieTpsceHuil. Bce oHu cran-
KHBAIOTCA C MpOOJIEMOM OIpeAesieHHs] TMEePBhIX
MOMEHTOB BCTYIUIEHUS] CEICMHUYECKHUX CHUTHAJIOB
JUTST OJTU3KUX 3eMIICTPSICEHUIA.

B Hacrosimieit paGore mpenyiokeH crocod
ONpeleseHUs] MOMEHTOB BCTYIUIEHUS BOJIH, OC-
HOBAHHBI Ha aHanM3e (Pa30BBIX XAPAKTEPUCTUK
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CEHCMHUYECKUX CUTHAJIOB, TIPEXJIE BCETO OT OJIn3-
KHX 3E€MJIETPSICEHUN, KOIJa MPOUCXOJUT CyIep-
no3unus P-, S-, L-BonH, 4TO 3aTpyaHsieT onpe-
JIeJIeHUE MOMEHTOB MX BCTyIUIeHUH. Da3oBble
XapPaKTCPUCTUKN CUTHAJIOB AHAJIM3UPYIOTCSA KakK
BO BPEMEHHOM, TaKk U B YaCTOTHOM 00JacCTsIX.

Teopusa n metoauka aHanumsa
¢ha30BbIX XapaKTepUCTUK
CeMCMMYECKMX CUrHanoB

Bo BpemenHoli obnactu (a3oBble Xxapakre-
PUCTHUKH IIMPOKO WCTIOIB3YIOTCS B CelcMopas-
BEJIKE C IIeNbI0 MOTYyYEHUS MTHOBEHHBIX YacTOT
[2]. PaccMoTpum 3TOT moaxon Ijist OnpeneeHust
MOMEHTOB BCTYIUICHUS CEHCMUYECKUX BOJIH.

Meznoeennvie wacmomaol

[lycte umeeTcst curHan mo BpemeHH S(?),
cocTosiMid U3 pasHbiXx vacToT. [lomaras, uTo
CIIEKTp ATOrO CUTHaja OMpe/esieH TOJIbKO Ha IO-
JIOKUTENBHOM OCH 4YacToT (MpU OTpPHULATEIbHBIX
YacTOTaxX CIEKTP TMOJaraeTcsi PaBHBIM HYJIO),
TO BO BPEMEHHOM 0071aCTH cUrHal OyleT yIOBIIeT-
BOPATH IpeoOpazoBanuto ['mibdepra [2]. OTcrona
MHUMYIO 4YacCThb BPEMEHHOIO cUrHazia /(f) MOXHO
HaWTH U3 BeIpakeHus [16]:

1 oo S(v)
I(t) = ;f_oot_—‘;dv.

Torma KOMIUIEKCHBIH CHUTHAll BO BPEMEHH
Oy/leT UMEeTh BU]I

S(t) =S(t) +il(t) = |S(t) + il (t)]|e™®,

rme @(t) — ¢asa KOMIUIEKCHOTO CHIHAJA;
|S(t) +il(t)] = |5’ (t)| — MOJIYJTb KOMIUIEKCHOTO
curnana (orubaroriasi CUTHana BO BpeMeHu S(7));
i =vV—1 — muumas emuunua. dasa KOMILICKC-
HOTO CHTHaJla, KaK U (ha30BBIH CIIEKTp B CIydae
UCMOJIb30BaHus TpeoOpazoBanus Dypee, ompe-
JIESETCS ¢ TOYHOCTBIO 2 Tm (7 — 1IEJI0€ YUCTIO).
OjHaKo CyIIECTBYIOT TPUEMBI BOCCTAHOBIICHHS
HEMpephIBHOTO  (ha30BOr0  CHEKTpa, HarpuMep,
C MTOMOIIIBIO OTIEpaToOpa Unwrap MporpaMMHOTO Ta-
kera MATLAB. Oneparop unwrap KOppeKTUPYET
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(hazoBbIe yIIBl B paanaHax BekTopa P, moOasisst
3HaueHUs, KpaTHbIe +27, Korna abCcoOTHBIE 3HA-
YEeHHsI CKauKOB MEXKIY MOCIe10BaTeIbHBIMU dJle-
MeHTaMu P Gosnblie WM paBHBI IOMYCKY CKauKOB
0 YMOJTYaHHIO, paBHOMY Tt paauaHam. [lanee Oy-
JIeM UCIOJIb30BaTh TOJIBKO BOCCTAHOBJICHHBIN (ha-
30BBIN CIIEKTP.

[TpousBoxHass mo BpemeHu oT (assl @(t)

]
OmpeJeNsieT MTHOBCHHYIO YacTOTy @ = a(p(t),
KOTOpasi SKBUBAJICHTHA HAKJIOHY Tpaduka (asbl
KOMIUIEKCHOrO curHana ¢(t). Pesynbrarsl uc-

Puc. 2. Pe3ynbrarhl Hcionb30BaHus peodpaszosanus [ misbepra.

MoJib30BaHus npeoOpazoBanus [mnbOepra npen-
CTaBJICHBI HA pUC. 2.

Kak cnenyer u3 puc. 2 A, uznoMm rpaduxa
¢a3pl yka3blBa€T Ha MOMEHT BPEMEHHU BCTYILJIe-
HUS BOJIHBI, @ HAKJIOH — HA YaCTOTY 3TOW BOJIHBI.

Ha puc. 2 b npencrasieH TOT ke pe3yib-
TaT C HaJIO)KEHHOW TmoMexoi (ciydaiiHas moO-
CIIEZIOBATENIBHOCTD ~ YHUCEN,  PacIpeleIeHHbIX
o HopMaJlbHOMY 3akoHy) P(f) B 10 pa3 meHb-
e, 4eM MaKCHUMaJlbHas aMIUIMTy[a CHUTHaja:

|P(t)| < max|S(t)|/10: S (t) = S (t) + P(t).

Ha Bepxuux rpaduxax gacreit A—I" pasza xommiexkcHoro curHana. Hmwxkaue rpaduku: A — curnan Bo BpeMeHHd (KpacHasi KpUBas) U €ro
orubarommas (cuHsist KpuBasi); b — curHan Bo BpeMeHH (KpacHasi KpuBas) M ero orubaromasi (CHHsIS KpuBas) ¢ HaJOXKEHHOH MOMeXoit
B 10 pa3 MeHbIIe, YeM MaKCHMalbHas aMIDINTyAa CUTHaNIA; B — pe3ynbrar npuMmeHeHus npeodpazoBanus [ minpbepra k momexe: CUTHAI
IIOMEXH BO BPEMEHH (KpacHasi KpuBasi) M ero orudaroras (cuHsst KpuBas); I — CHTHaJI BO BpeMeHH (KpacHasi KpUBasi) M €ro oruoaromas
(cuHss) IS peasbHOTO CHIHAJIA 3aPETHCTPUPOBAHHOTO CEHCMUYECKOTO MOJIS OT 3€MIETPSICEHUS.

Fig. 2. Upper plots illustrate the complex signal phase. Bottom plots: A, the signal in time (red curve) and its envelope (blue
curve); b, the signal in time (red curve) and its envelope (blue curve) with superimposed interference 10 times less than the maximum
signal amplitude; B, the results of using the Hilbert transform to the interference in time (red curve) and its envelope (blue curve);
I, the signal in time (red curve) and its envelope (blue curve) for the actual seismic field signal recorded from the earthquake.
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W3 puc. 2 b caenyer, 4To npH HAJIWYUU TO-
ME€X YCTAaHOBUTb MOMEHT BCTYIUIEHHS CHUIHa-
JIOB 3aTPYAHUTENBHO, XOTS HAKJIOHBI IO3BOJISIFOT
OINPEAEIATh YaCTOThI CUTHAJIOB.

Puc. 2 B noka3biBaeT pe3ynbTaTsl 00pabOTKH
B CJIy4ae OTCYTCTBHUS UCKOMBIX CUTHAJIOB.

Ha puc. 2 I' npencraBineH NpakTU4YECKHM
npuMep puMeHeHus npeodpazoBanus [ unbbepra
JUIsL peajbHOTO CUTHAJIa OT 3emuieTpsiceHust. J{is
3TOr0 HUCHOJIb30BAINCH JAaHHBIE PETMOHAIBHOTO
cericmuueckoro karainora Hayunoit crannuun PAH
(https://doi.org/10.7914/SN/KN). Ha puc. 2 T
Ha BepxHeM rpaduke mpuBeneH (parMeHT 3amu-
CH celicMuueckoro coobITus co ctanuuu BOOM
R=132.56 xm, M = 4.4 (Z-KOMIIOHEHTA), C I11arOM
muckperusaiuu At = (1/40) ¢, Ha HUKHEM — pe-
3yJAbTaT MCIIONIb30BaHUs mpeoOpazoBaHus [mib-
Oepra. [IpakTHueckuii mpuMep MOKA3bIBAET, YTO
MCIIOJIb30BaHNE MIHOBEHHBIX YaCTOT, KaK CIeayeT
U3 puC. 2, Ul aHalu3a CUTHAJIOB OT 3eMIIETpsiCe-
HUH HE 110 MOJOXKUTEIbHBIX PE3YJIbTaTOB.

Takum 06pa3oM, Ha OCHOBE MaTeMaTHUECKO-
rO MOJETUPOBAHUS MPOBEJIEH aHAIU3 HCIOJIb30-
BaHMs npeoOpazoBanus [ unsdepra 11t 06padboT-
KM CEHCMHYECKUX CUTHAJIIOB OT 3€MIIETPSCEHUI
C LIEJIBIO BBIJIETIEHHSI BDEMEHU BCTYIIEHUS] CUTHa-
JIOB pa3inyHOM yacToThl. [Ipyn npuMmeHeHun naH-
HOTO IOJAXOJA TIOMEXA OCJIOKHSAET OINpENEICHHE
MOMEHTOB BCTYyIUIeHUS! BOJH. OJIHAKO 3TOT MOJ-
XOJl MOXET OBITh HCIOJB30BAaH IS BBIJCICHHS
CUTHAJIOB OT CEHCMHYECKUX COOBITHI MpHU peru-
CTPALMU yIPYTUX MOJIEH.

Ananu3 ¢pazoeozo cnekmpa

PaccmoTrpuMm crnepyronryro 3amaqy —
aHayin3 (Pa3oBOro CHEeKTpa B YaCTOTHOM
001acTy pU NPUMEHEHUH K PETUCTPUPY-
eMbIM CUTHallaM IpeoOpazoBanusi Oypne
C LIEJIBbIO OTIPE/IETICHUSI MOMEHTOB IPUX0/1a
CEHCMUYECKUX BOJH OT 3eMJICTPSICEHUIA.

[IycTth BBIOEIIEHO 3aperucTpupo-
BaHHOE IOJIE OT CEHCMHYECKOrO CO-
ObiTHS BO BpeMeHHOW obmactu S(7).
[lepeiinem B 4acTOTHYIO 00JacTh C UC-
MoJIb30BaHUEM npeoOpa3oBanusi Dypee B
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Bune F(w) = [ S(t)el®tdt = |F(w)|e'?®), rae
F(w) — cnektp curHana S(f); t — Bpems; @ — Kpy-
roBas yactora (w =2nf T'Ll); | F(w)| — ammmuTyn-
HBIH criekTp; ¢ (w) — ha3oBsIii criekTp.

PaccmoTrpum Heckonbko ciywaeB. Ilyctsb
CUTHAJI BO BPEMEHHOI 007acTH UMEET BUJ JIENb-
Ta-QyHKIMH Jlupaka, MOSBISIOIIEHCS B MOMEHT
Bpemenn ty: S(t) = 6(t — ty) (puc. 3 a). Torma
¢a30BbIil CHEKTp MMeeT BHJ JHHEHHOW (yHK-
uu 9actothl @ (w) = wt,. Hakiaon 3toit GpyHK-
LMK ONIpenenseTcss BpeMenem ;. CrenosarenbHo,
0 HAaKJIOHY ()a30BOTO CIEKTpPa MOXHO CYIUTh
0 BPEMEHHU MOsBICHUsA curHana. CxeMaTuyecku
9TO MOKa3aHo Ha puc. 3 0.

PaccMoTpuM BOJIHOBOM MakeT ¢ OrpaHUYEeH-
HBIM HOCHUTEJIEM, HallpuMep TUIa UMmynbca Pu-
kepa [17]. B auckpeTHOM BHUE BOJHOBOM IMaKeT
B YaCTOTHOU oOyiacTu Oy/ieM OMKCHIBATh B CIEIY-
IOLIEM BUJIE:

N ti+At/2
S(w) = j=11 fth—At/Z e'“tdr,

(1)

rae At — mrar TUCKpeTU3aI|K 110 BPEMEHH, j — HO-

Mep OTcYeTa BO BpeMeHHoi obnactu, N — Kkonuge-

CTBO OTCYETOB B BOJIHOBOM NAKeTe, [; — aMILIUTY-

Jla CUTHAJIa JIJIsi HOMepa OTCYeTa j, W — 4acToTa.
Torma

S(w) = TN, I, - _

Sin(“’T“)

— VN iwtjy i
= Yj=11je2i

Puc. 3. Cxemaruueckoe nzobpaxenue aensra-¢pynkimu Jupaka (a) u ee da-
30BOro0 crekTpa (0) B 3aBUCHMOCTH OT BPEMEHH Havaya CurHaia. Bpemena
Hayaja CUruajga 0003HaYeHbl 3HaKaMu ty = {ty, t,, t3}.

Fig. 3. Schematic representation of the Dirac delta function (a) and its phase
spectrum (6), depending on the signal arrival time; arrival times are indicated
by signs to = {ty, 5, t3}.
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ITomarast apryMeHT CuHyca MajbIM, IOIYYUM:

S(w) = ¥}, Le™*iAt, uto npeacrasmser coboit

UHTETpabHYI0 CyMMYy [16] i1 5KBUAUCTAHTHOTO
crocoba peructparu currana. yerpemisis At
HYJIIO, B Ipe/esie IOIyYuM

i to+T i
lim Y. I e'@tiAt = [°7 I(7)e'®" dt
At_)oz:]—l ] fto ( ) 9
[Ie {, — MOMCHT Ha4alia BOJIHOBOIO makera, T — ero
JUINTEIBHOCTh, KOTOPYIO MOXHO YCTPEMHTh
B OeCKOHEYHOCTh. OTCIOMIA TTOTYYUM CIIEKTp BOJI-
HOBOTO aKeTa B aMILUIUTYIHO-()a30BOM BHJIE:

ftt()°+TI(T)ei“’Tdr = |S(w)|e!?@ ei®to e yu-

TEHO, YTO HAYaJI0 CUTHAJIa MOXXET OBITh CAIBUHYTO
OT HaJasa KOOP/IMHAT Ha BETMYUHY 1.

Takum o0OpazoMm, (a30BbIil CIEKTP BOJI-
HOBOTO TMakeTa OyIeT OmUChIBaThbcA (yHKUIUEH

¢ = p(w) + wty. CormacHo Teopun npeodpaso-

BaHUs Dyphe, OONIBIINE YaCTOTHl B CIIEKTPE CHI-
HAJIOB OINKMCBHIBAIOT CUTHAJ Ha PAaHHUX BPEMEHAxX
perucTpanuu. ITo MO3BOJSIET ONpPENeNuTh (a3o-
BBIE XapaKTEPUCTUKHU BOJIHOBOI'O ITaKEeTa IIPH aHa-
nu3e ($a3zoBOro CIEKTpa Ha OONBIIMX YacTOTAaXx.
B ciydae paccMoTpeHMsI CEHCMHYECKUX CHUTHa-
JIOB 3TO MO3BOJISET UCCIIEN0BAaTh CBONCTBA CUTHA-
JIOB JUJISl IPOJIOJIBHBIX BOJIH.

IIpoBenem aHanu3 CpelHUX M HUXKHHUX Ya-
CTOT ()a30BOTO CIIEKTpA.

BonHoBoi1 nakeT Bo BpeMEHHOM 00acTu, -
JOCTpUpYIOIKi Beipaxenue (1), mpencrasieH Ha
puc. 4 a, pa3oBblii ciekTp — Ha puc. 4 6.

JlomoIHUM BBICOKOYACTOTHBIM CHUTHAJI HU3-
KOYaCTOTHBIMH M PacCMOTPUM CYIEPIO3HULIHIO
BOJIHOBBIX IIAKETOB C LIEBIO UX pasnencHusd. [Ipu
9TOM HE 00s3aTeIbHO, YTOOBI HU3KOYACTOTHBIN
CUTHAJl TOSBISUICS TIOCJIE BBICOKOYACTOTHOTO.
ITycts cymepnosunus BOMHOBBIX MakeToB f u f
BOJIH, BO3MO)KHO Pa3HbIX TUIIOB, paCIIpOCTPaHSIIO-
LIUXCS B CPeZie OT OAHOTIO UCTOYHHUKA B OTHOM Ha-
IIPABJIEHUU C Pa3HbIMHM CKOPOCTSIMHU, UMEET BUJ,
M300pakKeHHBIN Ha pHC. 5.
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Ha puc. 5 6 Bunen uznom B (pa3oBoM crek-
Tpe. ANNPOKCUMHUPYEM 3TOT rpauK KyCOUHO-JIH-
HelHoH ¢yHKuuen. [Tloctpoum GyHKIIMOHAT

(o) — ar0) - by)” +

+Z§y=n+1(‘.0j — AWy — by)? = 6%,

rae aq, b;— KOHCTaHTHI MEpPBOW MPAMOIA, Ay, by—
KOHCTaHTBI BTOPOU IPSIMOM, 7 — HOMEpP OTCYETA,
IJ€ COUJICHSIOTCS IPSMBIE.

Haxoxnenue koHCTaHT a4, by u a,, b, mero-

JIOM HaWMEHBIIHUX KBaJpaToOB CBOAUTCS K pelle-
HUIO JIByX CHUCTEM JIMHEHHBIX ajaredpanyeckux
YpaBHEHUN:

2

n n n
2 —
aq (1)] + b1 (A)] = Z (P](l)],
j=1 j=1 j=1
n n

alij + bin :2<pj
\ ]:1 ]:1

"
( N , N N
j=n+1 j=n+1 j=n+1
9 N N
a, Z wj + by(N —n) = Z ®;.
\ j=n+1 j=n+1

OcHoBHas 3a7a4a — HaAXOXKJICHHE HOMEpa 7.
Jliist ee perienus, Mocie HaXoXKAEHUS Kodppuiu-
eHToB a4, by u ay, by, naiinem §2 = §2(n), nepe-
Oupast 3Ha4eHus n. [lo MuHIMYMY 3TOH (pyHKIIMM
HalJeM HOMEp OTCYeTa 7_, T COETMHSIOTCH
npsMble. ANNpPOKCHMAIMs JIOMaHOH (a30BOTO
crieKkTpa OyJeT paBHa

aw+b,0 <w<wy,,

¢(w) = Aw + by, wn 11 <0 < wy

Pesynbrar BeYKMCICHHS (PyHKIIHOHATA
8% = 6?(n) npexncrapien Ha puc. 6 a, GasoBblii

CIIeKTp (BOCCTAHOBJICHHBI) U PE3yJIbTaThI €0 arl-
MPOKCUMAIUH — Ha puc. 6 0.
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Puc. 4. [IpuMep BOJHOBOIO MakeTa BO BPEMEHHOMN 001aCTH Ha OCHOBE (hOPMBI UMITYJIbCa BHAa te~ % sin(wt) ¢ mapamerpamu a = 140 ¢,

w =753 I', ¢ marom auckpernsanuu At = 1 Mc (a); ero ¢a3ossrii ciektp (6); BpeMs Hagana BeIcokodacToTHOro curaana 0.025787 c.

Fig. 4. An example of a time domain wave packet based on the pulse shape te~% sin(wt) with parameters a = 140 s™!, w = 753 Hz and
a sampling step At =1 ms (a); its phase spectrum (6); the arrival time of the high-frequency signal is 0.025787 s.

Puc. 5. IIpumep cynepno3uiuK «BBICOKOYACTOTHOTO» f, (IITpHXOBask IMHKA) U «HU3KOYACTOTHOTrO» f, (MyHKTHpHAs JIMHHS) BOJTHOBBIX
nakeToB (a); (pa30BbIil CIEKTP CyNEpIO3UIUU BEICOKOUACTOTHOTO U HU3KOYAaCTOTHOTO CUTHAJIOB BO BpeMEHHOH obnactu (0).

Fig. 5. An example of a superposition of “high-frequency” f, (dashed line) and “low-frequency” f, (dotted line) wave packets (a);
the phase spectrum of superposition of high-frequency and low-frequency signals in the time domain (b).

Puc. 6. (2) Munumym QyHKUMOHAIA HAXOOUTCS B TOUKE C HOMepoM orcuera 7, = 80. OH COOTBETCTBYET 4acToTe Wy, = 482.3943 I'.
(6) ®a30BbIii CHIEKTP (BOCCTAHOBJIEHHBIH) (CHHSS JTMHKA) M PE3YJILTAT €ro aNmnpoKCUMalMK (KpacHas JIMHHA). @, ¥ @, — BpeMs Hadana
HHU3KOYaCTOTHOTO ¥ BEICOKOYACTOTHOTO CUTHAJIOB COOTBETCTBEHHO.

Fig. 6. (a) The minimum of the functional is located at the point with the reference number n_ = 80. It corresponds to the frequency
Wn, = 482.3943 Hz. (b) The phase spectrum (reconstructed) (blue line) and the result of the polyline approximation (red line). a, and a,
indicate the arrival time of low-frequency and high-frequency signals, respectively.
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MpakTnyecknn npumep
pasgeneHns ynpyroro nons

[TpuMeHNM pacCMOTpPEHHBIN MOAX0A K 00pa-
00TKe celicMMYeCKHX JaHHBIX, 3aPETUCTPUPOBAH-
HBIX OT CEMCMHYECKHX coObITHH. Kak m3BecTHO,
CEHCMHUYECKUE CUTHAIIBI COCTOSIT U3 TPEX THUIIOB
BOJIH (CyHepHo3HIIMN) — BBICOKOYACTOTHBIE (ITpoO-
JOJIbHBIE BOJIHBI, IPUXOASIINE PaHbIlE TPYTHX),
CpeIHEeYacTOTHbIe (IOMepeyuHble, MPUXOISIINe
MO3KE TMPOJOJBHBIX) M HU3KOYACTOTHBIE (I10-
BEPXHOCTHBIE, MNPUXOAAIINAE IIOCIE TONepey-
HbIX). IlycTh BBIIETEHO 3aperucTpUPOBAHHOE
0JIe OT CeMCMMYECKOro COOBITHSI BO BPEMEHHOM
obmactu S(¢). I'padux azoBoro cnekrpa mpen-
CTaBIsieT COOOM COBOKYITHOCTH TpEX IHPSMBIX,
OCJIOKHEHHBIX OTKJIOHEHUsIMH. (CleaoBareiabHoO,
HEO0OXOUMO aNNpPOKCUMHUPOBATh HX JIOMAaHOM
(KyCOYHO-TMHEHHBIMHU (DYHKIUSIMH), COCTOSIICH
U3 TPEX NPSMBIX.

[TocTpoum GyHKIMOHAT:

Z(q)} ayw; = by)? + Z (0 - a0y = b,)" +

_] =nq+1

N
+ 2 (0; — azw; — by)? = 6%

j=n2+1

€ aq, b;— KOHCTaHTHI TIEPBOM MPSIMOH, Ay, by—
KOHCTAHTBI BTOPO#l TPSAMOM, A3, b3— KOHCTAHTHI
TpPeThell MPSIMOM, Mq, N,— HOMEPA OTCUETOB, I/C
COWICHSIFOTCS TIPSIMBIC.

CJ'IG,I[OBEITCJ'IBHO, q)YHKHI/IOHaJ'I SABJIACTCA

— 2
= §°(nqy, ny).
3a/aua 3aKIF0YaCTCS B HAXOXKICHUH HOMEPOB OT-

(QyHKIMEH HOMEPOB OTCYETOB &2

CUETOB My, My, Ile (QYHKUUOHAT 82 NPUHUMAET
MHUHHMaJIbHOE 3HauyeHue. Pemrenne »To# 3amayuu
MOKET OBITH MOTYYEHO MPOCTHIM MepedopoM 3Ha-
YEeHUH N4, N, IPU YCIOBUU Ny < N,. ITO TpeboBa-
HUE CIeAyeT U3 ydyeTa NpUHIIMIA TPUUUHHOCTH B
TOM CMBICJIE, UTO CHaYaja MPUXOIAT MPOJAOTbHBIE
BBICOKOYACTOTHBIE BOJIHBI, JJaJie€ CPEeIHEYacTOT-
HBIE TIOTIEPEUHBIC BOJIHBI U TTOCICTHUMH — HU3-
KOYaCTOTHBIE TOBEPXHOCTHBIE BOJHBI [2].
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Kpowme Toro, ¢ hopmanbHOIi Touku 3peHus, ¢azo-
BBIM CIIEKTpP Kak (PYHKILHUS YacCTOTHI JOJDKEH OBITH
ofHO3HaYHOMU (yHKIMEH [16].

HaxoxxneHue KOHCTaHT a4, by; Ay, by u as, bg
METOZ0M HaMMEHBIIUX KBaJIPaToB CBOAUTCS K pe-
IICHUIO JBYX CUCTEM JIMHEHHBIX aJredpandeckux
YpaBHEHUN:

alzw +b12w Z(p] w;
alzw]+b1n1—2q0]

na np np
2 — .(1)+
2, wfHh ) o= ) v
J j—n1+1 j_Tl1+1 j_Tl1+1
Z w; + by(n; —ny) = Z Qj
] Tl1+1 ] Tl1+1
nu
N N N
2
S en 3 e 3
J j_n2+1 j_n2+1 j—n2+1
z w; +b3(N —ny) = Z oy
j=ny+1 j=ny+1

OcHoBHas 3ajJa4a — HAXOXJICHHWE HOMEPOB
nqg,N,.
K03 OUIMEHTOB a4, by; Az, by; as, bz, Haiinem

I[JI?I €C pCUICHU:A, IIOCJIC HAaXOKIACHUA

8% = 6%(ny,ny). Ilo MuEMMYMY 5TOil (QyHKIMH
HaiileM HOMepa OTCYETOB 14, Ny, TII€ COSAUHSIIOT-
cs IpsAMBble. ANITPOKCUMAIUS JOMaHOH (pa3oBOro
crieKkTpa OyJeT paBHa:

AW+ by, 0 < w < Wy,
P(w) =00 + by, wy 41 < W < Wy,
azw + b3, Wy, 11 < 0 < wy.

Paccmotpum n1Ba npuMepa o0paboTKH 3amu-
ceil OT 3eMJIeTPSICeHH, MPOU30LIeIIINX Ha Tep-
putopun Tsub-1laHs, ¢ UCTIOIB30BaHUEM JAHHON
MeTOMUKH (cM. Tabmuiy). s mpakTUYecKoro
npuMepa TMPUMEHSUINCh JaHHBIE TPaJueHTHOM
YCTaHOBKH, pacroioxeHHoi Ha HayuHoii cTaHnu
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PAH [18, 19]. B kauecTBe celiCMUYECKUX TaTINKOB
JUTSl YCTAHOBKH MCIIOJNIb3YIOTCSl TATYMKU CKOPOCTH
cvemenns GS-20DX ¢upmbr Geospace. ['panu-
€HTHasl yCTAHOBKAa O0OECHEYMBAET HENPEPHIBHYIO
CHHXPOHHYIO PETUCTPALMI0 CEHCMHYECKHX CHI-
HasoB (abcomoTHas morpentHocTh 10.5 MKe), ¢ ya-
cToTol auckperusanuu cursanos 1000 I'm.

II

Jl1s1 mepBoro npuMepa B3AT pparMeHT 3arucu
CUTHAJIa OT 3€MJIETPSICEHUS, 3aPETUCTPUPOBAHHOTO
rpagueHTHOM ycraHoBkoil 03.04.2024 1., M = 0.62
(Z-xommionenTa), osnuueHTp Tam-MoliHok Ha
paccTossTHUM 7 KM OT H3MEPHUTEIBHOIO IyHKTa
(puc. 7, I a). lna nmanHOTO (hbparMeHTa 3amuch

Ha OCHOBC H3JIOKCHHOI'0 aJIFOpUTMa IIOJYyUCHA

Puc. 7. ®parmenTs! 3anucu curnanos I u Il ot 3emierpsicenuii (a) ¥ pe3ysbTaThl alIpoOKCUMaIuy (a3oBoro CreKTpa
KyCOYHO-TMHEHHON (yHKuuel (0). a,, a,, @, — BpeMs Havana HU3KOYACTOTHOTO, CPETHETACTOTHOTO M BBICOKOYACTOT-

HOT'O CUTHAJIOB COOTBCTCTBCHHO.

Fig. 7. The fragments of the recordings of earthquake signals I and II (a) and the results of approximating the phase
spectrum with a piecewise linear function (b); a,, a,, and a, indicate the arrival time of low-frequency, mid-frequency,

and high-frequency signals, respectively.

Taoauuna. Pe3ynprarsl 00pabOTKH CHTHAIOB OT CEHCMHUYCCKUX COOBITHIA

Table. The results of signal processing of seismic events

No | Bpems Hauana cursaia, ¢ Pa3HocThs BpeMeH npuxona CraHgapTHOE OTKIOHEHHE
BOJIH, C CUTHaJIa
P,a,(c) |S,a, L, a, S-P, L-P, L-S, P S.. L,
3-8 & = Eh & =&
I 10.24011 |1.144 2.0312 0.90386 | 1.7911 0.8872 48.1194 | 7.5066 9.4734
II 1 0.67416 | 1.6269 2.7673 0.95269 |2.0931 1.1404 48.4982 | 6.6005 5.4793

IIpumeuanue. L — HH3KOYACTOTHBIH CHTHAJN, S — CPEIHEYACTOTHBIA, P — BBRICOKOYACTOTHBIA. a , a

2

a, — BpeMs Havajga HU3KOYAaCTOTHOTO, CPEIHETACTOTHOTO U BBICOKOYACTOTHOTO CHTHAJIOB COOTBETCTBEHHO.
Note. L indicates low-frequency signal; S, mid-frequency signal; P, high-frequency signal. a, a,, and a,
indicate the arrival time of low-frequency, mid-frequency, and high-frequency signals, respectively.
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anmnpoKCUManusl KyCOYHO-JIMHEHHOW (yHKIHMeH
¢azoBoro criekrpa (puc. 7, I 6).

Jlnst BTOpOrO npumepa B3AT (pparMeHT 3amu-
CH OT 3€MJIETPSICEHUS, 3apETUCTPUPOBAHHOIO I'pa-
nueHTHoM ycranoBkor 03 21.06.2024 . M = 0.6
(Z-xoMmoHeHTa), SnUIEHTp Teruble KiIIOYM Ha
pacCTOSIHUM § KM OT H3MEPUTENIBHOIO MyHKTa. Pe-
3yJbTaT alIPOKCUMALIUK JUIsl 3aIIUCH 3EMIIETpsICeE-
Hus (puc. 7, II a) npencrasiex Ha puc. 7, 11 0.

W3noxxeHHasi WHTEpIpeTanus pe3yabTaToB
00paboTKN OCHOBaHA Ha pabouel rumorese o P-,
S-, L-BonHax ot 3emierpsiceHuil. Mozenp He OT-
pakaeT B MOJHOM Mepe peabHyI0 CUTYalIUIO.

OtmeTHM, 4TO B Cllydyae perucTpaluy CUrHa-
J0B ¢ GonpmMM maroMm auckperuzanuu (40 I'm),
HCIIOJIb30BAaHHBIX AJI CTAaHIAPTHOW perucTpanuu
CEHCMHYECKUX COOBITHI, MPUMEHEHHE PacCMO-
TPEHHOT'0 MOAX0AA 3aTPYIHUTENBHO.

OpHako Jaxke B Cilydae CTaHIApTHOW peru-
ctpauuu ¢ yactoroit 40 ' npumenenue 3toro noa-
XO0JIa MO3BOJISIET ONPENIEIUTh MOMEHT BCTYIUICHUS
IIPOOJIBHBIX BOJNH. lIponirocTpupyeM 3TOT BbI-
BOJI Ha MIPUMEPE JIaHHBIX, OTPAKEHHBIX Ha pHC. &.
Jlns npuMepa ObLIH B3SIThI JaHHbIE PETHOHAILHOTO
cericmuyeckoro karaymora Hayunoit cranunn PAH
(https://doi.org/10.7914/SN/KN). Ha puc. 8 a mpu-
BelleH ()parMeHT 3aluCh CEHCMHUYECKOTO COOBI-
™A co crannuu KNDC R = 17.15 km, M = 2.9
(Z-koMIIOHEHTA).

Bpemsi BcTymuieHus: BBICOKOUACTOTHOTO CHT-
Hana az = 11.6278 ¢ oTnuyaeTcs OT BU3YalbHO
OIIPENEIIEMOTO MOMEHTA BPEMEHH, KOTOPBIM OT-
MEUYEH Ha pUC. 8§ TEMHBIM KBaJIpaTUKOM. DTO CBS-
3aHO C TeM OOCTOSITENLCTBOM, YTO MPOIOJIBHBIE
BOJIHBI, TIPUXOSIINE MPEXIE APYTHX, 007IaTal0T
0ojiee BBICOKOYACTOTHBIM CIIEKTPOM, YTO M 00Y-
CJIOBJIMBAET OIPaHUYEHUE K MPUMEHEHUIO JAaHHO-
ro noaxozaa. MlHaue roBopsi, NpUMEHEHUE JTaHHO-
ro MOJAXOAAa OTPAaHUYEHO IIAroM JUCKPETU3AlUH.
DTOT mapameTp AODKEH OBITh TaKUM, KOTOPBIU
MO3BOJIMI OBl Ha/ICXKHO BBIIENATH BRICOKOYACTOT-
HYIO YacCTh CIIEKTpa CUTHAJIOB Ha (poHE momeX.

BbiBoabl

bnau3kue no pacnonokeHWro, JIOKAJIbHbIE
3eMJIETpsICeHUs 00pa3yloT TIpyIIbl celcMuye-
CKUX BOJIH, KOTOpBIE, PacHpOCTPaHAsICh B BOJI-
HOBOM TII0JIe, HaKJIaJbIBAalOTCA ApPYyr Ha JApyra
U PETUCTPUPYIOTCA B BHUJIE CIIOKHOTO BOJIHOBOTO
naketa (cM. puc. 1). [Ipu n3ydyeHun Takux BOJI-
HOBBIX IIAKETOB OYEHb BAXKHO OINPENECIUTh MO-
MEHTHI NEPBBIX BCTYIUIEHUH (a3 celcMHUecKux
BoiH. [Ipumenenue ananmu3a (as3oBBIX Xapak-
TEPUCTHK K OINpPENIEIECHUI0 MOMEHTOB NpUXoJa
CeCMUYECKHX BOJIH OT 3eMJIETPSACEHUI Ha Onm3-
KHX PACCTOSHUSX ITO3BOJIMIIO T PepeHIIMPOBATH

Puc. 8. ®parmenT 3anucy CUTHANOB ¢ maroM gauckpetnsanuu At = 0.025 ¢ (a); pesysnsrar 00pabOTKHM CUTHAA, NPEJI-
CTaBJIEHHOTO Ha pUC. 8 a, 10 ONPEIETEHUI0 MOMEHTOB BCTYILIEHUS BOJHOBBIX MakeToB (0). @, a,, a,— Bpems Havana
HHU3KOYAaCTOTHOTO, CPETHEYACTOTHOTO U BEICOKOYACTOTHOTO CHTHAJIOB COOTBETCTBEHHO.

Fig. 8. The fragment of signal recording with a sampling step At = 0.025 s (a); the result of signal processing shown in
fig. 8 a, of determining the arrival times of wave packets (b). a,, a,, and a, indicate the arrival time of low-frequency,

mid-frequency, and high-frequency signals, respectively.
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HUX BCTYILICHHA. I[J'Iﬂ IPUMCEHCHUA HU3JT0KCHHOI'O JUDL COSIANMA MOACIH FIIy6OKOF0 M.’:lH.II/IHHOfO O6yi[e-

N HUS C LEJIbIO BBIJICJICHNUS MIEPBBIX BCTYIJICHUH Ha celic-
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Waves in a fluid layer excited by pressure variations
above the free surface

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

Abstract. The aim of the paper was to study the problem of waves in a layer of incompressible fluid of constant
depth. The interest in the problem arose due to the excitation and propagation of surface waves in the Pacific Ocean
as a result of the powerful explosive eruption of the Hunga Tonga—Hunga Haapai volcano on January 15, 2022.
Potential fluid motions were considered. The disturbances were induced in the form of a short-term pressure pulse
above the free surface and in the form of pressure waves arising due to of the disintegration of the initial region of
high pressure in the atmosphere (Lamb waves). Solutions were obtained for forced and free waves on the surface,
as well as for forced and free pressure waves at the bottom of the fluid layer. In the long-wave approximation, the
amplitudes of free surface waves and the amplitudes of free bottom pressure waves (in meters of water column)
coincide, while the amplitudes of forced bottom pressure waves are greater than the amplitudes of forced surface
waves. In cases where only the forced component is present in the pressure record, the use of a correction factor
gives an adequate result for surface waves. If both components (forced and free) are present in the record, the use
of the correction factor is unjustified, since it is impossible to separate the components. The estimation of surface
wave amplitudes based on bottom pressure data may yield inadequate results. The results obtained are discussed
in connection with the operational tsunami forecast based on the data from bottom sea level measurement stations.
A proposal is formulated on a possible method for adequately estimating the amplitude of surface waves when
excited by a moving region of variable pressure.

Keywords: water waves, Lamb waves, forced waves, baric waves, free waves, gravity waves, tsunami, sea
level measurements, operational tsunami forecast, tsunami warning services, Pacific Ocean

BonHbl B croe XWaKocTu, Bo3byaaeMble BapuaLusamMmn JaBrneHus
Ha/ cBOOOAHON NOBEPXHOCTLIO

10. I1. Koponés
E-mail: Yu P K@mail.ru

Hncmumym mopcroti eeonocuu u eeopusuxu /[BO PAH, 2. IOocno-Caxanunck, Poccust

Pestome. Llensro paGoTH! SBISUIOCH UCCICAOBAHNUE 337a4M O BOJHAX B CJIOC HEC)KMMAEMOU JKHMAKOCTH IOCTOSHHOMN
n1yOuHbl. MIHTEpec K 3a7aue BO3HUK B CBS3M C BO30YXKJICHUEM M PaclpOCTPAaHEHHEM MOBEPXHOCTHBIX BOJIH B THxoM
OKEaHe B pe3yJabTaTe MOIIHOIO 3KCIUIO3UBHOTO WU3BEpXKeHMs BynkaHa XyHra Tonra—Xynra Xaamait 15.01.2022.
PaccmarpuBanuck NOTEHIMAIbHBIE JBM)KEHUS XKHUJIKOCTH. Bo3MmylneHus 3ajaBaluch B BUAE KPAaTKOBPEMEHHOTO
MMITYJIbCA JIaBJICHUS HaJl CBOOOIHON MOBEPXHOCTHIO U B BUJIE BOJIH JIABIICHHS, BOSHUKAIOIINX B pe3ysibTare pacrhana
HavyaJbHOW 00JaCTH MOBBIIMIEHHOTO JaBiieHusl B arMocdepe (BoaH JIamba). [TomydeHs! pemeHust 11l BEIHYKISHHBIX
M CBOOOJIHBIX BOJIH Ha MOBEPXHOCTH, a TAK)KE BHIHYXKJICHHBIX U CBOOOIHBIX BOJIH JABJICHUS Ha JIHE CIIOS JKHJIKOCTH.
B mpubnmkeHUH JUIMHHBIX BOJH aMIUTHTYAbI CBOOOIHBIX ITOBEPXHOCTHBIX BOJH W aMIUIMTYIBI CBOOOIHBIX BOJIH

The translation from Russian: Koposnes FO.I1. Bonssl B ciioe sxuakocTH, BO30yxK1aeMble BApHALMSIMHU JaBJICHUS HaJl CBOOOIHOM MOBEPXHOCTHIO.
[Onexrponnsiii pecypc]. ['eocuctemsl nepexoaHbix 30H, 2025, T. 9, Ne 3. URL: http://journal.imgg.ru/web/full/f2025-0-2.pdf.

Translated by Yury P. Korolev.
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MPUIOHHOTO JaBieHus (B METpax BOISHOIO CTOJI0A) COBIAAIOT, B TO BPEMsI KaK aMILUIUTY/bl BBIHY)KACHHBIX BOJH
MIPUIOHHOTO JABJICHHS BBIIIEC aMILTUTY/I BRIHYX/ICHHBIX TIOBEPXHOCTHBIX BOJIH. B ciydasx, KOrjia B 3alKCH JaBICHHS
MPUCYTCTBYET TOJBKO BBIHY)KICHHASI COCTABIISIONIAs, IPUMEHEHUE KOPPEKTHPYIOIIEr0 MHOKUTEIISI 1AeT aJeKBATHBIN
pe3yabTar Jisl IOBEPXHOCTHBIX BOJH. ECiM B 3amicy NpUCYTCTBYIOT 00€ KOMIIOHEHTHI (BBIHYKICHHASI U CBOOOHAS),
IIPUMEHEHHE TIONPAaBOYHOTO Kod(duimeHTa HempaBOMEpPHO, MOCKONBKY PAa3/EiINTh COCTABISIONINE HEBO3MOXKHO.
OueHKa aMIUTHTY/] MOBEPXHOCTHBIX BOJIH MO JAaHHBIM O JABJICHHU Ha JHE MOXET JaBaTh HEAJCKBATHBIA Pe3yJbTaT.
[NonyueHHble pe3ynbTaTbl 00CYKAAIOTCS B CBS3U C OIEPATHBHBIM IPOrHO30M I[yHaMH I10 JAaHHBIM JOHHBIX CTaHIMN
n3MepeHus ypoBHs okeaHa. C(opMynupoBaHO MpPEUIOKEHNE O BOBMOKHOM CIIoco0e aJieKBaTHOW OLIEHKH aMITTHTYIIbI
MOBEPXHOCTHBIX BOJIH MPH BO30YKJICHUH UX JBUKYIIEHCS 00IACThIO TIEPEMEHHOTO JIABJICHUSI.

KnroueBble cnoBa: BonHb Ha BOAC, BOJIHBI H3M6a, BBIHYKICHHBIC BOJIHBI, 6ap1/1qec1<1/1e BOJIHBI, CBOGOL[HI)IG
BOJIHBI, T'paBUTAlMOHHBIC BOJIHBI, yHaMH, U3MEPCHUSA YPOBHsS OKCaHa, OHepaTHBHbIﬁ MMPOTHO3 IyHaMH, CJ'ly)K6bI

NIpENYNPEXRACHUS O lIyHaMu, Tuxuil okeaH

For citation: Korolev Yu.P. Waves in a fluid layer excited by
pressure variations above the free surface. Geosistemy perehod-
nykh zon = Geosystems of Transition Zones, 2025, vol. 9, No. 3,
pp. 277-285. https://doi.org/10.30730/gtrz.2025.0.wif-2; https://
elibrary.ru/loobm

Introduction

The powerful explosive eruption of the Hun-
ga Tonga—Hunga Ha’apai volcano in the South
Pacific Ocean on January 15, 2022!, is estimated
to be the largest underwater volcanic eruption in
almost a century and a half since the catastrophic
destruction of Krakatoa in 1883 [1]. The effects
of the explosion were observed in all environ-
ments: the ionosphere, the atmosphere, the ocean
and its surface, and the earth’s crust [2—6].

The tsunami generated by the volcanic erup-
tion caused catastrophic floods the nearby islands
of the Tonga archipelago with a maximum height
of up to 22 m. The tsunami caused damage not
only to the nearby island states, but also to the
countries of the Pacific coast. Flood heights of
up to 1.3 m were recorded in Japan, over 3.5 m
in California, about 1 m in Chile and up to 1 m
in Peru (https://www.ngdc.noaa.gov/hazel/view/
hazards/tsunami/event-search).

The volcanic explosion produced a high-pres-
sure wave in the atmosphere (also called a Lamb
wave), which was recorded by many ground-based

Jna yumupoeanusa: Koponés 10.I1. BoaHsl B cioe XKHAKOCTH,
B030Y’X1aeMble BapHallUsAMHU JIaBICHUS HaJ CBOOOHOI MOBEpX-
HOCTBIO. [DnekTpoHHBIH pecypc]. [eocucmemvl nepexoonvix
30m,2025, 1.9, Ne 3. https://doi.org/10.30730/gtrz.2025.0.wif-2;
URL: http://journal.imgg.ru/web/full/f2025-0-2.pdf

barographs around the globe. The high-pressure
wave, propagating at a speed close to the speed of
sound in the atmosphere, caused disturbances in the
free surface of the ocean in the form of a forced wave
moving at the same speed. Such a wave is called a
baric wave below. A rapid (explosive) change in at-
mospheric pressure is itself a source of gravity waves
on the water surface. Other processes in the eruption
center, leading to changes in the water surface level,
are also sources of gravity (free) waves in the ocean,
propagating at the speed of long waves. In any case,
surface waves are a superposition of baric and grav-
ity waves after the latter arrive at the observation
point. Baric and/or gravity waves have been record-
ed by many deep-sea bottom stations of the DART
(Deep-ocean Assessment and Reporting of Tsuna-
mis)* system in the Pacific Ocean’. Both waves, bar-
ic and gravity, have been recorded in their entirety,
from the moment of arrival of the baric wave, by a
small number of DART stations. The amplitudes of
the baric and gravity waves are comparable even at
large distances from the eruption. The change in the
amplitude of baric waves is inversely proportional to
the square root of the distance from the source [7],

'NOAA National Centers for Environmental Information. URL: https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/event-search

(accessed 08.06.2025).

2NOAA Center for Tsunami Research: DART. URL: http://nctr.pmel.noaa.gov/Dart (accessed 08.06.2025).
3National Data Buoy Center. URL: https://ndbc.noaa.gov/to_station.shtml (accessed 08.06.2025).
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as is the change in the amplitude of gravity waves.
Waves of this type, cylindrical waves, described in
the space of two variables, have a leading edge but
no trailing edge, and the oscillations behind the front
continue for quite a long time [8]. Although the grav-
ity wave lags noticeably behind the baric wave, with
its arrival a superposition of the gravity and baromet-
ric waves occurs.

Various phenomena in the atmosphere, on
the surface and on the ocean floor that accom-
panied the volcanic explosion are considered in
numerous works. In work [9], the processes that
occurred in the source were discussed. It was
assumed that five explosions of varying inten-
sity occurred in the area of the volcano within
half an hour to an hour. Pressure waves in the
atmosphere based on natural data were analyzed
in works [3, 10]. In article [7], data from many
ground-based barographs were analyzed, it was
established that the pressure wave in the atmos-
phere (Lamb wave) propagated at a speed of
317 m/s, its amplitude decreased with distance
from the explosion as 7', and numerical mod-
eling of pressure waves was performed based
on a specially constructed source. A close esti-
mate of the propagation speed of the Lamb wave
of 312 m/s was obtained in [11]. The influence
of atmospheric pressure waves on the genera-
tion of waves on the ocean surface based on nu-
merical modeling is considered in [4, 7, 12—17],
as well as on the website of the NOAA Center
for Tsunami Research®. In [4], differences in the
amplitudes of bottom pressure waves and sur-
face waves were noted. The generation of grav-
ity waves as a result of disturbances of the wa-
ter surface at the source in a numerical model is
considered in [7, 18, 19]. The parameters of the
disturbance sources were selected based on the
degree of coincidence of the shapes of the com-
puted and recorded waves in the ocean.

Most of the listed works devoted to the event
on January 15, 2022 were the result of either nu-
merical experiments or analysis of processes in
the source.

Waves from a moving region of increased
atmospheric pressure in the “shallow water” ap-
proximation were considered in [20]. When such
regions propagate at a speed significantly lower
than the speed of long waves in the open ocean,
the Proudman resonance can only occur in shallow
water, when the speed of long waves approaches
the speed of the baric disturbance [21]. In con-
trast, Lamb waves propagate at a speed close to
the speed of sound in air. Resonance can occur
in areas of deep-water, but rather narrow trench-
es, the speed of long waves over which exceeds
the speed of the Lamb wave. For example, the
Mariana Trench, with a maximum depth of about
11 km, has an average width of 69 km (https://
en.wikipedia.org/wiki/Mariana_Trench). The in-
fluence of such depressions on the propagation of
free and forced waves on the ocean surface has not
been studied.

In [22], solutions are given to problems of ex-
citation of surface waves from short-term pressure
action on a free surface, and of excitation of waves
by a moving area of increased pressure, which
can result in the occurrence of meteotsunamis.
The forms of surface waves and bottom pressure
waves were analyzed. The differences between
variations in bottom pressure and variations in the
free surface were discussed.

The problem of waves excited by a high-
pressure region moving at a constant velocity in
a one-dimensional formulation is considered in
[6, 11, 23], and in a two-dimensional formulation
in [23]. The moving region excites forced waves
on the free surface and on the bottom. It is shown
that the amplitudes of the bottom pressure waves
are greater than the amplitudes of the forcing
pressure above the free surface, the amplitudes
of the bottom pressure waves, expressed in me-
ters of water column, are higher than the am-
plitudes of the surface waves. The works [17,
23] describe the correction of data on bottom
pressure variations for estimating the shape of
forced waves. Estimates of free waves were not
considered.

*NOAA Center for Tsunami Research: Volcano-generated Tsunami Event — January 15, 2022 Hunga Tonga—Hunga Ha’apa Tsunami. URL:

https://nctr.pmel.noaa.gov/tonga20220115/ (accessed 08.06.2025).
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Data on the bottom pressure of the deep-
ocean stations closest to the source are used in
operational tsunami forecasting by the current
NOAA method’, the express method [24], to
estimate the waveform of the expected tsunami at
more remote points and near the coast. As shown
on the NOAA Center for Tsunami Research web-
site, overestimated amplitudes of surface wave
based on bottom pressure data can be the cause
of an inadequate determination of the degree of
danger of the predicted tsunami.

The objective of the work is to study the so-
lution of the problem of waves in a liquid layer
generated by atmospheric pressure disturbances.
Waves on the liquid surface and bottom pressure
waves arising under the action of traveling atmos-
pheric pressure waves (Lamb waves) are consid-
ered. The problem is of interest in connection with
the use of ocean bottom pressure data in opera-
tional tsunami forecasting.

Statement of the problem

We consider the classical problem of poten-
tial motion in a layer of heavy liquid of depth H
lying on a solid foundation [8]. The problem is
solved in the space of three variables, the Oz axis
with the origin on the free surface is directed verti-
cally upward, the Ox and Oy axes are on the free
surface. The acceleration of gravity g is directed
downward.

The velocity potential ¢ in the liquid layer
satisfies the equation

2 2 2
70,99,.99 . (1)
ox~ oy~ Oz

For liquids, the Bernoulli equation is valid

d2¢ _52

dz* =0,

where p is the density of the liquid (water), p_is
the atmospheric pressure, p is the pressure in the
liquid layer.

In the linear approximation, the boundary
conditions for (1) are
on the disturbed free surface z = { (the values
of the variables ¢ and p are related to z = 0):

0  Op
—_— =1 2
ot Oz @
and
P lygr =Py 3)
o p p
at the bottom (z = —H) 9% _ 0. 4)

oz

In this paper, the disturbance is specified by
the pressure above the free surface p = p, + p_,
including some axially symmetric disturbance
p,(r,0). Also, for generality, an axially symmetric
initial elevation of the free surface can be speci-
fied, caused by another possible generation mech-
anism, not necessarily associated with pressure
changes. Due to the linearity of the problem, the
waves excited by these sources do not affect each
other.

The pressure at the bottom (z = —H) is de-
termined from the Bernoulli equation using the
found ¢:

0
a—f+pa +pgH = py,, + p, + pgH> ()
where p_ - are the variations in pressure at the
bottom.

Problem (1)—(4) in cylindrical coordinates is
solved by one of the common methods — by us-

ing the integral Laplace transform with respect to

p=-

time ( f(s) = .[ f(t)-e™"dt) and the Fourier—Bes-
0

sel transform ( f(&) = T f(r)-J,(&r)rdr) with re-

spect to the radial coordinate [25].

The solution is presented in the form of Fou-
rier—Bessel transform images. This is sufficient for
a comparative analysis of waves on a free surface
and waves on the bottom.

SNOAA Center for Tsunami Research: Tsunami Forecasting. URL: https://nctr.pmel.noaa.gov/tsunami-forecast.html (accessed 08.06.2025).
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Results and discussion

Waves excited
by a short-term pressure pulse
above the free surface

Theinitial condition for problem (1)—(4)isthe
elevation of the free surface {(z = 0,r) = {(+*/R,)
inside the circle 7 <R, (> = x* + )?). The pressure
disturbance above the free surface is given by a
short-term axially symmetric pressure pulse in the
circle  <R: p, = p(r/R) 6(t/T), where 6(¢/T) is the
Dirac d-function.

After integral transformations, system (1)—
(4) is represented as

d2
P _Ep=0. (1.1)
dz
Boundary conditions:
atz=0
sc-7,-92 @.1)
dz
RT
sop+—L+gl=0; (3.1)
P
atz=-H
do
—=0. 4.1
0 (4.1)

Initial condition:

Zy = [&o(r/R) - (&) - rdr, p(t=0)=0.

P T'in (3.1) is defined as

R)T:ITpO(r/R)-é‘(t/T)-e_“ -Jo(&r)-dt -rdr =

R
=T | py(r/R)-Jo(&r)-rar.
0

In the system (1.1)—(4.1) all variables are im-
ages of integral transformations. Below, the argu-
ments of the function (s and/or ¢) indicate the im-
age of which transformation this function is.

The solution to (1.1) is ¢ = 4,e“+A4,e . The
unknown coefficients 4, and 4, as well as {(s.{)
are found from the solution of the system (2.1)—
(4.1) taking into account the pressure disturbance
and the initial elevation of the free surface.
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PT ché(z+H) s

z,8,&)=— -
#(2,5,0) P chéH s2+ Q7
ché(z+H 1
oz, S( ) L
chéH s+ Q
PT Q° s
s,&)=— + .
6(s:) 0g s+ Q7 052+ Q7

The variations in pressure at the bottom are
found from (5):

2
Py (2==H,5,6) = i 2S 2+ngO 2 - P
chéH s +Q°  chéH s* +Q
_RT ([, Q’ P2y s
chéH sS+Q° | chéH 7+ Q)

where Q? = g¢& - théH.

The presented expressions have 2 poles:
s ==£iQ), corresponding to free waves.

The inverse Laplace transform gives:

P
C(t,E)= —EEQTsith +Z,cosQ,

P
-H,t,&)=—-"
pbott( é:) Cth

S(t/T)—

— ) QTsith+’Og;Z°coth.
chéH ch

The solutions coincide with the result ob-
tained in a slightly different way in [22]. The
wave components coincide with an accuracy of a
dimensional factor.

In the approximation of long waves (EH << 1,
chéH = 1, Q? = gHE?) the obtained solutions are
transformed into the following expressions.

Wave form of the free surface:

C(1,8) =~ [om esinJgH1E + 2, cos[gHIE,
Pg

where the first term describes the wave from the
pressure pulse, the second one — the wave from the
initial elevation of the free surface.

Pressure variations at the bottom, recorded
by bottom stations, reduced to meters of water
column:
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0 (_Hata ) F
My (—H . 1,E) =M=_0

_ﬂ\/g_H sin\/g_HthrZO cos@tf.
Pg

-0(t/T)—

Here the first term describes the reaction
of the bottom pressure to the pressure impulse
above the free surface, the second and third are
similar to the terms from the previous expression.

In the obtained expressions, the wave compo-
nents are identical. This allows us to quite reason-
ably estimate the shape (its long-wave component)
of the ocean surface based on the bottom pressure
data obtained by deep-sea stations in the ocean
(https://ndbc.noaa.gov/to_station.shtml).

Waves generated

by a diverging concentric wave
of increased pressure

above the free surface

Of interest is the problem of waves in a liquid
generated by a traveling wave of increased pres-
sure above the free surface, excited by the disin-
tegration of an instantaneous increase in pressure
in a limited circular region. According to observa-
tions, such a wave (Lamb wave) propagates at a
speed close to the speed of sound in air, the am-
plitude attenuates with distance from the center of
disturbance as 2 [1].

The formulation of the problem of waves
on the surface of a liquid layer excited by such
a wave coincides with the statement of prob-
lem (1)—(4), or (1.1)—~(4.1) in the images of in-
tegral transformations. A wave in the atmos-
phere arises as a result of the disintegration
of an initial region of high pressure in a circle
r<R:p,= p,(r/R), which Fourier-Bessel image is

R
P, :Ipo(r/R)-J0(§r)-rdr. A wave from such
0

a disturbance over a free surface in the imag-
es of integral transformations is described as
Proscing — L8/ (8 2+U?*&?). The wave front propagates
with the velocity U, the amplitude asymptoti-
cally decays with distance as 2 [26]. The initial
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pressure pulse excites free waves, which front
moves with the velocity of long waves. And the
high-pressure wave gives rise to forced waves
on the free surface, propagating with the veloc-
ity U. In equation (3.1), P, T should be replaced by
Ps/(s*+UE?).

Besides, an additional initial condition is the
elevation of the free surface ((r = 0,r) = {("/R))
inside the circle 7 < R, (r* = x> + y?).

The solution to the problem in the images
of integral transforms is represented by expres-
sions for variations in the forcing pressure above
the free surface p, . (s,8) = Pgs/ (s? + U?*¢?),
variations in the pressure at the bottom

F, s s
chéH s> +UE? s +Q2

Prou (Z H S 98)_

ng s
cth sT+Q

(s,8)=-10
PL

- and the shape of the free surface

2
) Q )

2 2g2 2 2+ZO 2 2

sHUE" s +Q s°+Q

The last two expressions have 4 poles:
s = +iU¢, corresponding to forced waves, and
s = +iQ, corresponding to free waves.

The inverse Laplace transform in the long-
wave approximation (CH << 1, Q = (gH)"?¢,
chéH = 1) yields the following expressions:

for the variations in the forcing pressure

above the free surface (pressure is expressed in
meters of water column)

pforcing (O’ t’ 5)

P
7 oreing (1 6) = = ;E'COSU@, (6)

for the variations in the bottom pressure (in me-
ters of water column)

pbott(_Hatag) P U2

-H,t,&)= ———cosUtéE -
nbott( 5) ,Og pg U2 gH ‘f
P
-4 Uz cosw/gHt§+Z cosy/gHtE (7)
rg

and for the shape of the free surface
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F. gH
t,E)=—L-—=——cosUté -
Cg) =t st
e U2 cosw/gHt§+Z cos/gHt&. (8)
rg

In the obtained expressions (7) and (8), the
first terms on the right-hand side describe forced
waves propagating with the velocity U, the sec-
ond and third terms describe free (gravity) waves
excited by the initial pressure jump and the initial
elevation of the free surface, moving with the ve-
locity of long waves (gH)"2. To represent the ex-
pressions in spatial variables, the inverse Fourier—
Bessel transform should be performed over them.

P o0

For example, 77(t,r)=—°IcosUt§~J0(r§)§d§.
PE Y

Due to the known asymptotics of the Bessel

function J,(ré) = icos(rf—z), the asymp-
wé 4

totic estimate of the corresponding integrals will
give the attenuation of the amplitudes as » "> [26].

From the comparison of (6)—(8) it is evident
that the amplitude of the forced bottom pressure
waves is greater than the amplitude of the forcing
pressure by a factor of U?(U?*~gH), the amplitude
of the baric wave differs from the amplitude of the
forcing pressure in meters of water column by a
factor of gH/(U?-gH), and the amplitude of the
forced bottom pressure waves is greater than the
amplitude of the forced surface (baric) waves by
a factor of U?/gH. The result coincides with the
conclusions of works [6, 11, 17, 23] described in
the Introduction. The expressions describing the
free waves are identical.

To estimate the variations in pressure above
the free surface, the data from deep-sea bottom
stations should be multiplied by the correction
factor (U*>~gH)/U?. This is confirmed in works [6,
11] based on the measurement data. To estimate
the amplitude of forced surface (baric) waves
based on bottom station data expressed in meters
of water column, another correction factor gH/U?
should be used [17]. At a velocity of U= 317 m/s
[7] and an average ocean depth of H=4000 m, the
correction factors are 0.6 and 0.4, respectively.
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Using the correction factor based on bottom
station data, only the amplitudes of forced waves
can be adequately estimated; applying any correc-
tion factors to the superposition of forced and free
waves is unjustified, since it is impossible to sepa-
rate forced and free waves.

For this reason, one should be cautious in
identifying the shape of the water surface based
on bottom pressure variations in cases where the
bottom pressure information contains data on
forced waves. Such cases may be events similar
to the event of 15.01.2022, or events associated
with the passage of cyclones and typhoons over
the ocean, accompanied by the excitation of me-
teotsunamis [22].

The results of solving the problem are of
practical importance. Data on bottom pressure
variations (7) of deep-ocean stations closest to the
disturbance source are used in operational tsunami
forecasting. The discrepancy between (7) and (8)
may lead to an inadequate assessment of the de-
gree of danger of the predicted tsunami. The ques-
tion of how adequate the assessment of the ampli-
tude of surface waves based on bottom pressure
data is posed in [27].

Expression (7) for bottom pressure varia-
tions can be written as

nhott(_Hatag):iCOSUtg—I'i'Zg—HCOSUté:—
Pg pg U —gH
5 U cosqlgHt§+Z cos/gHtE (9)
rg

The first term in the obtained expression, as
expected, coincides with the expression for the
forcing pressure (6), the others coincide with the
expressions for the shapes of surface, forced and
free waves (8). From this representation of the so-
lution for the variations in bottom pressure (9) it
follows that it is possible to obtain the true shape
of the free surface from the data on the bottom
pressure only if the pressure above the free sur-
face is known. Having data on the atmospheric
pressure nforcmg(t) (6) and subtracting them from
the data obtained by the bottom sensors 7, (?)
(7), we can obtain the shape of the free surface
{(?) (8). The shape of the gravitational component
of surface waves can be estimated if we subtract
the data on the atmospheric pressure (6) from
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the data on the bottom pressure (7), multiplied
by (U>~gH)/U>

Atmospheric pressure above a free surface (in
a Lamb wave) can be calculated, for example, us-
ing a method based on the algorithms of the express
method of operational tsunami forecasting, based
on the fundamental principle of reciprocity [24]. To
forecast pressure variations at remote points, data
on atmospheric pressure of barographs closest to
the source of increased pressure can be used.

Conclusion

A solution to the problem of waves in a heavy
incompressible fluid layer of constant depth is
presented.

A localized short-term increase in pressure
above the free surface was specified as a wave
source. This results in free waves on the surface
and pressure waves on the bottom. The shapes and
amplitudes of surface waves and bottom pressure
waves (in meters of water column) are the same.

Another wave source was an instantaneous in-
crease in pressure in a localized region and a pres-
sure wave propagating in the atmosphere above
the free surface, which occurs as a result of the
disintegration of a high-pressure region (the Lamb
wave model). Such a source excites free waves on
the surface of the layer and on the bottom, trave-
ling at the speed of long waves, and forced waves
propagating at the speed of a forcing pressure
wave. In the long-wave approximation, the shapes
and amplitudes of free waves on the surface and
on the bottom are the same. The amplitudes of
forced bottom pressure waves are higher than the
amplitudes of forced surface waves. To estimate
the free surface wave shape based on bottom pres-
sure data, the correction factor gH/U?* can be ap-
plied to the part of the record containing only the
forced component. This approach is incorrect for
data that include both forced and free components.

Overestimated amplitudes of bottom pressure
variations can be the cause of inadequate estima-
tion of the expected tsunami by operational fore-
casting methods that use bottom pressure data.
Despite the uniqueness of events like the event
of 15.01.2022, tsunami warning services should
probably take this feature into account.
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A method is proposed for estimating the free
surface shape, including forced (baric) and free
(gravity) waves, as well as free wave shapes,
based on bottom pressure data.

One of the possible methods for calculating
the pressure in the Lamb wave is proposed based
on the barometric data of stations closest to the
source of high pressure, based on the fundamental
reciprocity principle.
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XapakTepucTuka ApeBecHOM pacTUTENbHOCTU JIECHOro B1oreoL,eHo3a
C NPUMEHEHNEM UCKYCCTBEHHOIO MHTENMeKTa
Ha OCHOBE AaHHbIX AUCTAHLMOHHOIO 30HAMPOBaHUS

A. B. Kocapes®, U. B. Cepeeesa, A. B. Knouukos, C. B. Yymaxosa, A. A. Jleonmves
@E-mail: aleteia@inbox.ru

Capamosckuii 20¢y0apcmeeHHblil YHUBEPCUMEN 2eHeMUKU, OUOMEXHOL02UL U UHIICEHEPUU
umenu H.U. Basunosa, Capamos, Poccus

Pe3tome. [[env pabomsl — Ha OCHOBE JAHHBIX AMCTAHIIMOHHOTO 30HAMPOBAHHS C MPUMEHEHHEM HCKYCCTBEHHO-
TO WHTEIIEKTa MPOBECTH PAH)XKUPOBAHHE IPEBECHBIX OOBEKTOB Pa3HOM MPOTSHKEHHOCTH HAa TEPPUTOPHUH JIECHOTO
ouoreorieHo3a. Mamepuanvt u memoovt. OOBEKT UCCIEAOBAHMS — MAMATHUK TIPUPOABI «Ypouuiie benwrit Kmow»
Tarumesckoro paitona CapaToBckoil o0mact. MaTepuansl HCCISTOBAHUS — MYJIBTHKAHAIBHBIC CITyTHUKOBBIE KOC-
MOCHHMKH B BUIUMOM U OmmkHeM MK-cniektpanbHbIX quanazoHax. O6paboTka MaTepuajoB B UX KapTorpagupoBa-
HHE peann3oBaHbl Ha 6a3e kpoccruiarhopmenHoit cuctembl QGIS (Bepcus 3.28.0). Pacno3naBanne 00beKTOB OHO-
reoleHo03a OCYIIECTBIIIOCH C TOMOINEI0 TarnHa Mapflow. Pesyrsmamel. YcTaHOBIIEHA MHOTOSIpPYCHAsI CTPYKTypa
6uoreoneHosa. [Ipu atom 60—-65 % pacTUTENBHBIX OOBEKTOB OTHOCSTCS K BICOKOMY Jecy, 30-35 % — k cpenHemy
necy. YCTaHOBIJICHBI IPU3HAKH YCTOHYMBOTO PA3BUTHSA JIECHOTO JUCTBEHHOTO OMOTe0IeH03a: HEYETKOCTh TOYBEHHON
JINHUM B KOPAMHATAX «3EJEHOCTHY VS «IpkocTh», NIR-RED mpeobpa3zoBanus tasseled cap; BeIcOkas qucriepcus 3a-
BHCHMOCTEH «BIIAXXHOCTB» VS «SIPKOCTBY; «3€JIEHOCTBY VS «BIAKHOCTBY; HAIMYHNE JTOKAJHHOTO Y9acTKa B BEpXHEH
YacTH JUarpaMM IJIaBHBIX KOMIIOHEHT, B KOTOPOM MX BEITMYHHBI H3MEHSIIOTCS B IIHPOKOM IHATIA30HE; aCHMMETPHY-
HOCTBh U CMEIIEHHOCTh B CTOPOHY OONBIINX 3HAYEHWH YAaCTOTHBIX JUArpaMM BIA)XKHOCTH, 3€JIEHOCTH, a TaK)Ke WH-
nexca EVI. O6cyorcoenue. JIns necHBIX MacCHBOB CTPYKTypa AuarpaMmm tasseled cap oTinmdaercs HEUYETKHUM M pac-
IJIBIBYATHIM BHJIOM JIMHUU MOYBHI, a TaKKe KOHIICHTpAIEeH MaKCHMyMa BETe€TallMOHHON COCTaBIISIONICH B Ompe-
JEICHHBIX 007acTaX. JTH MPU3HAKKA OOBACHSAIOTCA TE€M, YTO, B OTIINYHE OT CEIHCKOXO3SHCTBEHHBIX YTOAHM, B JIECY
IT0YBa CKPHITA MO CJIOEM JHCTBHI, OMABIINX JMCTHEB U MXa, IOITOMY OTPa’KEHHBIH CHUTHAJ OT IIOYBHI CMEIINBACTCS
C OTpaXCHHEM OT pacTUTENbHOCTH. [Ipeobnamanue BRICOKOTO Jieca yKa3bIBaeT Ha TO, UTO BEPXHUI spyc Ouoreore-
HO3a 3aHUMAeT OOJBIIYIO YaCTh TEPPUTOPHH U SBIACTCA ONPEACIAIONTNM (PaKTOPOM CTPYKTYPHI B (DyHKITHOHUPOBA-
HUS YKOCHCTEMBI. BRICOKHE IepeBbs CO3AAIOT T€HB, BIHMSIOT HA MUKPOKJIMMAT, TOYBEHHBIE YCIOBHUS M TOCTYITHOCTh
CBeTa JJIsl HIDKHUX SIPYCOB.

KnroueBble cnoBa: necHoii GHOreo0IeH03, AUCTAHIIHOHHOE 30HANPOBaHNE, HCKYCCTBEHHBINH HHTEIIEKT, CIICK-
TpanbHOE NpeoOpa3oBaHue

Characterization of the woody vegetation
of the forest biogeocenosis using artificial intelligence
based on remote sensing data

Anton V. Kosarev®, Irina V. Sergeeva, Arkady V. Klyuchikov, Svetlana V. Chumakova,
Alexei A. Leontiev
@E-mail: aleteia@inbox.ru
Saratov State University of genetics, biotechnology and engineering named after N.I. Vavilov, Saratov, Russia
Abstract. The purpose of the study is to rank woody areas of different lengths within the forest biogeocenosis based

on remote sensing data and using artificial intelligence. Materials and methods. The object of the study is the “Bely
Klyuch” natural landmark of the Tatishchevsky district of the Saratov region. The research materials are multichannel
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satellite images in the visible and near-infrared spectral ranges. The processing of materials and their mapping were
completed using the cross-platform QGIS system (version 3.28.0). Recognition of biogeocenosis objects was carried
out using the Mapflow plugin. Results. A multilevel structure of the biogeocenosis has been established. It was found
that 60-65 % of woody areas belong to the high forest, and 30-35 % to the medium forest. Signs of sustainable devel-
opment of the deciduous forest biogeocenosis have been established: indistinctness of the soil line in the coordinates
of greenness vs brightness, NIR-RED tasseled cap transformations; high dispersion of dependencies wetness vs bright-
ness; greenness vs wetness; the presence of a local area at the top of the principal component diagrams, in which their
values vary over a wide range; asymmetry and skewness towards higher values of frequency diagrams of wetness and
greenness, as well as the EVI index. Discussion. For forested areas, the structure of the tasseled cap diagrams is char-
acterized by indistinct and blurred soil line, as well as by a concentration of maximum vegetation component in certain
areas. The reason for this is that in forests, unlike agricultural lands, the soil is hidden under a layer of foliage, fallen
leaves, and moss; therefore, the reflected signal from the soil mixes with the reflection from the vegetation. The pre-
dominance of high forest indicates that the upper layer of the biogeocenosis occupies a large part of the territory and is
a determining factor in the structure and functioning of the ecosystem. Tall trees create shade, influence the microcli-

Jna yumuposanun: KocapeB A.B., CepreeBa U.B., Kitoun-
koB A.B., UymakoBa C.B., JleonteeB A.A. XapakTepucTHKa Ape-
BECHOIl paCTHTEIBHOCTH JIECHOTO OMOreoLeH03a ¢ IPUMEHEHHEM
HCKYCCTBEHHOTO WHTEJUIEKTa Ha OCHOBE IAaHHBIX JUCTAHIMOH-
HOTO 30HAUpOBaHUs. [eocucmemvl nepexoonvix 3om, 2025, 1. 9,
Ne 3, c. 286-298. https://doi.org/10.30730/gtrz.2025.9.3.286-298;
https://www.elibrary.ru/fvkynr

BBepneHue

JIMCTaHIIMOHHOE ~ 30HJMPOBAaHUE  3eMJIU
(A33) sBusieTcst COBpEMEHHBIM HHCTPYMEHTOM,
MO3BOJISIFOIIMM MPOBOANUTH KOMIUIEKCHYIO OLIEHKY
HKOJIOTMYECKOTO COCTOSHUSI OKPYXKAIOLIEH cpeJibl
B IIMPOKOM JIMAaNa30He MPOCTPAaHCTBEHHBIX U Bpe-
MEHHBIX MacmTaboB [1]. OHO mpuMeHseTcs B 3a-
JayaX MOHUTOPHUHTA AaHTPOTIOT€HHO HAPYIICHHBIX
3eMelb [2], M3ydeHUH 3eJeHBIX HacaxaeHuu [3],
UCCJIEIOBAHUAX IKOJIOIMUECKOIO COCTOSHUS JIeC-
HBIX 3KocucteM [4]. HccnenoBanue CTPYKTYphI
U TUHAMHKY JIeca MOXET PeaTn30BbIBATHCS C IO-
MOILIbIO AJITOPUTMOB TPEXMEPHOTO MOJIEIHPO-
BaHUS CTPYKTYPBI U AUHAMHKH Jieca MO JTaHHBIM
JA3epHOTO CKAaHWPOBAHUS, KOCMOCBEMKH [5].
[IIupoko NpUMEHSIOTCA B 3ajadax JIECOBEICHHS
KpoccruiaTpopMeHHbIEe T€OMH(OPMAILIMOHHBIE CH-
CTeMbl, U3 KOTOpbIX Hamboiee u3BecTHa QGIS.
K 5TuM 3amagamM OTHOCSTCS OLIEHKA BIMSHUS
JIECHBIX MOXApOB HA IIEIOCTHOCTH JIECHOTO OMO-
reoreHo3a [6]; u3yueHue pacmupenesieHus mopo
JIEPEBHEB M BIUSHUS HA HETO AHTPOIOTCHHOTO
dakropa [7]; onpeneneHne TUIOB MOBEPXHOCTH,
XapaKTepHbIX MJis JIECHOro MaccuBa [8]; kaja-
CTpOBasi OIIEHKa JIECHBIX ITOYBEHHBIX PECYPCOB
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mate, soil conditions, and light availability for the lower layers.
Keywords: forest biogeocenosis, remote sensing, artificial intelligence, spectral transformation

For citation: Kosarev A.V., Sergeeva L.V., Klyuchikov A.V., Chu-
makova S.V., Leontiev A.A. Characterization of the woody veg-
etation of the forest biogeocenosis using artificial intelligence
based on remote sensing data. Geosistemy perehodnykh zon = Ge-
osystems of Transition Zones, 2025, vol. 9, No. 3, pp. 286-298.
(In Russ.). https://doi.org/10.30730/gtrz.2025.9.3.286-298

C YYETOM COCTOSIHMS TIOuB [9]; oleHKa comepxa-
HUSl MOYBEHHOTO YIIEpO/ia B JECHBIX MacCHUBax
[10]. Omuenka rmyOWHBI CE30HHO-TAJIOTO CJIOS
C MPUMEHEHHUEM JUCTAHIIMOHHOTO 30HIUPOBAHMS
MO3BOJIMJIA BBISIBUTH BBHITECHEHHE TYHJAPHI JIECOM
[11]. Omnpenenenue BereTallMOHHBIX HWHIEKCOB
MO3BOJISIET BBIABIATH OYard pPa3MHOXKEHHUS Bpe-
JIUTEeNel U MX BIUSHUE Ha COCTOSIHUE JIECHOTO
MaccHBa, a TAK)Ke yCTaHABIUBATh 30HbI CyX0OCTOS,
OCNabJIeHHBIX M OTMHpAIOIIMX JaepeBbeB [12].
3HAYUTETHHYIO POJIb B 337ja4aX MOHUTOPHUHTA JIeC-
HBIX XO3SIUCTB UTPAeT B HACTOSIIIEE BPEMs UCKYC-
ctBeHHbIN uHTEIUICKT [13]. [{udposbie pemenwms
Ha €r0 OCHOBE MPUMEHSIIOTCA JAJII UHTEPIPETAIUI
nanabix J[33 [14]. IlepcrneKTUBHBIM MOAXOIOM
B 3TOM HAaIlpaBJICHUU SIBJIAECTCS MOJAEIUPOBAHUE
Ha OCHOBE MaIIMHHOTO 00y4eHus [15].

Llenv pabomvl — Ha OCHOBE JNAHHBIX JHC-
TaHIIMOHHOTO 30HIUPOBAaHUS 3eMJIM C IpHUMe-
HEHHEM HMCKYCCTBEHHOT'O MHTEJUIEKTa MPOBECTH
paHXUPOBaHUE IPEBECHBIX OOBEKTOB IO BBI-
COT€ Ha TEPPUTOPHUH JIECHOTO OHMOTeOIIeHO3a.
Jna nocTrKeHus MOCTABJICHHOM €U PEIIeHbI
cnenyromue 3anadu: 1) mogbop KOCMOCHHUMKOB
Landsat-9 u xaprorpadupoBaHue wu3ydaemoit
MecTHOcTH;, 2) mpeobpaszoBanme tasseled cap
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10 JaHHBIM KOCMOCHHMMKOB; 3) paclio3HaBaHUE
JIECHBIX HACAXKJICHUN pPa3HOM BBICOTHI, a TaK¥Ke
JIOpPOT Ha U3y4aeMOl TEPPUTOPUHU C TTIOMOIIIBIO UC-
KYCCTBEHHOT'O MHTEJUIEKTA.

MaTepMaﬂbl n metoabl

OOBEKTOM MCCIIENOBAHUNA SBJISIETCS JIEC-
HOHM OuoreoneHo3, pacrnonoxkeHdsii Ha OOIIT
«Ypouuiie benwiit Kntou» B TatumieBckom paii-
one CaparoBckoit obmactu (puc. 1). B kadectBe
WCXOJHBIX MaTepUaOB JUIS 3a7ad JUCTAHIIHOH-
HOTO 30HAMPOBAHMS HAMHU TPUMEHSIINCH MYJIb-
TUKaHaJIbHbIE CHUMKHU, MOJYyUYEHHBIE CITyTHHUKOM
Landsat 9. O06pabGoTka JaHHBIX CIIYTHHKOBOTO
MOHHUTOPHMHTAa U KapTorpagupoBaHUe MaTepuaia
MPOBOJIUIINCH C TOMOIIBI0 TPOTPAMMHOTO KOM-
mekca QGIS (Bepcus 3.28.0).

MyIbTHKaHAJIBHBIE KOCMOCHUMKH — OTHO-
cunuch K nepuony 01.07.2024 — 01.09.2024 rr.
(USGS. Science for changing world. URL: https://
earthexplorer.usgs.gov/). IlpeoOpa3oBanue u30-
Opaxxenus tasseled cap npexacrasnser coOoi u3-
MEHEHHUE MYJTBTUCTIEKTPATBHBIX
nanabix I3 myTeM JMHEHOMN
TpaHcpopMallK CIEKTpa OTpaxKe-
HUSI KOCMOCHUMKOB. J|aHHBIC CHUM-
Ku 001aaroT BBICOKOH HH(pOpMa-
TUBHOCTBIO MIPH AU PUPOBAHUH
MIPUPOTHBIX OOBEKTOB, B YaCTHOCTH
MpU  U3yYeHUU (PEHONIOrHYECKOM
CTaJUd PAa3BUTHUSL CEIIbCKOXO3SIH-
CTBEHHBIX KYJbTYp. Bbruucienue
K03 (HUIIMEHTOB  TpaHCHOPMAIHH
nzo0paxxenus tasseled cap ocHo-
BaHO HAa METOJIC TJIABHBIX KOMIIO-
HEHT TpeoOpazoBaHUs CIEKTPO30-
HAJbHBIX KOCMHUYECKHUX CHUMKOB,
CBOJIAIIIEMCSI K aJITOPUTMY MAIIIMH-
HOro OOyuYeHUus, MPUMEHIEMOMY
JUTSL BBISIBIICHUST HamnOosee WHQOp-
MaTHBHBIX  MPHU3HAKOB  JaHHBIX
JUCTAHIIMOHHOTO  30HIUPOBAHUS.
Jlist peanuzaiyiyi 3TOTO ajaropuTMa
MPUMEHEHbI IIeCTb W3 OJMHHAI-
AT KaHAJIOB MYJIbTHKaHAIBHOTO
KOCMOCHUMKa: cunuii B2 (450-515
HM), 3eneHblii B3 (525-600 HM),
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kpacHbli B4 (630-680 um), omxkuuit TK(NIR)
B5 (845-885 um), ommwxuamii MK(SWIR2) B6
(1560-1660 um), Ommxauit HNK(SWIR3) B7
(2100-2300 uM™m).

C mnpuMeHeHHEM IIMHEHHOW KOMOWHAINH
3TUX JAHHBIX PACCYMTAHBI TPU KOMIIOHEHTHI IIpe-
oOpazoBanus tasseled cap:

a) Brightness(«apkocTb»), XapaKTepU3yro-
mas OTPaXKaTeJIbHYI0 CIOCOOHOCTH MOYBHI, IO

bopmyie:
Brightness = 0.3037B2 + 0.2793B3 + 0.4743B4 +
+0.5585B5 + 0.5082B6 + 0.1863B7, (1)

0) Greenness («3e€HOCTBY), XapaKTepU3y-
IOIIasi BETeTAlMOHHYI0 aKTUBHOCTh PACTEHHH, 110
dhopmyiie:

Greenness = —0.2941B2 — 0.243B3 — 0.5444B4 +
+0.7276B5 + 0.713B6 — 0.1608B7, (2)

B) Wetness («BIIaXHOCTbBY), XapaKTepPU3YIO-
mas B3aMMOZEHCTBUE MOYBEHHOM BJIaru C pacTu-
TeJIbHBIM TOKPOBOM, TI0 (popmyIie:

Wetness = 0.151182 + 0.1973B3 + 0.3283B4 +
+0.3407B5 -0.7117B6 — 0.455B7. 3)

Puc. 1. Tommorpaduueckas kapra «Ypounma bensrit Kimow.
Fig. 1. Topographic map of the “Bely Klyuch” natural landmark.
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JomnonuutensHo  Obu1  paccuutaH  EVI
(enhanced vegetation index):
EVI=2.5- B5- B4 (4)

B5+6B4—75B2+1

Kaprorpammsl Tpex cocTaBisoOmuX Mpeoo-
pa3oBanus tasseled cap ans ucciemyemoit Teppu-
Topuu: brightness, greenness u wetness (puc. 2)
u unaekca EVI, a takxke amarpamMmmbl mpeodpa-
3oBaHus tasseled cap: greenness vs brightness;
wetness vs brightness; greenness vs wetness; NIR
(B5) vs RED (B4) (puc. 3, 4) coctapieHbI B Ipo-
rpamme SAGA GIS (Bepcus 9.2.0).

Pacno3naBanue JieCHBIX HacakICHUMU, pac-
IIOJIOKEHHBIX B «Ypouuie bensiit Knrouy», pea-
JM30BAHO C TOMOIIBIO TUIATGOPMBI UCKYCCTBEH-
Horo wuHTeuiekta Mapflow, ocymecTBistonieit
aBTOMaTHYECKUN NPENPOIECCUHI U  aHaJu3.
Krnaccudukanus yqacTkoB mpoBe/ieHa B COOTBET-
CTBUU C TMOPOTOBBIMU 3HAUYCHUSMH, MPHUMEHsE-
mMbeiMu MonysieM Al Mapflow. [lepeBbs u kycrap-
HUKOBAs PACTUTEIHHOCTh KIACCUPUIIUPYIOTCS
B 3aBUCUMOCTH OT IUTIOTHOCTH HACAXJICHUS U BbI-
COTBI: BBICOKHH Jiec — cBbIme 10 M 10 99 M, cpen-
HUN (HU3KOPOCIBIN, PACTYIIHI) JIEC — CBBIIIC 4 M
0 10 M BKJIIOYHTENBHO, KycTapHUKU — OT 0 110
4 M BKJIFOUUTENBHO. YUACTKH Jieca, COOTBETCTRY-
IOIMEe KaXKIOMY KIIACCy, Pacro3HAIOTCS B BUJE
OTJICTHHBIX TIOJUTOHOB, KJIacC KOTOPBIX OMpee-
JSIETCSI CBOMCTBAMHM 9TOTO OOBEKTA.

Pe3ynkrathbl

[Iytem komOuHHMpoBaHUs KaHaimoB B2-B7
MyJbTHKaHallbHOTO cHUMKa Landsat-9 mnomy-
YeHBI KAPTOTPAMMBI PaCIpEACIICHHS TPEX TIIaB-
HBIX KOMIIOHEHT — brightness, greenness u wet-
ness (puc. 2) — npeoOpaszoBanus tasseled cap,
PACIIONIOKEHHBIX BHYTPH TIEpUMETpa H3ydae-
MOW TEPPUTOPHUH.

[IpencraBnennas Ha puc. 2 a KOMIIOHEHTa
brightness (sgpkocTh) 0003HaYeHa CEpbIM LIBETO-
BBIM TPaJIMEHTOM, greenness (3€JIE€HOCTh) — 3e-
neHbsM (puc. 2 0), wetness (BIaKHOCTb) — CHHUM
(puc. 2 B).

YacToTHBIE THUCTOTPAaMMBI TpPEX IIaBHBIX
KOMITOHEHT mpeoOpaszoBanus tasseled cap (puc. 3)
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0XapaKTEepU3YIOT (PUTOIKOJIOTHIECKOE COCTOSHUE
JecHOro maccusa «Ypounia benbiit Kirouy.

JIOTOTHUTENBHO OBIT pacCYUTaH YIy4dIlleH-
HBIW BereranuoHHbi wHACKC EVI (enhanced
vegetation index), XapakTepU3YIOLIUH OTpaxa-
TEIbHYI0 CHOCOOHOCTH MOBEPXHOCTHU, OCOOEH-
HO YyBCTBUTEJIbHBI y TYCTOM pPaCTUTEIBHOCTH,
B OmkHEM MH(PAKPaCHOM U BUIMMOM KPAaCHOM
JMana3oHax.

Ha puc. 4 npencraBieHsl AByXMEpPHbBIEC M-
IrpaMMBbl paccesHus, IOKa3bIBAIOIINE B3auUMO-
CBS13b KOA((UIIMEHTOB ITTABHBIX KOMIIOHEHT.

OOBeKThl PACTUTEIBHOTO MPOUCXOKIACHUS
U KOMMYHMKAIlUM OBLIM pa3JesieHbl IJIarMHOM
MCKYyCCTBEHHOI'O MHTEJUIEKTa Ha JBa OCHOBHBIX
Kjacca: BBICOKHM Jiec (cBbime 10 M 10 99 ™)
U cpeaHuil (HU3KOPOCIbIH, pacTyiiuii) (cBbiie 4
no 10 m BkmrounTenbHO) (puc. 5). YcraHoBiie-
HO, 4uT0 60—65 % npuxonuTcs Ha IO BBICOKO-
ro jeca (3eneHbld UBeT Ha puc. 5), 30-35 % — Ha
JIOJII0 JIEPEBbEB CPEAHEr0 Kiacca (BBIACIEHBI
Ha pHUC. 5 )KEATHIM LIBETOM). OTKPBITHIE MaCCUBBI
U KyCTapHUKU 3aHMUMaIOT MeHee 2 % oT oOl1iero
KOJIMYECTBA PACTUTEIbHBIX OOBEKTOB.

O6cyxaeHne

«Ypouniue benbiii Kittouy sBisieTcss npupo-
HO-3KOJIOTUYECKUM KapKacoM TaTHILEBCKOro paii-
ona CapaToBCKOIl 00JIaCTH ¥ YaCThIO OJHOUMEHHO-
ro OOIIT, 3anumas miomanes 152 ra. O0bexkTamMu
OXPaHbI Ha TOW TEPPUTOPHH SBIISIIOTCS OJIbXA Yep-
Has (Alnus glutinosa) u ny6 yepeurdarsiii (Quercus
robur), a Takke KpaCHOKHIKHBIE PACTCHUS.

[Ipeobnamanrie OOBEKTOB BBICOTOM CBBIIIIE
10 M 10 99 M (3eneHbIN LIBET HAa KapTe puUC. 5) CBU-
JETEeNbCTBYET O (OPMHUPOBAHHUH 3PENOro OHOTeo-
neHo3a. PacturenbHble 0OBEKTHI TAKUX Pa3MEPOB
MPECTABICHBl KPYMHBIMH JIE€PEBbSIMU, COCTaB-
JAOIIMMYA BEpXHUU sApyc Jieca. Hanuune takon
TpyTIbI I€PEBHEB TOBOPUT O chOpMUpPOBaBLICIICS
JIECHOU PKOCHUCTEME, 1€ IEPEBbS JOCTUTAIOT 3pe-
JOCTH W TPEJOCTABIAIOT OOJBIIOE KOJIMYECTBO
3KOJIOTMUECKUX HUII JIs1 APYTUX BUAOB PACTEHUMN
Y )KUBOTHBIX.

MeHnb11asi 1071 paCTUTEIbHBIX 00bEKTOB pas3-
Mepamu cBbIre 4 10 10 M (KeNnThIi [IBET HA KapTe
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Puc. 2. Kaprorpammsl mpeoOpa3zoBanus tasseled cap s usydaemoit teppuropuu: (a) brightness (spkocTs),
(b) greenness (3en1eHOCTB), (C) wetness (BIaKHOCTB).

Fig. 2. Tasseled cap transformation cartograms for the study area: (a) brightness, (b) greenness, and (c) wetness.
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pucC. 5), BEepOsTHO, TPUHAJJICKUT MOAPOCTY U MO-
JIOZIBIM JepeBbSIM, 00ECIIEUNBAIOIIUM €CTECTBEH-
HOe BO300HOBIEeHHE Jieca. OOBEKTHI MEHBIIIETO
pa3Mepa COCTaBJISIOT MOJOAbIE AepeBbs nyda u
OJIbXHU, HaXOMAIINECS Ha CTaJUU POCTa, a TAKXKe
MOJUIeCOK (KyCTapHUKA U HEOOIBIINE JEePEeBbs,
Takue Kak JelMHa, OepecKlIeT) W OTAEIbHBIC
KpYTIHbIE KYCTapHUKH.

Hanuuue xak KpynHbIX JepeBbeB, Tak U 0o-
Jiee METKUX CBHJIETENBCTBYET O CIOKHOW BEPTH-
KaJbHOH CTPYKType Jieca. DTO, B CBOIO OYEpEIb,
TOBOPHT O BBICOKOM OMOpa3zHO0Opa3ui.

Bo-niepBeix, 310 OMOpa3zHOOOpa3ue MecTo-
o0uTaHu# pa3HBIX BUAOB, 00YCIOBIECHHOE HaJH-

YUEM MHOTOSIPYCHOM CTPYKTyphl Jjieca. Pazmmu-
HBIE SIPYCHI JIECA NIPENOCTABIISIOT Pa3IUYHBIE yC-
JIOBUS 111 OOMTaHUS paCTEHUH M KUBOTHBIX.

Bo-BrOphIX, 3TO BO3pacTHas CTPYKTypa
aeca. YcToiunBoe pa3BUTHE OHOTeoleHo3a mpo-
UCXOAUT 3a CUET HAJIWYMA ACPEBBEB PA3HOIO
Bo3pacTa (0T MOJOJBIX /10 CTAPOBO3PACTHBIX).
Oto obecrneynBaeT CTaOMIBHOCTh HKOCHCTEMBI
U CO3JAET YCIIOBHA IS CyIECTBOBAaHUS BHUIOB,
IPUCIIOCOONEHHBIX K Pa3HbIM CTaJusM pa3BH-
TUA Jeca. Tak, poslb CTApOBO3PACTHBIX JE€PEBHEB
B (DYHKIIMOHMPOBAHUU JIAHHOTO OHOreOlIeHO3a
3aKJII0YAeTCsl B IPEJOCTABIEHUU MECTOOOUTA-
HUS JUIsl THE30BaHUs MTHLl M yOeXKHIIa JIs Jie-
Ty4HUX MBIILIEH.

Puc. 3. YacToTHBIE THCTOTpPAMMEBI paclpe/eNieHNs] 3HaYCHHI KOMIIOHEHT mpeoOpas3oBaHus tasseled cap (a—c) m mHmekca EVI

(d) mmst u3y4aeMoil TEpPUTOPHH.

Fig. 3. Frequency histograms of the distribution of values of the tasseled cap transformation components (a—c) and the EVI index

(d) for the study area.
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B-tperbux, 3TO BHIOBOE pazHOOOpasme.
Jy0 depemryarbiii M OJbXa YEpHAsl CO3/IAlOT OC-
HOBY IS CYIIECTBOBAHUS MHOTHX CBSI3aHHBIX
¢ wumu BujoB. Jlyd coszmaer mecTooOHTAaHUS
HACEKOMBIX, MTHUIl W MIekonuTatonmx. Onbxa,
B CBOI OdYepeldb, MPEANOYUTAET BIAKHBIE Me-
cTa U crnoco0cTByeT (OPMUPOBAHUIO TTOYBEHHOM
¢ops! U payHbI.

M3BectHo [16], uro mnpeoOpasoBaHue
tasseled cap a¢dexTuBHO B 3amaue aemmppupo-
BaHUS CITyTHUKOBBIX KOCMOCHHUMKOB. /{7151 MHOTO-
SIPyCHOT'O JIECHOTO OMOTeo11eH03a, COJIEPKAILEro
Jec, KyCTapHHUKH, TIOAJIECOK, PaclioO3HaBaHHE pac-
TUTENBHBIX 00BEKTOB HAa KOCMOCHHMKaX d(pdek-
THUBHEE TIPOBOJUTH C IMOMOIIBI0 UCKYCCTBEHHOTO

MHTEIUIEKTa. DTO CBSI3aHO C TEM, YTO Mpeodpazo-
BaHue tasseled cap sBnsieTcs MTMHEHHBIM MPeEOO-
pa30BaHMEM CIEKTPAJIbHBIX KaHAJIOB, OHO BbIjIE-
JSIeT IIaBHbIE KOMIIOHEHTHI, TaKue KaK SPKOCTh,
3€JICHOCTh M BJIAXXHOCTb, U 3 dekTrnBHEee pabdo-
TaeT Uil MNpOCThIX JaHamagdToB. a1 MHOro-
SAPYCHOTO Jieca CUTHAJI, UCXOJAIIUNA OT MUKCe,
SIBJSICTCS HEJIMHEWHOW KoMOuHamuen 3¢ dexToB
OTpakeHHsl OT MO0Jora, MOJJIeCKa, KyCTapHUKOB,
KPOHBI JIEPEBBEB M JIPYTHX OOBEKTOB. B Takom
cilydae B 3aa4e IeIH(pprupOBaHUs CITy THUKOBBIX
KOCMOCHUMKOB 3(¢dexruBHee paboTaer HCKyc-
CTBEHHbII MHTEJUIEKT, CIOCOOHBIA yCTaHABIIH-
BaTh HEJIMHEHHBIE B3aUMOCBSI3U MEXy yKa3aH-
HBIMU XapaKTepUCTHUKAMH.

Puc. 4. Pesynbsrar npeoOpa3oBanus tasseled cap st usydaemoii repputopud. [IByXMepHbIE JHarpaMMbl, TOKa3bIBAIOIINE B3aHMOCBS3b
k03¢ puIMeHTOB TIIaBHBIX KOMIOHEHT: (a) greenness vs brightness; (b) NIR (B5) vs RED (B4); (c) wetness vs brightness; (d) green-

ness vs wetness.

Fig. 4. The result of the tasseled cap transformation for the study area. Two-dimensional diagrams showing the relationship between
the coefficients of the principal components: (a) greenness vs brightness; (b) NIR (B5) vs RED (B4); (c) wetness vs brightness;

(d) greenness vs wetness.
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[TomydeHHBIE C MTOMOMIBIO TIATHHA PACIIO3-
HaBaHUS KOCMOCHHMKOB Ha OCHOBE HCKYCCTBEH-
Horo wuHremiekra Mapflow nanHble O BBICOTE
pacTuTeIbHBIX O0BEKTOB B «Ypouuie beinbrit
Kirou» 1mo3BosIuiaN OLIEHUTh CTPYKTYPY JIECHOTO
MaccuBa. Ha ocHOBe mukcenbHON Kiaccuguka-
IIUY, PEATM30BAHHON C IMOMOUIBIO APXHUTEKTYP
CNN, BblZI€JIEHBI pa3MEpHBIE TPYIIIbI JEPEBHEB
Ha KOCMOCHHUMKAaX M YCTAHOBJIEHO MX HMPOIEHT-
HO€ COOTHOIIIEHHUE.

[Ipeobnamanme BricOokoro seca (60—-65 %)
yKa3bplBae€T Ha TO, YTO BEPXHHUH sipyc Oumoreo-
LIEHO3a 3aHMMaeT OOJBIIYI0 4YacTb TEPPUTOPHUU
U SIBJISICTCS OTIPEIEIISIONINM (PaKTOpOM CTPYKTY-
pBl M PYHKIIMOHUPOBAHHUS SKOCUCTEMBI. Bbicokue
JIepeBbs CO3IAI0T TEHB, BIHUSIOT HA MUKPOKITMAT,
MOYBEHHBIE YCIIOBHSI M JIOCTYHMHOCTH CBETa JUIS
HIDKHUX SIPYCOB.

OTKpBITBIE Y9aCTKU TIOYBBI, MOJCTHUIIKA U CY-
Xas JIUCTBA, 0o0Jee OCBEUICHHBIE YYAaCTKU KpPOH
YBEIIMYMBAIOT 3HAYEHUE KOMITOHEHTHI SIPKOCTH
brightness npeoOpazoBanus tasseled cap u, co-
OTBETCTBEHHO, HMHTEHCUBHOCTb CEPOHl OKpacku
(puc. 3 a). Beicokue 3HaueHus brightness xapak-

TEPHBI JUIsl yYaCTKOB JieCa, HA KOTOPBIX UMEIOTCS
BbIPYOKH, TIOBPEX/IEHHUS, UM YYacTKOB C MPeod-
nagaroued OTKpeIToN nouBoil. COMKHYTHIE Jieca
XapaKTEePU3YIOTCS HU3KUM 3HAYECHUEM BEIUYHHBI
brightness.

Bbicokast Benu4MHa KOMIIOHEHTHI 3€JIEHOCTH
greenness (puc. 3 b) u, cooTBeTcTBEHHO, OONEe
SIPKUH 3€JI€HBIA OTTEHOK Ha IMarpaMMe OTBEYaroT
IIOCAaJIKaM BBICOKOM IUIOTHOCTH M COMKHYTOCTH
KpoH. HanpoTuB, y4acTKH C MOBPEKICHHON BbI-
pyOKaMH U rapbl0 pacTUTENILHOCTBIO MM OTKPbI-
Thl€ YYacTKH HOYBBI OyIyT UMETh Oojiee HU3KUE
3HAYEHMsI greenness.

BbicOokue 3HaueHUS KOMIIOHEHTHI BIIA)KHO-
CTH wetness (puc. 3 ¢) COOTBETCTBYIOT BIJIaroo-
OecrieueHHbIM JIMCTBEHHBIM IOPOJaM JEpPEBBEB.
OT0 MOXET ObITh CBSI3aHO C OOJBIIMM KOJIWYe-
CTBOM BOJIBI B JIMCThSIX, BLICOKOM OMOMACCOM Uau
HaJIMYMEM BJIAXKHOW noAacTwiku. Huskue 3nave-
HUSI Wetness YKa3pIBaloT Ha YYacTKU ¢ Jeduiu-
TOM BJIQ)KHOCTH.

CumMeTrpuuHas, KoMmMmakTHas Qopma aua-
rpaMMel brightness (puc. 3 a) COOTBETCTBYET pac-
TUTEILHOMY COOOILECTBY, B KOTOPOM OTMEYaeTCst

Puc. 5. Pe3ynbrarsl pacrio3HaBaHHsI PaCTHTEIBHBIX OOBEKTOB M JJOPOT HAa MCCIEAYEeMOI TeppUTOPHU

C MCIIOJIb30BAHUEM UCKYCCTBCHHOI'O MHTEJJICKTA.

Fig. 5. Results of the Al recognition of plant objects and roads in the study area.
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BBICOKAs! OJTHOPOJTHOCTH PACIPe/ICTICHUST BEICOKOIM
Y HHU3KOPOCJION PacTUTENILHOCTA U COMKHYTOCTH
KpOH. ACHUMMETpUYHAasl, CMEIICHHAs B CTOPOHY
BBICOKHMX 3HAYCHHUI BEJIMUYMHA KOMIIOHCHTHI 3eJie-
HOCTH (greenness) (puc. 3 b) Tak:ke COOTBETCTBY-
€T BBICOKOH COMKHYTOCTH KpPOH H TYCTOTE 00-
JTUCTBEHUS! KPOHBL. OO 3TOM K€ CBUICTEIHCTBYET
CMEIICHHAass B CTOPOHY OOJNBIIMX 3HAYCHUH,
acuMMeTpudHas (hopMa KOMIIOHEHTBI BIIAXKHOCTH
(wetness) (puc. 3 c), cBsI3aHHas C BHICOKUM BJa-
ro3arnacoM KpOHBI IEPEBHEB YPOUHUIIA, HATUIUEM
JMCTOBOM TOACTWIJIKK M 3allacoB BJIard B TIOYBE.
ACHMMETPUYHOE pacClpeNeiCHue YIy4IIeHHOTO
BereTanmoHHoro uajaekca EVI, cMemennoe B cTo-
POHY BBICOKMX 3HaueHMH (puc. 3 d), cBUaeTEND-
CTBYeT O BBICOKOW TMPOAYKTUBHOCTH (puTOoMac-
Chl JIEPEBHEB HA PacCMaTpUBAEMOU TEPPUTOPHUU
Y O BBICOKOH IJIOTHOCTH €€ PacIpeesieH s, YTO
OOBSICHSIETCS BRICOKOW COMKHYTOCTBIO KPOH.

Crpykrypa nuarpamwm tasseled cap ans nec-
HOTO MAacCHBa XapaKTEPHU3YyeTCs HEUETKHM, pas-
MBITBIM XapaKTEPOM MOYBCHHOW JTMHHUH, & TAKIKE
JOKaJIbHBIM COCPEJOTOYCHHEM MHUKa BereTalu-
OHHOW KoMIOHEeHTHl (puc. 3 a—d). D10 00BscC-
HSETCS TeM, YTO, B OTIMYHME OT CEIhCKOXO3sH-
CTBEHHBIX TIOJIeH, JIECHAsl TOYBHI CKPBITA IOJ
JUCTBOM, OTAJOM, MXOM M IO3TOMY OTKJIHK OT-
paxXeHHs OT MOYBBI CMEIIIUBACTCS C OTPAKCHHEM
oT pactutenbHOCTH. Kpome TOro, 3areHeHHBIE
YYaCcTKH UMEIOT TOHIKEHHYI0 OTpa)kaTelIbHYIO
CIOCOOHOCTh, a TaKX e CHOCOOHBI MAacCKHpOBATh
MOYBEHHbIE yyacTKU. Takum oOpa3om, yem 0Oo-
nee AUQQy3HBIA XapakTep UMEeT NOYBEHHAs
JUHUS U 4eM 0oJiee JIOKabHBIN XapaKTep UMEeT
MUK BEreTaIMOHOW KOMITOHEHTHI Ha JUarpaMme
tasseled cap necHoro 6moreorneHo3a, TeM BbIIIE
IJIOTHOCTh PACIOJOXKEHUSI JIEPEBHEB U BBIMIE
COMKHYTOCTh MIX KPOH.

AHanu3 IByXMEpHBIX JIMarpaMM B3aUMOCBSI-
34 IJIaBHBIX KOMIIOHEHT NpeoOpa3oBanus tasseled
cap (puc. 4) mO3BOJISIET BBISBUTH UX OCOOCHHOCTH
MIPH aHAJIN3E JIECHOM YKOCUCTEMBI.

Bo-miepBBIX, 3TO HEYETKOCTh, Pa3MBITOCTH
MOYBCHHOW JIMHUU B TIPEOOPa30BaHUM C KOOPJIH-
HaTtaMu greenness vs Brightness (puc. 4 a) u NIR
vs RED (puc. 4 b). JlanHblii ¢akT MOKHO 00BsiC-
HHUTh CUCTEMHBIM XapaKTepOM B3aWMOICHCTBUUI
KOMIIOHEHTOB JIECHOTO OHOTreOIeH03a: MHOIO-
CJIOMHOM CTPYKTYpPOU JIECHOTO moJjora; (akTopa-
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MU, CHUKAIOUIUMH OTPa)KaTeabHy0 CIOCOOHOCTD
MOYBBI, TAKUMH KaK BIUSHUE (POTOCHHTETHUECKOM
aKTUBHOCTH PACTUTENbHON Ounomacchl, (akTop
TEHH, HAJIMYUe OPraHUYeCcKOro BEIIECTBa JIECHON
MOJCTHIIKH, HMMEIOLIEr0 COOCTBEHHYIO OTpa)ka-
TEJbHYIO0 aKTUBHOCTb.

Bo-BTOpBIX, 3aBHCHMMOCTH Wwetness Vs
brightness (puc. 4 c¢), greenness vs wetness
(puc. 4 d) nna necHoro MaccuBa UMEIOT BBICO-
Kyt aucnepcuro. [IpudumHONW 3TOro SBISIIOTCS
CHUCTEMHBIE B3aMMOCBSI3M KOMIIOHEHTOB JIECHOM
JKOCHUCTEMBI: BO3PACTHOE pACIpPEICIICHUE Jepe-
BbEB U, KaK CIIEICTBHE, COMKHYTOCTbh UX KpPOH
U MHTEHCUBHOCTH oTOpackiBaeMoil TeHu. Kpome
TOTO0, BJIUSIOT HAa JJAHHBIE 3aBUCUMOCTH pa3jiny-
Has TUIOTHOCTH mosiora (06JacTu ¢ T'yCThIM IIO-
JIOTOM OYIyT OTAUYATHCS IO BIAXKHOCTH H 3€Je-
HOCTH OT YYaCTKOB C PEJJKUM I10JIOTOM ), HaJTU4Ke
noJjiecka, peiibed) MECTHOCTH, C KOTOPHIM CBs-
3aHBl OCBEUICHHOCTb TEPPUTOPUU U JIPEHAXK.
Pa3MBITBIN XapakTep 3aBUCUMOCTEHN BIIA)KHOCTHU
OT APKOCTH U 3€JE€HOCTH OT BIAXKHOCTH SIBIIAET-
Csl IOKA3aTeJIeM yCTOWYMBOIO PAa3BUTHsI JIECHOU
9KOCUCTEMBI.

B-Tperbux, Hamuuue JOKaJIbHOIO YYacTKa
B BEpPXHEW YaCTU MarpaMm ITIaBHbIX KOMIIOHEHT,
B KOTOPOM MX BEIUYUHBI M3MEHSIOTCS B IIUPO-
KOM JlMama3oHe 3HaueHuH. JTo OObsSICHSETCS Be-
reTallMOHHON aKTUBHOCTBLIO 3€JIEHOM OMOMACCHI
B KPOHAax JIepeBbEB M KyCTapHHUKOB. BHenpeHnue
MOJOOHBIX TEXHOJOTMH HCKYCCTBEHHOTO HHTEI-
JIEKTa B IPAKTUKYy JIECOYyCTPOMCTBA M 3KOJIOTH-
YeCKOr0 MOHHMTOPHMHIA 3HAUUTEIbHO MMOBBIIIAET
3¢ (hEeKTUBHOCT, U TOYHOCTH HPOBOIUMBIX UC-
ClIe/IOBaHMNA. ABTOMAaTH3alMs IPOLECCOB 00pa-
OOTKM JTaHHBIX M aHaJ3a M300paKEHUH COKpa-
IIAa€T BPEMEHHBIE U TPYAOBBIE 3aTPaThl, a TaKKe
MUHHMH3HUPYET BIUSHHUE UYEIOBEUECKOTO (haKTo-
pa Ha pe3ynbrarbl. [lodydeHHbIE TaHHBIE MOTYT
OBITh HCIIONB30BaHbl IS Pa3paOOTKH IUIAHOB
[0 YCTOMYMBOMY YHPABICHUIO JIECHBIMU PECYp-
caMHd, COXPaHEHHWI0 OMOpa3HOOOpa3usi U CMST-
YEHUIO TOCIEACTBUNA M3MEHEHUs Kiumara. JTo,
B CBOIO OYEpE/b, COCOOCTBYET MPUHIATHIO 000-
CHOBaHHBIX YIIPaBJIEHYECKUX PeIlleHui B 001acTu
JIECHOTO XO34MCTBAa ¥ OXPaHbl IPUPOJIBI.

HayuHo-mMeToanueckoe 3Ha4eHHE COYETaHMSI
Metoza tasseled cap m Momysnst MCKYyCCTBEHHOTO
uHTeuiekta Mapflow coctouT B cienyromem.
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Mertog tasseled cap mpeoOpasyeT MHOTOCIIEK-
TpaJibHbIE JAHHBIE ITUCTAHLIMOHHOTO 30HAMPOBA-
HUS B HA00Op OPTOTOHATILHBIX HHAECKCOB, Hanbosee
MH(POPMATHBHBIX Ui aHAJM3a PAaCTHUTEIHHOCTH,
CHU)XKasl pa3MEpHOCTh JAHHBIX JO0 Tpex Haubo-
Jiee 3HaYMMbIX KOMIIOHEHT (SPKOCTb, 3€JI€HOCTD,
BIAXHOCTh). OTClOla CJlenyeT, YTO JaHHbIA Me-
TOJI aKIIEHTUPYET BHUMAaHHUE Ha TaKUX XapaKTepu-
CTHKaX, KaKk Omomacca, copep)aHue XJopodunia
U BIQXXHOCTh. DTO yBelIHuMBaeT 3(PPeKTUBHOCTD
aJITOPUTMOB PacliO3HABAaHUS Pa3IMUnil B XapaKTe-
pPHUCTUKAX JCPEBBEB.

[Ipumenenne moayns Mapflow st pacmos-
HABaHUS BBICOTHI JEPEBbEB Ha OCHOBE Mpeodpa-
30BaHHBIX C MoMoOIIb0 tasseled cap maHHBIX mo-
3BOJISIET aBTOMATHU3MPOBATh KapTorpadupoBaHUe
TEPPUTOPUH, YCTpaHss pyuHyto oundposky. [lpu
3TOM C MOMOIIbIO AJITOPUTMOB MAIIMHHOTO 00Y-
YeHMsl (TaKUX KaK CBEPTOYHbIE CETU) yBEJIUYUBA-
€TCsl TOYHOCTh PACIlO3HABAHUS TPAHUI] IEPEBHEB
u quddepeHIranny pa3HbIX 0ObEKTOB (J€pEBHEB,
KyCTapHHUKOB, TOYBHI U T.1.).

Takum obpaszom, coueTanue metoza tasseled
cap M MOAYJAS HCKYCCTBEHHOIO HHTEJUIEKTa
Mapflow mo3BonseT momyduTh HEHHYIO HH)OP-
MaIHo I M3YYEeHUS W MOHHTOPWHTA JIECHBIX
HKOCUCTEM — IMPOBECTH OLIEHKY OMOMAacChl M 3a-
MacoB JIpeBecuHbl. Vcrnonb3ys NOBTOPHBIE ChEM-
KM U aHaJM3 Ha OCHOBE OIMCAaHHOIO MOAXOja,
MBI MOXKEM OTCJICKHUBATh NUHAMUKY H3MEHEHHM
B JIECHOM IIOKPOBE, BBI3BAaHHBIX TOKapaMH, BbI-
pyOkamu W ApyruMu (akTopamMu. ITO Ba)XKHO
U Ul ONpPENENICHUs TPaHULl OTIEIbHBIX OHUoreo-
LIEHO30B.

3aknro4yeHue

Ha ocHoBe aHanmu3a MyJbTUCHEKTPAIbHBIX
KOCMOCHUMKOB B BuUInuMoil u OmmwxHeir HK-
007acTsaX ¢ MOMOIIBI0 MpeoOpa3oBaHus tasseled
cap BBIJCIICHBI CIIEAYIOIIUE IPU3HAKU YCTONUNBO-
r0 Pa3BUTHS JIECHOTO JINCTBEHHOTO OMOTEOlIeHO-
3a: HEYETKOCTh IMOYBEHHOU JIMHUU B KOOPAMHATAX
«3eneHoCTh» Vs «sIpkocTh», NIR vs RED npeo6-
paszoBaHus tasseled cap; BeICOKasi aucmepcus 3a-
BHUCHUMOCTEH «BIQXKHOCTBY VS «SIPKOCTBY; «3eJe-
HOCTB» VS «BIQXHOCTbY»; HAJIMYHE JIOKAJIBHOTO
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ydacTKa B BEpXHEW YacTH Juarpamm IJIaBHBIX
KOMITOHEHT, B KOTOPOM HX BEIMYUHBI HM3MEHS-
IOTCS B IIMPOKOM JHAIa30He; aCHMMETPUIHOCTD
U CMEIIEHHOCTh B CTOPOHY OOJIbIINX 3HAYCHHM
YACTOTHBIX JHArpaMM BJIQXXKHOCTH, 3€JIEHOCTH,
a taxxe uHaekca EVI. Otu mpusnaku oObscHS-
IOTCS. CUCTEMHBIM XapaKTepOM B3aHMOACHCTBUSA
B JIECHBIX OMOTeOIeH03aX TakuX (PaKTOpOB, KaK
MHOTOCJIOIHAS CTPYKTYpa JIECHOTO TI0JIOTa, BITHSI-
HUE (POTOCUHTETUYECKON aKTUBHOCTH PACTUTENb-
HOU Omomacchl, (pakTop TEHH, a TaKKEe BO3PACT-
HOE pacIpe/iesieHIe PaCTUTENFHBIX KOMITOHEHTOB
IKOCHCTEM.

Crpykrypa auarpamm tasseled cap mns nec-
HOTO MacCHBa XapaKTEpHU3yeTCs HEYETKUM, pa3-
MBITBIM XapaKTepOM MOYBEHHOM JMHHH, a TaKXKe
JIOKaJbHBIM COCPEJOTOYEHUEM ITHKA BET€TAIlMOH-
HOM KOMITOHEHTEI. ITO 00BIACHAETCS TEM, UTO JIeC-
Hasl MOYBa CKpBITAa MOJ JUCTBOU, OMAJ0M, MXOM
¥ TI03TOMY OTKJIMK OTPaKEHUS OT TIOYBBI CMEIITH-
BAETCS C OTPaKEHUEM OT pacTuTenbHOCTU. Kpome
TOTO, 3aTCHEHHBIE YYaCTKH MMEIOT MOHIKEHHYIO
OTpaKaTeJIbHYI0 CIIOCOOHOCTH, @ TAKXKE CIIOCO0-
Hbl MACKHPOBATh MOYBEHHBIE YUaCTKH. Takum 00-
pazom, mud¢y3HBIA XapakTep MOYBEHHOW TUHUU
M JIOKaJbHBIA XapakTep IHKa BETreTalMOHHON
KOMITOHEHTHI Ha uarpamme tasseled cap mecHoro
OHOreoIeH03a XapaKTepU3yIOT INIOTHOCTh PaCIIo-
JIOKCHHS JIEPEBHEB 1 COMKHYTOCTh UX KPOH.

[TpakTiueckass 3HaAYMMOCTH PabOTHI, coue-
Tarolei npeodpazosanue tasseled cap u meTombt
MCKYCCTBEHHOTO HMHTEJUICKTa JJISi OICHKH Bere-
TallMOHHON aKTUBHOCTU JIECHOTO OHMOreoIlieHOo3a
U BKJIaJIa APEBECHBIX MOPOJ Pa3HON BBICOTEHI, 3a-
KITFOYAeTCs B CIICAYIOIEM.

ITpeoOpa3oBanue tasseled cap mno3Bosser
BBIJICTTUTh OCHOBHBIE KOMIIOHEHTBHI, XapaKTepH-
3yIOLIME COCTOSIHUE PACTUTEIBHOCTHU: SIPKOCTH,
3eNIEHOCTh M BIAXXHOCTh. MoJenH, CO3AaHHbBIE
C TOMOIIIBI0 MCKYCCTBEHHOTO WHTEIUIEKTa, OoJee
TOYHO OIICHHBAIOT BETre€TAl[MOHHYIO aKTUBHOCTD,
4eM CO3JaHHbIE TPATUIIMOHHBIMH METOJaMHU.
DTO TO3BOJISET BBISABIATH MPOOIEMHBIC YYaCTKH
jeca Ha paHHUX CTaJUsAX, HApUMEP 30HbI C pac-
TUTENBHOCTBIO, YTHETEHHOH 13-3a O0oJie3HeH, Bpe-
JIATENICH W 3arpsI3HEHUS.

OneHka BKJIaJa JPEBECHBIX IMOPOJA Pa3zHOM
BBICOTHI B OOIIYI0 BETETAIMOHHYIO aKTHBHOCTH
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Jieca TI03BOJISIET MOHATH CTPYKTYPY JIECHOTO OMO-
Te0IeH03a M BBISIBUTH JOMUHHUPYIOIIUE IOpPO-
Ibl. DTO Ba)KHO AJISl OLEHKU YCTOHYMBOCTH Jeca
K U3MEHEHHUSM KJIMMara, Tak Kak pa3Hble MOpo-
16l 00J1aZat0T pa3HON yCTOWYMBOCTBIO K 3acyXe,
OonesnsmM u Apyrum (akrtopam. Mogenu ucKyc-
CTBEHHOTO MHTEJUIEKTA MOTYT ObITh O0YYEHBI JIs
paszeneHus BKJIaJa pPa3HbIX IOPOJ Ha OCHOBE
JAHHBIX JNUCTAHIIMOHHOTO 30HIUPOBAHMSA M Ha-
3€MHBIX U3MEPEHHH.

Coueranue tasseled cap M MCKYyCCTBEHHOTO
MHTEJUIEKTa MO3BOJISIET CO3/1aTh CHUCTEMY MOHHU-
TOPUHIa M3MEHEHUIl B Jiecax BO BPEMEHH. OJTO
0COOCHHO Ba)XXHO B YCJIOBHUSX HW3MEHSIOIIETO-
Csl KJIMMarta, KOIja Jieca MOABEpraroTcs Bo3Jeii-
CTBHIO HOBBIX yrpo3. C IOMOIMIBIO TaKO CUCTEMBI
MOXXHO ONEPAaTHBHO BBISBIISATH MU3MEHEHHS B CO-
CTOSIHMH JIECOB U IIPUHUMATh MEPHI 110 UX 3aLUTE
Y aJlanTaluu.

Pa3zpaGoranHble Monenn MOTYT OBITH HC-
MOJTK30BAHBI JIJISI TPOTHO3UPOBaHUS Oymytieii Be-
reTalMOHHONW aKTUBHOCTH JIECOB B 3aBUCHUMOCTH
OT Pa3JINYHbIX (PAKTOPOB, TAKUX KaK M3MEHEHMS
KITMMATa, JIECOXO3AWCTBEHHBIE MEPOTIPUATHS HITH
aHTPOIIOTEHHOE BO3JeicTBUE. DTO MO3BOJSET
MPUHUMATh 00Jiee 000CHOBAaHHBIE pEIIeHUs B 00-
JaCTH JIECOYTIPABIICHUS U TUIAHUPOBAHUS.

[IpuMeHeHHe AMCTAHIIMOHHOTO 30HAMPO-
BaHUSI M METOJIOB MCKYCCTBEHHOTO HHTEIICKTa
MOXET 3HAYUTEJIIbHO CHU3UTH 3aTPaThl HA MOHU-
TOPHHT JIECOB IO CPAaBHEHHWIO C TPaIUIHOHHBI-
MU METOAAaMH, TPEOYIOIUMH OOIbIIOro o0bemMa
Ha3eMHBIX M3MEPEHUH. DTO J1elaeT MOHUTOPUHT
OoJiee TOCTYIHBIM U MO3BOJISIET OXBATUTH 3HAYH-
TEJIbHBIE TEPPUTOPHH.
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YcrnoBusa HepecTa ANOHCKOro aH4oyca

Engraulis japonicus (Engraulidae)

B HOro-BoCTOYHOM YacTn CaxanuHckoro 3anunea (OxoTckoe Mope)
O. H. Myxamemosa®, U. H. Myxamemos

@E-mail: olga.sakhniro@gmail.com

Caxanunckuii unuan Beepoccuticko2o HayuHo-uccie008amenscko20 UHCMUmMyma pbloHO20 X035Cmead
u oxearoepaguu (CaxHHUPO), FOxcrno-Caxanunck, Poccus

Pe3tomMe. B pabore mpencraBieHbl pe3yibTaThl UCCICAOBAHUI YCIIOBUI HepecTa SMOHCKOro aHdoyca Engraulis
japonicus B 10ro-BocTouHOM yacTu CaxaquHCKOro 3ajuBa B KoHIe aBrycta 2011 r. Pa3BuTue UKpbI ¥ TNYMHOK NPO-
HCXOIWIO B IIMPOKOM JIHANa30HE TEMIIEpaTyphl BOABI M COJICHOCTH. TeM He MeHee NpH HepecTe aHdoycC u3beras
palioHOB BTOPKCHHS XOJIOJHBIX OXOTOMOPCKHX BOJ, CHJIBHO OIPECHEHHBIX aMyPCKHX BOJ M pailoHOB neiicTBus Oe-
peroBbIx cTOKOB ¢ MyTHOCTBIO 6osiee 7 FTU u conenoctsio Menee 10 %o. MaccoBsIif HepeCcT IPOMCXOIMII B OTPaHH-
YeHHOM Jnarna3zoHe nryoun 13—15 m mpu cpenneii remneparype 9.9 °C Bo BceM cioe u 15.4 °C y moBepxHOCTH, COJIe-
HocTh — 22.1 1 19.3 %o v myTHOCTH 1.9 11 2.3 FTU cooTBeTcTBEHHO. BBICOKHE KOHIIEHTPAIIMY HKPBI — 10 657 2K3./M?
B TOJIIIE BOABI U 70 223 3K3./M> B MOBEPXHOCTHOM cJlioe — (hOPMUPOBAIHCH HA JOKAIBHBIX y4acTKaxX C BBICOKOM
MPOAYKTUBHOCTBIO IUITAHKTOHHBIX U OEHTOCHBIX COOOIIECTB. YYaCTOK MaKCHMAaJIbHBIX CKOIUICHHHA MKPBI COBIAAal
¢ 3army6neHueM Boj ¢ Temreparypoit 8—10 °C u 6onee go ropuzonTta 10 M. B aTOM crioe Habaromanocs crabmibHOE
colepkaHue Kuciopona — B npernenax 8—10 mr/m, u HeBbicokas MyTHOCTh — 110 2 FTU. Jlons HexXu3HECTTOCOOHBIX
MKpUHOK ObuTa — 0T 0.7 % B moBepxHOCTHOM cioe 10 4.4 % B Tomme Boxsl. O0Ias NPOJOIKUTEIFHOCTS HepecTa
B CaxalMHCKOM 3alluBe, IPeAToN0KUTEIbHO, CocTaBIAna 1.5 Mec.

KnroueBble crnoBa: CaxanuHCKHi 3a7HB, SMOHCKHI aHYOYC, UKpA, JTUYUHKH, TUIOTHOCTH, paclpejeieHue,
(hakTopBI cpebl

Spawning conditions of Japanese anchovy

Engraulis japonicus (Engraulidae)

in the southeastern part of Sakhalin Gulf (the Sea of Okhotsk)
Olga N. Moukhametova®, Ilias N. Moukhametov

@E-mail: olga.sakhniro@gmail.com

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

Abstract. This paper presents the results of studies of the spawning conditions of Japanese anchovy Engraulis japoni-
cus in the southeastern part of Sakhalin Gulf at the end of August 2011. The development of eggs and larvae occurred
over a wide range of temperature and salinity. Nevertheless, during spawning, anchovy avoided the areas of the intru-
sion of cold waters of the Sea of Okhotsk, strongly desalinated Amur waters and the areas of coastal runoff with turbid-
ity greater than 7 FTU and salinity less than 10 %o. Mass spawning occurred within a limited depth range of 13—15 m
with an average temperature of 9.9 °C throughout the whole layer and 15.3 °C at the surface, salinity of 22.1 and 19.3 %o
and water turbidity of 1.9 and 2.3 FTU, respectively. High abundance of eggs — up to 657 eggs/m? in the water column
and up to 223 eggs/m? in the surface layer — were formed in local areas with high productivity of planktonic and benthic
communities. The area of maximum concentration of eggs coincided with the deepening of waters with temperatures
of 8-10 °C and higher up to the 10 m layer. In this layer, stable oxygen content of 8—10 mg/l and low turbidity of up to
2 FTU were observed. The proportion of non-viable eggs was low, from 0.7 % in the surface layer to 4.4 % in the water
column. The total duration of spawning in Sakhalin Gulf was assumed to be 1.5 months.

Keywords: Sakhalin Gulf, Japanese anchovy, eggs, larvae, abundance, distribution, environmental factors
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/Jna yumuposanua: MyxameroBa O.H., Myxameros W.H.
VYcnoBust HepecTa SANOHCKOTO aHdoyca FEngraulis japonicus
(Engraulidae) B roro-socroynoii wyactu CaxalnHCKOTO 3aJiUBa
(Oxotckoe mope). [eocucmemvr nepexoonvix 30w, 2025, T. 9,
Ne 3, c. 299-324. https://doi.org/10.30730/gtrz.2025.9.3.299-
324; https://www.elibrary.ru/klqatc

BBepeHune

SAnonckuit awvoyc Engraulis japonicus
Temmink et Schlegel, 1846 sBnserca Menkum,
KOPOTKOLIMKJIOBBIM CTaMHBIM MEIaru4ecKuM BH-
JIOM, OCHOBHAs1 4acTh apeajia KOTOPOro HaXOJWT-
csa B XKenrom, Bocrouno-Kuraiickom 1 SImoHCcKOM
MopsiX. UMCIEHHOCTh aH4YOyca IMO/IBEpKEHa 3Ha-
YUTEILHBIM MEXTOJIOBBIM KOJICOAHUSIM KakK M3-3a
AKTUBHOTO MPOMBICJIA B CTPAHAX KOr0-BOCTOYHOM
A3un, Tak W TOI BIWSHHEM (PAKTOPOB CPEIBbI,
B TOM uwuciie knumatudeckux [1-4]. IIpu BbICcO-
KON YHCIICHHOCTH B TEIUIbIA MEPUOJ ToAa aH4do-
yC COBEPILIAET HAryJbHO-HEPECTOBBIE MUTPALIMHU
K 6eperam o. Caxanus [5]. Bnonp 3amagnoro mo-
Oepexbsi OCTPOBA OH MOXKET IMOJHUMAThCS Jlaje-
KO Ha ceBep U yepe3 mnpoi. Hesenbckoro npoHu-
KaTb B AMypcKkuil JinmMaH U B CaxaJIMHCKUH 3aJIUB
[6—8]. Bmoms BOCTOYHOTO TOOEPEkKbsI TOCTHTAET
53°c.m. [9, 10].

Temmieparypa, kKak peryasatop Gpuanogorude-
CKHX IPOIECCOB SMOPHOHOB U JINYUHOK, SIBIISIETCA
OJTHUM U3 OCHOBHBIX (DAKTOPOB, HHUIIUUPYIOLITUX
ukpomeranue anyoyca [ 11-13]. [lupoxkuii nuana-
30H TeMIIeparyp Bo Bpemst Hepecta — oT 13— 15 °C
10 29 °C s mpUOPEKHBIX  TPYHITUPOBOK
[2, 4, 14-16], 5-12.6 °C u BbI1LIE JUIsI MUTPUPYIO-
IIMX TPYNIUAPOBOK [ 17] — MO3BOJIUI OTHECTH ITOT
BUJI K 3BpUTepMHBIM [18]. B nienTpansHoil yactu
apeaja HEpeCT aHU0yCa MOXKET JUIMThCS IPAKTHU-
YECKH KPYIIOTOAMYHO. J[JI THXOOKEAHCKUX BOJ
SlnoHun cbeMKaMu NOATBEPKAEHO UKPOMETAHUE
¢ siHBaps 1o oktaAopsb [19]. Ilo mepe mpoaBuxke-
HUSl Ha CEeBEP BBIMET MKpBI CIIBUTaeTCs Ha Ooiee
no3aHue cpoku [20], HepeCTOBBIN EPHO] COKpa-
maercs. B Bomax IIpuMopes OCHOBHOM HepecT
MPUXOJUTCS Ha Maki—utoib [21, 22], B OXoTCckOM
Mope u B Tarapckom MpoJIMBE — HA UIOJIb—ABIyCT
[23—26], B OTHENBHBIE TOJBI MOXKET MPOIOJIKATh-
cs 10 OKTAOps [27].

ITopuMOHHBINA HEPECT NMPUXOAUTCS IIPEUMY-
IIECTBEHHO Ha TeMHOE BpeMs cyTok [ 14]. B 3aBu-
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CUMOCTH OT YCIIOBUH UHTEPBAJI MEKY BBIMETAMU
MOPILIMI COCTABIISIET OT OAHOTO JO JEBATU JHEH
[17]. B nepuon maccoBoro Hepecra AJig aH4oyca
XapaKTepHO O0Opa30BaHUE IUIOTHBIX CKOIUICHUH
UKPBI, pa3Mepbl KOTOPBIX Yallle BCETO HE MPEBbI-
matot 0.3 xm [28].

BbIMeT uKpbI MPOUCXOAUT B IIMPOKOM JIHaMa-
30HE€ COJICHOCTH — OT MOPCKOU M OJIU3KOM K MOp-
ckoit (27.3-34.8 %o, B cpennem 33.3 %o) B Bozax,
ombiBarommx Kopeiickuii n-oB [12], 10 oueHs Ba-
puabenbHBIX BEIMYUH B 3cTyapusx — 2.9-31.6 %o
B paiione p. Anuzsr [11] u 4.3-32.8 %o B paiio-
He p. XyaHxd [29]. Tem He MeHee, uKpa aHuOyca
HE 00pa3yeT MacCOBBIX KOHIEHTpAIMi B CUILHO
OMPECHEHHBIX pailloHaX M pachpenesseTcs mpe-
MMYIIECTBEHHO Y BHEIIHEW TPaHUIIBI ICTyapu-
eB [30]. JIuuunku U Manbku, 6ojee yCTOWYHBBIC
K TOHUXEHHOW COJICHOCTH, MOTYT PacCENSThCS
Ha OIMpPECHEHHBIX MPUOPEKHBIX ydacTKax, Oora-
ThIX KOPpMOBbIMU pecypcamu [12, 31]. Tonepant-
HOCTh K M3MEHEHHIO COJICHOCTH TO3BOJISET aH-
YOyCYy Pa3MHOXKAThCSl B 3CTyapUsiX KPYIHBIX PEK
I0TO-BOCTOYHON A3uu, rie 60IblIoe KOJIUYECTBO
BBIHOCUMBIX OHOT€HOB OO0ECIEUMBACT BBICOKHE
BEJIMYMHBI MEPBUYHON MPOAYKIMU M YUCICHHO-
CTH KOPMOBBIX OpPTraHW3MOB, YTO YPE3BBIYAITHO
BaXHO ISl pa3BUTHS M POCTa JTUYUHOK U MOJIO-
i pei0 [32-34], a ruxpoaMHAMHYECKUE CHCTe-
MBI CTIOCOOCTBYIOT YJIEP>KaHUIO UKPHI B TIpeiesiax
Y4aCTKOB MacCOBOTO HEpeCTa C OJIaronpusITHBIMU
ycnoBusiMU cpenbl [35, 36].

Hecmotps Ha BaxkHYIO pOJIb B JIETHEH HKOCH-
creme Oxotckoro mopsi u Tatapckoro mposiuBa,
a TaKXe MOTEHIMAJIBLHYIO MPOMBICIIOBYIO 3HAYH-
MocCTh [5, 9, 10], penponykTuBHasi OUOIOTHS aH-
yoyca y CEBEPHBIX I'PAHMI] apeaja MpPaKTUYeCKu
He u3yuyeHa. Borpocsl, cBsi3aHHBIE C JIOKATU3AIH-
€l pailOHOB HEPECTA U BBIPOCTHBIX 30H, OCTAIOTCS
OTKPBITEIMHU. TONBKO B OTHOM paboTe 00O0OIIEHBI
JTAHHBIC 110 PACIIPEICIICHUIO PAHHUX CTAIUN pa3-
BUTHUS aHYOYyCa B MIEPUOJI BHICOKOM YMCIEHHOCTH
Y BBICKA3aHbI MPEATNOIOKEHUS O MyTAX HEPECTO-
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BbIX MHUTpanuii npoussonuteneii [23]. Eme B psaae
WCCJIEIOBAaHUN TPUBEICHBI CBECHUS O BCTpeya-
€MOCTH MKpPbl M JIUYMHOK aHYOyCa B OTIEIbHBIC
TO/Ibl Ha JIOKAJIbHBIX y4yacTkax [24-27, 37].

CaxanvHCKUN 3aluB, SBISIOLIMNCA YacThbIO
BHEIITHETO 3CTyapus p. AMyp C Mpeobranaroiu-
mu ryonHamu 2050 M [8], oTHOCUTCS K OTHOMY
13 HEMHOTHX MECT C OUY€Hb BHICOKMMH KOHIIEHTpa-
LUSIMU UKPBI M JINYMHOK aH4yoyca [38]. Makcumarb-
HBIA pacxod p. AMyp HPUXOJUTCS Ha Maill — OK-
T0pb. B 3TOT mepuon mpouCcXOnuT peryispHbIi
BBIHOC BOJ] aMypCKOT'O IITIOMa U3 AMYPCKOTO JIH-
MaHa B Caxanunckuii 3anuB [39]. FOro-BocTounas
YacTh 3aJlMBa HAXOAWUTCS TIOJ TOCTOSHHBIM BO3-
JIeiCTBHEM ONPECHEHHBIX U B JIETHUH niepuof 60-
JIee TEIUIbIX, YEM Ha OCTaJIbHOM aKBaTOPUU 3aJIMBA,
BoJ [40], oOpa3yromux Ha BbIXOJE U3 AMYpPCKOTO
JIMMaHa CTOKOBYIO JIMH3Y € COJEHOCTBIO 110 15 %o
[41]. Ora akBaropus OTIUYAETCS MAKCUMAaJIbHBIM
BBIHOCOM B3BellIeHHBIX BemiecT (BB), Oonbiun-
MU KOHIIEHTpaIusIMy (UTOIUIAHKTOHA U BBICOKOM
MPOAYKTUBHOCTBIO [42—44].

Jnst CaxanmHCKOTO 3a71MBa XapaKTEpHbI 3Ha-
YUTEJbHBIE CKOPOCTH TEUEHUU, TOCTUTAIOIINE
Ha BbIXoJle U3 AMypckoro numana 2.34 m/c [45].
[IpunuBHBIE TeUeHUsT OUYE€Hb MOUIHBIE, HO MPAK-
TUYECKU He u3ydeHbl. CyleCTBEHHOE BIIHMSHUE
Ha JMHAMUKY BOJl OKa3bIBAlOT TPaBUTAIMOHHBIE
TedeHusi. B BocTtouHoil yactn CaxaiaumHCKOTO 3a-
JTUBa OTH TEUYCHHUS YYAaCTBYIOT B OOpa3OBaHUU
AHTUIUKIIOHUYECKON IUPKYJSINN, CIIOCOOHOM
yaepKuBaTh JApeidyromne 0O0bEKTh 10 Mecs-
1a [46], 4To BaXXHO AJIsi CTAOWIBHOTO Pa3BUTHS
pBIO Ha paHHUX CTAAMSIX OHTOTEHE3a.

CwMmelieHre OXOTOMOPCKHX M aMypPCKHX BOJ
ompesenseT BapualbeNbHOCTh MapaMEeTpOB cpe-
JIbl B FOT0-BOCTOYHOM yacTu CaxalnHCKOTO 3aJv-
Ba. AMYPCKHH CTOK XOPOIIO UACHTH(PHUITUPYETCS
M0 COJIEHOCTH, TEMIIEpAType, COACPKAHUIO XJIO-
podwmiia a, MyTHOCTH, ypoBHIO Mopsi [44, 47]. Ha
BOCTOYHYIO YacCTh UCCIIEIYEeMOM aKBaTOPUHU OOJTb-
110€ BIIMSIHUE OKa3bIBAET TAK)KE CTOK 3aIMBOB baii-
ka1 u [lomps. Hannuue Ha Beixoae u3 3ai. baikan
ocTpoBa YII M JABYX MPOJMBOB — BoCTOYHOTO M
3anagHoro MpoxoJoB, MPUBOAUT K (HOpMUpPOBa-
HUIO CIIO)KHOW THUAPOAWHAMUKHU Ha MPUIEKALIUX
yuactkax CaxanuHckoro 3anuBa [48]. [Toctyme-
HUE 00JbIINX 00bEMOB TEIUIBIX OIPECHEHHBIX BOJ
COBIMAJIAET C HEPECTOBBIM MEPUOJOM MHOTHX BH-
JIOB pbIO, B TOM YHCJIE SIMTOHCKOTO aHY0YCa, COBEP-
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maromero B CaxaJlMHCKUH 3aJIUB NPOTSKEHHBIE
HaryJIbHO-HEPECTOBBIE MUTPALIUH.

Ilenp nanHOW paboOTHl — aHAJIW3 YCIOBUH
Cpenbl M UX BIUSHHUS HA paCIpeNesIeHue UKPbI U
JMYMHOK aH4YO0yca B I0ro-BOCTO4HOM yactu Caxa-
JIMHCKOTO 3aJIMBA.

MaTtepuan u metoguka

B crpanax roro-socrouHoi Asuwu, riue pas-
BUT MAacCHITa0HBIN TPOMBICENT SIIOHCKOTO aHYOY-
Ca M U3YyYEHHUIO €r0 PEenpONyKTHUBHOW OHONOTHH
YAETSIOT OOJIBIIIOE BHUMAHUE, [Tl IOTY4YEHUS He-
00XOJMMBIX JAHHBIX IIUPOKO MPUMEHSIOT UXTHO-
IJIaHKTOHHBIE CheMKH [12, 19, 49]. [lns uzyuenus
HepecTa aH4yoyca B I0ro-BocTouHoi yactu Caxa-
JIMHCKOTO 3ajiMBa TaKXKe HCIIOJIb30BaHbl pe3ysib-
TaThl UXTUOIUIAHKTOHHOW ChE€MKH, BBITOJIHEHHOMN
B TpeTbell aekane asrycta 2011 r. B nuamazone
r1yous ot 0.5 10 31 M (puc. 1). o rmyounsr 10 m
0TOOp MPOO OCYIIECTBISUIA C MOTOPHOM JIOJIKH
npu nomo1uu manoit ukopHoit cetu MKC-50 (mo-
maap BXxogHoro oreepetus 0.2 M?%, pa3Mep siueu
0.35 mm). [Ipu aToM Hag Trybunoit 10 1 M oTOOp
NPOBOAMIIHM TOJBKO B IOBEPXHOCTHOM CJIOE TO-
PU3OHTAIBHBIM TPAJICHUEM CETH Ha MPOTSHKEHUU

Puc. 1. CxeMa MXTHOIIAHKTOHHBIX CTaHLMIl M THAPOIOTHYECKUX
pa3pes3oB B I0Oro-BOCTOUHON yacTi CaxaaMHCKOTO 3aJIMBa B aBI'yCTe
2011 .

Fig. 1. Map of ichthyoplankton sampling and hydrological
transects in the southeastern part of Sakhalin Gulf in August 2011
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100 M, Ha mmy6unax ot 1 1o 10 M BRIOTHSIIHN TO-
PU3OHTAJIbHBIE OOJOBBI B MOBEPXHOCTHOM CIIO€
Y BepTUKaJIbHBIE 0OJIOBBI OT THA JI0 TOBEPXHOCTH.

Ha rnmyGunax 6omnee 10 M MXTHOMIAHKTOH OT-
6upanu ¢ 6opra HUC «JImutpuii [leckoB» ceTbro
NKC-80 (rutomaas BxomHoro orsepctus 0.5 M2,
pasmep siuem 0.35 MM) Takke AByMs criocoba-
MU — TOTaJbHBIM OOJOBOM OT JIHA JI0 TIOBEPXHO-
CTH W TOPU3OHTAIBHBIM TpaJCHUEM B TIOBEPX-
HOCTHOM cJioe B TeueHue 10 MUH. IPH CKOPOCTH
cynHa 2 y3na. CymmapHo ObUT10 0TOOpaHo U o0Opa-
6otano 35 mpoO uxTuoruiaHkToHa (Tadm. 1).

Bce MXTHOMIAHKTOHHBIE CTaHIIMK COMPOBO-
KJIaJMCh TUAPOIOTMYECKUM 30HIUpOBaHueM. [
W3MEpPEHUs] TeMIeparyphl, COICHOCTH, MYTHOCTH,
COZIepKaHusl KUCIOpoJia B MPUOPEKHON 30HE HC-
nonb3oBaiu 3081 Y SI-85 ¢upmst Y SI Incorporated
(CHIA), na nimy6uHax 6omnee 10 M — ruaposoruye-
ckuii komrieke ICTD FSI Integrated ¢pupmer Fal-
mouth Scientific Inc. (CLLA). /lanHbie momy4anm ¢
TcKpeTHocThio 1 M. Iy aHanmu3a MCIoab30BaIn
3HAYEHHUS TApaMETPOB CPelbl B MOBEPXHOCTHOM
cnoe 1-0 M, B TPUAOHHOM CJI0€, a TAKKE OCPETHEH-
HbI€ BEJIMYMHBI JIJIs1 BCETO CJIOSI OT JTHA JI0 TIOBEPX-
HOCTH, MTOJYYECHHBIE s Kaxkaoi ctanumu. Ocpe-
HEHHbIE JUIsI BCETO CJIOSI M JJIsi MMOBEPXHOCTHOTO
CJIOSI BEIMYHMHBI MAapaMEeTPOB CPEIbl COMOCTABIIS-
7 C KOHIEHTPAIUSAMHU UKPBI ¥ JIMYMHOK aHYoyca,
MOJTYYCHHBIMH, COOTBETCTBEHHO, B BEPTHKATLHBIX
JIOBax OT JHA /IO TTOBEPXHOCTU U B TOPU3OHTAIIb-
HBIX JIOBaX B MOBEPXHOCTHOM CJIO€.

Kamepanbnyto o6paboTky mpol ocymiect-
BJISUIM MO CTaHAApTHBIM Metoaukam [50]. Ukpy
U JMYMHOK PBIO TOJ OWHOKYISIPOM OTOMpaIu
U3 yJIOBOB B OTJENbHYIO €MKOCThb. 3aTeM HUJCH-
TUGUIUPOBATN BUABl W TOJCUUTHIBAIA YHCIIO
WKPUHOK U JIMYMHOK Ka)XJ0TO BUJa B mpode. J[is
aHanu3a npod HCIoiab30Banu OMHOKYsp Olym-
pus SZX10 ¢ oKyIsIp-MHUKPOMETPOM, MO3BOJISIIO-
UM H3MEPATh OOBEKTHI ¢ TOYHOCTHIO 10 0.1 MM.
C ydeToM TmIIOMIAU BXOMAHOTO OTBEPCTHSI CETH

U MPOTPAJIIEHHOTO PACCTOSHUS PACCUUTHIBAIN KO-
JIMYECTBO UKPHI U JINYUHOK B 1 M.

B mpobax ompenensiam KW3HECITOCOOHBIC
U HEXKH3HECHOCOOHble HKpUHKH. K HexusHe-
CHOCOOHBIM OTHOCHJIM HUKPUHKH C MEPTBBIMU
M aHOMAJbHO pPAa3BUBABIIUMUCS 3MOpPUOHAMHU.
[Ipu BbIsBIEHUH SMOpPUOHANBHBIX MATOJOTHIM
OPHEHTUPOBAIIUCH HA ONHUCAHUS HOPMAJIBHOTO
Pa3BUTHS U U3BECTHBIX B pAHHEM OHTOTE€HE3€ PHIO
marosioruii [21, 49]. Jlomto HEXKHU3HECITOCOOHBIX
MKPUHOK PACCUHMTHIBAIM B TPOICHTAaX OTHOCH-
TEJIbHO OOIIEr0 KOJIMYECTBA BBUIOBIEHHON HKPbI
3a mepuojl cheMku [49].

Jlng BU3yanu3ainuu mpocTpaHCTBEHHOTO pac-
MpeIeIeHNs TapaMeTPOB CPEIbl U YIOBOB UXTHO-
IUTAHKTOHA MCIIONIB30Bau nporpammy Surfer 17.

Crartuctuyeckas o00paOOTKa JaHHBIX BBI-
nojHeHa B mporpamme Statistica 10. B crarucru-
YeCKH aHaiuu3 ObUIM BKIIFOYEHBI MATH OMOJIOTH-
YECKUX IMEPEMEHHBIX (TIOTHOCTh MKpbl Ha [-III
CTaJIHsIX, MEPTBOW HKPBL, IMIMHOK aHUOYCA) U TISITh
MIEPEMEHHBIX, XapaKTePU3YIOIINUX YCIOBUS CPEJIb
(myOuHa, TemmepaTrypa, COJE€HOCTb, MYTHOCTD,
copepkanue kuciopoaa). [IpoBepky naHHBIX Ha
COOTBETCTBUE HOPMAaJbHOMY PAaCIpEIeTICHUIO
npoBoawin B Moxayne «Hactpoiika pacnpenerne-
uHus» (Distribution fitting) ¢ moMoIbIO KpUTEpHS
ammpo—Yunka (Shapiro-Wilk’s W test). Bei6op
METO/I0B JIaJIbHEHUILETO aHAIN3A CAETIaH UCXOS U3
TOTO, YTO PACIHpeesIeHue aHAJIM3UPYEMBbIX TOKa-
3aresiell He COOTBETCTBOBAJIO HOpMasibHOMY. Jlist
BBISIBIIGHUSI KOPPEJSILMU MEXAy IapaMeTpamu
Cpeabl ¥ TUIOTHOCTBIO UKPBI U IMYMHOK UCIIOIB30-
BaJIM PaHroBbIi kK03 dunmeHT koppensauu Crup-
MeHa (Spearman’s rank correlation coefficient),
NPUMEHSIEMBIN 7151 JAHHBIX, HE MOAYUHSIOIIUXCS
3aKOHY HOpPMaJBHOTO pacnpeneneHus. s ouen-
KM BO3JIEMCTBUS NAapaMETPOB Cpellbl Ha pacrpe-
JeTICHNEe UKPBI M JIMYMHOK aHY0yCa U BBISBICHUS
CBSI3M MEX]Ty CKOIUICHUSIMH UKPBI Ha pa3HbIX CTa-
JUSIX Pa3BUTHS UCTIOIb30BAIN (DAKTOPHBIN aHAIN3

Tabéauua 1. Madopmanwst mo oTO0PY UXTHOILIAHKTOHHBIX TTPO0

Table 1. Information on ichthyoplankton sampling

[TnaBcpencTBo Cpoxku otbopa | ['mybuna, m Tun noBa Bcero
TOPU30HTAIBHBIA  BEPTHKAJIBHBIN
MortopHas noaka 20-25.08.2011 0.5-10 8 3 11
HUC «dmurpuii ITeckosy» | 23-25.08.2011 10-30 12 12 24
Umoeo 20 15 35
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(Factorial ANOVA) wu3 paszmena mnporpammsl
«MHoromMepHble cTaTucTHUecKue momenn» (Mul-
tivariate exploratory techniques), oTHOcCSITHIICS
K aHAJIMTHYECKUM METO/laM CTaTHCTUKHU U Tpe.-
Ha3HAYEHHBIA JUISI W3Y4YeHHUS MHOKECTBEHHBIX
cBs13eil Mex Ty pa3HbIMU (akTopamu [S1].

PesynbraThbl

Ycnoeus cpeown

B aBrycre 2011 r. B 10ro-BOCTOYHOM YacTH
CaxanmuHCKOro 3aj1Ba TeMIeparypa B IOBEPXHOCT-
HOM cJ1oe BappupoBaia ot 13.3 10 20.6 °C u B cpen-
HeM cocTaBisuia 17.2242.25 °C. Haubonbimmii mpo-
TpeB OTMEUCH B paiione 6anku CeBepHoil. Teruibie
MMOBEPXHOCTHBIE BOJIbI OTIMYAIIUCh TMOHMKCHHON
COJICHOCTBIO — B cperHeM 16.4+5.67 %o mipu Bapu-
anusax ot 8.4 1o 23.9 %o. bonkIias yactes Bccieno-
BaHHOI akBaropuu ObLja 3alOJIHEHA MPOrPETHIMU
10 15 °C onpecHEeHHBIMU BOJIAMH C COJIEHOCTBIO 10
20 %o. [loctymnenue Oosnee XOIOAHBIX BOA ¢ Ooree
BBICOKOM COJIGHOCTBIO HaOIIOAATIOCh B CEBEPHOM
U CeBepO-3aMaIHON YacTH aKBaTOpuu (puc. 2).

IIpuaOHHBIN C€IOM XapaKTepU30BaJCs 3Ha-
YUTEIbHBIM pa3OpOCOM TEMIEpATyphbl U COJIEHO-
ctu—ort 1.01 10 17.30 °C (B cpennem 6.91+4.68 °C)
u ot 13.9 no 32.74 %o (B cpennem 28.85+5.38).
TemneparypHblii MUHIMYM U MakCUMYM COJICHO-
CTH PETUCTPUPOBAIM B CEBEPO-3alaJHON YacTH
akBaropuu. [Iporpersie 1o 15 °C Bombl ¢ cosieHO-
cThio HIKE 20 %o OBLTH OTMEYEHBI TOJIBKO B Y3KOM
MPUOPEKHOI TOJI0CE HA TITyOMHAX MEHEe 5 M.

B noBepXHOCTHOM cl0€ KpUTHYECKHE 3Ha-
YEHMsI COJIEHOCTH — MeHee 26 %o, IpU KOTOPBIX
IIPOUCXOJUT CMEHA MOPCKHUX COOOIECTB Ha 3CTY-
apsble [52, 53], HaOMOgANNCh MTPAKTUYECKH T10-
BCEMECTHO, 3 UCKIIIOYEHHEM HEOOIIBIIIOTO yyacT-
Ka y CeBepo-3alaJHON IPaHULbI UCCIIEA0BaHHOM
aKkBaTopuH. B mpuIOHHOM ropu3oHTE M30TaIMHA
26 %o 3anerana Ha youHax ot 5 1o 10 m. Eif co-
OTBETCTBOBAJa CPEAHSISI TEMIIEpaTypa BOABI OKO-
g0 11.5 °C. Cpennsiss coneHocTh Obuta OnM3Ka
K 30 %o yxe B quanaszone 10—15 M u Ha 60IbIINX
DIyOMHAX YBEITUYHBAIACH HE3HAYUTEIHHO.

MyTHOCTh BapbupoOBaJia y IOBEPXHOCTH
or 1.06 no 11.89 FTU npu cpeaneil BennyuHe
4.26+3.19 FTU, y nna — ot 0.26 go 10.67 FTU
npu cpenned BenuunHe 3.59+3.00 FTU. Bonbl
C MaKCHMaJIbHOM MYTHOCTBHIO OTMEUEHBI B IOTO-
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BOCTOYHOM YaCTH aKBaTOPUU HA TpaHULIEe C AMYp-
CKUM JMMaHOM. JIOKaJibHbIE OYaru MOBBIIIEHHON
MYTHOCTH HaOJIOAUCh TAK)KE B 30HAX aKTUBHOM
TUAPOAMHAMUKU — Y Ype3a BOAbI U B pallOHE IPO-
JIUBOB 3aJI. baiikai.

MaxkcumanbHOe  coJep)KaHUE  KHUCIOpoAa
(mo 12.25 mn/m) B MOBEPXHOCTHOM cjo€ ObLIO
OTMEUEHO TMOCPEAUHE CEBEPHOM TIpaHUIIBI HC-
CJIEOBAHHOIO y4acTKa M y 3amaJHoro mpoxozia
3ai. baiikan. B cpennem y moBepxXHOCTH 3HAUYECHUE
coctaBisuio 9.81+1.33 mu/n. ConeprxaHue KUcio-
pona y anHa konebanock ot 5.85 mo 10.47 (B cpen-
HeM 9.22+1.08 mut/it), pu 3TOM MPUIOHHBIEC CIION
y 3anagHoro mpoxona 3ai. baiikan Obuin Hanbo-
jee 00eJHEHBI IO JAHHOMY I10Ka3aTeto.

Ha puc. 3 mnpexacrtaBieHbl BepTHKaJIbHbBIC
npoduian TeMreparypel W cojeHocTd. Ha mo-
NEPEYHOM paspese | XOpollo MpocCieKuBaIoCh
pacrpocTpaHeHHE TEIUTBIX BOJA C TeMIEpaTypou
10 °C no rimyOunsl Oosiee 15 M B BOCTOYHOM MpH-
OpeXHOW YaCTH W YMEHBIICHHE TOJIIUHBI MPO-
rperoro cios 10 4-5 M B 3amajgHoi yacTu pas-
pe3a. Ha npogosbHOM pa3pe3e mporpeThiil ciion
pacnpocTpassiics 10 miyouHsl 6—11 M. Makcu-
MaJlbHOE 3amn1yOJeHHe TEIIbIX BOJ OTMEYaioch
B CEBEPHOM YacTH pa3pes3a, YTO MOIJIO OBITh Clie-
ctBueM (opmupoBanus B CaxalMHCKOM 3aJIMBE
AHTULMKIOHUYECKOTO KpyroBopota [46]. Tomuu-
Ha CJIOS C IOHMYKEHHBIMH 3HAYCHUSIMU COJICHOCTH
KaK Ha MPOJOJIHHOM, TaK U Ha MOMEPEYHOM pa3-
pe3e MOBTOpsiJIa X0/ TEMIIEPATYPHI.

[IporpeB BOCTOYHOW 4YacTU aKBAaTOPWH, BH-
JTUMBIN Ha TIONIEPEYHOM paspese, ObLT CBS3aH Kak
C MOCTYIJICHUEM aMypCKHX BOJ, TaK U ¢ Oepero-
BbIM cTOKOM. Ha npoziosibHOM pa3zpese npociexu-
BaJIOCh PAcIpoCTpaHEHHE aMypCKUX TpaHchop-
MHUPOBAHHBIX BOJI.

HauGonee BBICOKOW MyTHOCTBIO XapaKTepH-
30BaJICS IPUTIOBEPXHOCTHBIN c10i1 0—5 M — B cpent-
Hem 2.71 FTU npu pasz6poce 3nauenuit ot 0.03
o 11.89 FTU. Pa3Huna mexay MakCUMaJIbHbIM
Y MUHUMAJIbHBIM 3HAYCHHUSIMHU B TTIOBEPXHOCTHOM
5-meTpoBoM ciioe coctabisuia 11.86 FTU, nHa ro-
puzonte 11-15m—10.5 FTU.

Beprukanbaple  Bapuanuu - TEMIIEPATYpPhI
OBLIM 3HAYUTEIHHBIMU J10 TWTyOHHBI 15-20 M: pas-
HUIIA MEXTY MaKCUMaJIbHBIMH U MUHUMATbHBIMH
BenmunHamu gocturana 7 °C. B cinoe 0-5 m cpen-
HAS TeMreparypsl coctapisiia 15.45 °C, Ha mak-
cUManbHbIX 26-31 M cHmxkamace no 2.60 °C.
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Puc. 2. IlpocTpaHCTBEHHOE paclpeliejieHue apaMeTpoB Cpelibl B IOBEPXHOCTHOM U NPHUIOHHOM IOpU-
30HTax B IOT0-BOCTOUHOM wyactn CaxammHCKoro 3ammBa B aBrycre 2011 r. (kpacHoOil THHHUEH BBIAENCHA
MOTPaHIYHAS MEKAY MOPCKHMH U 3CTyapHBIMU COO0IeCTBaMU H3oraauHa 26 %o).

Fig. 2. Spatial distribution of environmental parameters in the surface and bottom layers in the southeastern
part of Sakhalin Gulf in August 2011 (red line marks the boundary between the marine and estuarine
communities of the 26 %o isohaline).
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YcnoBus HepecTa sinoHckoro aH4oyca Engraulis japonicus (Engraulidae) B toro-soctoyHou Yactu CaxanuHckoro 3anvBa

Cpennsst coneHocTb Bo3pactana ¢ 18.7 %o
B cioe 0—5 M 10 32.6 %o Ha ropusonte 2631 m.
3HayuTeNbHAs BapuaOeIbHOCTh COJICHOCTU Oblia
BbIpa)XK€HA IPEUMYIEeCTBEHHO B 10-meTpoBOM
MIPUIIOBEPXHOCTHOM CJI0€, TJI€ pa3HMIIa JOCTUrajga
20.6-22.6 %o. B Gonee m1y0OKMX TOPU30HTAX KO-
nebanus coneHoCcTH cokpamanuchk 10 0.4-5.0 %o.

Ecnu B pacnpeneneHuu temmneparypsbl, co-
JIEHOCTU U MYTHOCTH OOJIbLIE MPOCIEKHUBATIACH
MepUIHOHANIbHAS HAIPaBJIEHHOCTb, YTO O0YCIIOB-
JICHO paclpOCTpaHEHUEM aMyPCKUX BOJ C fora Ha
CeBep, TO YUACTKHU C MOBBIIIEHHBIM COIEP)KaHUEM
KHCJIOpOJa paclpeiessuiuch Mo3anuHo. Poct koH-
neHtpamii 1o 10 Mr/n u Gonee mpocueKUBaICs
KaK B 30HaX aKTHBHOM I'MIPOIWHAMHKH y TIoOepe-
Kbsl, IPEUMYIIECTBEHHO BOJM3H JIATYHHBIX IMPO-
JIMBOB, TAK U B CEBEPHOM MOPHUCTON YaCTH, HAXO-
JIeics oA IeHCTBHEM MOPCKHX BOJ] C HU3KUMU
3HAYEHUSMHU TEMIEPATYpPHI (CM. puC. 2).

HKpa U JItYUHKU aHuoyca 6 cooﬁmecmee
UXMUONJIAHKMOHA

B cocraBe HMXTHOIUIAHKTOHA IOI0-BOCTOU-
HOM yacTi CaxaJMHCKOTO 3aj1Ba ObLIIO OTMEYEHO
10 BuI0B pbIO U3 pa3HBIX IKOJIOTHYECKHUX TPYIIITHU-
poBok. B mpobGax BcTpedanuch MKpa U JIMYUHKU

anuTopanbHoro MuHTast Gadus chalcogrammus
Pallas, 1814. Heputndeckuii KomIiekc ObUT pe-
CTaBliCH JTMUMHKaMH pbIObI-namiu Salangichthys
microdon (Bleeker, 1860) u THXOOKEaHCKOW CEIlb-
mu Clupea pallasii Valenciennes, 1847, manbkamu
neBsitunrioi Pungitius pungitius (Linnaeus, 1758)
u Tpexumionl Gasterosteus aculeatus Linnaeus,
1758 xomromiek. DTH ABpUTATUHHbIE BU/IbI OOBIYHBI
KakK B JIATYHHO-3CTyapHbIX KOMILJIEKCAX, TaK U B OT-
KPBITOM MOPCKOM IpHOpexbe. M3 THITMIHO MOp-
CKUX TpEJCTaBUTENCH JTOHHO-NPUJIOHHON (hayHBI
B YJIOBaX OTMEUEHBI JMYUHKH THXOOKEAHCKOM Tec-
yanku Ammodytes hexapterus Pallas, 1814 u ym-
napuca Kysuenosa Liparis kusnetzovi, Taranetz,
1936, ukpa 1 TMYUHKH BYX BUIOB KaMOa — xKeJl-
toneporr Limanda aspera Pallas, 1814 u caxa-
nuHCKoM Limanda sakhalinensis Hubbs, 1915.

Ho, necmotps Ha ceBepHoe mnomoxkenue Ca-
XaJMHCKOTO 3ajiiBa, HamOoJiee MHOTOYHCIICH-
HBIM BHJIOM B COCTAaBE MXTHOILIAHKTOHA SIBIISLIICS
CyOTpPONUYECKHI MUIPAaHT — SIMOHCKUHA aH4OycC.
Hkpa anuoyca dopmupoBaia 94.7 % cymmapHoit
YHCICHHOCTH UKPBI PHI0 B MOBEPXHOCTHOM CIIOE
u 94.2 % B Toie Boabl. B MTMYMHOYHOM cOCTaBe
UXTHUOIIAHKTOHA Ha JIOJI0 aHY0yca MPUXOIUIOCH
16.8 % B BeprukaibHbIX JOBax U 12.2 % B ro-
PU3OHTAIBHBIX JIOBaxX (Tabm. 2). B Tomme Boabl

Puc. 3. BeptukanbHoe pacnpesneneHe TeMIeparypsl 1 COIEHOCTH B I0r0-BOCTOYHOM yacTu CaxanuHCKOro 3anuBa B aBrycre 2011 1.

Fig. 3. Vertical distribution of temperature and salinity in the southeastern part of Sakhalin Gulf in August 2011
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Tabauna 2. Vkpa u THYMHKN aHYOYyCa B CTPYKTYPE MXTHOIUIAHKTOHHBIX YJIOBOB B FOTO-BOCTOYHOM dacTh CaXaJMHCKOTO

3anmuBa B aBrycte 2011 1.

Table 2. Japanese anchovy eggs and larvae in the structure of ichthyoplankton catches in the southeastern part of Sakhalin

Gulf in August 2011
[Toxazarenu BeprtukanbHble J1I0BBI ['opu3oHTaNIbHBIE JTOBBI
9K3./M3 Hons, % YB, % 9K3./M> Jons, % 9B, %
M+tsd Mtsd
min—-max min—max
Hxpa 83.260+213.944 94.7 67 20.628+61.930 94.2 45
Engraulis japonicus 0.200-656.889 0.006-223.300
[Ipouux BUIOB 4.643+11.483 5.3 73 1.268+3.084 5.8 55
0.104—45.000 0.003-10.374
Bcero 87.903+212.593 100.0 87 21.895+61.567 100.0 65
0.710-658.074 0.023-223.300
JlnauHKN 0.046+0.093 16.8 27 0.009+0.013 12.2 50
Engraulis japonicus 0.100-0.296 0.003-0.050
IIpounx BUIOB 0.228+0.337 83.2 47 0.062+0.143 87.8 70
0.104-1.136 0.003-0.600
Bcero 0.2744+0.386 100.0 53 0.0714+0.153 100.0 70
0.104-1.364 0.003-0.650

Ipumeuanue. M+sd — cpenHee 3HaUeHHE + cTaHAApPTHOE OTKIIOHEHHE; YB — gactora BcTpedaeMoCTH

Note. M+tsd indicates average values + standard deviation; UB, frequency of occurrence.

JMYMHKA aHY0yca YCTyNald JIMYMHKAM >KeNTO-
nepoil kamOalibl, KOTOpble (OPMHUPOBANIU TOUTH
70 % OoT cyMMapHO# YMCICHHOCTH JIMTYMHOK BCEX
BUJIOB; B IOBEPXHOCTHOM CJIO€ — JINYMHKAM DbI-
OBI-JIAIIIN U KENTONepoil KamOaibl, AN KOTO-
peix nocturana 52 % u 27 % COOTBETCTBEHHO.

B BepTHKanmbHBIX JIOBaX YacTOTa BCTpeda-
€MOCTH HKpBl aHuyoyca ObUla JIOCTaTOYHO BbI-
cokoii (67 %), nuuuHOK — HUWKEe (27 %). B ro-
PHU3OHTAIBHBIX JIOBaX BCTPEYAEMOCTh JIMUMHOK
(50 %) HEeCKONBKO MpEBhIIIAIa BCTPEUAEMOCTD
ukpbl (45 %). KoHueHTpauuu HKpbl aHUOyca
ObuTM OOJiee BHICOKMMHU B BEPTHKAJIBHBIX JIOBAX:
B cpeareM 83.3 ak3./m* mpotus 20.6 3k3./M* B T0-
pu3oHTaNBHBIX. CpeqHsis TNIOTHOCTh JTMYUHOK I10
JAHHBIM BepTUKAIBHBIX J10BOB (0.05 9K3./M*) Tak-
e OblIa BbIIIE, YEM B TOPU3OHTAIBHBIX (OKOJIO
0.01 ax3./M%).

Pacnpedenenue u pazeumue ukpol
U TUYUHOK aHYoyca

[Ipu moctarodHO OOMIMPHOM pacHpocTpa-
HEHUU MO aKBAaTOPWUU, MAKCUMAaJbHbIE KOHIICH-
TpalMH HKPbl aHyoyca — A0 559-657 sk3./m*
B BEPTHKAIBHBIX JIOBax U A0 177-223 sk3./m°
B TOPU30HTAJIBHBIX — OBUIH COCPEIOTOUYCHBI
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Ha HEOONBIIOM Y4YacTKe y CEeBEPO-BOCTOYHOM
TpPaHMIBl  HM3YYEHHOW aKBaTOPUU HAIMPOTHUB
3ai. baiikan (puc. 4 a, b). Ha ocransHo# mio-
I1aId KOHIIEHTPAIUX UKPHI ObLTA MEHbIIIE HA He-
CKOJIBKO TIOPSJIKOB.

Pacnpenenenne JTMUMHOK HOCWIIO HECKOJb-
KO MHOW Xxapakrep. B paitone 3an. baiikan koH-
HEHTPAlUK TaKkke ObLUTM HE3HAYUTEIHHO BBIIIE,
9YeM Ha OCTaJbHOM aKBaTOPWHU: B BEPTHKAIBHBIX
goBax g0 0.3 sk3./M® mporus 0.1-0.2 5K3./M°,
a B ropm3oHTaJbHBIX 10 0.03 5K3./M’ TPOTHB
0.003-0.019 »sx3./™M*. Ho pacnpenenenue Jn4u-
HOK B II€JIOM 110 aKBaTOpHH ObLIO Gojiee OAHOPOI-
HBIM: Pa3IN4drs MEXTy MAaKCUMATbHBIMU H MUHU-
MaJbHBIMU 3HAYEHUSIMH B OCHOBHOM HaXOJMJIHCh
B IIpeJienax oJHOro nopsiaka (puc. 4 c, d).

Hkpa aHuoyca BcTpedasiach 3a IpeaesiaMu
13-MeTpoBOil W300aThl O MpeAeabHO o0cIe-
NOBaHHBIX TIyOMH. [0 MaHHBIM BEpPTUKAIHHBIX
JIOBOB HEPECT, OMNpPENENIEMbI IO JIOKAIN3AUN
uKpsel Ha | cTanguu pa3Butus, HaOMOAANCA B 3TOM
xe auarasone riryoun. CpenHsis riryOuHa pacipo-
ctpanenus | craguu cocrasnsina 19.6 m. [lo nan-
HBIM TOPH3OHTAJILHBIX JIOBOB MKpa Ha I cramumn
BCTpeYajach B Oosee y3koM auarnazoHe — ot 13.5
10 20.5 M, B cpennem 15.8 M (Tabu. 3).
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Taoauua 3. YcnoBust pa3BUTHSL UKPBI M JTMYUHOK STIOHCKOTO aHY0yca B IOr0-BOCTOYHOW dacTh CaxadHMHCKOrO 3aJMBa
B aBrycre 2011 1. (B uncnuTene — cpenHee 3HaUCHHE + CTaHAAPTHOE OTKJIOHEHHE, B 3HAMEHATENE — IPEACTIbHBIC 3HAUCHUS )
Table 3. Environment condition for the development of Japanese anchovy eggs and larvae in the southeastern part
of Sakhalin Gulf in August 2011 (numerator: average value + standard deviation; denominator: limits)

[TapameTpsr Beprukanbable T0BHI (citoi 1HO—0 M) TopuzoHTaNEHBIE TOBHI (TOBEPXHOCTHBIN CIIOH)
Cpenbl Hxpa, Hkpa Bes JIM4uHKN Hkpa, Hkpa Bes JInuuHKY
I cramgms™ I cragns™®
h,m 19.63+7.21 19.0546.65 18.08+9.18 15.843.22 17.54+4.46 18.1549.23
13.5-31.0 13.5-31.0 8.8-30.0 13.5-20.5 13.5-25.5 0.5-31.0
T,°C 9.94+2.54 10.11+2.31 12.27+4.16 15.42+1.14 15.25+2.11 15.5242.08
6.23-13.81 6.23-13.81 7.45-17.57 14.09-16.9 11.29-18.2 11.29-19.25
S, %o 27.17£3.66 26.76+3.37 23.58+7.96 19.15+2.38 19.29+5.18 21.514+4.93
21.31-31.85 21.31-31.85 12.83-31.85 16.37-22.68 10.81-28.64 16.15-28.64
Tur, FTU 1.4740.95 2.01£1.95 1.44+40.87 2.66+1.99 2.34+1.87 2.61+£2.92
0.44-3.04 0.44-7.03 0.44-2.55 1.06-6.49 0.31-6.49 0.31-9.05
O,, Mr/n 9.19+0.55 9.12+0.51 9.57+0.76 8.824+0.66 8.87+0.58 8.92+0.56
8,57-10,10 8,57-10,10 8.93-10.51 7.71-9.49 7.71-9.49 7.71-9.49

* JBIIAETCS MHIMKATOPOM TEKYIETO HepecTa.
Ilpumeuanue. h — rnybuna, T — Temneparypa Bojibl, S — COJICHOCTh, Tur — MyTHOCTB.

Note. H, indicates depth; T, water temperature; S, salinity; Tur, turbidity.

Puc. 4. Pacripenesnenue (3K3./M°) HKpbI aHYOyCa 10 JAHHBIM BEPTHKAJIbHBIX () H TOPH30HTAIBHBIX (0) JIOBOB U JIMYMHOK IO JaHHBIM
BEPTUKAIBHBIX (B) M TOPH30HTAIBHBIX (T') JIOBOB B FOTO-BOCTOYHOH yacTh CaxaanHCKoro 3anuBa B aBrycre 2011 &

Fig. 4. Distribution (eggs/m?®) of Japanese anchovy eggs: vertical (a) and horizontal (6) catches, and larvae: vertical (8) and horizontal (r)
catches in the southeastern part of Sakhalin Gulf in August 2011.
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TemneparypHblii JIHana3soH BCEro  CJOA
B pailoHax HepecTa ObUI JOCTAaTOYHO LIUPO-
kuM — ot 6.2 1o 13.8 °C npu cpenneit Benuyu-
He 9.9 °C. MunumanbHas TyOWHa, HA KOTOPOH
OBLITM OOHAPYKEHBI IMUUHKY MPU BEPTUKATBHBIX
obnoBax, cocrapisia 8.8 M. B moBepxHOCTHOM
cioe uKpa Ha | cragum BcTpedanach mpu TemIie-
parype ot 14.1 mo 16.9 °C (B cpennem 15.4 °C),
JTUYUHKA — B 0OJiee IIMPOKOM [MAamNa3oHe IpHU
temmneparype 11.3—19.3 °C (B cpennem 12.3 °C).
[To maHHBIM TOPHU3OHTAJBHBIX JIOBOB JMYUHKH
BCTPEYaINCh BILIOTH J0 ype3a BOBIL.

ConeHocTh B MecTax OOHApy:KEHHsSI HKpPbI
Ha | cragum B cpeanem coctaBusina 27.2 %o
IIpY BapuvalusAx JaHHOrO Iokasarens or 21.3
10 31.9 %o. Ukpa Ha Bcex cTaausax ObLIa OTMeE-
YyeHa B TAaKOM € JHarna3oHe COJEHOCTU IpHU
HE3HAUMUTEIbHO MEHBUIEH CpeIHEeld BelNYu-
He — 26.8 %o0. /Inmana3on coleHOCTH I JIMYM-
HOK OBLIT HECKOIBKO mupe — oT 12.8 mo 31.85 %o
(B cpennem 23.6 %o0). B moBepXHOCTHOM cio€
paHHee pa3BUTHE HMKpPbI MPOTEKAJIO MpeuMylile-
CTBEHHO IMIPU JCTYapHBIX BEJIMYMHAX COJICHO-
CTU HM)KE€ KPUTHUYECKON BenuuuHbl 26 %o. Mkpa
Ha | craguu BcTpewanach B nuarnaszone ot 16.4
1o 22.7 (B cpenneM 19.2 %o). Jlnunnku obnasnu-
BaJIMCh Ha Y4YacTKaxX C COJIEHOCTBIO A0 28.6 %o.

Hepect, onpenensembiii 1o pacrpocTpaHe-
HUto | cTaguu, Npoucxoaui Npu HEBBICOKUX 3Ha-
YeHUsIX MyTHOCTH — B cpeaHeM 1.47 FTU B cnoe
aH0—0 M u 2.66 FTU B moBEepXHOCTHOM ClIO€.
MakcumanbHasi MyTHOCTh B MECTax HepecTa co-
crapisuia 7.0 FTU, conmepskaHue Kuciopona He
OITyCKaJIOCh HUXKE 7 MI/IL.

VY4acTKu 3KCTpEMaIbHO BHICOKUX KOHIIEHTpa-
[IUH UKPBI ObUTA CUITFHO OTPaHUYCHBI KaK JHaraso-
HOM TNTyOWH, TaK U apameTpamu cpeasl. B BepTu-
KaJbHBIX JIOBaX 96 % WKPBI OBLJIO COCPETOTOUCHO
Ha JBYX CTaHIIMSIX, PACTIONIOKEHHBIX HaJl IITyOUHOM
13.5 M (puc. 5 a). B ropusonTanbHeix noBax 97 %
UKPBI TaKKe OBLIO JIOKAIM30BAHO HA JIByX CTAHIIHU-
sx Hax nryounamu 13.5-14.5 m (puc. 5 b).

Bricokasi mIIOTHOCTh MKPBI B BEPTUKAJIBHBIX
U TOPU3OHTAJIBHBIX JIOBaX COBIAjajia TOJbKO Ha
craniuu 27. Ha cr. 25, npu BBICOKOW MJIOTHOCTH
MKPBI B TOJIIIIE BOJIBI, B IOBEPXHOCTHOM CJIOE €€ Be-
JMYMHA MHOTOKPATHO CHIKanack. Ha cT. 26 Obina
OoTMeueHa oOpaTHasi CUTyalusi C BHICOKUMHU KOH-
LHEHTPALMSIMU HKPbl B TIOBEPXHOCTHOM  CIIO€
U OYeHb HU3KUMH B Tojie Boabl. Kak B Tomiie
BOAIbI (CT. 25 1 27), Tak ¥ B MMOBEPXHOCTHOM CJIO€
(ct. 26 1 27) Ha IByX CTAHIMSIX C MAKCUMAJTbHBIMH
KOHIIEHTpaIMsIMH TIpeobianana ukpa Ha | craguu
pPa3BUTHSI, HA JOIIO KOTOPO mpuxoamiocs 97 %

Puc. 5. Pacnipenenenne UKphl U INUMHOK aHYOYCA B 3aBUCHMOCTH OT CPEJIHEHl TeMIepaTypsl H CONEHOCTU B BEPTHKANBHBIX (a) U TOPU-

30HTAJILHEIX (0) JT0Bax.

Fig. S. Distribution of Japanese anchovy eggs and larvae depending on average temperature and salinity in the vertical (a) and horizontal (6)

catches.
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OT BCEU MKpBI, YTO YKa3bIBAJIO HA MPUOPUTETHOE
3HAYEHUE JAHHOTO Y4YacTKa JUIsl HEPECTa aH4yoyca.

Jnst cTaHMil ¢ MAKCUMaJIbHBIMU KOHLIEHTpA-
[IUSIMU UKPBI OBUTO XapaKTEepPHO MOCTENCHHOE U3-
MEHEHHE COJICHOCTU U TEMIIEPATyPhl ¢ TITyOnHOM
(puc. 6). Y4acToKk MaKCUMAalbHBIX CKOIUICHUU
WKpBI COBMAJaJI ¢ MaKCHUMAJIbHBIM 3ariTyOJieHU-
eM Tembix Boa. Jlo mmyOunel 10 M mepxanack

temriepatypa Boasl 6osiee 8—10 °C, mpu KoTopoit
BO3MOXKEH HEPECT MUIPHUPYIOIIUX I'PYNIHUPOBOK
anyoyca [17]. Coneprkanue kuciopoaa ObUIO CTa-
OunbHBIM — B mpeaenax 8—10 mr/n. MyTHOCTb
no rmyOunsl 8—10 M mWMerna HEBBICOKHE 3HAue-
Hust — 10 2 FTU. I'myOxxe mpoucxonnino He3Hauu-
TEJIbHOE YBEIMUYEHUE MYTHOCTH, YTO MOIJIO OBITh
CBSI3aHO C OCEJaHNEM U HAKOIIJIEHMEM OPTraHUKU.

Puc. 6. (Bepxusist nanesp) [IoTHOCTD (9K3./M%) 10 IaHHBIM BEpPTHKAIBHBIX U TOPH30HTAIBHBIX JIOBOB. Hike BepTHKANIbHBIEC TIPO(UITH
N3MEHEHUs IIapaMeTPOB CPe/Ibl Ha CTAHIMAX C MAKCHMaJIbHBIMH KOHIICHTPAIMSIMU HKPBI aHYOYyCa.

Fig. 6. (Upper panel) The density of eggs (eggs/m?) in vertical and horizontal catches. Below are vertical profiles of change
of environmental parameters at the stations with maximum concentrations of anchovy eggs.
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Ocobennocmu pannezo pazeumus aH4oyca

HNkpa Ha | cragum pa3BuTus mpeoOrnamana
HE TOJBKO B MeECTaX BBICOKMX KOHIEHTpaIuM,
HO M Ha BCEW aKBaTOPHUU B LIEJIOM, YTO YKa3bIBAJIO
Ha aKTUBHO TEKYIINI HEpeCT aH4yoyca. B ropuzon-
TaJbHBIX JIOBAX J10JIs1 UKpHI HA | cTaguu Oblia He-
3HAYUTEIIFHO MECHBIIIE, YEM B TOMIIIE BOAEI, — 79.5
u 84.8 % COOTBETCTBEHHO, a 10151 UKphI Ha I cTa-
NN HECKOJIBLKO Oobine — 20.4 u 14.8 % coorBeT-
CTBEHHO, YTO CBSI3aHO C YCKOPEHHBIM Pa3BUTHEM B
0oJee mporpeToM NOBEpXHOCTHOM ciioe. CyMmMmap-
HO Ha IIEPBBIE ABE CTAIUU PAZBUTHS IPUXOINUIOCH
99.9 % HOpManbHO pa3BUBABIIECHCS MKPBI B IO-
BEPXHOCTHOM cJioe ¥ 99.6 % B Tonuie Boabl. Jlomns
III ctaguu Obia oueHb Mana, [V cramus B ynoBax
oTcyTcTBOBaja. J{oysg HEXKU3HECTIOCOOHBIX UKPH-
HOK B II€pUO/I UCCIEA0BAHUIN HAXOUIach Ha HU3-
koM ypoBHE — 0T 0.7 % y noBepxHoctu 110 4.4 %
B TOJILLE BOJIbI, YTO JIJISi UKPHI aHUOYCA SBIISAECTCS
OYEHb HU3KUM I10Ka3aTeJIEM.

Kpome ukpbl, B ynoBax NpucyTCTBOBAIH JIH-
YUHKH aH4oyca. PasMepHBIN psj JTHYUHOK OBLIT
JIOCTAaTOYHO MPOTSHKEHHBIM — 0T 4.3 10 18.4 MM
U TOJMMOJAJIBHBIM, YTO CBHUJAETEIHCTBOBAJIO
0 IaBHO HavaBIieMmcs Hepecte. [Ipeobmananu nBe
pa3mepHble rpynnsl — 7—8 Mmm 1 9—10 MM, Ha Kax-
Y0 U3 KOTOPBIX MPUXOAUIOCH MPUMEPHO IO
20 % cyMMapHOI YMCIEHHOCTH JTUYUHOK. Cpenau
JUYMHOK JIUHON Oojiee 12 MM BbIIemsUIach pas-
MepHas rpynna 13.1-14 mm (puc. 7). Pasmepnas
rpynmna 18.1-18.4 MM BkirOUana ocobei Ha cra-

Puc. 7. Pa3MmepHblil cocTaB JIMYMHOK aHYOycCa B IOI0-BOCTOYHOM
yactn CaxanmHckoro 3anuBa B aBrycre 2011 . (M — cpenHee 3Ha-
YeHHe + CTaHJapTHOE OTKIOHEHHE).

Fig. 7. Size composition of Japanese anchovy larvae in the south-
eastern part of Sakhalin Gulf in August 2011. (M, mean val-
ue + standard deviation).
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iy Metamopdo3a — rnepexoga K MaJbKoBOH (asze
pa3BUTHSL.

3asucumocms pacnpeoeneHus uKpol
U TUYUHOK aHYoyca om paxmopoe cpeovl

B tone Bosisl (coit 1HO—0 M) OTMEUEHO CHU-
’KEHUE MJIOTHOCTH UKpPHI Ha | cTaguu ¢ yBeanueHu-
eM DIyOWHBI. BBICOKHME 3HAaYCHHS PAHTOBOW KOp-
pemsiuu Crimpmena (>0,9) nmomydenst jyist [ u 11
CTaJuil U MEPTBOM MKpBI, YTO YKa3bIBAJIO Ha CO-
CPEIOTOYEHHE UX B €IMHBIX CKOTUICHUSX U CIIa0bIi
pa3HOC C MeCT OCHOBHOro Hepecta. /locroBepHas
KOppEJSILMs MEXKIY MIIOTHOCTBIO UKPBI, TEMIIepa-
TYpOii, MyTHOCTBIO U COJIEHOCTBIO OTCYTCTBOBAJIA,
HO MEXJIy MapamMeTpaMu Cpe/ibl KOppemsius Oblia
CTaTUCTUYECKU 3HauuMon. CpenHss Temrmepary-
pa TOTaJbHOIO CJOS U MYTHOCTh CHHXKAJIUCh IO
Mepe YBEIHUYEHHsI TITyOUHBI, COJIEHOCTh — BO3pac-
tana. Jloyis He)XKU3HECOCOOHBIX MKPUHOK B IIEJIOM
YMEHbIIAJIACh 110 MEPE YBEIUYEHUS COJIEHOCTH.

Jlisi  TOpU3OHTaNbHBIX JIOBOB JIOCTOBEpHAs
KOPPEJIALUS MEKIY IUIOTHOCTBIO UKPBI M [ITyOHHOM
MecTa B pailoHe oTOOopa He BBIsSBICHA. Bbicokue
3Ha4YeHus kodpdunmenta xkoppemsipn (>0,9), xak
M B TOjIIe Bonbl, Obtn oTMedeHs! it 1 u Il cra-
Uil U MepTBOi uKkpbl. [InoTHOCTH MKpHI Ha | cTa-
JIMM CHWKAJIaCh C YBEIMYEHUEM MYTHOCTH. CBs3b
IUIOTHOCTY MKPBI ¥ IMYMHOK Ha CTAHIUAX C JIPyTH-
MU TIapaMeTpaMu cpeibl He oOHapyskeHa (Taom. 4).

Kaxapiit pakTop BKIIIOYaET HECKOJBKO CBS-
3aHHBIX [APaMETPOB, KOTOPHIE BIUSAIOT HA IJIOT-
HOCTb UKpBl. BBIUJIEHUTH OJUH W3 IapaMeTpoB
Cpelibl, OKa3bIBAIOUIMI MPEUMYIIECTBEHHOE BIIH-
SHUE Ha pachpeesieHue UKPbl U TUUYNHOK aHYOY-
ca, B JaHHOM cliyuyae He yznajock. [1o utoram dak-
TOPHOTO aHaJIN3a PacCMaTPUBAEMBbIE IEPEMEHHbIE
dbopmupyroTcs B ABe TpyIbl GpakTopoB (hakrop
1 u daxrop 2), oObscHstOmMX 89 % aucnepcuu
B IoBepxHOCTHOM cioe u 100 % npucnepcuu
B cioe 1HO0—0 M (Tab. 5).

B cnoe nHo—0 M dakrop 1 orpaxkan arpe-
TUPOBAaHHOCTh UKPHI Ha JIOKAJIBHOM y4acTke, 00-
YCIJIOBJIIEHHYI0 MAacCOBBIM JIOKaJIbHBIM HEPECTOM
aH4oyca B pacCcMaTrpuBaeMoM parose. M3 napame-
TPOB cpebl Hauboubllee BIUSHUE Ha pacrpere-
JICHUE UKPbI OKa3bIBaJIM IMTyOMHA, MyTHOCTb U CO-
aep:kaHue kuciaopozaa. B dakrope 2 Bbiiensiuch
TEMIIEpaTypa U COJIEHOCTb, BIMSIHHUE KOTOPBIX
ObL10 Oosee 3HauMMbIM 17151 UKpbI Ha 111 cragum
pasButus (Tabdm. 6).
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Tadauna 4. JlocToBepHbIe 3HaUSHNUs PAHTOBOM Koppersiiuy CriupMeHa M1y MJI0THOCTBIO UKPhI HA PaH-
HUX CTaIUsX Pa3BUTHS U OCHOBHBIMH mapameTpamMu cpensl (p < 0.05)

Table 4. Significant values of Spearman’s rank correlation for Japanese anchovy eggs and main environ-
mental parameters (p < 0.05)

Topuzont [ToBepxHOCTHBIH coii (surface layer)
ITokazarenn I II D h T S Tur
§ I 0.94 —-0.83
g II 0.90 0.90
§ D 0.90
= h -0.75 0.61
é T —0.65 —0.69
=S¢ S -0.90 0.84 —-0.89 —0.86
Tur —0.88 -0.71

Ipumeuanue. IlpaBast 4acTh MaTpPHULIBI — 3HAUCHUS ATl IOBEPXHOCTHOTO CJOs, JeBas — i cios 1HO—0.
I, Il — cramn pa3BuTHs UKPBI; D — HeXM3HECTIOCOOHAs HKpPa; OCTAJIBHBIC YCIIOBHBIC 0003HAYEHHUS CM. Ta0I. 3.

Note. The right part of the matrix contains values for the surface layer; the left part of the matrix, values
for the layer from the bottom to the surface. I, II, eggs stages; D, dead eggs; see other symbols in Table 3.

Ta6auua 5. Pe3ynsrarsl (akTOPHOTO aHAIKM3a 0 BBIABICHUIO ITAPAMETPOB CPEJIBI, BIUSIOIINX Ha pacrpe-
JieJICHHE UKPBI M JINYHHOK aHY0yCa B FOTO-BOCTOUHOM yacTH CaxaJMHCKOTO 3aJIHBa

Table 5. Results of the first stage of factor analysis to identify environmental parameters affecting the dis-
tribution of Japanese anchovy eggs and larvae in the southeastern part of Sakhalin Gulf

HakormuienHas creneHb
BIIMSIHUS ()aKTOPOB Ha MOIHYIO
JUCTIepCHIO, %o

CoOcTBeHHOE CrenieHp BiusHUA (haKTOpa HA

daxkTo
P 3HAYCHHUE MOJIHYIO JUCTIEPCHIO, %o

Croii nH0—0 M

1 6.08 67.53 67.53

2 2.92 32.47 100.00
[ToBepXHOCTHBIH CIOI

1 5.05 56.16 56.16

2 2.94 32.61 88.77

Taoanma 6. Matpuiia (pakTOpHBIX HATPY30K, 0ObCHOMUX Oobine 70 % mucrnepcuu (BBIICICHBI JCH-
CTBYIOIIHE TICPEMCHHBIC)

Table 6. Matrix of factor loadings that explain more than 70 % of the variance (active variables

are highlighted)
Croit 1H0—0 M IToBepXHOCTHBIH CIIOH
ITepemennbie
®daxrop 1 ®daxkrop 2 ®daxrop 1 ®daxkrop 2

HUxkpa, I cranus —0.989 —-0.151 0.976 -0.072
Uxkpa, II ctagus —0.976 0.220 0.943 0.246
HUxkpa, III cragus —0.689 0.725 Huzkas nnotHOCTH

Hxkpa, mepTBas —0.968 —0.252 0.976 —0.131
JlnunHku Huskas minotHoCTh 0.896 —0.336
h,™m 0.959 —0.283 -0.690 —0.067
T,°C 0.237 0.971 0.151 0.968
S, %o 0.606 —0.796 -0.176 -0.941
Tur, FTU —0.928 -0.372 —-0.420 0.896
0,, Mr/n 0.729 0.684 —0.867 -0.330
O6mas mucrepcus 6.077 2.923 5.055 2.935
Jons obuieii aucnepcuu 0.675 0.325 0.562 0.326
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B noBepXHOCTHOM ClI0€ U3 mapameTpoB cpe-
JIbl HA paclpeesieHne UKPhI U JIMYMHOK aH4yoyca
OCHOBHO€ BJIMSTHUE OKAa3bIBaJU COJEPHKAHUE KHUC-
JIOpOJa, TeMIEpaTypa, COJEHOCTb U MYTHOCTb.
Taxske BBISIBIICHA CBSI3b CKOIIEHWH TUYHMHOK aH-
4oyca CO CKOIUIEHUSAMH HKPBI, YTO yKa3bIBacT Ha
JUTUTEIIEHOE TIPEOBIBaHNE JTUYUHOK B MECTaxX OC-
HOBHOI'O HEPECTA.

[TockonbKy B yliOBax B LIEJIOM M B MECTax
AKCTPEMAJIbHO BBICOKMX KOHLIEHTpPAUWid JOMUHHU-
poBajia HEAAaBHO BBIMETAHHAs MKpa aHYOyca Ha
I cranuu pa3BuTHA, NPONOIKUTENBHOCTD Pa3BU-
THSI KOTOPOM COCTAaBJISIET OKOJIO 4Yaca, IMOJY4YEeH-
HBIE Pe3yNabTaThl (PAKTUYECKH MOKA3bIBAU CBS3b
HEPECTUJIUI] AaHYOYyCa C ONPEACICHHBIMU TapaMe-
Tpamu cpenbl. BelOOp MecT HepecTa mpou3BOIU-
TEJIIMH OCYUIECTBIISIICS UCXOS U3 ONITUMAJIbHOTO
COUETaHUsl TEMIEPATYphl, COJEHOCTH, MYTHOCTH
U COAEpKaHUs KUCIOPOJa, KOTOPhIE B CYpPOBBIX
YCIIOBUSIX CEBEPHOI 4acTH apeaya JOJKHBI ObLITH
ObITh ONM3KMMH K OINTHUMAILHLIM BETUYHHAM.
BONBIIMHCTBO  NEPEUYUCIEHHBIX  MapamMeTpoB
KOppenupoBajo Mexay coboil (cMm. Tabmn. 3), mo-
CKOJIbKY B JIAaHHOM pailOHE OHU CBSI3aHBI OOIINM
MPOUCXOKACHUEM U JTOCTATOYHO YETKO OMpeJie-
JSAIOT aMypPCKHE WM OXOTOMOPCKHE BOJbI. 3Ha-
YEHHUSI ITUX NTapaMETPOB B MECTAX MACCOBOTO HE-
pecTa aH4oyca, ONpeIeIIeMbIX 110 3KCTPEMAIIBHO
BBICOKUM KOHIIEHTPAIUSM HWKPBI, ObUTH OIH3KH
K TIOKa3aremnsiM TpaHC(HOPMUPOBAHHOTO aMypPCKO-
ro croka. HaxoxxneHue JNUYMHOK M MKpHI Ha -
III cTaguax pa3sBUTHS B COBMECTHBIX CKOIUIEHUSX
OBLIIO CIIEJICTBUEM MX yIACP>KaHUs B TIpeeiax 30H
HEpECTA, CBSI3aHHBIX C AHTULHUKIOHUYECKUM KPY-
TOBOPOTOM, YTO 00€CIIEUNBAIIO PAHHUN OHTOTECHE3
aH4oyca B HanboJyiee ONTUMAIbHBIX YCIOBHSIX.

O6cyxpaeHune

Pesynbrarel uccnenoBaHuil HepecTa aHYOy-
ca B MPUCAXaJTUHCKUX BOAAX MO3BOJISIOT YBUJICTh
CXOJIHBIE YEPThI C €r0 BOCIPOU3BOJCTBOM B II€H-
TpaJibHBIX 4YacTsAx apeana. Kak m B Bomax Ku-
tas, Anonun u KOxHoi Kopen [2], y moGepexbst
0. Caxanuu oOHapyXeHBI MIETb(OBbIE HEPECTH-
numa Haja rryounamu 6omee 100 m B TaTtapckom
MPOJIMBE U MPUOPEKHBIE HEPECTUIIUIIA HAJ TIIy-
ounamu menee 20-30 m B Tarapckom mposiuBe,
B 3a]l. AHMBA U Yy IOTO-BOCTOYHOTO TMOOEPEKbS
Caxanuna [23-26, 54].
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OnHO M3 OCHOBHBIX MPUOPEKHBIX HEPECTH-
JIUII @aHYOYCa C BBICOKOM MJIOTHOCTBIO UKPHI CBSI-
3aHO C ACTYapHOM CHCTEMOW KpyIHEHIIEH pEeKu
JTaTbHEBOCTOYHOrO OacceiiHa — AMyp, BHELIHEH
YacThIO KOTOpOM SBIsETCA MEJKOBOIHBIN Caxa-
JUHCKUM 3anuB [8], OTIMYAIOUIMICSA XOPOIIUM
MIPOTPEBOM B JICTHHIA Tteproz [55], oOpazoBaHreM
arnBeJJIMHIOB U (PPOHTANIBHBIX 30H C TPAJAMEHTaMU
THIPOXUMHUYECKUX, THIPODU3HUECKUX, THIPOOH-
OJIOTMUYECKUX ToKa3areneil [S6] u BBICOKOU Mpo-
JIyKTUBHOCTHIO [43, 57], He0OXOAMMBIMHU JJISI BOC-
Mpou3BOJICTBA BUa [2, 58, 59].

Cyns 1Mo 4YUCICHHOCTH HUKpBI, SBJISIOLIEHCS
MoKa3arejieM WHTCHCHBHOCTH Hepecta pwid [60],
HauboJiee ONTUMAJIbHOE COYETaHNE HEOOXOUMBIX
JUTSE UKPOMETaHMsI aH4oyca yclIoBuil hopmupoBa-
JIOCh B IOTO-BOCTOYHON yacTu CaxalMHCKOTO 3a-
JIUBA, 10 CI0KHOM T'MIPOANHAMUKE, TOHUKEHHBIM
3HAYEHUSIM COJICHOCTH, 3HAUUTENBbHBIM BBIHOCAM
B3BEIICHHBIX BEIIECTB U BHICOKOMY COJEPKAHUIO
xynopoduina a [41, 44, 46, 61] cxomHO# ¢ yCITIOBHU-
MU HEpecTa aHuoyca B ICTyapusiX KPYMHBIX PeK
XKenroro u Boctouno-Kuraiickoro mopei.

Uccaenosaunsa B 2011 . ObIIM BBINIOJIHEHEI
B IEPHUOJ MOTEIJICHUs] BOA AMYpPCKOTO JMMaHa,
BIUSIOIIMX HA TEMIEPATyPHBIA PEXUM FOr0-BOC-
touHoit yactu CaxanuHckoro 3anuBa [40], BbI-
COKOIl YHCIIEHHOCTH SIIIOHCKOTO aH4oyca M €ro
MacCCOBBIX MUTpAIUil B CEBEPHOM HaNpaBICHUH,
B TOM umcie K 6eperam o. Caxamun [5, 10]. An-
Y0yC MaccoBO TosiBisieTcst y OeperoB CaxanmHa
B HIOJE—aBryCTe MPU MaKCHUMAaJIbHOM IPOTPEBe
[10], uro yxe mpendmnonaraeT BbIOOp Hambolee
MOIXOSIIETO JUIsl HEpecTa TeMIIEPaTypHOTO pe-
xuma. Jlanee B mpezpenax HIMPOKOTO JManazoHa
YCIIOBUI IPOUCXOIUT MOUCK YIACTKOB C Hanbosee
ONTHUMAJIbHBIMA YCJIOBUSIMU, KOTOPBIC JOJIKHBI
MOJIXOIUTh KakK JUId HepecTa, Tak U JUIsl Haryja.
CeBepHble MUTpAIlMM aHYOyca BAOJIb 3aragHOTO
nodepexps CaxanuHa B OTHCJbHBIE TOABI MPO-
CTHUPAIOTCSI BIUIOTH A0 54-55° c.m. [62], Bmosb
BOCTOYHOTO ToOepexbs — 10 53° c.m1. Dnu30au-
YECKU aH4Y0yC JIOCTUTAET BOCTOYHOTO MOOEPEXKbsI
Kamuarku [10].

KoHueHTpanuu BbIMETaHHOW HMKpPBI B IOTO-
BOCTOUHOM yacTu CaxaJMHCKOTO 3aJMBa MPEBbI-
ajdy aHaJOTUYHBIC BETUYMHBI B IIEHTPAIBHBIX
qacTax apeana. B OCHOBHBIX CKOIJICHUSX YHCIICH-
HOCTb MKPHMHOK, niepecunTanHas Ha 100 m myTw,
nocrurana 6432-9448 u 7552-8868 oK3./M>.
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B KenTom mMope mipu 00J10BE CETHIO aHAJIOTHYHO-
ro IMaMeTpa YUCIEHHOCTh UKpbI aHuoyca 10 1079
UKpuHOK Ha 100 M myTH OTMeYanu JOKAJIbHO,
HO B TEUCHHE JIJTUTEIHHOTO BPEMEHH — C Mas IO
UI0JIb, IIPY ITUKE HEpecTa B Mac—uIoHe [2]. B npu-
OpexxHbIX Bozmax Kopelckoro moimyocTpoBa Mak-
CUMaJlbHasi YHCJIEHHOCTh HKpbl aH4oyca PEeIKo
npessinaiga 1000 sx3./m? [12]. Eciu paccmarpu-
BaTh MHTEHCHMBHOCTH HEpPECTAa aH4YOyCca B CEBEp-
HOM YacTH apeaja, TO MO KOHIICHTPAIUSIM HUKPbI
B TOJIIE BOJIBI (B cpeaHeM 83 3K3./M?, MaKCHMallb-
HO 657 3K3./M*) 10oro-Bocrounast 4yactb CaxaauH-
CKOTO 3ajJiMBa yCTyIaja TOJBKO HEPECTUIIUIIAM
3al. AHHBa, TlI€ COOTBETCTBYIOIIHE BEIHUHHBI
nocturanu 400 u 2634 sx3./m° [24]. B ceBepo-
BOCTOUHOM yacT CaxaJMHCKOTO 3aJMBa YHUCIICH-
HOCTb UKPBI ObLJIa MHOTOKPATHO HUXKE, YEM B FOTO-
BocTouHOoi, — B cpeaHem 0.003—0.005 sk3./m?
[62], uTO TakXke MOATBEPKAACT CBSI3h OCHOBHBIX
HEPECTUIIUI aH4yoyca C TpaHC(HOPMUPOBAHHBIM
aMypCKUM CTOKOM.

YuuteiBas, 4TO B IE€PUOJA HUCCIEAOBAHUM
ukpa Ha | cragum pa3BUTHS AOMUHHUpPOBaAIa Kak
Ha Bcel 00CIieIOBaHHOM aKBAaTOPHH, TaK U B CKO-
TUICHUSX C MAKCUMaJIbHOMN TIIOTHOCTBIO, BCS FOTO-
BOCTOUYHas yacTh CaxaJlMHCKOIO 3aJIUBa B Pa3HOMN
CTEINEHU SIBJISIACH MECTOM HepecTa aHdoyca.
BoeimeT 00nbIIOro KOIu4ecTBa UKPhl B KOPOTKHE
CPOKHU SBIISIETCS] YAaCThIO KOMIIEHCATOPHOTO MeXa-
HU3Ma MUTpUPYIOLUX nonynsuui [17], mo3Bons-
IOLIET0 MOJMyYUTh MHOTOUYHCICHHOE MOTOMCTBO
Yy CEBEpHBIX TIpaHUl] apeajia IpU COKpalICHUH
HEPECTOBOTO TMEpPHOo/ia O OIHOTO-ABYX MECAIICB
U O0O0ECHeuynuTh BO3MOXHOCTh MHUTpPALUN Cero-
JIETKOB B IOKHOM HaripaBieHuu. B 3an. AnuBa,
o cpaBHeHuIoO ¢ 3ai. [lerpa Benukoro (SImoHckoe
Mope), OIM3KHe KOHIEHTPALUU JTUYMHOK JTOCTH-
raJiich YBEIMYECHUEM YHMCIIEHHOCTU UKPHI HA TO-
psmok [24].

[To maHHBIM €AMHCTBEHHON CHEMKHU HEBO3-
MOXXHO YCTaHOBUTh HCTHHHBIM BKJaJ HCCIENO-
BaHHOUW uactu CaxaJMHCKOTO 3ajuBa B OOIIHid
00BeM BOCTIPOM3BOACTBAa aH4oyca. M3-3a cypo-
BBIX YCJIOBUM, KOPOTKOTO HEPECTOBOTO MEPHOA,
JUIMTETIbHOCTH MUTpPAluil B MECTa 3UMOBKH TIpe-
JKJI€BPEMEHHO TOBOPUTH, YTO 3TOT PAaiOH MOXKET
00ecTeunTh BBICOKYIO YHUCICHHOCTH €XKETrOIHO-
ro TOMOJIHEHUS! BUuaa. TeM He MeHee, OOIMIMpHOe
pacnpoCTpaHEHHE U BBICOKHE IUIOTHOCTH HKPBI
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anuoyca B 2011 r., a Takke paHee 0OHapy>KeHHbIE
CKOIUJICHUS JINYUHOK, MEPEMEIIAIOIINXCS B I0XK-
HOM HampaBiieHuu yepes npoi. Hesenbckoro [23],
YKa3bIBalOT HA BBICOKYIO PENPOAYKTUBHYIO 3Ha-
YUMOCTb CEBEPHBIX aKBaTOpUU B IIEJIOM U IOTO-
BOCTOYHOM 4yacTh CaxaJMHCKOIO 3ajuBa B 4acT-
HocTu. B Hauvanme XXI cronetus HepecT aH4oyca
B OTUX pallOHAaX MPOUCXOIWI PErYNISIPHO, BBIKH-
BAa€MOCTb UKPBI ¥ TMUYUHOK ObLIA JOCTATOYHO BbI-
COKOI J1axke B 00JIee XOJIOIHBIE 0 TEPMUUYECKHM
xapakrepuctukam 2001-2002 rr. [40]. K coxane-
HUIO, UCCIIEOBAHNS B ATHX pallOHax 4pe3Bblyaii-
HO PEKY U IPOCIIEAUTh MHOTOJIETHIOIO TUHAMUKY
HEpecTa aH4oyca HE IPEACTABIACTCA BO3MOXK-
HeIM. Hano mosarare, 94T0 BOCIIPOM3BOJICTBO aH-
qoyca B JaHHOM paiioHe HE MOXKET II00aIbHO TOo-
BJIMSTH Ha 3aI1achbl TOT0 KOPOTKOLIMKIJIOBOTO BUA,
KOTOpBIE BCE JKE€ COCPENOTOYEHBI B FOr0O-BOCTOY-
HOM A3MM U NOJBEP’KEHbl 3HAYUTEIbHBIM KOJe-
OaHUSAM HE TOJBKO IO €CTECTBEHHBIM NPUYMHAM,
HO M B pE3yJbTaTe 3HAYUTEIbHON IPOMBICIOBOU
Harpy3ku. Ho yxe To, 4To aHuOyC JOCTUTaeT He-
pectumiy CaxalaMHCKOIO 3ajuBa MUHYs JpPYTUe
palioHbl U MaccoBO 37I€Ch PA3MHOXKAETCsl, CBUJIE-
TEIbCTBYET O NMPHUBJIEKATEILHOCTH JTAHHOW aKBa-
TOPHUU JUIs 3TOTO BUAA KaK MECTa C MOAXOIAIUMHI
YCIOBHUAMHU CPEAbl M OOMIBLHON KOPMOBOH 0a30it
KaK Juisl MPOU3BOAMTENEH, TaKk W A JIMYMHOK
Y TIOAPACTAIOLIEH MOJIONIH.

AOCONIOTHOE JIOMUHUPOBaHHME B IOTO-BOC-
ToyHOU yacTu CaxaJIMHCKOTO 3ajiMuBa HKpbI aH-
yoyca Ha | cragum mo3Bos€T MOCTAaBUTH 3HAK
paBEHCTBA MEXAY paclpeelIeHUEM UKPBI U JIOKa-
nu3anue Hepectwiuml. Takum oOpa3om, aHaIu3
pacnpeneneHusl MJIOTHOCTH HMKPbl B 3aBHCHMO-
CTH OT BHEUIHHX IapaMeTpoB (aKTHYECKH IIO-
Ka3bIBaeT BIMSHHUE YCIOBHI CPEIbl HA PACIOIIO-
JKEHHE HEPEeCTWIMIL aH4yoyca. B 1oro-BocTouHoin
yactu CaxaJIMHCKOro 3ajuBa IO TEMIEparype,
COJIEHOCTH, MYTHOCTH, COACPKAHHUIO KUCIOPOAa
JOCTATOYHO XOPOIIO HAECHTHU(PHUIUPYIOTCS OXO-
TOMOPCKHE M TpPaHC(HOPMHUPOBAHHBIE aMypPCKHE
BOJIbl, & TAKXKE U CTOK C 3aJIMBOB B IPUOPEKHOM
30He. MakcuMaibpHbIe CKOIUIEHMs UKpBI Ha I cTa-
JTUH, SIBISIOLINECS MHJIMKATOPOM PaCIOIOKEHUS
HEepeCTWINI, ObUIM CBSI3aHbl C AHTULUKIOHU-
YECKUM KPYTOBOPOTOM, OOpasyIoUIMMCcsS B 30HE
NEUCTBUSL  TPaHC(POPMHUPOBAHHOTO  AMYPCKOTO
croka. [Ipu mpoBeneHun (akropHOro aHaaM3a
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HE yJaJ10Ch U3 KOMIUIEKCAa B3aUMOCBSA3aHHbBIX Ma-
paMeTpoB Cpebl BHIWICHUTH OINpEIeIeHHbIN M0-
Ka3aTellb, BIUAIONINI Ha PACTIOI0KEHUE 30H MacC-
coBoro Hepecra. BeiOop MecT HepecTa B IepHoj
uccienoanuii 2011 r. mporcxonus B rpagueHTe
BCEX aHAJIM3UPYEMBIX MOKa3aTeseil — TeMiepary-
PBI, COJIEHOCTH, MYTHOCTH M COJIEP>KaHUS KUCIIO-
pona, onTUMajbHbIe BEIMYUHBI KOTOPBIX (HOpMHU-
POBAJIUCH B Y3KOM JIMAIIa30HE TITyOuH.

MaccoBoe HKpoMeTaHHE aH4oyca Haoiro-
Jaloch 3a TpeAeNiaMd CHIBHO ONPECHEHHBIX
pallOHOB, HAXONAIIMXCS IO/ BIUSHUEM amyp-
CKOro M OeperoBoro CTOKOB, HO B Ipeaenax
Y4acTKOB C ONarompusiTHBIM TeMIIEpaTypHbIM U
KHUCJIOPOAHBIM PEKMMOM U HEBBICOKMMH BEJIU-
YUHAMU MYTHOCTH. Temmeparypbl B 30HE OCHOB-
HOTO MKPOMETaHUs HaXOJIWJIUCh B MpEAeNax Oll-
tumyma 10-12 °C B cpeanem B cnoe 1HO—0 M U
15.1-16.9 °C B noBepxHOCTHOM cioe. CpenHsis
COJICHOCTh B BEPTUKAJIbHOM cTOJI0€ BOAbI (23.6—
26.2 %0) nMena NpUrpaHuYHbIE 3HAYCHMSI, pasjie-
JISIOLINE 3CTyapHbIE M MOPCKUE OHMOJIOTHYEeCcKue
KOMILUIEKCHl. B MOBEpXHOCTHOM Cllo€ pa3BUTHUE
WKpBI U JIMYMHOK aH4Yoyca MPOTEKaJ0 U B BOJAX
¢ acTyapHou coneHoctbro 17.2-21.1 %o [52, 53].
Ho B 1iei10M 3TH BeAMUMHBI IONMA1au B JUANa30H
COJIEHOCTH, TPU KOTOPOM IPOUCXOAUT Pa3BUTHE
UKpBI aHYOyca B ACTyapHBIX cuctemax JKenroro
Mopst 1 Boctouno-Kuraiickoro mopetii [11, 29].

AHTHIIMKIIOHUYECKUN KPYyTOBOPOT B MeCTax
MacCcOBOTO HEpecTa, OMpeAeNsieMblil Mo 3arty-
ONEHWIO TEIUIBIX BOJ, CIIOCOOCTBOBAN yAepkKa-
HUIO UKPHl U JUYMHOK aHYOyCa B ONTHUMAJIbHBIX
ycnoBusix [46]. Hebomnbimue myounst (1315 m)
o0ecreyrBaiIl paBHOMEPHOE BEPTHKAIBHOE pac-
MpeiesieHne mapaMeTpoB cpefibl A0 TryouH 10 m.
Conepxanue kucinopona aocturano 10-12 mr/m,
MyTHOCTh He mpesbimana 2 FTU. BeposTHOCTb
3HAYUTEIbHBIX KOoJeOaHUW TeMmmIepaTyphl, colie-
HOCTU M JIPYyTUX aHAIU3UPYEMBIX IOKa3areseH,
TYOUTEIBHBIX JIUISl PHIO HA PAHHKX CTATUSX PA3BU-
THUS, CHUXKAJIACh 3a CUET YJAJIEHHOCTH OCHOBHBIX
HEPECTUJIUI] OT MECT BO3JEHUCTBHS XOJIOAHBIX
OXOTOMOPCKHUX BOJl U YYaCTKOB C CHJIbHBIMH Te-
YeHUSIMH U TPUOOMHOCTHIO, PACHIOJIOKEHHBIX Ha
BBIXOJIE M3 AMYpPCKOro JTHUMaHa, BOJU3H MPOIU-
BOB IPUOPEKHBIX JIATYH U B IPUOPEKHON TOJI0CE
[48]. C npyroii cTOpoHBI, O1arofapst HE3HAYUTEIb-
HOUW yHAJEHHOCTH HEPECTUIML] OT 30H aKTUBHOM
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TUJIPOAMHAMHUKN C BBICOKOM IPOAYKTHUBHOCTBIO
IJITAHKTOHHBIX U OEHTOCHBIX cooOmiecTB [48, 57],
YUYacTKH C XOpolleil KOpMOBOW 0a30if CTaHOBH-
JIUCh JOCTYIHBIMU JUIsl HAryja JUYMHOK aH4yoyca
[0 MEpEe HUX POCTa U YBEJIWYEHUS IUIABATEIbHON
akTMBHOCTH. OOpazoBaHME BBICOKOM IUIOTHOCTH
UKpBl B TMpeiesax OTHOCUTENbHO HEOONIbIION
AKBaTOPHUM SIBJIAECTCS CJIEACTBUEM CTAMHOIO IIO-
BEJCHMSI aH4Y0yCca M, BEPOATHO, OTPaHUYECHHOU
IUIOLIA/IA C ONTUMAJIbHBIMU MTapaMeTpaMu CpeJibl
B YCIIOBUSIX B3aMMOJIECUCTBHUSI OYEHb XOJIOIHBIX
OXOTOMOPCKHX BOJ U TEIUIbIX, HO CHJIBHO OIpec-
HEHHBIX aMypcKux Boj. Pacmpenenenue HKpbI
aH4yoyca B BUJIE JIOKAJIbHBIX «IISITEH» C OYEHb BbI-
COKOHM IIJIOTHOCTBIO XapaKT€PHO HE TOJIBKO JUIS
I0r0-BOCTOUYHON wyacTh (CaxaJIMHCKOTO 3ajuBa,
HO U JUIs IEHTPaJIbHBIX YacTeu apeana [28].

Takum 00pa3om, pailoH MaccoBOro MKpoOMe-
TaHUs HaXOIWJICS B 30HE C MOAXOISAIIUMHU TEMIIe-
paTypHBIMH YCIOBHUSMU, XOPOIINM KUCIOPOIHBIM
PEKUMOM W HEBBICOKUMHU 3HAYEHHUSIMHU MYTHO-
ctu. Mecta ¢ MakCUMaJIbHBIMUA KOHILICHTPALUSIMHU
UKpBbI, 3apETUCTPUPOBAHHBIMU Ha CT. 27, COBIa-
JlaIi C y4acTKOM HauOoJiee BBICOKOM YMCIEHHO-
cTi OeHTOCHBIX (opamuHHUbep [61], cKoTUICHHS
KOTOPBIX O00Opa3yloTCsi B YCIOBHSIX OTCYTCTBHS
BOJIHEHHS U CWJIbHBIX TeueHui [63]. Kpome Toro,
aKBaTOPHsI MACCOBOIO HEpECTa aH4O0yca IPaHU-
YHJia C BBICOKONPOAYKTUBHBIM PailOHOM BOJIM3H
3ai. baiikai, XapakTepu3yrommuMcs MOBBIIIECHHbI-
MU 6uomaccamu (PUTOTIIAHKTOHA U COAEpKAHHEM
xyopouina a. VIHTEeHCHMBHOE NpPOXyLUPOBAaHHUE
MUKpPOBOAOPOCIEH TMOOIU30CTH OT IPOJIHBOB
3as. baiikan siBisieTcsl pe3yibTaroM MOCTOSHHO-
r0 MOCTYIUIEHUS] OMOTEHOB, 3amachl KOTOPBIX CO-
JIep>KaTcsl B IPUIOHHOM CJIO€ XOJIOAHBIX MOPCKUX
BOA [57].

B 3aBHCUMOCTH OT CyIIECTBYIOIIMX yCIOBHUM
B pailioHax HepecTa BIMSHHE TEMIEepaTypsl U CO-
JIEHOCTH Ha pacIpeiesieHne UKPbl U IMYUHOK aH-
4Oyca MOYKET MEHATHCA. B FOro-BOCTOUHON YacTu
CaxanuHCKOro 3ajnuBa TEMIIEpaTypa OKa3blBajia
IIOJIOKUTENIBHOE, a COJICHOCTh OTPULATEIBHOE
BJIMSIHUE HA pacpeesieHue UKPbI U JTUUYUHOK aH-
4yoyca, MOCKOJIbKY 30HAa TEMIIEpaTypHOTO OITH-
MyMa Obla OrpaHHYeHa MPUOPEKHOH MOJIO0COit
U paclIpoCTpaHEHUEM TPaHC(HOPMUPOBAHHOTO
aMypCKOro cToka. B acTyapHbIX cucremax cyo0-
TPONIMYECKOW YacTHU apeajla COJIEHOCThb, HaIIpO-
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TUB, OOBIYHO OKA3bIBAET MOJIOKUTEITHHOE BIHSTHUE
Ha BBIOOpP MECT HEpecTa, a TeMIieparypa — OTpH-
LATEeJIbHOE, TaK KaK YacTO MPEBBIIIAECT ONTUMATb-
HYIO JJI SMOPHUOHAJILHOTO Pa3BUTHS aHYOYyCa Be-
auuuny [11, 29].

Cynst 1o HEBBICOKOMY YPOBHIO THOETTN HKPBI
(0.7-4.4 %) u oOmupHOMY pacrIpoCTpPaHEHHUIO
Pa3HOBO3PACTHBIX JIMYMHOK, TOHUKEHHbIEC 3HA-
YEHUSI COJICHOCTHM HE OBUIM KPUTHUYHBIMH JIS
paHHUX cTagui aH4oyca. [lonydyeHHble Bean4u-
HbI THOEJTH HKPBI 3HAUUTEIBHO YCTYATIN YPOBHIO
€e IMMHHALMKU B Apyrux paiionax. B JXentom
n BocrouHo-KurtaiickoM MOpsX ecTecTBEHHas
SMOpHOHaNbHAs THOENb MOXKET MpeBbImaTh 70—
80 %, a B oTnenpHBIC TOaBI qocTUTATh 90 % [49].
Bricokuii ypoens rudenu ukpsl — g0 70-100 %
oTMedeH U B SnoHckoM Mope B 3ai. Ilerpa Be-
mukoro [21, 22]. B 3an. Tepnenus Bo Bpems
MPOXOXKJICHUS TTTyOOKOro IUKIIOHA BCE HKPHUH-
KM U JUYUHKYA aH4doyca ObUIM MepTBBIMU. B cy-
POBBIX YCIIOBHSX IIEIb(OBBIX BOJI CEBEPO-BOC-
touHoro CaxannHa cyMMapHas J0Jis MOTHOIINX
Y aHOMAaJIbHO Pa3BUBABIIMXCS UKPUHOK aHUOyCa
BapbupoBana oT 33 1o 100 %. B BocTrouHOI ya-
ctu Tatapckoro nponuBa oHa aocturana 67 % u
cHmkamachk 10 14 % y ceBepo-3amaaHOro moode-
pexbs B 3ai. UuxaueBa u 10 4 % B 3an. AHMBa
[23]. ITpu pe3KkuX U3MEHEHUAX MMapaMeTPOB cpe-
JIbI ¥ TIOTOJTHBIX YCII0BUM B CaxaJdMHCKOM 3aJIUBE
TaKKe MOXXKHO OXKHJAaTh 3HAUUTENbHBIX KoyieOa-
HUM BBIKMBAEMOCTH HMKpbl. M3-3a orpanuven-
HOTO BPEMEHHU MCCIIEJOBAaHUN B JaHHOW pabote
OIICHUTh OKOHYATEJIbHYI0 CMEPTHOCTh B dSMOpHU-
OHAJIBHBIN U JTUYMHOYHBINA NIEPUOJ HE MPEICTaB-
JIIETCSI BO3MOKHBIM.

Pa3BuTHe TMUMHOK aHYOYyCa MPOUCXOAUIIO Ha
OOIIMPHOI YaCTH MCCIIEIOBAHHON aKBaTOPUH, TEM
He MeHee, 0oJiee BhICOKasi BCTpe4aeMoCTh HaOto-
Jlanach B 30HE MacCOBOTO HepecTa aH4yoyca. Bapu-
aIyl YUCICHHOCTH JIMYUHOK B IEJIOM OBLITH 3HA-
YUTEIHHO MEHBIIIE, YeM UKPHI. B epByro ouepenn
3TO CBSA3aHO C UX MUMHUHALIMEH U TIepepachpee-
JIEHUEM T10 Mepe pa3BUTHs U pocta. Hecmotps Ha
BBICOKHE CKOPOCTH TEUYCHHH W HaIPaBICHHOCTh
CTOKOBOTO AMYPCKOTO TEUEHHUsI C IOora Ha CEBEp
[45], pa3BuTHE OOMNBINECH YACTH TUIHMHOK, OUCBH/I-
HO, POUCXOUT B Hanboee OIaronpusTHHIX yC-
JIOBUSIX FOTO-BOCTOYHOM YacTH 3aJ1MBa B MpeAeiax
AHTUIUKIIOHUYECKON IUPKYISIIIUN, CIOCOOCTBY-
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IOMIEH yAepKaHWIO TMACCUBHBIX O0OBEKTOB [46].
OTO0 NMpeanoIoKEeHUE MOATBEPKAAECTCS CHUKEHH-
€M CpeJHEelN YNCIEHHOCTH JTMYMHOK B CEBEPO-BOC-
TOYHOM YacTu 3anuBa [62] U MPUCYTCTBUEM pa3-
HOBO3PACTHBIX 0cO0el B IOr0-BOCTOYHOW YaCTH.
JInunHKM aHYOyCa BCTPEUYaIUCh BIUIOTH JI0 ype3a
BOJIbI TIPH 3HAUUTEIHHBIX BapHaIIUAX TapaMEeTPOB
cpensl. Ha METKOBOIHBIX yyacTKaxX JUYMHOK aH-
qyoyca 00JIaBIIMBaIN B YCIOBHSX MOBBIIIEHHON JI0
9 FTU myTtHOCTH.

[IpoTsi>keHHBIN MOTUMOIAJIbHBIN pa3MepHbI
pAIl SBISIETCS CIEACTBUEM DPAa3BUTHUS JTUYMHOK,
MOSIBJISIBIIUXCSL B pa3Hble cpoku. [IpeoOmamanme
HECKOJIbKUX Pa3MEpHBIX TPYII OObSICHSIETCS Ha-
JUYUEM XapaKTEePHBIX ISl aHY0yCca MHTEPBAJIOB
MEXI1y MKpoMeTaHusiMu [15] u, BeposiTHO, MOJ-
XO/IaMH HOBBIX MUTPUPYIOIIUX TPYNIUPOBOK, KaK
3TO MPOUCXOAUT B IIEHTPAIBHBIX YACTIX apeayia
[2, 18].Temn pocTa JIMYMHOK B MEPBBIE JHU IO-
clie BbIKJIEBa cocTaBiseT B cpeaHeM 0.6-0.8 Mm
B CyTkH [19, 64, 65], Bo3pacTaer npu yBeJIHUCHUN
TEeMIIepaTyphbl U CHIKAETCs B MOMYJISIUAX, Hepe-
crsauxcs cesepHee [36]. Ecinu npunsATh 3a Temn
CyTOYHOTO POCTa JUYMHOK B IOTO-BOCTOYHOM
yacti CaxaJIMHCKOTO 3ajMBa MUHUMAJIbHYIO
BeanuuHy 0.6 MM W JJIMHY IIPU BBIKJIEBE 3 MM
[66], To Haubosee KpymnHbIE JTUYMHKU aH4Yoyca
muHoi 18.0 MM m Oosiee, BeLIOBIEHHEBIE B Ca-
XaJIMHCKOM 3aJIUBE, OSIBUIIUCH OPUEHTUPOBOUHO
B KOHIIE UIOJIS, @ IPeo0Iaaroiue 0coou JIMHOM
ot 8 1o 10 MM — B Hauyasie aBrycra. B 3aBucumo-
CTU OT TeMIEeparypbl, SMOPUOHATBLHOE PA3BUTHE
npogoipkaercs 42—72 u [67]. Takum oOpaszom,
uKpoMeTaHue aHdoyca B CaxalWHCKOM 3aJliBe
Ha4YaJIOCh OPUEHTUPOBOYHO B TPEThEH nexaze
UIO0JIsl, MACCOBBINM HEPECT MPOUCXOIUI B aBIyCTe.
B cenra0pe Ha mpuiexamux ydyacTkax (Mpod.
Hesenbckoro) mkpa aHuoyca B UXTHOIUIAHKTO-
HE OTCYTCTBOBaja [23], mOATOMY UKpPOMETAHUE,
OYEBUJIHO, 3aBEpIIACTCS B CEHTAOpE, 4TO Mpe-
nojaraeT OOIIyI0 MPOJOKUTEIBHOCTh HEpecTa
okoso 1.5 mec. Ilo cpaBHeHuto ¢ cyOTpomude-
CKOM 30HOM, I71e HEPECT MOXKET JUIUTHCS A0 8 MEC.
u 6omee [19], 3T0 T0BOIBHO KOPOTKUH TIEPUO/I.

@DaxkTOpHBIA aHANIU3 MOATBEPAMII arperupo-
BAaHHOCTh MKPHI U JIMYUHOK B OOIINX CKOTLICHUSIX
U BO3/ICHCTBHE HAa UX paCIpe/ielIeHHE CI0KHOTO
KoMILIeKca (hakTopoB. B Toiie Boabl K OCHOBHBIM
dakTopaM B TOpSIKE 3HAYUMOCTH OTHOCHIIHCH
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IyOMHA, MYTHOCTb, COJIEp)KaHUE KHCIOopoJa,
TEeMIIepaTypa M COJIEHOCTb. B IOBEpXHOCTHOM
ClIoO€ OCHOBHOE BO3JECHCTBHE OKa3blBAIU CO-
JiepKaHue KUCIOopoia, TeMIleparypa, COJIEHOCTb
U MYTHOCTb.

Temmneparypa M COJEHOCTh Kak B TOJIIIE
BOJIbI, TAK M B IIOBEPXHOCTHOM CJIOE€ JEHCTBOBA-
JU Ha pacIpelesIeHUE UKPbl OIHOHAIPABICHHO.
C yBenn4yeHHEM TeMIEpaTyphl IUIOTHOCTb UKPBI
BO3pacTajla, ¢ POCTOM COJICHOCTH CHH)KAJIACh.
Takoe neiicTBHE OOBACHSIIOCH paclpenesieHueM
TpaHc(HOPMUPOBAHHOTO aMypPCKOTO U OEperoBoro
CTOKOB, XOpOIIO 3aMETHBIX II0 PaCIPEICIICHUIO
MYTHOCTH M COZIEP>KaHUS KHCI0poJa (CM. puc. 2).
BOmu3u 3an. baiikan Boabl pa3HOTO IMPOUCXOXK-
JEHHUsI MOTYT CMelIuBaTbesa. B rpaauenTte TpaHc-
(bopMHPOBaHHBIX BOJ ONTHMAJbHBIN Ui Hepe-
CTa peKUM (OPMHUPOBAJICS HA PacCTOSIHUM Oolee
10 kM ot mpoxonoB 3ai. baiikan u 6onee 36 km
oT Bxoja B AMypckuil nmumaH. Ilockoiabky MyT-
HOCTb, COJIGHOCTh M TEMIIEpaTypa HUMEJU BBICO-
Kyl KOppeJsLUIO ¢ IIyOWHOH, AEHCTBUE BCEX
MHOTOUYHUCIIEHHBIX ()aKTOPOB MOXKHO paccMaTpu-
BaTh KaK COBMECTHOE.

B ommuume or TemmepaTrypsl M COJEHOCTH,
NeiicTBE MYTHOCTH M KHCJIOpOJa B IOBEpX-
HOCTHOM CJIO€, [0 CPAaBHEHUIO C TOJIICH BOJBI,
MEHSJI0Ch Ha IPOTHBOIIOJIOKHOE. B Toe Bozbl
C YBEJIMYEHUEM COJEpX aHUS KUCIOPOAa U CHHU-
KCHHMEM MYTHOCTH YMCIEHHOCTb HMKpBI aHYOyCa
BO3pacTajla, B IIOBEPXHOCTHOM CJIO€, HAIPOTHB,
CHUXanach. Takol xapakTep BO3ACUCTBUS MOXKET
OBITh CBSA3aH C paclpelesieHUeM TEeIUIbIX aMyp-
CKHX BOJ| B IIOBEPXHOCTHOM CJIO€, TI€ MyTHOCTb
YBEJIMUUBAETCS, & COIEp )KaHUE KUCIOPOAa, COOT-
BETCTBEHHO, CHMXaeTcs. Ho mockonbKky HepecT
aHuyOoyca BCe ke OObIIIe MPUBS3aH K TEMIIEpaTyp-
HBIM yCJIOBHSIM, HETaTUBHOTO BIUSIHUS MYTHOCTH,
OYEBM/IHO, HE yIaeTCsl U30eXKaTh.

VYuurteIBas, 4TO Ha BEIMYUHY MYTHOCTH BIIU-
s€eT CoJepKaHUe KaK MHUHEpaJbHOW B3BECH, TaK
OpPraHuKH, B TOM YHCJIE IUIOTHOCTH (PUTOIIAH-
KTOHA U 300IIJJaHKTOHA, €€ BO3JEHCTBHE MOYKHO
paccmarpuBaTh Kak COBOKYITHOE OT COZAEpXaHHs
B3BEILIECHHBIX BELIECTB U IUIAHKTOHA. B roro-soc-
ToyHOU YacTu CaxaJaMHCKOTO BIMSIHUE MYTHOCTH
COOTBETCTBOBAJIO BIMSHMIO conepkaHus BB B
3CTyapHBIX 30HaX IOr0-BOCTOYHOM A3uM, III€ 1aH-
HBIM [OKa3aTeslb BXOJAWJI B KOMILJIEKC OCHOBHBIX
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(akTOpOB, CTPYKTYPUPYIOIIMX PACIIOIOKCHHE
HEPECTOBBIX U BHIPOCTHBIX 30H aHUOycCa B Ipaju-
€HTE MMapaMeTPOB MPECHOBOJHOTO CTOKA KPYITHBIX
pek. Eciii ocHOBHOM HepecT B ACTyapuu p. SHII-
3b1 (JKentoe Mope) mpoMCXoaul y BHEIIHEH Tpa-
HULIBI 3CTyapHOM 30HBI IPU CPETHEM COJIEPKAaHUHU
BB 5.1 mr/n [11], To tMuuHKM aH4Yoyca OOJbIIE
TATOTENIM K MNPHOPEXKHBIM Yy4acTKam, TIJe CO-
JepKaHue B3BeCHU Moo aocturarb 134.8 wmr/m,
YTO YKa3bIBaJO Ha WX OOJBIIYI0 YCTOHYHBOCTH
K €€ BBICOKUM KOHIEeHTpamusiM [32]. BrisiBneH-
Has MO3UTHBHAS PEAKIIHS JIMUUHOK CTapIIUX BO3-
pPacTOB Ha yBEIMYECHHE MYTHOCTH MOXET OBITh,
MPENOI0KUTENBHO, CBI3aHa C TOMCKOM OOTaThIX
KOpMOBBIX paiioHOB [68]. B Bogax CaxanuHckoro
3aJIMBa MYTHOCTBH, KPOME TOTO, MOXET SIBJISTHCS
OPUEHTHPOM JJIsi OOpaTHBIX MUTpAIlUi MoJpac-
TaIOMICH MOJIO/IU, YUCICHHOCTh KOTOPOM BBICOKA
B npoi. Hesenbckoro B ocennuii nepuon [23].

be3 mocnoitHbIX TOBOB TOYHasl TIIyOWHA MO-
Ipy>KeHHs UKpbl aHuoyca B CaxaJMHCKOM 3aJIBE
octaeTcs HemsBecTHOU. Cylsd IO 3HAYUTEIbHBIM
pa3INyuusIM B YUCICHHOCTH, HAOIIOIaeMbIM B Bep-
TUKQJIBHBIX W TOPU30HTAJIBHBIX JIOBAX HA OJHUX
U TeX K€ CTAHIUAX C MAKCHUMaJbHBIMHU KOHIICH-
TpaluUsMH UKPbl, TOPU30HT €€ BhIMETA HECKOJIBKO
Mensuics. Mccnenosanns B Boctouno-Kurarickom
MOpe TMOKa3aldHh, YTO BBICOKHE KOHIIEHTPAIHH
UKPBI aHY0YyCa 00pa3yIOTCs B MPUTIOBEPXHOCTHOM
15-metpoBom cioe [69]. OueBUIHO, YTO B IOTO-
BOCTOYHOM yacTH CaxaJIMHCKOTO 3aJIMBa B MECTax
MaccoBOTO HepecTa ¢ IyonHaMu He Gosee 15 M,
IJIe OTCYTCTBYET CTparu]uKaius, UKpa aHdoyca
Tak)ke Moryia OBITh paciipesielieHa Mo BCeMy Bep-
TUKaJLHOMY CJIOK0, YTO TMOATBEpIKIaeTCs Oolee
BBICOKUMH CPEIHHMH KOHIEHTPAIUSIMH HWKPbI
B BEPTUKAIIBHBIX JIOBaX B (83 9K3./M*) 10 cpaBHe-
HUIO C ropu3oHTambHBIMU (21 3K3./M%). AHano-
THYHBIC 3aKOHOMEPHOCTHU OBLITH BEHISBICHBI paHee
U B ceBepo-3anagHoi yactu CaxaauHCKOro 3alu-
Ba [62]. COOTBETCTBEHHO, CBSI3U CKOTUIEHUM UKPbI
aHyoyca ¢ mapameTpamu Cpejbl, OJyYeHHbIE IO
JAHHBIM BEPTUKAJIBHBIX JIOBOB, MOXKHO MPHUHSTH
KaK OCHOBHBIE, BIMSIONINE Ha BEIOOP MECT Hepe-
cTa 3TOro Buja. B TO e BpeMs Helb3s UCKITI0YaTh
U BBICOKYI0 MO3aHMYHOCTbH PACIpPENETICHUsS HUKPBI
Py MajoW IJIOIIAA HEpPEecTa, YTO MOIVIO MpHU-
BOJIUTh K HECOBIIAJICHUIO YJIOBOB, MOJYyUYEHHBIX
B BEPTUKAJIbHBIX U TOPU30HTAIBHBIX JIOBAX.
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BbiBoabl

CaxanuHCKUI 3a1uB SIBISIETCS OJHUM U3
HauboJee ynaaeHHbIX OT OCHOBHBIX LIEHTPOB BOC-
MIPOU3BOJICTBA CEBEPHBIX HEPECTUIIHILL ATTOHCKOTO
aHdoyca B OXOTCKOM MOpE.

B aBrycre 2011 r. B 10ro-BOCTOUHOM 4YacTH
3anuBa HaOMIOaICd UHTCHCUBHBIA HEPECT aHuo-
yca, ONPEEIEMBIN 110 BBICOKOW OTHOCUTEIBLHOM
YUCJIEHHOCTH UKpPHI Ha | ctanuu — 84.8 % B Tose
BOJIbI M 79.5 % B nmoBepxXHOCTHOM ciioe. CpenHss
IUIOTHOCTh MKPBI — 83 3K3./M® B TOJIIIE BOMIBI U
21 9k3./M* B IOBEPXHOCTHOM CJIO€ — IPEBHIIIAIa
KOHILIGHTpAllM HUKPhl B MOPSIX IOr0-BOCTOYHOM
A3zun 1 ObUTa COMOCTaBUMA C KOHIIEHTPAIUSIMH B
3aJI. AHUBA.

JIMYMHKH BCTPEUAINCh BO BCEM 00CIIEI0BaH-
HOM Jiana3oHe yOuH — OT ype3a Boabl 10 31 m.
JnuHa nuunHOK BapbupoBaina ot 4.3 1o 18.4 mm.
[IpoTsiKeHHBIN MOTMMOAAIBHBIN pa3MEepPHBINA PsiJT
SIBJISUICA CJICZICTBUEM Pa3BUTHUSL B pallOHE JIMYHU-
HOK, MOSIBJISIBIIMXCSI B Pa3HbIE CPOKU. Y UUTHIBAS
JUTUTEITLHOCTh 3MOPHOHATHHOTO PAa3BUTHUS B CKO-
POCTb pOCTa JIMYMHOK aH4Y0yca, HayajIo ero Hepe-
cra B CaxaauHCKOM 3aJIMBE MPUIILJIOCH HA TPEThIO
JIEKaIy UIOJS.

[Ipu oOmupHOM pachpeneieHnd HKpPHI 10
aKBaTOPHH CKOIUICHUS C BBICOKOHM IIOTHOCTBIO
dbopMUpOBaINCh HA OrPAHUYCHHBIX Y4YaCTKaX
¢ nryouHamu 13—15 M u GnaronpusITHBIMHA yCJIO-
BUSIMU cpenibl BOMM3KM Hambosiee MPOAYKTUBHBIX
NpUOPEKHBIX PAOHOB. YYacTOK MaKCUMaIbHBIX
CKOIIJIEHMM MKpBI COBMAJaj C 3anIyOJeHUEM BOA
¢ temrieparypoit 8—10° C u Gomnee (mpu KOTOpOit
BO3MOXKEH HEPECT MUTPUPYIOIIMX TPYNIHPO-
BOK aH4Yoyca) 70 ropu3oHTa 10 M. B atom crnoe
HaOMI0AaNoCh CTaOMIIBHOE COAEp)KaHUE KHUCIIO-
pona B mpezaenax 10—12 mMr/m u HEeBBICOKAs MYyT-
HocTh — 110 2 FTU. ConeHocTs B TOMIIE BOJBI
(23.6-26.2 %o) ocraBanach OIM3KOM K KpUTHYE-
CKOM I'paHulE, pa3eliioleil MOPCKYIO U 3CTyap-
HYIO 30HBI, B IOBEPXHOCTHOM CJIO€ UMeEJIa 3CTyap-
Hble BesM4uHbI (17-21 %o).

Kak u B leHTpanbHbBIX YacTax apeana, B I0ro-
BOCTOUHOM yacTu CaxaJMHCKOTO 3aJiiBa OIpe-
JENSIOIMM B BbIOOpDE MECT HepecTa SIBIISJICS
XOPOIIHA MPOrPeB MPU KOM(OPTHBIX BETUUIUHAX
COJIEHOCTH, MYTHOCTH M COJEpP>KaHUSl KHUCIIOpO-
Jla B TPaJIME€HTE MPECHOBOAHOIO CTOKA p. AMYyp.
AHyoyc n3berasl paifoHOB BTOP>KEHHUS XOJOIHBIX
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OXOTOMOPCKHX BOJl, CHJIFHO OIPECHEHHBIX aMyp-
CKHX BOJ U PaiiOHOB JIEHCTBUSI OEPETOBBIX CTOKOB
¢ mytHOCcThIO Oosiee 7 FTU u conmeHoCThIO MeHee
10 %o. Ynep:kaHuto UKpbI U TMYUHOK B OIaronpu-
ATHBIX YCJOBUSX B TE€UEHHE JJIUTEIBHOIO CpoKa
CHOCOOCTBOBAN AHTULUKIOHUYECKHHA KpPyroBO-
POT, BBISBIISABIIMIACS IO 3arTyONIeHHIO TpaHCHOp-
MHUPOBAHHOTO aMypPCKOTO CTOKAa B MECTaX OCHOB-
HBIX KOHLIEHTPAIMI UKPBI ¥ TNINHOK.

Pesynbrarel ucciieioBaHus HEpeCTa aHyoyca
B CaxaJMHCKOM 3aJIMBE CITy>KaT €Ille OHUM JI0Ka-
3aTeNIbCTBOM TUIACTUYHOCTH U BBICOKOW aanTHB-
HOCTH 3TOTO BUJA. Y CEBEPHBIX I'paHUI] apeaia
pasBUTHE MKPbI U JUUNHOK aHUOyCa MPOMCXOIUT
B IIUPOKOM JHana3oHe TeMIeparypbl U COJCHO-
CTH, YTO MOATBEP)KAAET €r0 IBPUTEPMHOCTH U IB-
PUTaIMHHOCTb.

Crnemyer y4uThIBaTh, YTO TOJYYECHHBIC pe-
3yAbTaThl OTPAHUYEHBI OMHOKPATHON CHEMKOM,
BbimonHeHHOU B 2011 1. J[ns momyueHust Gonee
TIOJTHOM KapTHHBI HEpeCTa aHd0yca U IOITBEPXK-
JIEHUS] €ro CBS3M B PEMPONYyKTHUBHBINA TMEPUOT
¢ TpaHC(HOPMHUPOBAHHBIM aMypPCKUM CTOKOM Tpe-
OyrOTCS IOTIONTHUTEbHBIE ccienoBanus B Caxa-
JMHCKOM 3aJIMBE€ U B MPUJIEKALINX pallOHaX.
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Methodical experiment

on the use of zeolitized tuffs to detect

low concentrations of hydrocarbons

in an environment simulating bottom sediments*

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

Abstract. This paper presents the results of a methodical (trial) experiment for conducting in-kind conditions on
capturing microseepage hydrocarbon molecules by sorption, which amount is sufficient for the certificate of the
presence of oil and gas-bearing formations. The experiment simulating hydrocarbon accumulation in traps with
sorbents was organized and conducted at the Institute of Marine Geology and Geophysics, Far Eastern Branch
of the Russian Academy of Sciences as a step before the installation of traps in natural conditions near a hydrocarbon
deposit. Zeolitized tuffs from the Ogonkovsky site of the Lyutogskoye deposit (Sakhalin Island) with a 50 % zeolite
content, as well as the peats were used as sorbents. The sorbents were kept for 5 months in an artificial container
containing soil (lofts), seawater, and a small additive of a hydrocarbon mixture. The obtained results confirmed
the possibility of detecting low concentrations of hydrocarbons in an environment similar to bottom sediments
using traps with a zeolite sorbent. The advantage of this sorbent as an indicator of hydrocarbon microseepage over
a deposit compared to a peat sorbent was revealed.

Keywords: microseepage, geochemical methods, sorption, geochemical anomalies, zeolites

MeTogun4yecknim saKCnepuMeHT

No NPUMEHEHUIO LIEONTUTN3UPOBAHHbIX TY(OB

ansa obHapyXXeHUsa HU3KNX KOHLEHTpaLM yrreBogopoaoB
B cpefe, MogenupyroLlen NnpuaoHHbIe 0caaku

P. @. byreakos®, JI. M. bozomonos
@E-mail: r.bulgakov@imgg.ru

Huncemumym mopckoui 2eonozuu u 2eogpuzuxu J{BO PAH, IOxcno-Caxanunck, Poccusi

Pestome. B pabore mpuBOIATCS pe3ylbTaThl METOAWYECKOTO DKCIEPUMEHTa IO YIAaBIMBAHHIO METOJIOM COpOLMU
MHKPOIIPOCAINBAIOIINXCS MOJIEKYIT YIJIEBOAOPOAOB B KOJIMYECTBE, OCTATOYHOM JUIS CBHIACTENBCTBA O HAJTWINN HE-
(hTera3oHOCHBIX MIACTOB. DKCIEPUMEHT C UMHUTAIMEH HAKOIJICHHUS yIIEBOAOPOIOB B JIOBYIIKAaX ¢ COpOSHTaMH Ipo-
BezieH B MHCcTHTYTE MOpCKOii reonoruu u reodmsnku JJBO PAH kak moAroToBUTENBHEIIH, IEpes yCTaHOBKOH JOBYIIIEK
B HAaTypHBIX YCJIOBUSIX. B KauecTBe cCOpOEHTOB MCIIOIB30BAICH IIEOTUTU3NPOBAHHBIE Ty(hbl ¢ OTOHBKOBCKOTO y4acTKa
JIrotorckoro mectopokaeHus (0. Caxanun) ¢ conepxanueM neonuta 50 % u TopdsiHoit copoeHT. COpOESHTHI BBIAECPKH-
BaJIM B TEYEHUE 5 MEC. B ICKyCCTBEHHOH EMKOCTH, COAEPIKaIlei IPYHT (CyIIIMHOK), MOPCKYIO BOLY M Maylo 100aBKy

* The translation from Russian: BynrakoB P.®., boromosos J.M. MeTtoauueckuii SKCIIEPUMEHT O NPUMEHEHHIO 1ICOTMTU3UPOBAHHBIX TY()OB
JU1s OOHAPY>KEHHS] HU3KUX KOHIICHTPAIMil yIIIEBOIOPOIOB B cpelie, MOACIUPYIONIEil IPHIOHHBIE OCaIKU. [DNEeKTPOHHEIH pecypce]. [eocucmempr
nepexoonuix 301, 2025, 1. 9, Ne 3. URL: http://journal.imgg.ru/web/full/f2025-3-8.pdf. Translated by Valeria Maksimova.
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yrmieBofoponHoi cMmecu. [lomydeHHbIe pe3ynbTaThl TOATBEPAMIN BO3MOXKHOCTh OOHAPYKEHUSI HU3KUX KOHIICHTpa-
LU YIIIEBOIOPOAOB B Cpelle, CXOKEH ¢ MPUAOHHBIMH OCAAKAMH, C MOMOLIBIO JIOBYIIEK C LEOJIHUTOM-COPOCHTOM.
BrIsIBIEHO IPENMYIIECTBO 3TOTO COPOCHTA KaK MHANKATOPa MUKPOIIPOCAYNBAHMS YIIIEBOJOPOIOB HAJl 3aJIEXKbIO T10

CpPaBHEHHIO C TOPMSIHBIM COPOSHTOM.

KnroueBble cnosa: MUKPOIIPOCAYUBAHUE, TCOXUMHNYCCKUEC METO/bI, COp6LII/I${, TCOXUMHNYCCKHEC aHOMAJINH, [COJIUTHI
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The mechanism of hydrocarbon
microseepage and the application
of this phenomenon for prospecting

Exploration of new deposits in water areas,
especially in the Arctic, is a serious technological
challenge. Drilling operations on the shelf, further
complicated by severe ice conditions, are almost
an order of magnitude more expensive than simi-
lar exploration operations on land. This necessi-
tates the introduction of innovative import-substi-
tuting exploration technologies that help reduce
the number of exploration wells while increasing
the success of exploration.

A promising phenomenon, successfully ap-
plied in global exploration practice, is the em-
pirically established process of the vertical mi-
croseepage of molecular substances (Fig. 1), first
recognized in the 1930s [1, 2].

Hydrocarbon microseepage outlines the oil-
gas field, due to upward seepage of these mol-
ecules through the sealing cap of an oil and gas
reservoir. The hydrocarbon flux induces epige-
netic transformations throughout the overlying
stratigraphic section, generating both geochemi-
cal and geophysical anomalies, and at the surface
it produces geochemical anomalies characterized
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duHaHcupoBaHue u GnarogapHocTH

Pabora BeImonHeHa pu noaaepxkke MunobpHaykn Poccun
(B pamkax rocynapcrsenHoro 3aganus UMI'ul” JIBO PAH).

Astopsl omaromapsat V.M. IllaxoBa 3a WHXEHEPHO-TEXHHU-
Yyeckoe compoBokjaeHue skcnepumeHta u IILA. Kamene-
Ba 3a INPEJOCTaBJICHHbIE 00pa3mbl meonuta JI0TOrcKOro
MECTOPOXKICHHS.

by components specific to the reservoir — the so-
called geochemical “signature”.

Evaluations of the effectiveness of geochemi-
cal methods in exploration [1, 2] have demonstrat-
ed that among wells drilled in prospective areas
associated with positive microseepage anomalies,
82 % resulted in commercial discoveries, whereas
among wells drilled in prospective areas lacking

Fig. 1. The ratio of macroseepage and microseepage processes
(according: https://agisurveys.net/).

Puc. 1. CooTHolieHe NPOLECCOB MAKPO- U MUKPOIPOCAYUBAHUS
(o marepuanam: https://agisurveys.net/).
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clear microseepage anomalies, only 11 % were
successful. These results indicate that properly ac-
quired, interpreted, and integrated microseepage
data can reliably predict the presence of hydrocar-
bons prior to drilling.

It should be emphasized that the mechanism
of microseepage fundamentally differs from mac-
roseepage phenomena, i.e., direct hydrocarbon
leakage to the surface along weakened fault zones
(Fig. 1).

The theoretical framework for explaining
the mechanism of hydrocarbon microseepage has
been discussed in the context of the following hy-
potheses:

1) molecular diffusion,

2) transport in dissolved form together with
rising water droplets,

3) buoyant uplift driven by microbubbles.

Researchers have concluded that the relative-
ly rapid (75-300 m/year), strictly vertical migra-
tion of hydrocarbons in the absence of fault-relat-
ed conduits — producing concentration anomalies
directly above the subsurface projection of the
reservoir — occurs primarily due to the buoyant
force of hydrocarbon microbubbles [1, 2].

The prerequisite for the operation of the mi-
crobubble buoyancy mechanism is that the capil-
lary pressure of hydrocarbon microbubbles must
exceed sufficiently the pressure of water within the
larger interconnected pores of the sealing forma-
tion, to provide the water displacement process.

In the mathematical model, the pressure of the
gas phase exceeds that of the water by the value
of capillary pressure (P,). In this context, the dif-
ference in the gradients of the hydraulic pressure
of gas (d)g) and water (¢ ) plays a key role in ex-
ceeding the pressure of the gas phase over that
of the water phase:

PC - Pg_ Pw = (d)g - d)w) + (pw_ pg)gha

where P, and P denote the pressure of gas and wa-
ter, respectively; g is the gravitational acceleration;
p, and p_are the densities of water and gas; and &
represents the height of the water and gas columns.

Due to its inherent properties of microseep-
age: the upward migration of hydrocarbon mole-
cules (C —C, ) together with microdroplets of wa-
ter and gases, vertically rising above the reservoir
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through the sealing trap up to the surface, this phe-
nomenon is manifested itself in the geochemical
anomalies as well as in geophysical fields (Fig. 2).

It should be emphasized that the intensity
of hydrocarbon and water fluxes is controlled
by the difference between the hydraulic pressure
gradients of water and hydrocarbon gas, propor-
tionally to the permeability of the rock to each
phase.

In continuation of works [1, 2], experimen-
tal modeling of microseepage processes has been
undertaken to refine the understanding of their
mechanisms.

Results of laboratory tests on the distribution
of gaseous geochemical concentrations in a sim-
ulated section comprising the reservoir seal and
overlying strata [3] demonstrated that the use of

Fig. 2. A model of the microseepage phenomenon and the geo-
chemical and geophysical anomalies caused by it. 1, anomalies
on the periphery of the deposit; 2, apical anomaly. Geochemical
anomalies: 3, saturation with carbonates; 4, saturation with pyrite,
sulfur, pyrrhotite, greigite, uranium; 5, hydrocarbons seep upward
and create a reduction zone. Geophysical anomalies: 6, high elec-
trical resistance; 7, high values of induced polarization; 8, mag-
netic anomaly; 9, low values of electrical resistance; 10, anomalies
of seismic velocities. (According: https://www.searchanddiscov-
ery.com/documents/2020/42542abrams/ndx_abrams.pdf).

Puc. 2. Mozens heHOMEHa MHKPONIPOCAYMBAHUS M OOYCIIOBICH-
HBIE M T€OXMMHUECKHE U reodusndeckne anoMannuu. 1 — anoma-
TMu 110 Iepudepun 3a1exu, 2 — anuKanbHas anoManus. ['eoxumu-
YeCcKre aHOMAJIMH: 3 — HACBIIIEHHS KapOOHaTaMHu, 4 — HAaCBIIICHHE
MMUPHUTOM, CEPOH, MMPPOTUHOM, IPEUTHTOM, YPaHOM, 5 — yIJIEBO-
JOPOIBI MPOCAYMBAIOTCSI BBEPX M CO3JAIOT BOCCTAHOBUTENHHYIO
30Hy. [eodusnueckne aHoManuu: 6 — BBICOKOE JNIEKTPHYECKOE
COIPOTHBIICHHE, 7 — BBICOKHME 3HA4YCHMS BBI3BAHHOH MOIApH3a-
1uu, 8 — MarHUTHas aHOMANUsl, 9 — HU3KHWE 3HAYEHHS IEKTPU-
YEeCKOTO COMpPOTHBIEHHs, 10 — aHOMaJIMK CEeHCMHYECKUX CKOpO-
creii. (ITo marepmamam: https://www.searchanddiscovery.com/
documents/2020/42542abrams/ndx_abrams.pdf).
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free-gas indicators, such as the C, / C, ratio, most
accurately reflects the characteristics of micro-
seepage in the most accurate manner. It was found
that hydrocarbons sorbed by the rock matrix do
not significantly change their concentrations over
short time intervals under the influence of micro-
seepage. In contrast, gases released upon heat-
ing actively participate in the microseepage flux,
while the free gas playing a dominant role.

In another study [4], the same group of au-
thors established that the ratio of iso-butane to
n-butane (i-C, /n-C,) is a reliable indicator for
detecting microseepage through diffusion and
bubble buoyancy in an aqueous medium, with dif-
fusion becoming effective above the groundwater
horizon.

Experimental modeling of microseepage
through multilayered media [5] revealed that be-
low the groundwater level the prevailing mecha-
nism is buoyant migration of gas microbubbles,
whereas diffusion is secondary. However, dif-
fusion becomes the dominant process above the
groundwater table. Microfracturing was identified
as the primary channel for hydrocarbon micro-
seepage.

A serious challenge in applying microseep-
age phenomena to exploration is the determina-
tion of the equilibrium microseepage flux, which
governs the intensity of surface geochemical
anomalies above the reservoir. Using specially
designed mini-apparatus [6], microseepage flux-
es were measured in argillites and sandstones.
These experiments showed that gas-species ratios
stabilize after equilibrium microseepage flux is
achieved, while gas concentrations are inversely
proportional to the distance from the gas source.
Based on the equilibrium establishment time, both
the velocity of hydrocarbon gas microseepage and
the total flux of hydrocarbons migrating from the
reservoir can be estimated within the framework
of the microseepage model. Furthermore, analy-
sis of the vertical distribution curves of hydrocar-
bon components within the stratigraphic section,
calibrated by geochemical methods such as core
analysis or hydrocarbon gas logging, allows pre-
diction of the depth of a potential reservoir with
high probability.

Nevertheless, in practical geochemical sur-
veys, confident detection of upward hydrocarbon
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fluxes using conventional geochemical methods
remains problematic. Variations in the sorption
properties of soils — depending on mineral compo-
sition, redox conditions, microbiological activity,
and other factors — significantly modify the signa-
tures of geochemical and geophysical anomalies,
complicating the delineation of anomaly contours.

Firstly, many soil types exhibit poor sorption
capacity for hydrocarbons due to specific miner-
alogical properties, pH levels, and related charac-
teristics.

Secondly, during sampling, more than 50 %
of the hydrocarbons present in soils may be lost
through volatilization during collection, transpor-
tation, and storage.

Thirdly, the hydrocarbon microseepage flux
is characterized by very low concentrations, which
complicates the direct detection of hydrocarbons
by conventional analytical methods used to meas-
ure their content in soils. An increase (enrichment)
of concentration is therefore required, which pre-
determines the use of sorbents with sufficiently
long exposure times.

Fourthly, both the rates of hydrocarbon mi-
croseepage and hydrocarbon concentrations near
the surface can vary considerably over time.
It has been demonstrated [7] that surface seepages
and associated soil geochemical anomalies may
appear and disappear within relatively short time
intervals — from weeks to months or years — de-
pending on reservoir pressure variations.

Positive results in the detection of geochemi-
cal anomalies have been reported using electrical
prospecting methods with induced polarization
[8]. However, a significant drawback of this ap-
proach is the complexity of data interpretation.

A more promising way to detect microseep-
age flux anomalies involves the use of sorp-
tive materials. Internationally, the GORE-AGI
method  (https://agisurveys.net/our-technology.
html) is well known abroad; however, the com-
pany does not disclose the specific sorbent mate-
rial employed in geochemical surveys. It is known
that the sorbent must be isolated from water,
typically by encapsulation in a waterproof mem-
brane. This design restricts the direct application
of the method in marine environments at depths
greater than 20 m, where the membrane cannot
withstand hydrostatic pressure. Consequently, the
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challenge is to select a suitable sorbent capable of
retaining activity in aquatic environments, thereby
overcoming the depth limitations of conventional
sorbent technology.

One of the most widely applied sorbents
in this context is zeolite. Zeolites are hydrated cal-
cium and sodium aluminosilicates belonging to the
subclass of framework silicates. The most com-
mon fraction of zeolites has the chemical formula
Na:AlLSi:010 - 2H20. The efficiency of zeolites as
sorbents of light hydrocarbons is determined by
their microporous molecular framework: pore siz-
es reach up to 1 nm (10 A), while the molecular
diameter of methane is only 0.38 nm.

The experiment technique
and results

An experiment with deployment of hydro-
carbon traps was conducted at the Institute of
Marine Geology and Geophysics, Far Eastern
Branch of the Russian Academy of Sciences,
aimed to assess the capacity of sorbents to cap-
ture hydrocarbon molecules in seawater at low
concentrations of flux from underlying sediments
[9]. This experiment was a preparatory step be-
fore its further implementation in field condi-
tions. Zeolitized tuffs from the Ogonkovsky site
of the Lyutogskoye deposit (Sakhalin Isl.) with
a zeolite content of 50 % were used as sorbents.
These zeolitized tuffs have shown excellent sorp-
tion indicators with respect to hydrocarbons.
So, when water with an oil content of 280 mg/l
was passed through a zeolite suspension of 30 g at
a rate of 1.7 m per hour, the oil content decreased
to 12 mg/l after one cycle, i.e. 95.8 % of the oil
was captured from the water. At that, zeolitized
tuff does not lose its adsorption and catalytic ac-
tivity when heated to 400-500 °C [10].

Tests of sorbent traps were carried out in a
container simulating near-bottom marine condi-
tions above a hydrocarbon reservoir. The upward
migration of hydrocarbon molecules in dissolved
form within the water column, rather than through
true microseepage, occurs due to the excess of
capillary pressure. Nevertheless, this setup is suf-
ficient for evaluating the sorption properties of the
considered mechanism.

GEOLOGY, EXPLORATION
AND EXPLOITATION OF OIL AND GAS DEPOSITS

329

The experimental container was a 200-liter
barrel (Figures 3, 4). A clay loam soil layer was
placed at the bottom, into which 200 ml of a mix-
ture of gasoline, kerosene, and diesel fuel in a vol-
umetric ratio of 1:1 was added. The hydrocarbon
composition of the mixture included the following
fractions: C~C,, C~C,,, C ~C, Under uniform
distribution, the volumetric concentration of hy-
drocarbons in the container was about 1000 ppm.

The traps contained sorbents made of zeolite,
both untreated and pre-calcined in a microwave
oven [11], as well as sorbents prepared from peat.
For the peat sorbent, weakly decomposed high-
moor sphagnum peat species were selected. Mi-
crowave calcination was used to dry the sorbent
and remove possible contaminants. Three samples
(laboratory numbers 1, 2, 3) from the obtained se-
ries of sorbents were exposed in the soil layer of
the container, while other three samples (numbers
4,5, 6) were sent directly to the laboratory without
storage in the container with petroleum products.

Taking into account the artificial origin of the
experimental medium, the traps were remained in
the container for five months to ensure the distri-
bution of hydrocarbons throughout the entire vol-
ume of the container. After exposure, all samples
were preserved in dichloromethane.

Fig. 3. Image and the design of the trap with sorbent.
Puc. 3. Bux v KOHCTPYKIIHS JIOBYIIKY ¢ COPOSHTOM.
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Analysis of the sorbent samples was carried
out at the Testing Center “MGULAB” (Moscow)
using a fluorimetric method with the “Fluorat-02”
liquid analyzer, in accordance with methodology
PND F 16.1:2.21-98. It is noteworthy that for zeo-
lite sorbents, the measurement errors of petroleum
hydrocarbon content remained within the permis-
sible limits specified by PND F 16.1:2.21-98, i.e.,
less than 28 ppm, whereas for peat sorbents the
errors exceeded the allowable values.

Fig. 4. A container for experiment carrying out. 1, soil saturated
with seawater; 2, a layer of seawater; 3, soil saturated with a mix-
ture of hydrocarbons C~C, . Traps with sorbents: I, calcined zeo-
lite; II, raw zeolite; 111, peat.

Puc. 4. EMKoCTb 111 IPOBECHUS SKCIIEPUMEHTA. 1 — IPYHT, HAaChlI-
LICHHBII MOPCKOH BOIOM, 2 — CIIOM MOPCKOHM BOABL, 3 — IPyHT, Ha-
CHIIEHHBIA cMechio yresopoponos C.~C, . JloBymku ¢ copben-
Tamu: | — eonut npokanenusiit, 11 — rieomut ceipoit, 111 — Topd.

The test results are presented in the table.

Comparable and sufficiently high hydrocar-
bon content values were observed in untreated
peat sorbents (an increase of about 10 % after
exposure). For the untreated zeolite sorbent (see
table), a rather unusual result was obtained — al-
most a twofold decrease in petroleum hydrocar-
bon content after exposure. This reflects the level
of contamination in the raw zeolite, as an auto-
mobile highway (Yuzhno-Sakhalinsk—Kholmsk)
passes near the quarry with zeolitized interbeds.
By contrast, for calcined zeolite the hydrocarbon
content after exposure in the container increased
more than three times (55 vs 15.2 ppm). For these
samples, the difference between pre- and post-
exposure hydrocarbon concentrations clearly ex-
ceeds the measurement error range, despite the
relatively high value (nearly 40 %) of error inter-
val. This result contrasts with the data obtained
for peat samples and, even more significantly, for
untreated zeolite samples.

It is evident that the hydrocarbon concentra-
tions detected in untreated samples No. 4 and No.
6 represent contamination accumulated by peat
and zeolite sorbents under natural environmental
conditions. Considering the measurement error, it
can be concluded that in these samples the hydro-
carbon content did not significantly increase after
storage in the container.

Thus, one can conclude on the ground of the
experimental results that even low hydrocarbon
concentrations in environments analogous to near-
bottom marine sediments are effectively captured
by sorbents made of calcined zeolite.

Table 1. The content of petroleum product in sorbents before and after storage in a container
Taonuna. ConepkaHue HEPTEIPOLYKTOB B COPOCHTAX 10 M MMOCIIEC BBIACPIKKH B EMKOCTH

Sorbent, treatment (amount) Mass fraction Error: atk =2,
Sample number of petroleum products, ppm P =0.95, ppm
Untreated peat (2.0 g)
1 119 48
4 108 43
Calcined zeolite (16.0 g)
2 55 22
5 15.2 6.1
Untreated zeolite (20.0 g)
3 16.3 6.5
6 29 12

Notes. Samples No. 1, 2, 3 — values of the indicator are after 5 months storage in a container. Samples No. 4, 5, 6 were not

placed in a container. k = coverage factor.

Hpumeuanus. O6pasmsr Ne 1, 2, 3 — mokaszarens mociie BEICPKKH B eMKOCTH B TeueHue 5 mec. OOpasusr Ne 4, 5, 6

B EMKOCTH HE KCIIOHHPOBAIUCh. k = K03 huitneHT oxpara.
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Conclusion

The results of the experiment using zeolitized
tuffs from the Lyutogskoye deposit to detect low
concentrations of hydrocarbons in media analo-
gous to bottom sediments have confirmed the fea-
sibility of employing this sorbent as an indicator
of hydrocarbon microseepage above subsurface
reservoir. Thereafter the next tests at actual hy-
drocarbon fields, this method may be widely used
as an effective tool for identifying the presence of
hydrocarbons within reservoir structures. To carry
out such tests, the involvement of the state com-
pany Rosgeologia or oil and gas field operators
will be required.
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BynkaHonoruyeckne nccrnenoBaHuns
Ha CaxanunHe n KypunbCKknx ocTpoBax nog pykoBo4CTBOM
B.H. lunosa B 1958-1971 rogax (13 uctropum UMIvl ABO PAH)

The volcanological studies in Sakhalin and the Kuril Islands
under the leadership of Vsevolod N. Shilov in 1958—1971
(from the history of IMGG FEB RAS)

HU. II. Kpemnesa®, O. B. Becenos,
A. B. Jleemepes, M. B. Yubucosa

@E-mail: i.kremneva@imgg.ru

Hnemumym mopckoil 2eonocuu 1 2e0Qu3uKy
JIBO PAH, FOxcno-Caxanunck, Poccus

Pe3tome. B ouepke onucanbl Hayano, pa3BUTHE U pe-
3yIBTATHl IEPBBIX BYJKAHOJIOTHICCKUX FCCIICTOBAHUI
nox pykosoactBoM Bceponoga Hukonaesuua Illunosa
B CaxKHMU AH CCCP (CaxalHHCKOM KOMIUIEKCHOM
HayYHO-MCCIIEAOBAaTEIbCKOM HMHCTUTYTE AKaJeMUHU
Hayk CCCP) B 19581971 1T, a Taxxe HCTOpHS CO3/1a-
HUS B HEM JIa0OpATOPHH BYITKaHOJIOTHH.

KnioueBble cnoBa: wuCTOpHs BYIKAHOIOTHYCCKHX
uccienoBanuii, Caxanun, Kypuibckue ocTpoBa

[TepBble ByJIIKaHOIOTMUECKHE UCCIIEI0BAaHUS
Ha Caxanune u Kypunbckux octpoBax ObUIH Ha-
yaTel cpa3y mnociie co3nanus B 1946 r. Ha tore
0. Caxanun, B noc. HoBo-Anekcangposck, Ha-
YYHO-UCCIIE0BATEILCKON 0a3bl AKaJIeMUU HayK
CCCP. OzHOH U3 NPUOPUTETHBIX 3a/1a4 HAYy4YHO-
IO yupexaAeHHs ObLI0 U3yUEHUE T€0JI0rHYECKOTO
ctpoenust CaxanunHa u Kypunbckux OCTpOBOB
U TpeABapUTeIbHas OIEHKA MPOTHO3HBIX 3ama-
COB MUHEpAJbHBIX U IHEPTreTUYECKUX PECYpPCOB
Ha 3TuX Tepputopusx. O mpeanoceuikax u oo-

Bce ¢oto, Ha KoTOpHBIE HET cChuUTKH, — U3 ApxuBa UMI'ul" IBO PAH.

Irina P. Kremneva®, Oleg V. Veselov,
Artem V. Degterev, Marina V. Chibisova
@E-mail: i.kremneva@imgg.ru

Institute of Marine Geology and Geophysics,
FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The paper describes the initiation, devel-
opment, and results of the first volcanological studies
under the leadership of Vsevolod Nikolaevich Shilov
conducted by SakhKNII AS USSR (Sakhalin Integrated
Research Institute of the Academy of Sciences of the
USSR) from 1958 to 1971, as well as the history of the
establishment of the Laboratory of volcanology.

Keywords: history of volcanological studies,
Sakhalin, Kuril Islands

CTOATENHCTBAX CO3JaHUS aKaJeMUYECKOro Hay4-
HOTro yupexaeHus Ha CaxaliuHe pacCcKa3bIBaeTCs
B I0OWICHHBIX myOnuKkanusax o0 MHcTuTyTe MOp-
ckoif reonorun u reopusuku IBO PAH [1-3].

B 1949 r. 6a3a Ovuta nepenmenoBana B Ca-
xanmuHCKUK  punmman  Axkamemun Hayk CCCP
(C® AH CCCP). Crona nocie OKOH4YaHHS C OT-
JUYHUEM Teosioruyeckoro gakynsrera UpkyTckoro
rocyJapcTBEHHOTo yHuBepcutera uMm. A.A. XKna-
HoBa B 1953 1. 6611 HamnpaBieH Beesonon Hukomna-
eBny [nmnos..

All photos without the reference are taken from the archive of the IMGG FEB RAS.
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Bceponon Hukonaesuy Imnos (1931-2003), 1953 .

B mae 1955 . C® AH CCCP no npukasy
ITpesunuyma AH CCCP 6511 npeobpazoBan B Ca-
XaJMHCKUN KOMILICKCHBIM HayYHO-HCCIIeI0BaTelNb-
ckuii uactuTyT (CaxKHUN) AH CCCP ¢ nponoi-
KEHUEM TTPEKHEUN MPOrpaMMbl UCCIIEIOBAHU.

C mnepsoro roga paborst B CO AH CCCP
B.H. IIIunoB 3aHsAICSA M3y4YEeHUEM KAMHO30MCKUX
MPOSIBJICHUI ByJIKaHU3Ma Ha toro-3amazae o. Ca-
XaquH. B 3TH roxel pacmmpsnach TEPPUTOPUS
MCCJIEIOBAHUN ByJIKaHW3Ma, OBbLI MPOBEJEH YTITy-
OJeHHBIM aHaM3 ATAIHOCTU €ro MpPOSBICHUI.
[IunoBBIM OBLIM BBIJAEJIEHBI TPU BYJIKaHHUUECKHE
dazsbl. [lepBast npomomxkanack, NPeANnoIOKUTEb-
HO, C KOHIIa OJIMTOIIEHA 0 KOHIIa MUOLIEHA U Xa-
pakTepu30Bajach B OCHOBHOM aHJE3UTO-JAIUTO-
BBIM BYJKaHU3MOM, BTOpasi OTHOCUTCA K CpeJIHeE-
My MHOLIEHY, U €€ BYJKaHUThl UMEIOT Oojiee oc-
HOBHOM COCTaB, TPEThs (pa3a MmpoTekasia ¢ KoHIa
MIO3/IHETO MUOILIEHA JI0 MO3AHEr0 IUIMOLEHA, OT-
JMYAeTCs MOJHBIM CHEKTPOM METPOXUMHUUECKOTO
cocTaBa — OT 0a3aJIbTOB JIO TAIMTOB [4].

B pesynbrare neTpoXMMHUYECKOTO U3YUECHHUSI
MPOAYKTOB KAaHO30MCKOrO ByJKaHU3Ma Ha IOTe
Caxanuna [1IuioB BBIAETWI CPElId HUX HU3BECT-
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KOBO-IIIEJIOYHYIO U CyOUIENIOYHYI0 CEPUH TOPOJ.
B0 Taxke 10kazaHo, YTO MHOTHE COIIACHO 3a-
JeTaloye MarMaTHYeCcKue Tela B CTpaTH(UIu-
POBAHHBIX OCAJOYHBIX TONIIAX SBISIOTCS UHTPY-
3UsIMH (CHIIJIaMH ), @ HE TIOTOKaMH JIaB, 332 KOTOPhIE
ux 00bryHO MpuHUMaIH. OOHapyKeH U JIeTaJbHO
ONMHCAaH cneuu(puUecKkrii KOMIUIEKC MOABOAHBIX
IIAPOBBIX JIaB U THAIOKIIACTUTOB.

Ha ocHOBe mNpOBENECHHBIX MCCIEAOBAHUN
[[unoB moaroToBm U 3amutui B 1958 1. quccep-
TaIMIO0 HA COUCKAHUE YUCHOU CTETeH! KaHaAuIaTa
reoJoro-MMUHepaiornueckux Hayk «KaiiHo300-
CKHUH BYJIKAHU3M U KaiTHO30MCKHE BYJIKAHOTCHHBIE
dhopmaru 3anagHoN YacTu 10xkHOTO CaxamnHay.
Hay4nbiM pyKkoBoaHTEIEM OBLI JI.T.-M.H., IIpodec-
cop Bmamumup NBanosua Brnogager (http:/www.
polarpost.ru/forum/viewtopic.php?f=8&t=2262).
OTOT pe3ynbTar no3possier Ha3Barb B.H. [lIunosa
OCHOBaTeJIeM NaneoBynkaHonoruu CaxaanHCKOTO
peruoHa. BriociencTsuu oH cTaj U3BECTHBIM Ia-
JICOBYJIKAHOJIOTOM.

1957 1. 61 00BsIBIIEH MeXayHapOIHBIM
reodusnueckum rogom (MIT). ITo mporpamme
MIT B 1957-1958 rr. CaxKHUU CO AH CCCP
OPUHSAJ y4acTHE B CEMCMUYECKHUX HCCIIEIOBa-
HUAX, B X07e KOTophIX Ha JlansHeMm BocToke us-
y4anaoch IIyOMHHOE CTPOEHHE 30HBI Iepexojaa
OT A3HMAaTCKOro KOHTHHEHTa K Tuxomy okeany.
B 1958 1. B cBsI3M ¢ HEOOXOAMMOCTBIO YCUIICHHS
reoJIOTUYeCKuX U reodusnyeckux (yHaameH-
TallbHBIX UCCIIEIOBAHUN TTTyOMHHOTO CTPOCHHS
peruoHa B CTPYKTYypYy MHCTUTYTa ObIIM BHEcCe-
Hbl 3HAYUTENbHbIE U3MEHEHUS U CO3JaHbl TPU
HOBBIC JIA0OPATOPHH: MPUKIATHON Teo(hHU3UKH,
reoU3NYEeCcKuX HCCIEJTOBAHUI B CKBaXXHWHAX
U BYJKaHOJIOTHH.

JlaGoparopust Bynkanonorun B CaxKHUU
CO AH CCCP Obuia co3maHa MO HMHUIIHAATH-
BE 3aMeyaTelIbHOTO Yy4eHoro-ynkaHonora Co-
¢eu MBanoBuel HabGoko (https://geologyscience.
ru/geologists/geologists list/naboko-sofya-
ivanovna/) cornacHo pemenuo | BcecorosHoro
BYJIKAHOJIOTHYECKOTO COBEIIAHUS O PACIIMPEHUH
W3YyYEHUS aKTUBHOTO BylKaHH3Ma B COBETCKOM
Coro3e U, B 4acTHOCTH, Ha KypHibCKuX ocCTpo-
Bax. 3aBeAyromuM ee Obul Ha3HayeH BceBonoa
Huxonaesuu IllunoB. 1 Ha npotsixenun 12 ner
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O6eccMeHHO pyKoBoAwI €. OH OTJa’m MHOTO CHJI
U DHEPTHH Pa3BUTHIO BYJIKAHOJOTMYECKOTO Ha-
npaBieHuss Ha CaxalliHE W BOCIUTAHUIO HAyy-
HBIX KaJpoB. M3BecTHbIE BynkaHoI0TH Biiagumup
NBanosuu denopuenko, Panca MBanosHa Ponu-
oHoBa, Bnagumup ®enoposuu EpoxoB, Baaum
®unumonosuyd Octanenko, MBan [lerpoBuy ABe-
PBSHOB BBILIUTH U3 3TOU JabopaTopuu.

C 1959 r. HauanoCh IIIAHOMEPHOE U3YUEHHE
Kypunsckux ocrposos. lIunoB pykoBogun pe-
KOTHOCLIMPOBOYHBIMU HCCIIEIOBAHUSIMU  CEBEP-
Hoi rpynnbl Kypunbckux octpoBoB. PaGoran Ha
ByakaHax Amjaup (o. AriacoBa), D06eko, Uuky-
pauku, TarapunoBa, Kaprnmuckoro, ITuk ®dycca
(0. [Mapamymup). B 1960 r. npu6sin HA 0. Marya
JUTSI OMTUCAHUS TIOCJIEICTBUM N3BEPIKEHUS ByJIKaHa
[Tuk Capsruesa, kotopoe npousonuio 30 aBrycra
1960 r. [5].

Ha o. [Napamymup npu ero yuyactuu Obu1 Oc-
HOBaH MOJUTOH Ha xpeOre BepHanackoro s ne-
TQIbHOTO M3YYEHUsS MPOSBICHUN COBPEMEHHOTO

BYJIKAHU3Ma KOMIIJIEKCHBIMH I'€0JIOTro-reousnye-
CKMMHU MeTojaMu [6]. B TeueHne HeCKOJIbKUX JIET
CaXaJIMHCKUE YYEHBIE M3ydald TIE0JIOTMYECKOe
CTPOEHHE YETBEPTUYHBIX BYJIKAHOB, MHUHEpPAJIO-
TUYECKHUM, CTPYKTYPHBIM, XUMHUYECKHM COCTaB
IIPOAYKTOB BYJIKAHM3Ma, PACHpPEACIIEHUE B HUX
XMMHUYECKHX JIEMEHTOB, B TOM 4YHCIE MaJblX,
OIUCHIBAIA THUAPOTEPMAJIBHBIE MPOSBIEHUSA, HX
XMMM3M, THIPOTEPMaIbHbIE U3MEHEHHUS MPOLYK-
TOB U3BepkeHus1. Kpome Toro, cnenano onucanue
JIpeBHUX oJiefeHeHnid Ha o. Ilapamymmp m 1.1

BrnepBrle Obuln TIpoBeneHBI reopu3nue-
CKHE€ HMCCIJIEJOBAHUS NapaMyIIUPCKUX BYJIKaHOB.
B.A. bepHIITElH OCYHIECTBMJI HAa3¢MHYIO Mar-
HUTOMETPUUYECKYIO CBEMKY Ul WU3y4YE€HHs BHY-
TPEHHETO CTPOCHHUsI ByJIKaHOB D0eko u Biogasia.
C.C. CuBoxene3oB IpoOBENl TpaBUMETPUUYECKUE
W3MEPEHUS] YCKOPEHUsI CHIIbI TSKECTH B IIMPOT-
HOM U MEPUJMOHAJILHOM HalpaBICHUSIX B paliloOHe
3TUX ByJKaHOB. IIpu nccienoBaHusx BBOIMINCH
MIOTIPABKH Ha peibed, OMNOKU U3MepeHu. boau

CaxanHCKasl HayqyHO-UccieoBarenbekas 6a3a Akagemuu Hayk CCCP. 1946 .
(upme — MHCTHTYT MOpCKO# reonorun u reodusuxu JJBO PAH).

Sakhalin base of the Academy of Sciences of the USSR in 1946
(now the Institute of Marine Geology and Geophysics FEB RAS).
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BBISIBJICHBI aHOMAJINHU, O0YCJIOBJIEHHbIE THAPOTEP-
MaJbHBIMU U3MEHEHUSIMHU NIOPOJ, CTPYKTYPHBIMU
HEOJHOPOJHOCTSAMHU, KOHTpAacTaMH IIJIOTHOCTEU
Ha KOHTAKTax IMOpOJA OCHOBaHHUS WM OTIOXKECHHUU
YEeTBEPTUYHBIX JIaB. Paauomerpuyeckue usme-
peHHUs, MPOBEIEHHbIE B HEOOJIBIIOM O0beMe Ha
9TUX BYJKAaHaX, MOKa3ald paclpelesieHue Hop-
MaibHOro (ona, nopsiaka 10-20 mxP/4. Pesynb-
TaThl TEOJOTMYECKUX U TEO(PHU3MUECKUX HCCIIe-
JIOBaHUI ObUIM OIMyOIMKOBAHBI B psje padOT U
JOJIOKEHbl HA TEMaTHYECKUX KOH(EpeHIHIX.

Co BpeMeHeM, KOIja y CaxaJIMHCKUX YYEHBIX
HOSIBUJICS. CEPbE3HBII BYJIKAaHOJIOIMUECKUH OIBIT
W 3HaAHUS, JJabopaTopus Mepenuia K U3yYeHHUIo
DTyOMHHBIX AacCIIeKTOB BYJIKaHW3Ma, COOTHOIIE-
HUSl €r0 C APYTMMM SHAOT€HHBIMU IPOLECCAMU
(CeCMUYHOCTBI0, HOBEHIITUMH TEKTOHUYECKUMH
JBUKEHUSMHU, METaMOp(U3MOM), poiu B 0OIIei

Hauanpnsiil MoMeHT u3Bep:keHus Bynkana [Tuk Capbruesa
30 aBrycta 1960 . @omo B.B. bpaza [5]

The initial moment of the eruption of Sarychev Peak volcano
on August 30, 1960. Photo by V.V. Braga [5]
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9BOJIIOIIMM 3€MHOM KOpbI U (POPMHUPOBAHUU Me-
CTOPOXKJICHUH IOJIE3HBIX HCKONaeMbIX. B pemie-
HUHM 3TUX (DyHIAMEHTAJIBHBIX MPOOJIEM HapsILy
C TPaIMIIMOHHBIMUA METOJaMH OOJIBIIIOE 3HAUCHHE
NPUIaBAIOCh KOMIUIEKCY reo(U3nIecKuX Hccie-
JIOBaHMM KOPHEBBIX 30H BylIKaHOB. [Ipu pemenun
00IIEeNneTPOIOrHueCKUX BOIIPOCOB BYJIKAHOJIOI MU
COTPYAHMKH JIaOOpaTOPUU KOHLUEHTPUPYIOTCS Ha
BOMPOCAaX METPOXHUMHH, B YACTHOCTU pabOTarOT
HaJl COBEpPLICHCTBOBAHUEM €€ METOJUYECKUX OC-
HOB [7].

KomieKTHB COTpYIHUKOB IOJ PyKOBOJICTBOM
[IInnoBa cocpenoTOYMII CBOE€ BHUMAHUE HA MOP-
(oIOrYecKUx M CTPYKTYPHBIX OCOOEHHOCTSIX
JEHCTBYIOIIMX M IOTYXIIMX BYyJKaHOB Kypwuiib-
CKHX OCTPOBOB, BBIICHEHHM HETPOJIOTMYECKOU
MIPUPOJIBI J1aB U APYTUX MPOAYKTOB U3BEPKEHUM,
MEXaHU3MOB BYJIKAHWYECKUX W3BepykeHuil. W3-
Y4aJIUCh TAK)KE IIPOSIBICHUs COBPEMEHHOM ByJIKa-
HUYECKOW aKTUBHOCTU Ha KypHIIbCKHX OCTpoBax
U UX MOCJEICTBUS.

IIponOKMIOCE  MCCIIEIOBAaHUE BYJIKAaHOB
o. Ilapamymup, 1€ HM3BECTHBl E€IMHCTBEHHBIE
Ha Bceill Kypuibckoil rpsiie 10CTOBEPHBIE CIIE/bI
YETBEPTUYHBIX OJIEACHEHUH. DTO CO3/1aBajo BO3-
MOXHOCTb JIETAJIBHOTO CTpaTUrpaduuecKoro pac-
YWICHEHUS HE COIEPKAlIMX OPTaHUYECKUE OCTaT-
KU YETBEPTHUYHBIX BYIKAaHMYECKHX TOJI U BOC-
CO3/1aHHSl HUCTOPUU YETBEPTUYHOIO BYJIKaHHM3Ma
paiiona. Takue paboTsl B mpenenax Kypuibckoit
JyTH OBbUIM TIOCTABJICHBI BIIEPBHIC, U B 3HAUUTEIIb-
HOWM M€pe OHU HOCWJIM METOAMYECKHM XapakTep.
B 10 xe Bpems BynkaHnbl 0. [lapamymup npusiie-
KaJIii K ceOe BHUMaHHE B CBSA3H C LIUPOKUM pa3BU-
THEM B UX IPUKEPIIOBBIX YACTIX TUAPOTEPMAIIBHO
M3MEHEHHBIX MOPOJI, BMEIIAIOMINX 3HAYUTEIBHOE
o MaciTabaM cepHOE Opy/IEHEHHE.

B pesynbrare npoBeNEHHBIX HCCIIEIOBAHUN
B.H. IIunoseimM, B.U. ®enopuenko, P.M. Po-
nuonoBoi, C.C. Cunoposeim. JL.I. BopoHoBoii,
WN.II. ABeppsiHOBBIM ObUIM TOJY4YEHBI HCUEp-
IIBIBAIOIME CBEICHHUS O T'EOJIOTMYECKOM CTpO-
eHHM OOJIBIIMHCTBA BYJKaHOB 0. I[lapamymmp,
UX COBPEMEHHOW M JPEBHEH BYJIKAHUYECKOH M
TUAPOTEPMAIIBHON JEATEIIBHOCTH M €€ NPOIyK-
TaX, BOCCTAHOBJIEHA MCTOpUS (OPMHUPOBAHUS
BYJIKAHOB, BBICKA3aHbl COOOPAXKEHUs O IeHE3HCe
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MOpoA aHAE3UTOBOM (opmaru. YCTaHOBIICHO,
YTO YETBEPTHUYHBIC BYJKAaHUICCKUE OOpa30BaHUS
OCTpPOBa OTHOCATCSI K CBO€OOpa3sHOMY JIMHEHHO-
KyCTOBOMY THITY, KOTOPBII co4eTaeT B cebe uepThl
LEHTPAJIBLHOTO, ApEaIbHOTO U TPELIMHHOTO BYJI-
KaHHU3Ma U SIBJSieTCsl HauOoliee MepCreKTUBHBIM
B OTHOILIEHUU BO3MOXKHOCTH 0Opa3oBaHMs IpPO-
MBITIIUVICHHBIX CKOTUJICHUN CaMOPOIHON Cephl Kpa-
TEPHO-03€PHOT0, UMIIPETHALIMOHHOTO U CyOIuMa-
roHHOTO TUTIOB. W.I1. ABEpbsIHOBBIM MPEIOKEH
HOBBI BapUaHT TEHETHUYECKON KIIacCH(pUKAIIUU
3TUX MECTOPOKICHUU.

Ha ocHoBe n3yueHus xapakrepa U3MEHEHUs
XUMHYECKOTO COCTaBa THAPOTEPM M MHTEHCHB-
HOCTH T€OMAarHMTHOTO MOJsl Ha ByJKaHe DOEKo
OBLTM BBICKA3aHBI MPEATOIOKEHUS O HapacTa-
HUU aKTUBHOCTH ByJIKaHa, a B Mapte 1963 . Tam
IIPOM30IIIIO T'a30BOE€ M3BEPKEHUE, KOTOpPOE Je-
TallbHO U3y4aJIOCh COTPYAHHUKaMU J1abopaTopuu
BynakaHonoruu. IlogpoOHble pekoMeHIanuu Mo
M3YUYCHHIO W Pa3BElKEe BYJKAHUYECKUX CEPHBIX
MECTOPOXKIACHUNM ATOTO paiioHa ObUIM Tepena-

Hbl CaxallMHCKOMY TEOJIOTMUYECKOMY YIIpaBJe-
HUIO, KOTOpOE Mo3/Hee mpoBoAmio Ha Kypuib-
CKHX OCTpPOBaX MOMCKOBO-Pa3BeIOYHBIC PAOOTHI
Ha CaMOPOJHYIO Cepy.

[NapanensHO ¢ MIIaHOBBIMH UCCIIEIOBAHUSIMU
Ha CeBepHbIX KypmibCckux ocTpoBax H3y4alUCh
oT/eNbHbIe BylnKaHbl ¥ Ha LleHTpanbhbeix u FOx-
HbIx Kypunax. Bonee rryOoko ObuUT M3y4yeH ByJIKaH
IonoBuuHa Ha o. KynHammp, oOcienoBaHbl MOYTH
BCE ByNKaHbl 0. CHMYIIHP U HEKOTOPHIEC BYJIKAHEI
o. Utypyn. Ocoboe BHUMaHUE yAETSIIOCH UCCIe-
JIOBAHUIO BYJIKAHOB B TEPHOIBI MX H3BEPIKECHHU.
Bbbumn mpoBesieHBbl HAa3eMHbBIE M a3pOBU3yallbHbIC
HaOmrofeHns: u3Bep>keHuil BynkaHoB [luk Capbl-
yeBa (0. Marya) B 1960 1., Yukypauku B 1961 1.
u D6exo (0. [Tapamymmp) B 1963 u 1967 rr. Byn-
KaHOJIOTaM WHCTUTYTA yNAJIOCh HAONIONATh TaKUe
MHTEPECHBIC BYJIKAHMYECKHE SBJICHUS, KaK W3JIHs-
HUSI TIOTOKOB JKUJIKOM Cepbl, MOIIHBIE TIETLIO-T'a30-
BbI€ B3PBIBbI, BOSHUKHOBEHHE KPYMHBIX (ymMapod,
o0pa3oBaHKe U ABMKEHHE OTPOMHBIX Ips3eKaMeH-
HBIX TIOTOKOB (JIaXapoB).

Bynkan D0eKo — oiMH U3 caMbIX aKTHBHBIX B IOCJIEIHHE rofibl ByIKaHoB Kypuibckux octpoBos (0. [Tapamymmmp).
Ha cHuMKe 3amedatiieH MOMEHT IeIUTIOBO# dKeTio3uu B ceHTsiope 2020 . @omo C.3. Cuuprosa

Ebeko Volcano, one of the most active volcanoes of the Kuril Islands in recent years (Paramushir Island).
The photo shows the moment of the ash explosion in September 2020. Photo by S.Z. Smirnov
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B 1961-1962 rr. C.C. CunopoB aeTajabHO W3-
Y4HJI MECTOPOXKIAEHUE Topsiueit BoAbl U napa «lo-
psunii wsx» Ha o. Kynamup. OH onpenenu Be-
JUYUHY TEIJIOCOAEPkKaHUsl MapOBOJSHON CMECH
U yCTaHOBWJI, UTO TeMIIepaTrypa BOABI Ha TIIyOH-
He cocrtaBisgeT He MeHee 130 °C. Pexomenpanuu
10 pa3BeJIKe THIPOTEPMATIBLHOTO MECTOPOXKICHUS
U TMPAKTUYECKOMY HCIOJIb30BAaHUIO BYJIKaHUYE-
CKOrO TeIja, HPEeXAe BCEro Juis OpraHu3aluu
KPYITHOTO TEIUIMYHOTO XO35HCTBa, ObLTN mepesa-
Hbl CaxaJMHCKOMY I'€0JI0TUYECKOMY YIPABICHUIO
u CaxanuHCKOMY OONHCIIONKOMY. DTH PEKOMEH-
JaIK ObLTM B OCHOBHOM pPEaIN30BaHBbI.

Hanpotsxennn 1959—1965 rr. cieriuanbHbIM
U3y4YeHUEeM KaiiHo30iickoro BynkaHu3ma o. Ca-
xanuH coBMecTHO ¢ B.H. IlIunoBeim 3aHnmancs
B.®. EpoxoB. UMu ObIH MCCIIeAOBaHbI pa3pesbl
HEOTEHOBBIX BYJIKAaHOTEHHBIX 00pa3oBaHMIl BOC-
touHoi yactu OxHoro CaxannHa M CeBEepHOMU
MIOJIOBUHBI OCTPOBA, YCTAHOBJIEHBI NETPOXUMHU-
YECKHE OCOOCHHOCTU CPEIHUX U KHUCIBIX HOPOJ
Cpeau MPOAYKTOB CPETHEMHUOLIEHOBOTO BYJIKAHU3-
Ma, TOJIPOOHO OIMMCAHBI PaHee HEM3BECTHBIC BYJI-
KaHU4YeCKHe 00pa3oBaHus CyOIIeTI0UHOrO psijia Ha
OxoTckoM nobepexkbe neHTpagbHoro CaxanuHa.

B.®. Ocranenko u E.H. Kuuuna, npuexan-
mue Ha 0. CaxanuH B MHCTUTYT B 1963 1. u Ha-
yaBIlKue CBOIO padoty Ha Kypuib-
CKHX OCTPOBAX, 3aHUMAJINCH TIpe-
UMYILIECTBEHHO H3yUYE€HUEM Be-
II€CTBEHHBIX OCOOCHHOCTEW Mar-
MaTH4YeCKUX 00pazoBaHuii [§].

C 1964 1. B COOTBETCTBUU
¢ pewenuem llpesnnmyma
AH CCCP u CO AH CCCP Ha-
YYHBI€ COTPYIHUKU WUHCTUTYTA U,
B YAaCTHOCTH, KOJIJICKTUB JIabopa-
TOPUU BYJIKaHOJIOTHMH COCPEAOTO-
YUJIM CHJIBI Ha pa3paboTKe Mpo-
o6nembl «CTpoeHHE U pa3BUTHE
36MHOU KOpPBI U BEpXHEH MAHTHH
B 30HE Iepexoaa OT A3MaTCKo-
ro KOHTMHEHTa K TuxoMy okea-
Hy». OCHOBHOE BHHUMaHHUE OBLIO
CKOHIICHTPUPOBAHO Ha U3yYECHUH
BYJKaHOB M TPOIYKTOB HMX JAes-
TEJIBHOCTU KaK IMEPBOCTEIEHHBIX
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HCTOYHHKOB MH(OPMAIIMK O BEIIECTBEHHOM CO-
CTaBe ITyOMH HalleH MIaHeThl.

B nepuon 1964—1968 rr. BeinonHsuiuch pado-
ThI 110 TeMe «/leficTByromMe ByiakaHbl Kypribckux
OCTPOBOB KaK MHJMKATOP [IYOUHHBIX IPOLIECCOBY.
B cBsi31 ¢ 3TUM IPOBOAMIINCH CPABHUTENBHBIE HC-
CJIEZIOBaHMSI BYJIKAHOB, PAaCIIOJIOKEHHBIX B 30HAX,
B KOTOPBIX TO Teo(pH3MYECKHM JaHHBIM Oolee
DIyOOKO M3Y4EHO CTpoeHHe 3eMHOI kopbl. Ocoboe
3HaYeHHE TPHUJIAaBaJIOCh COOpY M U3YUEHHIO Kce-
HOJIUTOB, KOTOpBIE SIBIISIOTCS BEPOSTHBIMU Ipe.-
CTaBUTEISIMM BEILLECTBA PA3JIMUYHBIX IITyOMHHBIX
30H, T.€. JAIOT NpsAMYI0 HH(OpMALMIO O Bellle-
CTBEHHOM COCTaBe MIyOMHHBIX HEJP 3EMIIH.

Jlyis  BBIIOMHEHHS] 3TUX paboT saboparo-
pHsl BYJKAHOJOIMM pacroiaraja KBaJu(pHIHUpO-
BaHHBIMHM Hay4HbIMU Kajapamu. Cpeau BeayIux
BYJIKAHOJIOTOB B 3TH TOABI CIIEAyeT OTMETHUTb
b.H. ITuckyHnosa, B.®. Ocranenko, B.M. ['pannu-
ka, PU. Pognonosy, A.1. Abnypaxmanosa [2].

K konity 1960-x rogoB B TOM Ui MHOU Mepe
ObUIM M3y4EHBI BYJKaHBI IPAKTUYECKU BCEX KPYII-
HBIX OCTPOBOB TIpAIbl, CO3/aHa UX KiIaccU(pu-
KalUsi, OLCHEHbl MEPCIEKTUBbI CEPOHOCHOCTH.
Ha Caxanune mpoBefieHa PEKOHCTPYKIUSA II€H-
TPOB JIPEBHETO BYJIKaHU3Ma, BbICKa3aHbl COOOpa-
YKEHHSI O POJIM ATOTO Ipoliecca B pOPMUPOBAHUU

B.H. llIunos 3a u3y4eHueM KOJUIEKIUH 00pa3LoB. @PpacmeHm u3z apxugHoz2o 8uoeo

V. N. Shilov studying the collection of samples. 4 frame from the archival video
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3eMHOM Kopbl. Kpome Toro, I1InnoB B uncie nep-
BBIX NMPHUHHUMAJl aKTHUBHOE Y4YacTHE B H3yUEHUU
IIPOSIBJIEHUM I'psI3€BOro ByikaHu3Ma 0. CaxanuH.

Bricokas HayuyHass kBamuukanus caxa-
JTUHCKUX BYJIKAHOJOTOB CIIOCOOCTBOBAJIa TMOJ-
TOTOBKE MMH JIUCCEPTANMOHHBIX pabOT, KOTOPHIE
Obmn ycmemno 3amuiieHsl: B, ®demopuen-
ko — B 1965 r.; B.®. Ocranenko, b.H. [luckyno-
BbIM, H.A. ConoBneBoit — B 1969-m; B.K. I'aBpu-
noBeiM, P.U. Poguonosoii — B 1970 1.

B nensax noseimenns 3pPpeKTHBHOCTH HayY-
HBIX HccnenoBanuii B 1970 r. maboparopus Byika-
HOJIOTUH ObLIa 00BEIMHEHA C JJa00opaTopuei reo-
JIOTMU OCTPOBHBIX YT C COXPAHEHHEM TEMAaTUKHU
no ByJakaHonoruu. B.H. IIuioBy mnpennoxunu
BO3MIIaBUTH Ipynmy ByiakaHonoruu. Ho Bceso-
non HukomaeBuu 5 aBrycra 1970 r. yBonuics u3
CaxKHUMU c nensio nepeesna B Mockay.

B MockBe um Obl1a MOArOTOBJIEHA JTOKTOP-
ckas auccepranus «Bynkanusm Caxannza u Ky-
PUWIBCKUX OCTPOBOBY», B KOTOPOW ObLI OCyIlecT-
BJICH CHHTE3 HAy4YHON HMH(OpManuud MO maneo-
30HCKO-M€E30301CKO-KalHO301CKOMY BYJIKAHU3MY
3THX OCTPOBOB. Jl1ccepTaliio OH YCIEHIHO 3allu-
i1 B 1975 1. B Cubupckom otnenennu AH CCCP.

i o c. ‘J;"‘;: ""g\l;ig( . 7
< “me*’ ]

B.H. IlIunoB posrue roipl COTPyAHUYAI
C TakuM KopudeeM BYIKaHOJIOTMYECKOW HayKH,
kak W.B. Jlyuunkuii, koropsiid co3nain B MHCTH-
tyte autochepst AH CCCP (B 2004 r. oO6beau-
HeH ¢ ['eonornyeckum uHctuTyToOM PAH) nabo-
pPaTOpHIO NMAJIECOBYJIKAHONOTUHU. [locine KOHYMHBI
N.B. Jlyuuuxoro IlIunos B Hauane 1980-x rogos
B3sU1 Ha ce0s pyKOBOJCTBO 3TOH jaboparopueil.
IIpu 3TOM OH mpoAoIKaN pa3padOTKy KOMILIEK-
Cca METOAOB MO M3YYEHHIO ByJakaHu3Ma. OJIHUM
U3 [JIaBHBIX METO/IOB OH CUMTAJ ()OPMAI[MOHHBIH
AQHAJIN3 U HEM3MEHHO CJIE0BAJI €r0 IPUHLUIIAM
BO BCEX CBOMX MOCTpoeHusAX. He meHblee BHU-
MaHHUe yJessul mpobiieMaM TEeKTOHUKU U Marma-
TH3Ma, CUATAs], YTO MAarMaTU3M HEBO3MOXHO H3-
y4aTh B OTPBIBE OT T€OAMHAMUYECKHX M 0OIIe-
Ie0JIOTMYECKUX ITPOLECCOB.

B oreuectBennoi Hayke Illmnos cran mm-
POKO M3BECTEH KaK YUYEHBIH BBICOKOW, MHUPOBOTO
YpOBHsSI Hay4HOH KBanu(UKAIUH, IIaBHBIM Ha-
MIPaBJICHUEM MCCIIEOBAaHUN KOTOPOIO SIBISIICS
BYJIKQHU3M B Pa3IUYHbBIX €r0 NPOSBICHUAX U T'€0-
IUHAMHAYECKUX oOcTtaHoBKax. Beesonon Hukoa-
€BHUY BCErJa 4YpPEe3BbIYANHO BHHUMATEIBHO OTHO-
CWJICS K COTPYJHMKAaM BO3IJIaBIIsieMON MM J1abo-

| T et
“* >

Ha IlyraueBckom rpszeBoM Byikase, 1950-e T
At the Pugachev mud volcano (1950s)
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BynkaHonornydeckue nccriegoBaHusi Ha CaxanuHe n Kypunbckux octpoBax nog pykosogctsom B.H. LlnnoBa B 1958—1971 rogax
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Corpynaukn CaxKHUU xanaupats! reooro-MuHepazornieckux Hayk Beesomon Hukonaesny I1Innos (ciesa),
WBan Mapkosuu Cupsik (B uentpe) u Oner AnekcanapoBund MeIbHUKOB — THOHEPHI U3yYSHHUS TPA3EBOT0 BYJIKaHU3MA
o. Caxanun, 1960-¢ rT.

Vsevolod Nikolaevich Shilov, Ivan Markovich Siryk, and Oleg Aleksandrovich Melnikov (left to right), Candidates of the Geological
and Mineralogical Sciences and researchers of SakhKNII, were the pioneers of the research of mud volcanology on Sakhalin (1960s).

paTropuu, 0COOEHHO MOOIIPSIT MOJOABIX YUYEHBIX,
IIOMOTasi HAWTH CBOW MCCIENOBATEIILCKUM IYTh.
Hayunsiii crax B.H. Illunosa B nenom cocras-
aser 51 roa. On aBrop 150 HayuyHBIX paboT Mo
npo0ieMaTHKe BYIKaHW3Ma U PErMOHAJIBHON reo-
JOTUH. SIBIANCS 3aMECTUTENEM INIABHOTO pelak-
TOpa KypHaJla «ByJIKaHOIOTUSA U CEMCMOIIOTHS,
3aMeCcTUTeNeM Ipeacenarens Bceepoccuiickon
KOMHCCUU TI0 BYJKAaHU3MYy M XUMHUU HEIp 3eMIIH
npu 'eopusnueckom komurere PAH, unenom [la-
JICOBYJIKAHOJIOTUYECKOM Komuccuu mipu Iletpo-
rpadudyeckom komutere PAH, a Takke dieHOM
pernoHanbHOM EBporeickoil maneoByIKaHOIOTH-
YECKOW KOMHCCHH.

BceBonon HuxonaeBud ObLT TPYIOTIOOMBBIM
U 1IeJICyCTPEMIIEHHBIM YUEHBIM M HEOOBIKHOBEH-
HO CKPOMHBIM U JI00pOKeNaTeabHbIM YEIO0BEKOM,
IIPUYEM OTH €r0 3aMEyaTeiIbHbIC KayecTBa HU-
CKOJIKO HE MCHSUIMCh HA NPOTSDKEHUM BCEH €T0
ku3uu [9].

Otmeuas Bkian 1llwioBa B BylkaHosoruye-
ckue uccienosanus Ha Caxanuae u Kypuiabckux
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OCTPOBaX, MOXKHO CKa3aTh, YTO 0€3 TaKUX MpelaH-
HBIX Hayke jaroneu, kak Bcesonox Hukxomaesud,
HEBO3MOKHBI OBIITH OBbI pe3ysIbTaThl, KOTOPHIX J0-
OuICst HeOOJIBIION KOJUIEKTUB JIAOOPAaTOpUHU caxa-
JIMHCKOT'O MHCTUTYTA HA 3ape CTAaHOBJICHUS OTeYe-
CTBEHHOU BYJIKaHOJIOTHH.
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