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30HBI BBIICIIEHO CEMb CJIOEB B COOTBETCTBHUM C PACIpENeNICHHEM CeiiCMUUECKOH sHepruu 1o rryonne. Ha ocHoBe MH-
CTpyMeHTaIbHBIX Habmonenuit 3a 60 net (1962—-2021 IT.) 1t KaKI0TO CIIOS TIOCTPOCHBI KAPTHI SMTUIICHTPOB 3eMIIETPSI-
ceHnit Kamyarckoro pernoHa u mosry4eHbl XapaKTepUCTHKH CEHCMUYHOCTH: KOJIMYECTBO COOBITHH, TITyOHHBI ITMKOBBIX
3HAYCeHUH YHEPTUHU, CYMMapHas SHEPTH, OTHOIICHHE CYMMapHOH SYHEPTUHU 3eMJIETPSICCHUH BhITIe 14 Kitacca K cymMap-
HoW sHepruu 3emierpsicernit ot 10 mo 14 xiracca. [Toutn momoBmHA Beelt celicMUYecKoit 2Heprun pernona 3a 60 et
MpUIIACh Ha TITyOnHBI 60iee 550 kM. OOHapYEHBI 0COOCHHOCTH B PacIIpee/ICHIH 3eMIIETPSICCHNN: KOIIMIECTBO UX
Ha BHEITHEM CKJIOHE XKeJlo0a (Ban 3eHKeBHYa) K FOT0-3amary OT ABAYHMHCKOTO 3aJIMBa OOJIBINE, 9eM K CEBEPO-BOCTOKY;
B cioe Ha nryonHax 80—130 kM smumeHTps! 3emierpsicenuii B Kamuarckom 3anrBe MapKUPYIOT IPOTSHKCHHBIN JIHHE-
aMEHT, Ha MIPOJOJDKEHIE KOTOPOTO ITOTAIal0T BynKaHb! KiTro4eBCKoil rpynisl u BynkaH Tondadmk; moioca 3eMieTps-
cenmit ast mryOomH 130-180 KM HakIameIBaeTCs HA CTPYKTYPY BYJIKaHHYECKOTO Mosica. Ha BepTHKaIbHOI IpoeKInn
TUIIOIICHTPOB y9acTKa ceiicMO(OKaIbHOI 30HEI K 0Ty OT I-0Ba LIImmyHCKMiA BRIAETSETCS KPYTO HaJaloIdi pa3iioM,
OTCEKAIOIINH TTOABIKHEIHN OJIOK (PPOHTAIEHOTO yYacTKa OT KOHTHHEHTANBHOM tnTocdepsl. Ha mpoexumu ygactka ¢o-
KaJIHOTO CII0S1, BKITFOYAIOIIEro ByakaH Tonbaunk u KiTroueBCKyo rpyIIny ByJIKaHOB, OOHAPYKEH BEPTHUKAIBHBIA H3J10M
mof BynkaHamu Ha TiryOmHe 140—180 kM. Ha ocHOBe mpencTaBICHHBIX B CTaThe JAHHBIX MpEeAoKeHa THIOTe3a, 00b-
SICHSIFOIIIAast MOP(OJIOTHIO CEHCMO(OKATBHOI 30HBI HE TONBKO IOTPYKEHHEM OKEaHNIECKOH JTUTOC(EpHl, HO U MaHTHIHA-
HBIM TE€UCHHEM, HAIPaBJICHHBIM K I0T0-BOCTOKY M3-TI0J] OKPAaUHbBI A3HH.

KnioueBble cnoBa: semierpscenne, Kypumo-Kamuarckast octpoBHast myra, Mmopdoaorus ceiicModokaIbHOR
30HBI, KamyaTka

Some features of the morphology of the seismic focal zone
of the Kamchatka region

Yury V. Shevchenko
E-mail: kIb@emsd.ru

Kamchatka Branch of the FRC “United Geophysical Survey of the Russian Academy of Sciences”,
Petropavlovsk-Kamchatsky, Russia

Abstract. The object of study in this paper is the structure of the seismic focal zone of the Kamchatka region as a
part of the Kuril-Kamchatka transitional convergence zone. When studying the morphology of the focal zone, seven
layers were distinguished in accordance with the distribution of seismic energy by depth. Based on instrumental ob-
servations over 60 years (1962-2021), the maps of earthquake epicenters in the Kamchatka region were constructed
for each layer, and seismicity characteristics were obtained: the number of events, depths of peak energy values,
total energy, and the ratio of the total energy of earthquakes above class 14 to the total energy of earthquakes from
class 10 to 14. Almost half of all seismic energy in the region over 60 years occurred at depths greater than 550 km.
Features in the distribution of earthquakes were discovered: their number on the outer slope of the trench (Zenkevich
Swell) to the SW of the Avacha Bay is greater than to the NE; in the layer at depths of 80—130 km, the epicenters of
earthquakes in the Kamchatka Bay mark an extended lineament, the continuation of which includes the volcanoes
of the Klyuchevskaya group and the Tolbachik volcano; the band of earthquakes for depths of 130-180 km and the
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the margin of Asia is proposed.

Jna yumupoeanusa: 1llesuenko F0.B. Hexkotopbie ocoOeHHOCTH
Mopdonorun ceiicModokanbHOM 30HBI KaM4aTcKoro permoHa.
Teocucmemvl nepexoonwix 30w, 2025, T. 9, Ne 1, ¢. 5-21. https://doi.
org/10.30730/gtrz.2025.9.1.005-021; https://www.elibrary.ru/tnsita

®uHaHcupoBaHMe M GnarogapHocTH

Pabota BbInOJIHEHA B pamMKax OOJKeTHOro (hMHaHCHPOBa-
nust Kamuarckoro ¢unuana ®ULL « Enunas reopusnaeckas
cyx6a PAH». ABtop 6maromaput C.A. IlleBuenko 3a mo-
MOIIb B MOATOTOBKE MILITIOCTPALMH AJISI CTAThH.

BBepeHue

Ceiicmuunocth Kypuno-Kamuarckoro 3sena
THX00KEaHCKOTO CEHCMUYECKOTO T0sICa 1O YPOB-
HIO ONM3Ka K MakcHMaibHOW Ha muaHete. Cpeau
MHOTHX 33Ja4 IPH U3yYEHUU CEMCMUYHOCTH pe-
THOHA MOXXHO BBIJICIUTH WCCIICOBAHUS CTPYK-
Typsl celicMuyHOCTH (hokaiapHOrO Tosca. [1o cy-
IIECTBY, U3yUEHUE CTPOCHUSI CEHCMO(OKATHLHOM
(C®) 30nb1 Kypuno-Kamuarckoit 1yru Hadanoch
nocne co3ganus Kk 1961 1. cetn celicMUUECKUX
cranuuii [1, 2].

OpHUM U3 TIepBBIX CONEpKaTeIbHBIX HCCle-
JIOBaHUM CTPOEHHUS MEPEXOIHOM 30HBI OT OKeaHa
K KOHTHHEHTY B paiioHe Kamuartku Obuta pabota
[3]. Ha ocHOBE M3yueHus BpeMeH Ipodera cercMu-
YECKUX BOJIH OBLIN OTIPEIeTICHbI OCHOBHBIE YEPTHI
TeKTOHUKH KamM4JaTku, 0COOCHHOCTH €€ CTPOCHHUS
U OIICHEHBI HEKOTOpble (U3UUYECKHE MapaMeTphI
BepxHel ManTuu Kypuno-Kamuarckoii gyru.

B crarbe [4] mocTpoeHBI ONepeuHbIe pa3pe-
36l ceificModokanpHON 30HBI KamMyaTku u crenan
BBIBOJ] O CXOJICTBE MX (DOPMBI U CTPOCHUS BIOJb
Kamuatku. IlokazaHo HABYXCJIOWHOE CTpPOEHUE
(hoKanbHON 30HBI M TMOJOKEHHUE 0OJaCTH MaKCH-
MaJbHOU celicMUYHOCTH Ha ryOuHax 0—40 k.

Kaptel pacnpeneneHusi SMUIEHTPOB 3eMIIe-
TpsICEHUI PHepreTuyeckoro kmacca K > 8.5 mus

GEOPHYSICS, SEISMOLOGY

structure of the volcanic belt overlap. On the vertical projection of the hypocenters of the section of the seismic focal
zone to the south of the Shipunsky Peninsula, a steeply dipping fault separating the moving block of the frontal section
from the continental lithosphere is distinguished. On the projection of the focal layer section, including the Tolbachik
volcano and the Klyuchevskaya group of volcanoes, a vertical fracture was found under the volcanoes at a depth of
140-180 km. Based on the data presented in the article, a hypothesis explaining the morphology of the seismic focal
zone not only by the subsidence of the oceanic lithosphere but also by the mantle flow directed to the SE from under

Keywords: earthquake, Kurile-Kamchatka island arc, morphology of the seismic focal zone, Kamchatka
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5 cnoes (0-50, 51-100, 101-150, 151-200, 201—
250 xm) 3a 20 neT HaOMIOAEHUH U BEpPTUKAIbHbIC
paspe3sl BkpecT CO 30HbI B pailone n-osa [1lu-
MyHCKUWA W T-0oBa Kamuarckuili mpeacTaBiCHbI
B pabote [5]. Caeman BBIBOM, YTO OCHOBHAS YacTh
3eMJICTPSICCHUM, BKJIIOYasi HamOojee CHIIbHbBIE,
MPOUCXOUT MEXKIY BOCTOYHBIM TMOOEPEKHEM
Kamuarku u xemobom Ha mmybmnax mo 100 kwm.
[TonTBep>KaeHO MBYXCIOMHOE  PACIOIOKCHUE
0YaroB B HAKJIOHHOW 9acTH (POKATHLHOTO CIIOS.

PaGora [6] comepkuT 0030p KOpOBOW TEK-
TOHUYECKOM CEHCMHYHOCTH cymu Kamuyarku Ha
m1youHax 1o 50 kM. BeineneHsl y4acTku MOBBI-
IICHHOM KOHIIEHTPAIMU 3eMJICTPSICEHUM, CIeaHa
MOMNBITKA CONMOCTAaBUTh CTPYKTYPHYIO OpraHH3a-
IIUIO ATHX YYACTKOB C PA3JIOMHBIMU 30HAMH.

B cratbe [ 7] nmpencTaBieHbl 3aKOHOMEPHOCTH
pacnpeneNieHust CIa0bIX 3eMIIETPSICEHUI KJIacCOB
8—10. ITocTpoensl 17 nonepeyHsIx U 5 MPOAOIb-
HBIX pa3pe3oB (okanbHOro ciost Kamuatku. Jlano
00BSICHEHHE HAJIMYUIO IBOMHOTO ceiicModokab-
HOTO CJIOSl B paMKax KOHIICTHIMH ACTHUJIpaTaliuu
OKEaHHUYECKOUN TUTOC]EpHI.

B Hacroseit ctatbe Ha OCHOBE pacIIMpEH-
HOTO O0bEeMa [aHHBIX HMHCTPYMEHTAJIbHBIX Ha-
OmofieHut 3a ceiicMuuHoCThIO ¢ 1962 1o 2021 r.
YTOYHSIOTCSI OCOOCHHOCTHU CTPYKTYPHI ceiicModo-
KaJbHOM 30HBI KamuaTckoro peruona. Ha puc. 1 a
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Puc. 1. (a) Kapra pacnpeneneHus snmuLeHTPOB 3emieTpsiceHuit ¢ M > 6 B Kypuio-Kamuarckoii u 3anagHoi 9acTu AJIEyTCKOH OCTPOBO-
JIyXHBIX CUCTEMAaXx 3a IepHO MHCTPYMEHTaNbHBIX HaOmonenuii ¢ 1962 mo 2021 r. Ouaru 3emieTpsceHuii moka3aHbl KpyraMH, IJI0MAaN
KOTOPBIX B MaciiTabe KapThl COOTBETCTBYIOT IUIONIAM 04aroB. YepHBIMU KpyraMu o003Ha4eHBI cOOBITHS ¢ nryOuHON Gosee 100 km,
kpacHbIME — MeHee 100 kM. S, N — mornokeHue I0KHOTO U ceBepHoro 0:okoB xpebTa Illarckoro. IpsmoyromsHuKOM Ao—Ai—Ax—As
Ha KapTe BbIJICNICH y4acTOK, HIMEHyeMblii B nanbHeiinem «Kamuarckuii pernon». Mopgonoruueckue ocu xeno6oB 0003HaueHbI MyH-
ktupoM. (b) IIpoexnns Ha BepTHKaIbHEIH PO b Bo—Ao—A1 THIIONIEHTPOB 3eMileTpsiceHuit kiaacca K > 12.5 y4acTkoB Ao—Ai1—Ax—As
1 Bo—Ao—B1—B2—Bs. Okpy>XKHOCTH C TOUKO#f B IIEHTPE OTMEUAlOT MO3UNHI0 rumoneHTpa OxoromMopckoro 3emiuerpsicenns (M = 8.3).
Homepa cootBeTcTBYyIOT ITyHKTaM Ha Kapte: | — Yerb-Kamuarck, 2 — Bynkan Kponoukuii, 3 — IlerponasioBck, 4 — Bynkan KambanbHas
Comxka, 5 — npon. Kpununeisa, 6 — npoi. Byccons, 7 — Kypuibck, 8 — FOxHo-Kypunbck.

Fig. 1. (a) Map of the distribution of the earthquake epicenters with M > 6 in the Kuril-Kamchatka and western Aleutian island arc sys-
tems for the period of instrumental observations from 1962 to 2021. Earthquake foci are shown as circles, the areas of which on the map
scale correspond to the area of the foci. Black circles denote events with a depth of more than 100 km, red ones denote less than 100 km.
S and N indicate position of the southern and northern blocks of the Shatsky Ridge. Rectangle Ac—Ai1—A>—As highlights the area herein-
after referred to as “the Kamchatka region” on the map. The morphological axes of the trenches are indicated by a dotted line. (b) Projec-
tion of hypocenters of K > 12.5 class earthquakes of Ac—Ai—A2>—As and Bo—A¢—Bi—B>—Bs sections onto vertical profile Bo—Ao—A.. Circles
with a dot in the center indicate the position of the hypocenter of the Sea of Okhotsk earthquake (M = 8.3). The numbers correspond to
the map points: 1, Ust-Kamchatsk; 2, Kronotsky volcano; 3, Petropavlovsk; 4, Kambalnaya Sopka volcano; 5, Krinitsyn strait; 6, Bussol
strait; 7, Kurilsk; 8, Yuzhno-Kurilsk.
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TOKa3aHO pacIpeiesieHne SMUIIEHTPOB 3eMJICTPSI-
cenuii ¢ M > 6 B Kypuno-Kamuarckoii u 3amagHoit
4acTu AJIEyTCKOM OCTPOBOAYKHBIX CHUCTEMax 3a
niepuon ¢ 1962 mo 2021 r. [lyist 6onee agekBaTHO-
TO TIPEICTABICHUS CEMCMUYHOCTH PErHMOHa Oua-
TH 3eMIIETPACEHHUI TMOKa3aHbl Kpyramu, IUJIOIIa-
1 KOTOPBIX B MaciuTade KapThl COOTBETCTBYIOT
IJIomaaM o4aroB. Pacyer pasmepoB oyaroB 3eM-
JIETPSICEHUH BBHITIOJIHEH aBTOPOM B COOTBETCTBHUH
C MOJICJIbIO KpyTroBO# TpemuHsl [8]. st coObITHit
¢ m1yOouHoi ovara 10 100 KM nmpUHMMANIOCh 3Ha-
yeHue coporeHHoro HanpsbkeHust Ac = 3 mlla [9,
10]. I'myGxe cOpoIieHHOe HaPsHKEHUE MEHSIIOCH
MPOTNOPIMOHATBHO MOJIYJIIO CIBUTa B COOTBET-
CTBUHU ¢ Moenbto 3emiu ak135 [11].

MaTepumansl

B nensax uccnenoBaHus UCMOIb30BaHbI 1aH-
Hble 0 3emueTpsiceHusx ¢ 1962 mo 2021 r. u3
karanora K® EI'C PAH [12, 13], xaramora ISC
(International Seismological Centre) [14] u kara-
nora CMT (Centroid-Moment-Tensor) [15, 16].
3a ATOT MEPUOJl MEHSJIUCHh KOJIUYECTBO JAECHCTBY-
IOIIMX CTAaHIMM U aneprypa cetd B Kypuio-Kam-
yarckoM peruone. C 1996 r. Hauazcs nepexon Ha
uuppoBylo peructpanuio. Bce 3T0 mo3BONHIO
CHU3HUTh NPEJICTABUTENIBHYIO BEJIMYHMHY KJacca
perucTpupyeMbIX 3emiieTpscenuii. YToOsl momy-
YUTh OJHOPOAHYIO BBIOOPKY COOBITHI 3a BECh
Mepuoa HaOIIONEeHUHN, HCMONB30BAIKNCH 3eMIle-
TpsaceHnusa HauuHas ¢ 10 kmacca [17] B npenenax
BBIJICJICHHOW Ha KapTe (puc. 1 a) mpsMoyroiabHOM
obmactu Ao—A1—A2—As (14 465 cobbITHil), KOTO-
pyto MbI Ha3zbiBaeM KaMuaTCKUM pErHOHOM.

Pesynbrathbl

CeBepo-BocTouHass rpanuna Kamuarckoro
pEruoHa MPOXOAUT HEMHOIO CEBEpHEE Y4acT-
ka cowieHenus Kypuno-Kamuarckonl u 3aman-
HOM 4acTu AJIEyTCKOM OCTPOBOILYKHBIX CHCTEM.
IOro-3anagnas rpannna nepecexaet Kypunbckyro
OCTPOBHYIO JIyI'y HEMHOTO IOkHee Ipoil. Kpunu-
L(bIHA, PA3JEsisi CEBEPHYIO M LEHTPAIBHYIO YaCTH
Kypuibckoit nyru. Ha puc. 1 BunHo, 4to Ha 3T0#
IPAHMIIE MEHAETCA XapakTep CEUCMUYHOCTH:

GEOPHYSICS, SEISMOLOGY

BIOJb TPAHUIBl ITYOOKUX 3€MIIETPSCEHUH MOoY-
TH HeT, K I0ro-3amajly CWIbHBIX ITyOOKHX 3eMile-
TpsSICEHUH MaJlo, CeBepO-BOCTOUHEe HalIonaeTcs
BBICOKasI ceiicMHUecKasi akTUBHOCTb Ha OOJBIINX
mryouHax. CTpoeHHne 3eMHOW KOpbI CEBEepHee U
I0)KHEe BBIOpPAHHOW TpaHMIBl TAKXKe Pa3IUYHO.
B pabote [18] mpuBonsATCS BakKHbIE pa3IUyus B
CTPYKType (IIAaHTOBBIX YYacTKOB KypHIIbCKOi
OCTPOBHOM Iyru M ee LeHTpajlpHOro 3BeHa. Ilo
MarepuajgaM TeOJIOTUYECKHX M Te0(pHU3MUeCKUX
WCCJIENOBAHUN IJI1 OCAJOYHBIX TOJI MOJYyYEHBI
3HadeHus: 3.5-5 kM Ha 1oro-3amajne, 7—7.5 KM Ha
CEeBEPO-BOCTOKE, 1.5—2 kM B meHTpe. MoImHOCTh
36MHOH KOpBI PE3KO MEHSAETCA OT CEBEpO-BOC-
TOYHOTO M FOT0-3allaJHOT0 y4acTKOB OCTPOBHOM
OYTH K UEHTPATbHON YacTH MPUOIH3UTEIBHO C
30 kM 10 10 kM. B nnane koHpUrypauus n30rurc
MOIIHOCTH OCaJKOB M KPHUCTAJUIMYECKON YacTH
3eMHOWM KOpbI MMeeT Ha (IAHTOBBIX YYacTKax
V-00pa3nyro Gpopmy, TOCTEIIEHHO BBHIKIMHUBASCH
K LICHTPY OCTPOBHOM JYTH.

Jnsa Kamuarckoro permona OOJBIIMHCTBO
3emiieTpsceHuii knacca K > 10 umeeT TeKTO-
HUYECKYI0 Ipupoxy u npoucxonut B CD 3o0He
Banarn—3aBapunikoro-benboda kak pesynbTar
B3aUMOJICHCTBUS JINTOC(EPHBIX IUIUT MpH CyO-
TYKIUHU OKeaHn4deckoil mmtel. IIpu norpyxenun
TuxookeaHCKOH JUTOC(EPHON TUIUTHI 3eMIIETPSI-
ceHust HaOmromarTcs 10 IyouH okoio 700 k.
CelicMnueckasi aKTUBHOCTb (KOJIMYECTBO COOBI-
TUI W SHEpPrus) Ha pa3HbIX IITyOMHAX 3aMETHO
MEHSIETCS, TIOITOMY IEJIECO00Pa3HO PACCMOTPETh
napaMeTpbl CEHCMHUYECKOTO peXHUMa MOCIOWHO.
W3MeHeHne celicMuueckod sHepruu E u ymcna
3emiieTpsiceHui ¢ riryOuHo s Kamuarckoro pe-
THMOHA WIUTIOCTpUpYeTCs rpadukamu Ha puc. 2. J{o
1y6oussl 200 KM ocpeHeHHEe IPOBOIUIIOCH C Ia-
rom 10 xm, riryoke — ¢ marom 20 kM. B cooTBet-
CTBHH C MOJIOKEHHEM MAKCUMYMOB E BBIIETIEHO
7 celicMO(OKaIbHBIX ClIOeB ¢ rmyomHamu 0-35,
35-80, 80-130, 130-180, 180-230, 230-550,
550-700 xm.

@®ponTanbHbI yyacTok CP 30HBI, Ha KOTO-
pOM OKeaHHuecKasi JuTocepHas IINTa HAYMHA-
er norpyxarbca non Kamuarky u Kypuibsckyro
OCTPOBHYIO AYTY, OTHOCHUTCS K BEPXHEMY CJIOIO
¢ myouHoi 110 35 kM. 3eMIeTpsiceHHs B ITOM
CJI0€ IPOUCXOAT B pe3yJIbTaTe K€CTKOT0 KOHTAK-
Ta U fedopMaluy CIBUTAIOLIUXCS JTUTOCHEPHBIX
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wnt. CxkaTre KOHTUHEHTaJIbHOU JUTOC(hEphI BHI-
3BIBAET XPYIIKHE Pa3pyLIECHUs IO MHOXKECTBY pa3-
JIOMOB MeXJly OJIOKaMH 3€MHOM KOpbI U CO3/1aeT
OCHOBHYIO Maccy 3emuieTpsiceHuit. CuiabHenIme
3eMJIETPSICEHHUS], CBS3aHHbIEC C MOJIOTUMH CABHIa-
MU/HAJBUTAMHU, IPOUCXOJAT B IPEEIax BEPXHUX
nByx cioeB. Ha rmyOunbl 0—-80 kM mpuxomuTcs
6onee 85 % coObituii K > 10 (cM. Tabnuiy).
IlepBhIii MakcuMyM E mpuxoauTes Ha rryOu-
Hy 15 kM, Bropoii — Ha nryOuny 45 kM (puc. 2).
[t mepBOro M BTOPOTO CJIOEB CEHCMUYECKH aK-
THUBHOH 30HBI XapaKTEPHO OIPOMHOE KOJIMUYECTBO
COOBITHI 3a CueT 3eMJIETPSICEHUH HEeOOJBIINX
kinaccoB. CiaObIM  3eMIIETPSICEHUSIM  OTBEYACT
paccesiHHasi CEHICMMYHOCTB, CBSI3aHHAsI C MEJIKO-
O704HON pa3apoONIeHHOCTRIO cpenbl. KpymHbiM

pasjiomaM CEMCMHYECKH AKTUBHOM 30HBI COOT-
BETCTBYET CPABHUTEIBHO HEOOIBIIIOE KOJTMUECTBO
CUWJIBHBIX COOBITHI, KOTOpPbIE€ BHOCSIT OCHOBHOM
BKJIaJl B CyMMapHy!o sHepruro. Kak npasuio, uem
CHJIbHEE 3eMJIeTpsCeHHe, TeM Ooyee HaJeKHO
ONpPEAEIAETCS €r0 IOJIOKEHUE, MOCKOJIBKY BCTY-
IUIEHUS CEICMUYECKUX BOJIH YBEPEHHO BBIIEISAIOT-
csl Ha OosblleM yucie ctaHuuid. Vcnonb3oBaHue
IpU TTOCTPOSHUH KapT BCEH BBIOOPKH 3eMIIETpS-
ceHwii (B mepBOM ciioe 3To 6427 coObITHil) nenaeT
KapTUHY CMa3aHHOM 3a CUET pACCESTHHOW CeCMMY-
HOoCcTH. [I0o3TOMY ©IpM NMOCTPOECHHUU IOCIOHHOIO
pacrpeneneHns SMUUEHTPOB Ha KapTaxX MEJIKOro
MaciTada MOXHO 1O HEKOTOPOI CTETIEHH UTHOPH-
poBarth ciabbie coObITHs. Takoii MOAX0A TO3BOIUT
Jy4lle NPeACTaBUTh CTPYKTYpPy CEHCMHUYHOCTH

Taéamua. XapakTepucTuKi CeHCMUYHOCTH CeiicMO(OKaIbHOM 30HbI Kamuarckoro pernoHa Juist pa3Hbix DIyOuH
Table. Seismicity characteristics of the seismic focal zone of the Kamchatka region for different depths

Croit I'myOuna, kM | n | Ec, Tx hp, KM k
1 0-35 6427 1.3E+16 15 3.2
2 35-80 5824 1.5E+16 45 2.7
3 80-130 989 8.0E+15 115 14
4 130-180 445 4.8E+15 175 22
5 180-230 127 2.6E+15 210 71
6 230-550 481 1.6E+15 490 3.9
7 550-700 172 1.4E+17 630 830

Tpumeuanus. n — KONAYECTBO COOBITHH B crioe; E¢ — CyMMapHas SHEPIHsi B CJ10€; 7 — TlyOMHA JUIsl AKOBBIX
snauenuil £; k= YE(K > 14) / YE(10 < K < 14) — oTHOILEHHE CyMMapHOi 3Heprm1 3eMJIETPSICCHUN Ki1acca
K > 14 x cymmapHO# 3Hepruu 3eMieTpsacennii kiacca ot 10 mo 14.

Notes. n, number of events in the layer; Ec, total energy in the layer; 4p, depths of peak values (£);
k=YFE(K=>14)/YE(10 <K < 14) indicates ratio of the total energy of earthquakes K > 14 to the total energy of

earthquakes class from 10 to 14.

Puc. 2. Pacnpenenenue ceiicMuueckoit sHepruu (OpaHXeBast JIMHHS) M YUCIIa 3eMJIETPSICEHUH (CHHSS TUHUA) 1o m1youHe 1 Kamyar-
CKOro perroHa. YepemoBaHHeM TOHUPOBKH U €€ OTCYTCTBHS OTMEUCHbI (POKAIbHBIC CJIOH, BBIICICHHbIC T aHaau3a. Maciitad rpadu-

KOB Ha Bpe3ke Jursi rryoun 550—700 kM yBenndeH.

Fig. 2. Distribution of seismic energy (orange line) and the number of earthquakes (blue line) by depth for the Kamchatka region. Shad-
ing separates the boundaries of the focal layers selected for the analysis. The scale of the graphs in the inset for depths of 550—700 km is

increased.
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(doxanbHON 30HBI. PacmpeneneHnue 3MULEHTPOB
3emsieTpsiceHnii Kamuarckoro permona ajs mep-
BOTO ¥ BTOPOI'O CJIOEB MOKAa3aHO Ha pUc. 3 a, b.

B cooTBeTcTBUM C NPUHATHIMU HpPENCTAB-
JICHUSIMU, CJIOXHBIE TEKTOHUYECKHUE JBHKCHMS
IIpU 3eMJIETPSACEHUAX B IEPBOM CJIO€ MOXHO yC-
JIOBHO pa3OUTh HA TPU BUJIA MTOJIBMXKEK: MOJIOTHE
CIABUTH/HAJBUTH 1O KOHTAKTHOWH MOBEPXHOCTH
B 30HE IIOJ[BUTI'a, BbI3bIBAIONIME Hanbojee KpyI-
HbIE 3eMJIETPSICEHNUS; 1a1al0IIKE M10/] OKEaH Kpy-
Thle B30pOCHI C NMPOCTHPAHUEM BAOJb JKeI00a,
CBSI3aHHBIE CO C)KaTUEM (PPOHTAIBLHOTO BBICTYyIA
KOHTMHEHTAJIbHON KOpBI; pa3pbiBbl, OPUEHTUPO-
BaHHbIE ToNepek K npocrupanuto Kypuno-Kam-
4aTCKOro keao0a M0 I'paHUIe KOHTAKTa MEXITy
coceaHUMU OJI0KaMu HaBucaromei kopsi [19, 20,
21,22]. I'pynnupoBaHue 3eMIIETPSICEHUN HA BHY-
TPEHHEM CKJIOHE ejo0a, nHoraa B hopMe U30-
THYTBIX Iosioc (puc. 3 a), MapKUpYeT pa3iIoOMbl
MEX/1y KPYNHBIMU OJIOKaMH BBICTYHAIOLIMX Ya-
cTelt ppoHTanmpHOTO BhICTYyMNA. [IpHUBIEeKaeT BHU-

MaHue 650k mexay o. Ilapamymup u ABaduus-
CKUM 3aJIMBOM pa3zMepoM okosio 300 kM BIOJIb
C® 30nb1. Ha yuactox C® 30HBI, 3aHUMAaEMBbIii
3TUM OJIOKOM, NMPUXOAUTCS O4ar 3eMJIETPSCEHUS
04.11.1952 ¢ marnutynoi 8.5. Ilonepeunsie pasz-
JoMbl ceBepHee m-oBa lllumyHckuii pasBepHy-
THI Ha 3amaj ¥ Pa3JeNsioT OJIOKM 3HAYUTEINHHO
MeHblIero pasmepa (puc. 3 a, b). Bosamoxho,
pPa3BOpOT Ppa3jIOMOB BbI3BAH M3MEHEHMEM Ha-
MIpaBJICHUS TIOTPY>KEHHUSI CETMEHTa CYO Iy IIHPYTO-
1IeH IUIUTHI U NOSIBIEHUEM K CEBEpYy OT ABayuH-
ckoro 3aiuBa O3 KoMIIOHEHTHI CMEIIEHNUS BIOJIb
xenmoba (kocas cyonmyknwmsi). Kak crnencrBue,
MOXKHO TPEIIOJIOKHUTb, YTO IMOABOIHBIE TOpPBI
U XpeOThl HA 3TOM Y4YacTKe KOHTHHEHTAJIBHOTO
ckioHa KamuaTtku — cxiagku npu aedopmanuu
(pOHTATIBHOTO BHICTYIA.

Ha puc. 3 a xoim4ecTBO 3eMIIETPSCEHNUN Ha
BHEIIHEM CKJIOHE jkeino0a B IOT0-3amajHoil ya-
cti C®D 30HbI 00JIBIIIE, YEM B CEBEPO-BOCTOUHOI,
MpUYEeM I'paHHIla U3MEHEHUN MPOXOIUT Ha IOre

Puc. 3. DnuneHTpsl 3eMIeTpsiceH i Ui nepBoro (a) u Broporo (b) celicModokanbHbIX ciioeB Kamuarckoro perrona. OKpy>KHOCTSIMU
C TOYKOH B IIEHTPe OTMEUYeHa MO3uIKst rumoieHTpa OxoTroMopckoro 3emierpsicerus (M = 8.3).

Fig. 3. Earthquake epicenters for the first (a) and second (b) seismic focal layers of the Kamchatka region. Circles with a dot in the center
the position of the hypocenter of the Sea of Okhotsk earthquake (M = 8.3).
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ABauyuHCKOTO0 3a1uBa. Takas kapTHHa pacupene-
JIEHUs 3eMJIETPSICEHUI BO3MO)KHA B TOM CIIydae,
€CJIM JIMHUS HadyaJla B3aUMOJECHCTBUS KOHTUHEH-
TaJIbHOM 1 OkeaHnuyeckou uT k KO3 ot ABaunH-
CKOTO 3aJIMBa CABUHYTA K OkeaHy. OOBSCHUTH 3TO
MOXKHO TE€M, 4YTO CKJaJyaTble CTPYKTYphl I-OBa
Kamuarka Ha mmupote [leTponaBnoBcka-Kamuar-
ckoro moBopauyuBaroT Ha OB u (poHTansHbII
BoIcTyn K O3 oT ABaumHCKoOro 3anuBa Oojblie
BBIJIBUHYT B CTOPOHY OK€aHa. MOKHO Npeaoo-
JKUTh, YTO OT IOkHOTO Onoka xpebta ILllarckoro
(puc. 1 a) MeXIy STUMH CETMEHTaMH (PPOHTAIb-
HBIX BBICTYTIOB IIPOXOJUT KPYITHBIN MOMEPEUHBII
pa3ioM KOHTHHEHTaJdbHOU JuTocdepsr C3 mpo-
ctupanus. VccnenoBaHusMH MarHUTHBIX U Ipa-
BUTALMOHHBIX TTOJIEH [23] BBISIBIICHO HAaJW4YHE HA
ore ABaYMHCKOTO 3ajiiBa aHOMAJIMH, MOIEepey-
HBIX K TpocTupannio CD 30HbI. DTH (HaKThI MOJ-
TBEPXKIAIOT BHIABUHYTOE MPEATIOI0KEHHUE.

[Ipumepno B 100 kM oT ocH *esoba, Ha IIy-
O6unax 35-80 kM, okeaHWYecKkas JTUTOC(epHas
IJINTa B3aUMOJACHCTBYET C MAHTHUMHOM 4acCTbIO
KOHTHHEHTaIbHOU Jutocdeprl. Ha puc. 3 a, b
MpPUBJIEKAET BHUMAaHHUE 4Y€TKas I'PAaHULIA MEXIY
30HOM BBICOKOW CEMCMHYHOCTH M acerucMmuye-
CKOHM 30HOM, IPOJIETarIas BI0JIb BHYTPEHHETO
CKJIOHA >keno0a. MoxHO AomycTuTh, 4To K C3
OT rpaHulbl Ha TIyOnHax 35-80 kM HauWHAET-
Csl CPaBHUTEJIBHO OJHOPOJAHASI U MPOYHAS] MaH-
TUWHAsT YacTh KOHTHHEHTAJbHOW IHUTOC(hEpHI.
Kectkoe B3ammojeicTBre ciinba ¢ MaHTUHHON
YacThI0 KOHTHHEHTAJIBHON JHUTOC(HEpH! SBISET-
Csl MPUYMHON M3ruda ci130a M BBHI3BIBACT 3eMIIe-
TPSICEHUS] B OKEAaHUYECKOH KOope M PpOHTATHHOM
BBICTYII€ KOHTHUHEHTAJIbHOU KOpbl K FOB ot 37011
TPaHUIIBI.

N3rub oxeaHWYeCKOW IUIMTHI, PACTSIKEHUE
ee BEpPXHEH CTOPOHBI M C)KaThe HUKHEH MPHUBO-
AT K popMupoBaHUIo KpaeBoro Bana. Kak cnen-
CTBHUE, Ha BHEIIHEM CKJIOHE eJl00a BO3HUKAIOT
MEJIKO(OKYCHBIE 3eMJICTPSICEHUS, MOSBISIOTCS
pa3pbIBHbIE HApPYLIEHUSI U CTYIEHUYaThle CTPYK-
Typbl OKeaHnueckou kopsl [23]. Ha puc. 4 a no-
Ka3aHbl MEXaHU3Mbl HanboJiee CHIBHBIX 32 Bpe-
MsI HAOJIOMEHWN 3E€MIICTPSICEHHIl C BHEIIHEH
CTOPOHBI XkKenooa.

N3 18 npencraBieHHbIX Ha puc. 4 a 3emiie-
Tpsiceanit 13 mpousonumn Ha rmyouae 10-20 kM,
MEXaHU3MbI UX 04aroB COOTBETCTBYIOT cOpocam.
[TaTh 3eMueTpsiceHHil Ha 3TOM PUCYHKE ¢ TIIyOu-

FEO®U3UKA, CEACMOJIOrUS

Hamu okoJ10 40 kM oTHOCSTCS K B3Opocam. Cpen-
Hee MPOCTUpaHME JJIs BCEX COOBITHI COBMAIaeT
C JUHHEHN mo azumyTty 45 (cpenHeKBaJpaTUYHOE
otkionenue 30), T.e. OYTH BAOJb KeI00a.

Ha puc. 4 b nmokazana mpoeKIus THIOICH-
TpoB 3emiierpsiceHnil noaurona Ci—Cs;—C—Co Ha
BEepTUKAIBHYI0 IIockocTh C—Cs. Ha sToit mpo-
eKIUM CyOBEepTHKaJIbHASI T0JI0CA IPYNITUPOBAHUS
3eMIIETPACECHUN MAapKUPYeT KpyTO MaJaroliuil
pa3ioM, OTCEKaromUii MOABMXKHBIM OIOK (PpoH-
TQJIBHOTO Y4aCTKa KOHTMHEHTAJIbHON KOpbI. Pa3-
JIOM OIyCKaeTcs 10 TIyonH okoyio 50 KM U 3aKaH-
YUBACTCA y OCH Xeyioba (cTpenka Ha puc. 4 b).
C noaBm>XKamH 1Mo pa3ioMaM 3TOro THUIIA, «ITOPII-
HEBOT0» B TEPMUHOJIOTHH [22], CBA3BIBAIOT 00Opa-
30BaHME TEKTOHMUYECKHX Teppac Ha BHYTPEHHUX
CKJIOHaX >kesi000B. Ha mpoekuuu TrUmoreHTpoB
noiuroHa Ao—Ci—Co—As Ha npodpuis Co—Ci s
yuactka C® 30Hbl HanmpotuB CeBepHbix Kypun
(puc. 4 ¢) CIOXHO BBIACTUTH OTCEKAIOIMIUN CYyO-
BEPTUKAJIBHBIA pa3ioM. BO3MOXHO, MOABUKKHU
«TIOPILIHEBOT0» THIA B 3TOM Clly4ae MOMaJaoT Ha
y4acTOK KOHTHMHEHTAJIbHOM KOpbI, pa30uToOi Ha
CpPaBHUTEIHLHO HEOOJIbIIIE OJIOKH, U, B 3aBUCUMO-
CTH OT MO3UIIMH MEHEee KOHCOIUIMPOBAHHOM rpa-
HUIBI MEKYy OJ0KaMH, MOJIOKEHUE pa3jioma Impu
3eMIIETPACEHUSX MEHSIETCS.

KonnuecTBo coOBITHI M cymMMapHas sHEp-
rusg Ec B Tpetbem (80—130 kM) u yeTBepTOM
(130-180 kM) ciosix B HECKOJBKO Pa3 MEHbIIIE,
YeM BO BTOPOM, OJIHAKO PACTET OISl CHIIbHBIX
cobbituii (k= 15 u k= 22). ITuk £ cooTBETCTBYET
mmyounam 115 u 175 kM (cM. Tabnuiy). 3emie-
TPSACEHUs] B CIIOSIX paclpeleseHbl Moysocoi 0e3
crymenuit Bnosb CD 30HbI (puc. 5 a, b), uckito-
yasi MPOTSIKEHHBINM Y3KUH JMHEaMEHT Ha IIy-
6unax 80—130 km B KamuarckoMm 3amuBe, Map-
KUPYIOIIUMI pa3iioM, pacceKaroluil JuTochepy
OKeaHH4yeckol miuThl. Bynkanel KiroueBckoii
rpynnsl ¥ BylkaH Ton0auyuk momajaarT Ha Mpo-
JIOJIKEHUE ITOr0 pasjioma.

Ha ypoBHe TpeTbero ciosi OCHOBHasi 4acTb
3eMJIETPSICEHUN MPOUCXOTUT IyTEM peaKcaluu
OCTaTOYHBIX yHpyrux aedopmaruii Ha ociaabiaeH-
HBIX YYaCTKaX OKEAHUYECKOM TUTUTHI [24].

CellcCMUYHOCTh B YETBEPTOM CJIO€, B paM-
KaX KOHLENIMU CYUIECTBOBAaHUSI CEPHEHTUHU-
TOBOTO CJIOSI, MOJCTUJIAIOLIETO OKEaHHUYECKYIO
WMty [25, 26], a Takke CepIeHTUHU3ALUHU I10-
PO OKCAaHMYECKOW KOpPbI, HACHIIIEHHBIX BOJOH
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nepesa norpyeHueM, koppenupyet ¢ npoueccom  ¢uronsio [20]. Ha puc. 5 b nonoca 3emnetpsice-
JeruapaTanuu 1 oopazoBaHueM BOAHOTO ¢uiton- Hui 1t ryoud 130—180 kM HakiaapiBaeTcs Ha
na [24, 25, 27, 20, 23, 28]. Obpa3oBaHre MarMbl BYJKaHHYECKHH MOSC, YTO MOKHO OOBSICHUTH pac-
CBSI3BIBAIOT C IUIABJICHHUEM IOPOJI OKEAaHWYECKOW TOJIOKEHHEM Ha 3TOM YPOBHE 30HBI 00pa30BaHUS
KOpbl M1 MAaHTUWHOIO KJIMHA IO/ BO3JAEHCTBUEM IEPBUYHOUN MarMsl.

Puc. 4. (a) DmuneHTphI 3eMIIETPSACEHHI Ha BHELIIHEM CKJIOHE Keto0a (MexaHu3MbI 3eMieTpsiceHuii n3 karagora CMT [15, 16]). (b) ITpo-
eKIMS Ha BepTHKaIbHYIO IockocTh C>—Cs runoneHTpoB 3emierpsicenuii nmoaurona Ci—Cs—Cx—Co (puc. 1 a). (c) [Ipoekuus Ha BepTH-
KanbHy0 mI0cKOCcTh Co—Ci THIIONEHTPOB 3eMieTpsiceHnit monurona Ao—Ci—Co—As. TpeyronsarkaMu 0003HaUSHBI By/TKaHBI A BAYNHCKUIT
(C>—Cs) n Kambanpnas Conka (Co—Ci). CTpenkamu yka3zaHo MonoxeHue xen00a. OKpY)XKHOCTH € TOUKOH B IIEHTPE OTMEUAIOT TTO3HIIHIO
runoreHTpa OXOTOMOPCKOTO 3eMIICTPSICEHHSI.

Fig. 4. (a) Epicenters of earthquakes on the outer slope of the trench (earthquake mechanisms from the CMT catalog [15, 16]). (b)
Projection onto the vertical plane C2—Cs of the hypocenters of earthquakes in the Ci—Cs—C2—Co test site (Fig. 1 a). (c) Projection onto
the vertical plane Co—C: of the hypocenters of earthquakes in the Ao—Ci—Co—As test site. Triangles indicate Avachinsky volcano (C>—Cs)
and Kambalnaya Sopka (Co—C:1). Arrows indicate the position of the trench. Circles with a dot in the center indicate the position of the
hypocenter of the Sea of Okhotsk earthquake.
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Puc. 5. DuuneHTpH 3eMIETPACEHUH 11 TpeThero (a) u 4eTBepToro (b) (hoKambHBIX c10eB. BynkaHbl 0003HaYECHBI 3BE€37J0UYKAMH.

Fig. 5. Earthquake epicenters for the third (a) and fourth (b) focal layers. Volcanoes are marked with asterisks.

Ha puc. 6 nokasaHa npoekuus TUIIOLEH-
TpoB 3emiuerpsiceHuid nonurona Co—Cs—Cs—Cs Ha
BEPTUKAIBHYIO MIO0CKOCTh Co—Cas. CD 30Ha Ha
npoekiuu Co—Cas 00pa3yeT BepTHKAJIbHBIN H3-
noMm mox BynkaHamu Tonbaumk u KiroueBckoit
Ha T1younax 140—180 km. Bo3aMoxkHO, 31€Ch 110
Kparo ci30a CyIIecTBYeT TpelluHa, OTKphIBa-
Iolasl IOCTyN BellecTBa acTeHOC(hephbl U3-10j
OKEaHUYECKOW TUIUTHI.

B nsatom cinoe CO 30HbI (puc. 7 a) Koau4e-
CTBO COOBITHI CPaBHUTEIHLHO MAJIO, BEJIMKA JIOJIS
CHUIBHBIX coObITHH (k = 71). IIpumMepHO Ha ATHUX
[IyOMHAX TMPOUCXOMUT CONMKECHHE JIBOMHBIX
CEHCMUYECKHUX 30H, CBSI3aHHBIX C JeTUApaTaIe
OKEaHNYECKON KOPbI U MAHTUWHOM YaCTH OKEaHU-
yeckoit urtochepsr [29, 30, 28].

B mectom cnoe (puc. 7 b), npu 3HAYUTEIb-
Ho# TommuHe (230-550 kM), cymMmMapHast SHEPTHsI
MEHBIIIE, YeM B MSATOM cJioe (CM. Tabnwuiry), moy-
TH OTCYTCTBYIOT 3€MJIETPSICEHUS BbIlIE Kilacca 14
(k = 4), onHaKO KOJIMYECTBO COOBITHH OOJIbBIIIE.

FEO®U3UKA, CEACMOJIOrUS

Puc. 6. IIpoexius runoneHTpos 3emiuerpsicenuii noaurosa Co—Ca—
Cs—Cs Ha BepTHKAIIBHYIO INIOCKOCTH 110 TPOGHTi0 Co—Ca. [To3umus
runonenTpa OXoToMOpCKOro 3emieTpsicenus ¢ M = 8.3 orMedeHa
OKpPYKHOCTSIMH C TOYKOi1 B LiIeHTpe. TpeyroabHUKaMi 0003HAYCHBI
BynkaHbl Ton6aunk n KirroueBckoit.

Fig. 6. Projection of earthquake hypocenters of the Co—Cs—Cs—Cs
test site onto the vertical plane along the Co—Ca profile. Circles with
a dot indicate the position of the hypocenter of the Sea of Okhotsk
earthquake with M = 8.3. The Tolbachik and Klyuchevskoy
volcanoes are marked with triangles.
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[TockonbKy MaHTHs Ha TTyOHWHAX MIATOTO U MIECTO-
TO cJI0eB 001a/1aeT MOHMWKEHHOMN BA3KOCTHIO [27],
KOHTAKT TUIMTa—MAaHTHS HOCHUT ILIACTHYCCKHM
XapakTep, 4To 00yCIIOBIUBAET C1abyr0 cecMHY-
HOCTh Ha 3TUX ITyOMHAaX.

Imy6xe 550 kM (cembpMo¥t cioif) XapaKTepu-
CTHUKU CEHCMHYHOCTH 3HAYUTENIbHO MEHSIOTCS,
pesxae Beero 3a cueT OX0TOMOPCKOro 3eMIIeTpsi-
cenus 24 mas 2013 . ¢ M = 8.3. [Ipu oTHOCUTEB-
HO HEOOJBIIIOM YHCIE COOBITHII HaAOIIOHAeTCs
OTPOMHBIN POCT CyMMapHOU YHEPTUH (CM. TabIH-
1y ), oTHOIIeHHe k Bo3pacTaeT 10 830. To ecTh 31O
CJION pelKUX CUIIbHBIX 3emieTpsiceHuid. Ha kapre
(puc. 8) MOXKHO OTMETHTH BBICTpaMBaHUE 3eMJie-
TPSCEHUH BIIOJIb TPAHUI] KPYITHBIX OJIOKOB.

Ha puc. 9 kpuBble HakomieHUs HOPMHUPO-
BAHHOU KYMYJISITUBHOM CEMCMHUYECKOW SHEPrUu
3emuieTpsceHui Juisi Kamuarckoro pernona u Juist
ydacTka ceiicModokaibHON 30HBI Bo—Ao—A1—Ax—
As—B: (puc. 1 a) 1eMOHCTpUPYIOT BO3pacTaHUE
celicMHUYecKor akTMBHOCTH ¢ Hagaia 2000-x ro-
10B 710 BpeMeHH OXOTOMOPCKOTO 3eMJIETPSICEHUSI.

Ha puc. 10 b, d npeacraBnensl kapTel pacrpe-
JeneHus 3emierpsceHuid KamMuarckoro pernona
¢ 01.01.2000 mo 23.05.2013 (4892 nusa no Oxoro-
MOPCKOT0 3eMyeTpsiceHus) 1 Ha puc. 10 a, ¢ — s
MHTepBaja Takol ke jumrenbHoctu 10.08.1986 —
31.12.1999 (Bropoii u Tpetuii ciiou CD 30HHI).
Jlia nepuona 01.01.2000 —23.05.2013 B npe-
JieriaX BTOPOTO W TPETHEro CII0eB HalmromaeTcs
POCT KOJIMYECTBA COOBITHH 1O CPAaBHEHMIO C IIe-
puoznom 10.08.1986 — 31.12.1999. Ha puc. 10 b
BUJIHO, YTO 3€MJIETPSCEHUS] HA BHEIIHEM CKIJIOHE
xenoba HampotuB Kpononkoro m Kamuarckoro
3aJJUBOB BBICTPAMBAIOTCS MO JAYrOOOpa3HbIM JIH-
HUSIM, CXOZSIIUMCS K IIeHTpy Kamuarckoro 3amu-
Ba. HeMHOro BocTouHee ceBepHOro 010ka MoABO-
nHoro xpebra Lllarckoro (puc. 1 a) Beimensercs
KOMITAaKTHOE CTYIIEHHE 3eMJIeTpsiceHui B ABa-
yuHCKOM 3anuBe (puc. 10 b). Ilepen Oxoromop-
CKUM 3EMJIETPSICEHMEM 3/I€Ch ITPOU3OILIO YHH-
KaJIbHOE 10 MacuTabaM coObITHE — KPYTHBIN poit
3emieTpsiceHui. 3a Henemo 10 OXOTOMOPCKOro
3eMJICTPSICEHHS B 00IaCTH posi OBUIO 3aperucTpu-

Puc. 7. DnuueHTpsI 3eMICTPSICEHUIT 1151 mAToro (a) U mectoro (b) GpokaibHBIX CIIOEB.
Fig. 7. Earthquake epicenters for the fifth (a) and sixth (b) focal layers.
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POBAHO HECKOJIBKO COT COOBITUH, U3 KOTOPBIX OKO-
10 30 3emnerpsicenuit kinacca 12—14. Pe3ynbrarsl
MOJIEJIbHBIX 3KCIIEPUMEHTOB U HAaTYPHBIX HaOII0-
JIEHUI BIUSHUS BUOpaluii Ha pa3BUTUE pa3pbiBa
[31, 32] moka3anu, 4yTo cnaboe BHEIIHEe BO3EH-
CTBHUE CO3/1a€T YCJIOBUS HETMHEHHOro COOTHOIIIE-
HUSI MEX1y HalpsOKeHUAMHU U J1eopMalusMu, B
CHJLY YEro Aa)K€ HU3KOAMIUIUTYIHbIE BO3ACHCTBHS
MOTYT CIYXHUTb TPUITEPOM K BO3HUKHOBEHHIO
CMeIlleHNI OeperoB SHEproHaCHIEHHBIX pa3iio-
MOB, Haxonsdluxcs mnoj HampsbkeHueMm. He wuc-
KJIIOYEHO, YTO MHTEHCUBHAs POEBasi aKTUBHOCTH
B BEpXHEH 4acTH €i190a HEMOCPEACTBEHHO Nepea
OXOTOMOPCKUM 3€MIIETPSICEHUEM MOIJIa OBITh
TPUITEPOM IITYyOOKOTO 3€MJIETPSICEHHS B TOM K€
CErMeHTe.

3HAYUTEIbHBIA POCT CYMMAapHOM 3HEPIUU
rryoke 550 kM obecriedeH MmMpexkie BCEro 3a CYeT
Oxotomopckoro 3emierpscenus 24 mas 2013 r.
Jis 0OBbsicCHEHUS! IPUYMHBI TITyOOKUX 3eMJIIeTps-

Puc. 8. DnuueHTpbl 3eMIIeTPsCEHHI Ui CEABMOro (OKaIbHOro
cinos. 3emierpsicenue ¢ M = 8.3 0TMEUEHO OKPY>KHOCTAMHU C TOUKOHL.

Fig. 8. Earthquake epicenters for the seventh focal layer. The earth-
quake with M = 8.3 is marked by the circles with dot.

FEO®U3UKA, CEACMOJIOrUS

CEHUH MPEIIOKEHO HECKOJIBKO THITIOTE3: CABUIO-
Basi HEYCTOMYUBOCTH; PACHICTUICHUE TOTPYKafo-
nieiicss OKeaHMYEeCKOU TUTUTHI (Kopa JBUXKETCS TI0
TPAHMIIC BEPXHSSI — HUXKHAS MaHTHS, a € HUX-
HSIsL, TUTOC(EPHAS YACTh OMYCKACTCS B HIDKHIOIO
MaHTHIO); YMEHbIIIEHHEe 00beMa, BbI3BaHHOE (pa-
30BBIM TiepexoaoMm [33, 34].

Ha ocHoBe npeicTaBIeHHBIX B CTAaThe JaHHBIX
MOTIBITAeMCST OOOCHOBATh THIIOTE3y BO3MOXKHOTO

Puc. 9. KpuBble HakomieHHs HOPMHPOBAHHOW KyMYIISITHBHOM
CEHCMHMUYECKOW SHEpruM 3eMIICTPSICEHMH JUld I0Ka3aHHOTO Ha
xapre (puc. 1 a) yuactka Bo—Ao—Ai—A>—As—B>-B; (cunss nunss,
34 670 coObrthii kinacca K > 10) u qms Kamyarckoro pernona
(xenras munsst, 14 465 coowituit K > 10).

Fig. 9. Curves of accumulation of normalized cumulative seismic
energy of earthquakes for the section Bo—Ao—Ai—Ar-As;—B:-B;
shown on the map (Fig. 1a) (blue line; 34,670 events of class K> 10)
and for the Kamchatka region (yellow line; 14,465 events of K > 10).
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Puc. 10. SnumenTps! 3emnerpsicennii 1t nryons 35-80 xum (a, b), 80-130 xwm (¢, d) 3a Bpemennsie uaTepBansl 10.08.1986 —31.12.1999
(a,c)n 01.01.2000 — 23.05.2013 (b, d).

Fig. 10. Epicenters of earthquakes for depths of 35-80 km (a, b), 80-130 km (c, d) for the time intervals of 10.08.1986 —31.12.1999 (a, c)
and 01.01.2000 — 23.05.2013 (b, d).
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HekoTopbie ocobeHHOCTH Mopghoriormm cericMogokarbHoM 30HbI KamyaTckoro pervoHa

BJIMSIHUS Ha TIyOUHHYIO ceficMuuHOoCTh Kypuo-
Kamuarckoro permona acteHOC(HEpHOTO TCUCHHS
M3-1I0J1 OKpauHbl A3uu [35, 36].

B npenenax KOHTMHEHTOB MOIIHOCTH JIH-
Tocepsl MoxeT pocturarb 300-400 xm [19].
Huxe KOHTHHEHTaJIbHYIO JUTOC(epy MOICTH-
JJaeT CJOM YaCTUYHO PAaCIUIaBIICHHOM MaHTUHU
MOHWXEHHOU Bsi3kocTH [28, 37]. [lmybokoe acte-
Hoc(epHoe Teuenue u3-noa EBpaswuiickoil u-
Toc(hepHON TUINTHI HAUpPAeT Ha HIKHIOK 4acTh
norpysusiuerocs ciad0a. JlaBieHue co CTOPOHBI
MaHTUHHOTO MOTOKA HA IUIUTY BBI3bIBAET CHUJIb-
Hble [IyOokue 3emuerpsiceHusi, Hanpumep Oxo-
tomopckoe 24.05.2013 r. Ha puc. 1 b monoca
TUIOLICHTPOB 3€MJIETPSICEHUM, MOJHUMAIOIIASCS
OT HIKHETO Kpasi CEBEpPHOM I'paHUIIbI ITUTHI, TIe
MpOU30ILI0 3emieTpsicenue ¢ M = 8.3, mapku-
pyeT 30Hy Haubosee CHIbHBIX JedopManuii mox
IaBJICHMEM MaHTHHHOIO ITOTOKAa Ha cin0. Takoe
pacnpezesieHue TMIOLEHTPOB MPEATIONAracT, YTo
B TOPU30HTAJIBHOW IPOEKINH MaHTUUHBIM I1O-
TOK BCTPEYAETCA C IUIMTON MOA OCTPHIM YIVIOM.
MaHTUIHBIN [TOTOK, MOAHUMASCH 110 HAKIIOHHOM
IJIOCKOCTH OKEAHUYECKOH IINThI, IEpEMeEIIaeTCs
Ha O3 Baonb cirba. [logpem moToka K moBepx-
HOCTH TPUBOAUT K TpaHCcHopMalH BellecTBa
KOHTHUHEHTaJIbHOI nurocdepsl. [IpoBeneHHbIe B
OXOTCKOM MOpE CTPYKTYpPHBIE UCCIIEA0OBAHUS ME-
TOJOM DIIyOMHHOTO CEHCMHYECKOr0 30HIUpPOBa-
HUSA MOKa3aJu COKpaIIeHNE MOIIHOCTH KOPBI MO
Kypunbckoit Bnagunoit 1o 10 km [38]. Tlogbem
rOpsiYE€r0 MAaHTUITHOIO TEYEHHUs K MOBEPXHOCTH
U paszorpeB Jutocdepsl OOBsICHSAECT 0Opa3oBa-
Hue B paiione FOxHO-OXOTCKO# TITyOOKOBOIHOM
BIIaJMHBI CPABHUTEIHHO TOHKOW KOPBI, OIU3KOM
K OKEaHHYECKOMY THUITy C aHOMAJIbHO BBICOKHM
3HaYeHHEM TeTUIoBOoro nmoroka [18, 23]. Bo ¢pon-
TanbHON 4vacTu llentpanbHbix Kypui BbisiBiIeHA
CTpyKTypa pactsikenus [39], a B npon. byccoinb
BHUJHA BepTUKaJbHas aceiicMuueckas 001acTh
(puc. 1 b). Bo3aMoxHOIM NPUYMHON pacTsSKEHUS
ABJIIETCS JABW)KEHHE MAHTMMHOIO MOTOKa BIOJb
C® 30HBI.

O6pa3zoBanue BocTouHee n-oBa Kamyarckuit
Komannopckoil koTioBuHBI, Kak U Kypunbsckoi,
TaK)K€ MOXHO CBSI3aTh C MOJBEMOM K MOBEPXHO-
CTM MAHTUWHOIO Te4YeHus u3-nojJ EBpazuiickoit
mutocepHoit mauThHl. HakiaoHHBIM c1300M B

FEO®U3UKA, CEACMOJIOrUS

9TOM CiIy4ae MOXeT ObITh nmorpedenHas mox Ce-
BepO-AMEpPUKAaHCKON TTUTON OKeaHHuYecKas TUIU-
ta Kyna [35, 40, 41]. OOHapyx)eHHBIE K CEBEpPY OT
AneyTCKON Iyrd BBICOKOCKOPOCTHBIC aHOMAIIUU
WHTEPIPETUPOBaHbI [42] KaK OCTaTKH CyOTyKITU-
OHHOTO KOMITIEKca. B reoTepMHuecKoM OTHOIIIe-
Huu U1 KomaH10pckoii KOTIOBUHBI TAKXKe Xapak-
TEPHBI BEICOKHE 3HAYCHHSI TETUIOBOTO MTOTOKA [23].

3aknouyeHue

B nanHoii paboTe mccinenoBaHbl 0COOCHHO-
cTi Mopdomnoruu ceiicmodokanbHON 30Hb Kam-
YaTCKOTO peTHOHA Ha OCHOBE MHCTPYMEHTAJIBHBIX
HaOmonenuit ¢ 1962 mo 2021 r. B coorBeTcTBHM
C MUKOBBIMU 3HAUEHUSIMU pacCHpeesieHus ceiic-
MUYECKOW SHEPTUU IO TIIYOMHE BBIICICHO CEMb
¢dokanpHbIX cioeB ¢ mryounamu 0-35, 35-80,
80-130, 130-180, 180-230, 230-550, 550-
700 kM. bonee 85 % 3emnerpsicenuii ¢ K > 10
MIPOMCXOAUT Ha rTyorHax 10 80 kM. MakcuMyMbl
CYMMAapHOW DYHEPruu MPUXOIATCS HA TITYOUHBI
0 <h<80kmu 550 < h <700 km. OTHOIICHHE
YE(K=>14)/YFE(10 <K < 14) makcuMaJabHO JUIs
ciost h > 550 km.

Jlns kaXaoro u3 BBIIEICHHBIX CIIOEB IO-
CTPOCHBI KapThl pPACTHPENCICHUS DSIHUIICHTPOB
3emuierpscenuii. KonnuectBo 3emuieTpsceHuil B
cioe 4 < 35 KM Ha BHEUIHEM CKJIOHE kenoba K
O3 or ABauMHCKOTrO 3alIMBa HECKOJILKO OOJIBIIIE,
yeMm k CB. Ha ocHOBaHMH 3TOr0 MOXHO Ipearo-
JIO)KUTh, YTO CETMEHTHI (PPOHTAIBLHOTO BBICTyIIA
Ha 1ore ABauMHCKOT'O 3aJIMBa Pa3essieT KPyIHbIit
MTONEPEYHBI Pa3JIOM KOHTUHEHTAJIBHOM JIMTO-
coepnr C3 npocTupanus.

['pynnupoBaHue 3eMJIETPACEHUN Ha BHY-
TPEHHEM CKJIOHE Kelno0a BKpecT OeperoBoil Jiu-
HUU, UHOTZA B (hOpME M30THYTHIX MOJIOC, MAPKU-
pyeT pasjioMbl MEXAy OJOKaMU BBICTYIAIOIIMX
JacTell KOHTHHEHTAIbHOW Kopbl. O0MacTh mpe-
nonaraemMoro ouara 3emierpscenus 04.11.1952
C MarHuTynoil 8.5 m KpymnHblid O0K (pOHTaIb-
HOTo BbIcTyna Mexnay o. [lapamymup u ABauun-
CKHM 3aJIUBOM NpHUOIMKEHHO coBmaaaroT. Ilo-
IIEpEYHbIE Pa3IOMbI CeBepHee M-0Ba lInnmyHckuit
pa3BepHYTHI B CyOLITUPOTHOM HANPaBIECHUH U pa3-
JETSIOT OJOKM 3HAYUTEIIEHO MEHBIIETO pa3Mepa
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(Kypuno-Kamuarckast oCTpoBOIYy>KHasi CTPYKTypa
npoctupaercs B CB nHampasnenun). BozmoxHo,
Pa3BOPOT Pa3IOMOB BbI3BaH U3MEHEHUEM HaIlpaB-
JIEHUS] TIOTPY>KEHUS] CerMeHTa cyOayuupyroei
IUTUTHI U MOSIBIIEHUEM K CEBEPY OT ABaYMHCKOTO
3anuBa HO3 KOMIOHEHTHI CMEIIEHUs BIOJIb JKENO0-
0a. B aTom cirydae moaBoHbIE TOPBI U XpeOTHI Ha
9TOM Y4YacTKE KOHTMHEHTAJIBHOIO CKJIOoHa Kam-
YaTKA MOTYT OBITh CKJIaJIKAMU MPH AePOpMaIIH
(hpoHTANBHOTO BBICTYTIA.

3emuerpsicenust B cioe 35-80 kM, poucxo-
JSIIME B OKEAHWYECKOW KOpE U MOOIIBE BHICTY-
112 KOHTHHEHTAJIbHOU KOPBI, CBSI3aHbI C KECTKUM
B3aUMOJICIiCTBUEM ci190a C MaHTUHHOW YacTbhiO
KOHTUHEHTAJIbHOW JIMTOC(EPHI, BHI3BIBAIOIINM
KpyTOi W3TH0 OKeaHW4eCKoW IuThl. [Ipu 3TOM
BBICOKAsl celicMMUecKas aKTMBHOCTb IpeKpala-
eTCsl 3alagHee XOpPOIIO BbIJENIIEMON I'PaHULIbI
B/I0JIb HABUCAIOLLETO BBHICTyIIa KOHTUHEHTAIbHOU
KOpbl. MOHO 1onycTuTh, 4To K C3 OT 3TOH Ipa-
HULBl Ha m1yOuHax 35-80 KM HaYMHAeTcs cpas-
HUTEJIBHO OJHOPOJHAs M IpOYHas MaHTHUMHAs
9acTh KOHTHHEHTAJIBHOU JIUTOC(EPHI.

Ha rmy6unax 80—130 kM KoJIU4eCcTBO COOBI-
TUH U CyMMapHasl SHEPrUsl CHUXKAIOTCS, OIHAKO
pacTeT J0Jsl CHIIBHBIX COOBITHHA. 3eMIIeTpACEeHUs
Ha 3TUX IIyOWHAax pacrpeiesieHbl 0e3 CTyIeHUI
B y3Ko# nosioce Bosib C®D 30HBI, UCKIIIOYAs JU-
HeaMeHT B KamuarckoMm 3ajiMBe, MapKHPYHOLIUI
pasioM, paccekalmui aurochepy OKeaHHue-
ckoi muuThl. Bynkansl KitoueBckoil rpynmsl u
BynkaH Tomb0a4WK TOMaJaloT Ha MPOIODKEHHUE
storo pasnoma. [Ipoekuuss Ha BEpPTUKAIbHYIO
IJIOCKOCTh TMIIOLEHTPOB 3€MJIETPSCEHUI ydacT-
ka C® 30HBI, BKIIOYAIOLIETO CEBEPHYIO TPYIITY
BYJIKAHOB, 0Opa3yeT BEepTUKaJbHBIH H3JIOM TMOA
BynkaHamu TonmGaunk u KiroueBckoil Ha Iiy-
ounax 140-180 kM. Bo3moxHO, 37€Ch MO Kpato
cmrba obpas3oBajach TpEIHIMHA, OTKPBIBAIOIIAS
JIOCTYTI BEIIEeCTBA acTeHOC(ephl U3-TI0/I OKEaHHU-
YECKOH TUINTBHI.

[Tonoca 3emnerpsicenuit ans myoun 130—
180 xM mepekphIBaeT BYJKAaHUYECKUHU IOSIC, YTO
MOKHO OOBSICHUTH IPUCYTCTBHEM Ha 3TOM ypOB-
HE 30HBI IIJIaBJIICHUS IOPOJ] OKEAHNYECKON KOPBI U
MaHTUHHOTO KJIMHA C 00pa30BaHWEM IEPBUYHOM
Marmsl.

Ha rny6une 230-550 kM npoucxoauT cpas-
HUTEITBHO HEMHOTO COOBITUH M TOYTH OTCYTCTBY-

GEOPHYSICS, SEISMOLOGY

10T 3emuieTpsicerust K> 14. Criabas ceiiCMUYHOCTD
Ha O9TUX DIyOMHaX OOYCJIOBJIEHa MOHMKEHHOM
BSI3KOCTHI0O MAaHTUU HA 3TOM WHTepBaje IITyOuH,
BCJIEJICTBUE KOTOPOIl KOHTAKT IJIUTa—MaHTHUS HO-
CUT IUTACTUYECKUI XapaKTep.

I'myGxe 550 KM XapaKTepHCTUKU CEHCMUY-
HOCTH 3HAYUTENIbHO MEHSIIOTCS. MOIIHbIE 3eM-
JETPSICEHUs] IPOUCXOAAT HA TPAHULIEC BEPXHAS —
HIOKHAS MaHTUS. OTrpOMHBIN POCT CyMMapHOM
SHEPrUM 3/1eCh 00EeCIeueH MPEXJIe BCEro 3a CYET
Oxoromopckoro 3emiierpsicenust 24 mast 2013 r.

s oObsiCHEHHS TIPEACTABICHHBIX B CTaThe
JAHHBIX MpEAJIOKEHa TUIoTe3a BIUSHUS Ha TIIy-
ounHyto ceiicmuuHocTh Kypuio-Kamuarckoro
pernoHa acTeHoc(hepHOro TeUEeHHUs U3-T0J OKpa-
MHBI A3UH.
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HoBble nepexoaHble COOTHOLLEHUS! AN 3HEePreTU4eCcKmX
XapaKTepucTUK 3emneTtpsiceHnin CaxanmHckoro permoHa

/. A. Caghonos
E-mail: d.safonov@imgg.ru

Hucmumym mopckout eeonoeuu u eeogpuzuxu J{BO PAH, FOxcno-Caxanunck, Poccus

Pe3tome. B cBsi3u ¢ MmeToanueckumu u3MeHeHussMu B padore Caxanuuckoro dhuauana OUL «Equnas reodusnue-
ckag ciryx0a Poccuiickoii akagemun Hayk» (CO OUL] ET'C PAH) Bo3HMKIIa HEOOXOIUMOCTH B YTOYHEHHUHN NIEPEXOI-
HBIX COOTHOIICHHH MEXTy SHEPTeTHUICCKUMH XapaKTePUCTHKaMH 3emiieTpsiceHri CaxaaHmHCKOTO pernoHa, HCIOIb-
3yeMBIX IUI MarHUTYIHOW yHH(UKanmuu Katanora. [ moaydeHus MepexoaHbIX COOTHOICHUH MCIIOJIb30BaHa BHI-
6opka 3a iepuof ¢ 2017 mo okta0ps 2024 1. u3 6a3bI TaHHBIX PETHOHAITHHOTO HHPOPMAITMOHHO-00PabaTHIBAIOIIETO
nenTpa «tOxu0-CaxanuHcky, Bxoasamero B cTpykrypy C® ®UILL EI'C PAH. Metonom 060011eHHOM OpTOrOHATBHOM
PETPECCUM PACCYNTAHbl COOTHOLIEHHS, CBA3BIBAOIINE MATHUTYIY KOPOBBIX (1 < 40 kM) 3eMyeTpscenuid M, v dHEp-
reTudeckue Kinaccol K, u K, a taxxe M, 1 M., OTHENBHO I KOPOBBIX U ISt IITyO0KO(POKyCHBIX (£ = 250-600 xM)
3eMJIETPACEHUI pernona. Takke Noy4eHo COOTHOLIEHHE MEXKY M| U MarHUTy10M SIOHCKOTO METEOPOIOTHYECKO-
ro arentcTsa M. Ilokasauo, 4to s HerTyOOKuX 3emierpscennii CaxanuHa M;=M,, nna ITyOOKO(OKYCHBIX OTMe-
YeHa HEJOOIEHKA BENMYMHBI M| OTHOCUTEILHO MJ B nanpHeiiem 1o Mepe HaKOIUIEHUS TaHHBIX IIPEAIOIaracTcs
YTOYHEHHE MOTyYEHHBIX 3aBUCHMOCTEH.

KnroueBble crnoBa: 3emieTpsiceHie, MATHUTYIHBIC IIKAIBI, PErPECCHOHHbBIE COOTHOIICHHUSI, CaxalnHCKUI PETHOH

New transition relationships for the energy characteristics
of earthquakes in the Sakhalin region

Dmitry A. Safonov
E-mail: d.safonov@imgg.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. Due to methodological changes in the work of the Sakhalin Branch of the Federal Research Center “Geo-
physical Survey of the Russian Academy of Sciences” (SB FRC GS RAS), it became necessary to clarify the transi-
tion relationships between the energy characteristics of earthquakes in the Sakhalin region used for the magnitude
unification of the catalog. To obtain the transition relationships, a sample for the period from 2017 to October 2024
was used from the database of the “Yuzhno-Sakhalinsk” regional information processing center, which is a part of the
SB FRC GS RAS. Using the generalized orthogonal regression method, the relationships linking the magnitude of
crustal (2 <40 km) earthquakes M, and the energy classes K, and K . were calculated, as well as the magnitudes M, and
M, separately for crustal and deep-focus (4 = 250-600 km) earthquakes in the region. The relationship between M
and the magnitude of the Japan Meteorological Agency M, was also obtained. It was revealed that for shallow Sakhalin
earthquakes M, =~ M, ; for deep-focus earthquakes, an underestimation of the magnitude M, relative to M, was noted.
As the observational data accumulates, it is assumed that the obtained relationships will be refined.

Keywords: carthquake, magnitude scales, regression relationships, Sakhalin region

/s yumuposanusn: Caponos J[.A. Hoeeie mepexonusie coor- For citation: Safonov D.A. New transition relationships for
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duHaHcupoBaHue n 6narogapHocTu

HccnenoBanne BBINIOJIHEHO B paMKaX T'OCYAapCTBEHHO-
ro 3amaHusi IHCTUTYTa MOPCKOH I'e€0JOTHU U TeO(QH3UKH
JABO PAH (Ne I'P 124013000764-8) ¢ ucmnoab30BaHHUEM
JAHHBIX, ITONyYEHHBIX HA YHHUKAJIbHOW HAydHOH YyCTa-
HOBKe «CeiicMOnH(pPa3ByKOBOM KOMIUIEKC MOHHUTOPHHTA
ApPKTUYECKONH KPHUOJIMTO30HBI M KOMILJIEKC HEIPEPHIBHOTO
ceficmuyeckoro MoHuTOpuHra Poccuiickoit ®enepanuu,
compenenbHBIX Tepputopuid m mupay (https:/ckp-rf.oru/
usu/507436/).

BBeneHue

C 2024 r. Caxammuackuii ¢umuan Dene-
paJIbHOTO MCCIIEN0BATENbCKOro 1eHTpa «Enunas
reousnueckas ciayx6a Poccuiickoi akagemMuu
Hayk» (Cd OUIl EI'C PAH) npu ob6pabotke
CEHCMUYECKUX 3alucel A MOATOTOBKU OKOH-
YaTeJIbHOTO KaTajora CEeHCMHUYECKHUX COOBITHIM
nepenies Ha nporpammHoe obdecrnieuenne DIMAS
(Display, Interactive Manipulation and Analysis
of Seismograms) [1], panee ucmonb3oBaBIICECS
B PErMOHAJIBHOM HH(pOpPMalMOHHO-00pabaThIBa-
tomeM 1eHTpe (PUOLL) «tOxu0-CaxamuHcky 11
COCTAaBJICHHUS ONIEPAaTUBHOIO KaTaJora.

C 2006 1. B pamMkax (enepanbHOU IEIEBOMA
nporpaMMbl «CHUXEHHE PHCKOB U CMsTYeHHE
MOCJEACTBUM YpPE3BbIYAWHBIX CUTYyallUd TIpHU-
POIHOIO M TEXHOTEHHOIro Xapakrepa B Poccuii-
ckoit ®enepannu g0 2010 r.» [2] Teoduszuue-
ckoi cimyx6oit PAH BHenpsutack ceificMuueckast
nojncucrema CiayObl NMpeaynpexaeHus o Iy-
Hamu Ha JlaanpHem Boctoke Poccun. Co3gaHbl
peruoHaNbHble  HHPOPMAIMOHHO-00pabaThIBa-
romue 1eHTpsl «IlerponaBnosck», «HOxuHo-Ca-
xanmuHck», «BmaguBoctok». PHUOLl «HOxHO-
CaxalnuHCK», KaK U OCTaJIbHbIE PErHOHAJIbHbBIE
1eHTpsl, ¢ 2011 r. ucnoaszyer 110 DIMAS B 06-
paboTke 1u(pPOBHIX 3amucel ¢ cepBepoB cOopa
U XpaHEHHMs TeIeMETPUUYECKUX JTaHHBIX IS TO-
JIyYEHHUS [TapaMeTPOB 3eMIIETpsICeHUM B JlanbHe-
BOCTOYHOM PETHOHE U 1O BceMy mupy. Pesyinb-
TaTOM TaKOW 00pabOTKH SIBJISIETCS ONEepaTUBHbBIN
KaTaJior 3eMJIETPSCEHUI, KOTOpBI HaeT mnpea-
CTaBJICHUE O TEKYIEW CENCMUYHOCTH B PETMOHE
Y Ha CONPEIEIbHBIX TEPPUTOPUSIX.

Panee nna cocraBieHHS OKOHYATEIBHOTO
KaTrajora OTJeJI0OM CBOJHOI 00paboTKu ceiicmo-
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norudeckux naHHbix (OCOC]]) CaxanmHCKOTO
dbunmana HCMONBH30BAJCAd MPOTPAMMHBIA KOM-
minekc MGP [3], pa3paboTaHHBII OKOJIO Tpex
NECATUIIETUN Ha3al, B KOHIIE STIOXH aHAJIOTOBBIX
CEHCMOJIOTUYECKUX HAOMIOACHUH U OyMa)KHBIX
cercMorpamm.

B OCHOBHBIX XapaKTepUCTHKaX 3eMIIETpS-
CEHHUM, MONy4yaeMbIX € Hucnoiab3oBanueM MGP
u DIMAS, ects HexoTopsie paznuuus. B yactHo-
CTH, 9TO KacaeTcs HHEPreTMYECKUX MapaMeTpoB
3emuieTpsiceHuil. Kak u panee, nsmepeHue nuko-
BBIX 3HAYEHUU CKOPOCTEH OCHOBHBIX I'PYIN BOJH
JUTSL OTIpENIeICHHUs] MarHUTY[ MPOBOAMTCS TMOCTE
OIMYJSIUHA TUPPOBBIX 3aMUCEH K XapaKTepPUCTH-
KaM aHaJIOTOBBIX MPUOOPOB AJI MCIOJIb30BAHUS
MarHuTyJHBIX MIKaJ, pa3paboTaHHbIX B 1960—
1980-x romax. HecmoTps Ha TO 4YTO METOIUKU
CHSITUSl 3aMEpOB aMILUTUTYJ U IEPUONIOB Koeha-
Huit B PUOIL] «¥OxnHo-Caxamunck» u OCOC/]
B I1I€JIOM OJMHAKOBbI, PE3YyJIbTaThbl OIpPEIEICHUS
OCHOBHBIX PHEPIeTUUYECKUX XapPAKTEPUCTUK 3€M-
netpsicenuid ¢ ucnoas3oBanueM MGP u DIMAS,
KaK OTMEYaJIoCh B [4], 3HAUUTEITBHO PACXOASITCSI.

Kpome Toro, usmenusics u nepedeHsb omnpe-
JIeTISIEMBIX SHEPTreTUYECKUX XapaKTePUCTUK 3EM-
netrpsicenuit. Tak, OCOC]] onpenensin 1Be mar-
HUTY/BI 110 MIOBEPXHOCTHOM Bonue (M, u M ),
IATh MarHUTy[ 10 00beMHOM BonHe (M, M,
M, M, M, )1 1Ba SOHEPTETHIECKUX Kiacca
(K,, K.) (cm. Tabm. 1 B [4]), mpu 5TOM HE BCE M3
ompeeasieMbIX BEJIMYMH MONaJand B UTOTOBBIH
karajor. OCHOBHBIMU 3HEPreTUYECKUMH Xapak-
TepUCTHUKaMH 3emiieTpsiceHuil B paHubix PUOIL]
«tOxHo-CaxanuHCK» Ha CETOAHSIIHUN JI€Hb
aBisitorcst sHepretudeckue kiaccel C.JI. Comno-
BoeBa u O.H. Conosbesoit K. [5] u T.I. Payruan
K, [6], MarauTyna 1o noBepXHOCTHOU BOJIHE M,
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1o o0beMHoOM BonHe M, (M) u M, (M, ) [7],
a taoke Marautyna 4.®. Puxrepa M, no oObem-
HOM BoJIHE S [8], UCCIEI0BAaHUIO BO3MOXKHOCTEH
WCIIOJIb30BaHUsl KOTOPOHM B JaJdbHEBOCTOYHOM
yactu P® nocesamena crarbs [4]. Takoi mnon-
00Op PHEPreTUYECKUX XaPAKTEPUCTUK OXBATHIBACT
BECh YACTOTHBIM JWAIa3oH 3alllUCced W BEJINYHU-
HY 3€MJICTPACEHUH OT CIa0BbIX M YMEPEHHBIX 10
CUJIbHBIX.

Haubonee pacnpocTtpaHeHHOM sHepreTuye-
CKOM XapaKTEPHUCTUKON 3eMJIETPSICEHUI B KaTaJo-
re PUOL] sinsiercst MarauTya M, , onpenensemast
JUis OOJBIIMHCTBA PErHOHAJBHBIX 3eMIleTpsice-
HUN HE3aBUCHMO OT MX BEJIMYUHBI U TIIyOUHBI
runoreHTpa. B padote [4] npencraBieHbl Koppe-
JSIMOHHBIE COOTHOINEHUS M, W IPYrux sHepre-
TUYECKUX XAPAKTEPUCTUK, IPUHATHIX B PyTUHHOMN
00paboTKe 3eMIIETPSICEHHI B 30HE OTBETCTBEHHO-
ctu CO ®UII EI'C PAH, BrimonHEHHBIE O J1aH-
HbIM Katanora PMOIL] 3a 2017-2021 rr. B okonua-
tenbHbIX Katanorax Cd OUIL] EI'C PAH 3nauenust
JAaHHOW MAarHuTyAbl JI0 HACTOAILIET0 MOMEHTa
He MyOJMKOBaJIUCh, XOTSI, BBUY MAacCOBOCTU €€
ONpEeNEeNeHUs] U TOCTYIHOCTH JJIsl BCEro Juana-
30Ha IYOMH M PErHMOHANbHBIX PACCTOSHUN, OHU
MOTYT OBITh HCIIONB30BaHbl B KayecTBE 0a30BOM
JHEPreTUYECKON XapaKTepUCTUKH KaTayora.

Jpyroii MaccoBO OIIPENEIAEMON 3HEPreTH-
YECKOM XapaKTEPUCTUKOW 3eMIICTPSICEHUM C JIU-
TEJIbHBIM MIEPUOJIOM UCIIOJIb30BAHUS B PA3TUUHBIX
peruonax CesepHoit EBpazuu, Bkitouas CaxanuH-
CKMM, sABisieTcs sHeprerudeckuil kinacc T.I. Pay-
tian K, [6]. Paspaboranublii i CEHCMUYECKH
aKTUBHBIX peruoHoB CpenHell A3uM, OH IOJY-
YW1 IIMPOKOE PACIPOCTPAHEHUE HA TEPPUTOPUH
CCCP u no-npexxHemy sIBIIIETCS OCHOBOM MHO-
TUX KaTaJloroB KOHTMHEHTalIbHOW yacTu Poccum.
B npenenax 30HbI OTBETCTBEHHOCTH 32 PETUCTPA-
nuro 3emierpscennii CO OUI[ EI'C PAH K,
onpenensiercs B npenenax Ipuamypss u [Ipumo-
pbs 1 CaxalTMHCKOTO pEeTrMoHa.

Ouepreruueckuit  kmace  ConoBbeBa K.
NEepBOHAYANBHO pa3paboTaH uis HETyOOKHX
(40+30 kM) KypHIIbCKHX 3eMileTpsiceHuil. Bompoc
0 IPUMEHHUMOCTH HOMOTPAMMBI JJI51 OIIPEEIICHUS
KJIacCa KOPOBBIX CaXaJMHCKUX 3€MJIETPSICEHUN HE
ObL1 TOAPOoOHO U3ydeH. Tem He MeHee, 3Ta dHep-
reTUYECKasl XapakTEePUCTHKA JUIMTEIIBHOE BPEMs
ompesiensieTcss Jid CaXaJMHCKUX COOBITHM, I0-
BOJIBHO MAacCOBasl U yCTOMYMBAsL.

GEOPHYSICS, SEISMOLOGY

Bce sHeprernueckue XapakTEpUCTHKU 3€M-
TETPSACeHUN MyOIMKYEeMbIX KaTaloroB (UIHAIOB
®UILl EI'C PAH nomxHBI CBOAUTHCS K YHUPUIIH-
POBaHHOM pacyYeTHOW MarHuTyze, OOBIYHO B Ka-
tanorax I'C PAH cooTBeTcTByIOIIEl MarHutyae
TI0 OBEPXHOCTHOM BonHe M (M, ) HId MOMEHT-
Hol Marnutyzne M [9]. Xorsa panee Mbl nomy4u-
JIM YacTh MEPEXOAHBIX COOTHOIEHUH MeEKTy M,
Puxrtepa u peruoHasbHBIMU MarHUTyJaMU KaTa-
jora [4], 3To cieTlaHO Ha OTHOCUTEILHO HEOOIb-
oM o0beMe MaHHBIX, K TOMY ke 0e3 paszjaene-
HUS Ha PErHMOHBI. A KakK IMOKa3bIBaCT CpaBHEHUE,
B [Ipunamypre u Ilpumopse, Caxanmunckom u Ky-
pri0-OXOTCKOM PErMOHaX COOTHOUIEHUS MEXIY
MarHuTyJaMH MOTYT CEpbEe3HO paznuyarsces. [1oa-
TOMY EJATEIbHO MOIYYUTh OTJEIbHbIE MEKMAr-
HUTYAHBIE COOTHOIIECHUS JUIsl PETMOHOB 30HBI OT-
BETCTBEHHOCTH 32 PETHUCTPALMIO 3eMIICTPICCHUI
CaxanuHckoro ¢unmnana.

enp paboOThl — MONYYUTH HA OCHOBE UMeE-
IOIIUXCS  JAHHBIX TEPEXOJHBIE COOTHOIICHUS
MEXJy OCHOBHBIMHM SHEPIeTHUYECKUMHU XapakTe-
puctukamu 3emiierpsicennit CaxaJlMHCKOTO pe-
ruonHa o karanory PUOL] «tOxuo-CaxanuHCK»
C® OUII EI'C PAH, a Takxe mpuBsi3aTh UX K Mar-
Hutyne Mg jis obecriedeHus PeeMCTBEHHOCTH
KaTajiora i BO3MOXHOCTH pacyeTa CeHCMUYECKOM
SHEPTUH, SIBISIONMICHCS OCHOBHBIM TOKa3aTeeM
CEHCMUYHOCTHU PETUOHA.

MeTtoguka

Haubonee pacmnpocTpaHeHHBIH METOA TO-
JTYYCeHHs] MEKMArHUTYIBIX COOTHOIIICHUH — pac-
YeT OpPTOTOHAJBHON CTaHIApTHOW perpeccuu
(OSR). DTOT MeTon AaeT JIydllIHe pe3yNbTarThl,
YeM METOJ| CTaHIAPTHON JMHEHHOW perpeccuu
(SLR) [10], x Tomy >x€ MO3BOJSET MOIYYUTH
COOTHOIIICHHE, KOTOPOE MOKHO HCIOIh30BaTh
B 00e cTopoHbl. OJHAKO B ciydyae CpaBHEHHUS
JIByX BETUYUH Pa3HOro Macitada — MarHUTYIbI
1 SHEPTeTUYECKOTO KJIacca 3eMIICTPSCCHUS — Me-
ton OSR HenmpumenuMm. B 3ToM ciydae HeoO-
XOIUMO TepeiTu Kk obobmenHon (generalized)
oproroHanbHoi perpeccuun (GOR), rme B Ka-
YeCTBE OJHOTO M3 MapaMeTpPOB MOMCKA BBICTY-
MaeT COOTHOIICHHE KBAJAPATOB CTAHIAPTHOU
OIIMOKH ONpENeTICHUs CPABHUBACMBIX BEIIHMYNH
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N=355/G%, TIe y ¥ X — CPaBHUBACMBIC BETHYINHBI.

B [10] noka3aHo, 4yTo B Cilyyae U3BECTHOU BEJU-
gyuHbl 1| MeTog GOR npeanourutensuee OSR st
CpaBHEHMsI PA3TUYHBIX MArHUTYIOHBIX IIKaJ, 3a
MCKJIIOYEHHEM TEX CIIy4aeB, kornamn <~ 1.

PerpeccronHble COOTHOILIEHUS PACCUMUTHI-
Bajuch ¢ nomoiipio 110 Matlab. B xauectBe oc-
HOBBI JUUISl BBIYHUCICHUM HCHONB30BAH aJTOPUTM
«deming» [11]. MeTogudeckuii MOIX0a TpHMeE-
HsuIcs paHee B [4, 12]. Pe3ynbTar qanHoi paboTel
JIOTIOJIHUTEIBHO MPOBEPEH IPU MOMOIIM HOBOTO
BBHINIOJIHEHHOTO B Matlab anroputma, ucronssy-
IOIIETO METOJ| pacyeTa morpemHocred u3 [13],
aHAJIOTUYHBIN ToKa3aHHbIM B [10, 14] u narommii
pesyibpTaT pacueTa HWHTEpBajia IOTPEIIHOCTH,
cierka (B TPETbEM 3HAuallleM 3HAaKe) OTIIMYHBIN
OT I0JTy4aeMoro B ajaropurMe «demingy.

MUcxopoHble paHHbIe

Hcmnons3oBana BhIOOpKa W3 0a3bl JAHHBIX
semiierpsicennii PUOL] «IOxuo-CaxanuHck» 3a
nepuon HabmoneHuit ¢ 2017 mo okta6ps 2024 .
JUld  pailoHa ¢ koopauHaramu 45-56° c.,
140-146° B.n. (puc. 1). PaifoH moutu mONHO-
cThio coBmagaer ¢ CaxaJuHCKUM pPETHOHOM
C® OUII EI'C PAH, 3a uckimroueHrneM HEOOIBIIION
TEPPUTOPUH HA FOTO-BOCTOKE, BKIIFOUYCHHOW JIJIst
YBEJIMYEHUSI KOJMYECTBA DIyOOKUX 3emileTpsce-
Huil. bonee paHHue naHHBIE HE UCIOIB30BAIUCH,
Tak kKak 10 2017 r. onpeneneHne MarHUTY/bI M,
U 3arnojTHeHUe 0a3bl BEJIOCh B TECTOBOM PEXKUME.
Bcero B BbIOOpKe Karasora cogepxutcs 4741 3em-
JIETpsICeHUE C SMULEHTPaMU B Mpezeax BbIOpaH-
HOTO paiioHa (Bkiroudasi 276 rmyOOKO(hOKYCHBIX),

Puc. 1. PaifoH uccienoBaHus U SIHIEHTPHI 3eMIIETpsiceHHH 1Mo TaHHbIM Katanora PUOL] «tOxHo-CaxanmuHcky. [TokazaHb
SIMIEHTPBI 3EMIIETPACEHUI BHIOOPKH C M3BECTHBIMU 3Ha4eHUAMU M, . 1 — celicMuueckue cranuun CO OUILL EI'C PAH;
2 — rpaHuLBl paiioHa uccienoBanust; 3 — rpanuisl peruoHos CO GUIL ET'C PAH.

Fig. 1. Research area and earthquake epicenters according to the catalog of the “Yuzhno-Sakhalinsk” RIPC. The earthquake
epicenters of the sample with known M, values are shown. 1, seismic stations of SF FRC GS RAS; 2, boundaries of the
research area; 3, boundaries of the regions of SF FRC GS RAS.
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mast 78 % KxoTopeix onpexpenena M, s
70 % — K, ms 52 % — KC, s 17 % — M., nns
1.3 % — M. Marnutyzna M, B 1aHHOA paboTe He
paccmarpuBaiach, €e ONpeesieHui 0OYeHb Malo.
[Ipu 3TOM A7 AanbHEHIIMX Pacye€TOB MCIOIB30-
BaJIUCh TOJBKO 3HAYEHHS] MAarHUTYH 3eMJIeTpsice-
HUH, OIpe/IeJICHHbIE HE MEHEEe YEM IO IByM-TPEM
3aMepaM Ha CEMCMHYECKHUX CTaHUUAX — TaKUM
oOpa3oM, o0111ee KOJIMYECTBO CPAaBHHUBAEMBIX IIO
MarHuTyze cCOOBITHH ellle yMEeHbIUI0Ch. Kommue-
CTBO 33/ICICTBOBAHHBIX B pacyeTe BEJIUYHMH yKa-
3aHO HMKE B Tabmuiax (tadmumsl 1 u 2).

K pacuety crannmaptHoil ommOku onpexaene-
HUS SHEPIeTUUYECKUX XapaKTEPUCTUK TPUBJICUEHBI
naHHble 0 60 060 cTaHIMOHHBIX (BBITOJHEHHBIX
MOJ JTaHHBIM OJHOW CEHCMOCTaHILIMK) 3amepax
MaKCUMYMOB aMIUIUTY/ U TEPUOIOB PA3TUUYHBIX
(a3 celicMUUECKUX BOJH 3€MJICTPSICEHH 1O 0ase
naaabix PUOL «XOxH0-CaxaauHCK.

B kayecTBe HE3aBUCHMMO OIpeAeNsseMon
SHEPTEeTUYECKON BEIMYUHBI JJISI COTIOCTABIICHUS
WCIMONB30BaHA MAarHutyga SIMmOHCKOTO MeTeo-
posiornueckoro areurcrsa JMA [15] — MJ [Ipu-
BJICYCHBI 3HAYCHMA MATHUTYIABI M, M JaHHbIC
0 €e OIpe/eTICHUH Ha Pa3IMYHbIX CEHCMUYECKUX
ctaniusax. K MoMeHTy BbIOTHEHHs! paboThl Ha
caiiTe ATreHTCTBa JOCTYyIHBI JaHHBIE Karajiora
u Oromnerenss JMA no mapt 2023 . Marautyna
M; crpountcs Ha KOMOWMHUPOBAHUU HECKOJIBKUX
MAarHUuTYAHBIX IIKaJ, OTIMYAIOMIMXCS JMaraso-
HOM TMPUMEHEHUS U METOAMKOH, OIpenesnseTcs
160 1o MakcumyMam cmemtenus (M, M), mabo
N0 MaKCUMaJbHOW CKOpOCTH cMemuieHus (M.,
M) nns 3eMIETPSACEHMI Ha JIOKAJILHBIX U PETH-
OHAJIBHBIX PACCTOSHUSAX, TAKXKE HUMEETCS pa3iu-
Yyue B JUana3oHe MPUMEHUMOCTH B 3aBUCUMOCTH
OT KOJIMYECTBA MCMOJIb3YyEMbIX CTAaHIUI (3ariaB-
Hasi WU CTpOYHasi OykBa B MHAEKCE). XOTS MPHU
OIICHKE CTAHJAPTHOW OIMOKHU HE JeNajoch pas-
JINYUA B KOHKPETHOM MOABHU/IE Mj, B IIOJIABJISIO-
meM OOJBIIMHCTBE CIydyaeB 3TO MarHUTyda IO
ckopoctu M.,

Takxe UCHOJIL30BAJINCH JTaHHBIE CEHUCMOJIO-
ruyeckoro areHrctBa NIED, fnonus [16], a3T0
TI03BOJIUJIO TOMYYHUTh 3HAYCHHSA M, ISl HECKOIb-
KX CEMCMHYECKUX COOBITHH, MPOU3OIICAIINX
nocne mapra 2023 r. Beero 3aneiictBoBaHo 382
3HAYCHUS MJ 3EMIIETPACECHUN U3 YIOMSHYTOU
BBIIIIE BBIOOPKH. J[J1s MOTydeHus 3HaYCHUI CTaH-

GEOPHYSICS, SEISMOLOGY

JIAPTHOW MarHUTYIHOW OIIMOKH OTpeaeIcHUs MJ
npuBJieueHO 3579 OTEeNbHBIX CTAHIIMOHHBIX OLe-
HOK u3 OromereHst 3emuerpsicennit JMA ¢ smu-
LIEHTpaMHU B MpeJieNiax pailoHa uCCIe0BaHMUs.

CraHpaptHas owmnbka
MarHMTYAHbIX onpeaeneHun

Tax xe kak panee B [12], Ha OCHOBe CTaHIIU-
OHHBIX OIICHOK OblJIa pacCUYMTaHa BEJTUYHHA CPE/l-
Hell CTaHAapTHON OIMOKU ONpe/esIeHUs] CPaBHU-
BAa€MbIX MarHUTY]l U SHEPTreTUYECKHUX KIJIACCOB.

CrangapTHO€ OTKJIOHEHHE CTAHIMOHHOMU
MarHUTYIHOW OIIEHKH OJHOTO COOBITHS paccyu-
TBIBAETCA KaK

* (M — M)?
k—1

, (1

rae M, — oueHka MarHUTY[bl (SHEPreTUYECKOro
KJIacca) cOOBITUS TIO OTHOW cTaHuuu, M — cpen-
HsISI MAaTHUTYJIA 110 JAHHBIM k cTanumii. CpenHee
CTaHJapTHOE OTKJIOHEHHWE CTAaHIIMOHHOHN OmIno-
KU ¢ ydeToM N COOBITHI TaHHOW MarHUTYIbl B

KaraJore.
_ 1
Ocr = N Ocr-
N

Cpenusisi  craHjmaptHass oOIIMOKAa MarHuTy-
bl C YyYETOM KOJIMYECTBA 3a/J€MCTBOBAHHBIX
B €€ OIPENIEeJICHUH CTaHIUM:

2

— 1 O-CT
o= N
N

[TonyuyeHHbIe 3HAUEHUS, @ TAKKE KOJTHMYECTBO
3eMJIeTpsACEHUM N U cpeHee KOJIMYECTBO OT/IEIb-
HBIX CTAaHLIMOHHBIX OLICHOK Ha COOBITHE kCp oTpa-
KeHbl B Ta0n. 1. Jlng M, u K. OLEHKH XOpOILIO
COTTIaCYIOTCS ¢ OnmyOnMKoBaHHBIMU [ 12] muist kara-
sora Kypuno-Oxorckoro pernona. Kak yka3pipa-
nock B [12], cpenHue 3HauYeHUs1 6 BUAATCS 3aHU-
KEHHBIMH, TAKOW YUYeT MOTPEIIHOCTU OMUCHIBACT
TOJIBKO CITyYaiiHyIO OIMMOKY TOKa3arejield Maruu-
TYIbI JUIsl KQXKI0TO JAHHOTO 3€MIIETPSACEHHUS], 10-
JYYEHHYIO TIPU CHITHH 3aMEpPOB, HO HE YUUTHIBA-
€T B JOJDKHOM Mepe JIpyrue UCTOYHUKU pazopoca
JIAHHBIX, KOTOpPBbIE€ MOTYT MOBJHUATH HA OLIEHKH
MarHuTyabl [17]. OqHako B CAEAYIOMUX pacyeTax

3)
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Tadnuua 1. CpenHee cTaHIapTHOE OTKIOHEHHUE CTAHITMOHHON OIEHKH (ECT) U CpenHss CTaHAapTHAs OMMOKa
(0) onpeneneHus SHEPTETUUCCKUX XapaKTEPUCTHK 3emieTpsicernii CaXalMHCKOTO pernoHa

Table 1. The average standard deviation of the station estimates (G ) and the average standard error (G) of de-
termining the energy characteristics of earthquakes in the Sakhalin region

TTokasarens \ M (c) \ M, (d) \ K, \ K.(k3) \MPVA(B)\ M, (d) \ M{c) \ M(d)
N 1800 168 1360 948 209 179 92 88
k, 3.52 2.95 321 474 430 5.16 7.10 8.27
5 0324 0240 0622 0568 0446 0295 0257  0.294
G 0.180  0.142 0362 0334 0226 0135  0.116  0.119

NoTpeOyIOTCsl HE HEMOCPEACTBEHHO 3THU 3Haye-
HUS, a TOJIbKO UX COOTHOLIEHHE, TOTOMY MOKHO
MCIIOJIb30BaTh 3T BEJIMYUHBI B pacyeTe Ha TO, UTO
ATO HE OKaXXET OOJBIIIOTO BIUSHUS HA PE3YIIbTAT.
Marnuryna M, Y.®. Puxrepa [8] paspabo-
TaHa A HENIyOOKHMX 3€MIIETPSACEHUMN HOKHOU
Kamudopuun. Kak moxazano B [4], ee mpume-
HeHue B Kypuno-Oxorckom n CaxaauHCKOM pe-
THOHAX JaeT YCTOWYUBBIE 3HAYCHHS] MATrHUTYIIbI
3eMJIETPSICEHUI B IIMPOKOM JHamna3oHe TITyOHH
u pacctossHMi. Hambonee CHopHBIM perieHueMm,
110 MHEHUIO aBTOpPA HACTOALLIEH CTaTbU, SIBISIETCS
OTIpe/IeNIeHUEe ATONH MArHUTYABl IS TTyOoKodo-
KyCHBIX COOBITUH, MOCKOJbKY B OpPUTMHAJIBHOU
dbopMmyre HCIONb3yeTCsl SMULIEHTPAIbHOE, a He
TUIOIICHTPAJIbHOE paccTosiHue. YToOb n30exaTh
CYILIECTBEHHOTO 3aHIKEHUSI OIICHOK MAarHUTYIbI
TaKuX 3€MJIETPSICEHUM, B cTarbe [4] IaHa peko-
MEHJAlMs HE HCIIOJIb30BaTh ONPEIEIICHUS 3TOU
MarHuTyabl Ha CEHCMOCTAHLMAX, SIULEHTPAJb-
HO€ PACCTOSHHE O KOTOPBIX MEHbIIE NITyOUHBI
runonedTpa A < h. Iloatomy ayis naHHON pabOTHI
3HAYEHHsI MATHUTY/IbI M, Karajora, BKIIOYaroIe-
ro garsbie ¢ 2017 1., ObUTH IEPECUYUTAHBI C YICTOM
MPUHATOW METOIMYECKON MONPaBKU B pacueTe Ha
TO, YTO B JajibHEHIIeM (GopMyibl OyayT UCIONb-
30BaThCsl JJI JIAHHBIX, MOJYYEHHBIX C Y4YETOM
yKa3aHHOro orpann4enus. Ha senmunner M, xo-
POBBIX COOBITUH yJjaJIeHHE CTAHLIMOHHBIX OIICHOK,
HE OTBEYAIOIIUX YCIOBHIO A < /1, IPAaKTHUECKU HE
MOBJIMSJIO, TOT/IAa KAK YMCIIO MATHUTY/IHBIX OLIEHOK
M, s Tiry60KO(OKYCHBIX COOBITHH B BBIOOD-
KE COKpaTWJIOCh OYEHb CYIIECTBEHHO (C 229 no
168). OnHako 3TO TakKe MO3BOJIWIO YMEHBIIHUTh
CPEIHIOI0 CTaHJAPTHYIO OIIMOKY OIpeeseHHs
MarHuTybl TTyOOKO(OKYCHBIX 3€MIIETPSICEHUH B
npenenax peruona ¢ 6 = 0.394 no = 0.240.

FEO®U3UKA, CEACMOJIOrUS

Maruutyna M, u xnacc Conosbesa K, He-
CMOTpSl HA MacCOBOE OINpE/CNICHUE, BbIIACIAIOTCS
JIOBOJIBHO OOJBIIMM KOJIUYECTBOM OTAEIbHBIX
CTAHIIMOHHBIX OMpeAeNeHUl, CUIBHO OTIUYAI0-
IUXCA OT cpeaHel BenuuuHsbl. B [12] nns ymeHs-
[ICHHUS BIUSHUS TaKUX CIIy4aeB B pacyeTax WC-
T0JIb30BAJIMCh TOJIBKO TE 3emiieTpsacenus, M,
KOTOPBIX OMpezesieHa MO JJaHHBIM KaK MUHUMYM
IATH celicMocTaHUMi. B cioydae oTHOCUTENB-
HO HEOOJBIIOr0 KaTallora UCCIeyeMOoro paioHa
TaKoe€ CYyIIECTBEHHOE ype3aHuEe KOJIMYECTBa 3Ha-
ueHuit M, ¥ K_. HEKeIareibHO, MO3TOMY HC-
TIOJIb30BAHBI OIEHKH 3TUX BEJIMYUH IS KOPOBBIX
cOOBITHIA IO TAHHBIM KaK MUHUMYM TpPEX celcMo-
crannuii (k3). B Tabn. 1 mpuBeeHbI 3HAYCHUS O
s M, (k3) n K (k3), paccanTanHble B COOTBET-
CTBUU C 3TUM yclioBUeM. Kak BUIHO W3 TaONUIIbI,
3HAYEHUs1 CTAHLIMOHHOM U CpeAHEN CTaHAAPTHOMN
ommOKH 11t M, BCE PABHO OCTAOTCS OYEHb BbI-
COKHMH, a I KC BEJIMYMHA CPEAHEN CTaHAapT-
HOM OIIMOKH ompeAeNeHusl Huxe, ueM Ui 6onee
crabunbHoro K, s M, m1y0oKodOKyCHBIX
COOBITHIA, a TaK)KE€ BCEX OCTATbHBIX MATHUTYH H
SHEPreTUYECKOTO Kiacca K, BEMYUHA G PacCyu-
THIBAJIACH JUIS 3HAYCHHM, IMOJIYYCHHBIX 10 JIaH-
HBIM KaK MHHHMYM JIByX CTaHITHH.

OTtnenbHO MONlydyeHa CTaHAAapTHAsl OMIMOKa
onpenenenus Maruutyn M, m M, nmis riy6oxko-
doxycHbIX (h > 250 kM) 3eMIETPSICEHUI ¢ odara-
mu B npeaenax Kypuio-Kamuarckoii ceficmogo-
KaJbHOW 30HBI, MHIICHTPBI KOTOPHIX TMOMAIA0T
B Ipefensl uccienyemoro paifona. B rtabm. 1.
STH 3HAYEeHHs TpPUBENEHBI B cronbuax M, (d)
u M, (d), BETMUMHBI 1711 KOPOBBIX COOBITHI 000-
3HA4EHbI COOTBETCTBEHHO M, (C) m M, (k3).

[1o naHHBIM CEHCMOIOTNUYECKOTO OIOIIIIETEHS

JMA [15] Obutn MOTy4YeHBI CpEeIHEE CTaHAaPTHOE
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OTKJIOHEHHE CTAHLIMOHHOW OIEHKU U CpenHss
CTaHJapTHasi OIIMOKA OIpPEACIICHUS] MArHUTYIIbI
M; st XOpOBBIX ]\lj(c) U TITyOOKHX ]\lj(d) 3emJie-
TpACEHUN peruoHa. JlJisi 3TOr0 MCIOJb30BAHbI
TpH BBIOOPKH 3eMJIETPSICEHH B Ipe/ieax paiioHa
Uccle0BaHMUN B iepuof ssHBapb—Mapt 2020 ., sH-
Bapb—Mapt 2021 1. u ssuBapb—Mapt 2022 1. (3 paza
o 7-8 nexan).

Pe3ynkTatbl u 06CcyxaeHue

B HacToAmmii MOMEHT IpH ONEPATHBHOM
OIIpEIETIEHUH TapaMETPOB KOPOBBIX CaXaIMHCKUX
semuierpacenuii  PUOL[  «}Oxno-CaxanuHck»
HauboJee 4YacTo UCIIOIB3YET TPU IHEPIeTUUECKUX
XapaKkTEPUCTUKM: Maruutyna M, sHepreTuye-
ckue knacceol K, u K .. [looTomy mist ynudukanmu
Karajora B IEPBYI0 O4epeAb UMEET CMBICIH CBS-
3aTh PErPECCUOHHBIMM COOTHOILIEHUSIMU 3TH TPHU
BEJIMYMHBI.

Ha puc. 2 a nokas3aHa mosry4eHHasi METOIOM
GOR 3aBucumocts Mexay M, u K. bonbuioe xo-
JMYECTBO AAHHBIX ITO3BOJIUJIO IOJIyYUTh YCTOM-
YUBYIO 3aBUCUMOCTb B IIHPOKOM JIHANIa30HE MpH-
MEHUMOCTH:

0<M <55,50<K,<13.0:

M, =0.68(x0.01)K, - 3.27(x0.11). (4)

Panee B pabote [4] yxe myOnukoBaiach 3a-
BUCHMOCTh MEXIY STUMHU BEIWYMHAMH IO JIaH-
vbiM Karanora PUOL] «tOxno-CaxanuHCk» 3a
2017-2021 rr. Ha puc. 2 a oHa nioka3aHa 3€JI€HOI
nunuei. Ilpu Beruncnenun metoqom GOR B [4]
OBLIIO CCIAaHO JIOMYIIEHHE, YTO OIMOKa ompee-
JICHHSI DHEPTETUYECKOTO KJIacca BJIBOE MPEBBIIIA-
eT OIMOKYy omnpeneneHuss Maruutyasl (n = 0.25).
DTO TPEANnooKeHUE MOATBEPAUIOCh B JaHHOU
pabore (Tadn. 1). JlobaBneHue qaHHBIX HAOMIONE-
HUH ellle 3a Tpy roga caadbo MOBIUSIIO HA 3aBUCH-
MOCTh. HakJioH KpUBO HEMHOTO YBETUUHIICS, O/~
HAKO pa3HUIla B pacyeTe Mo JBYM 3aBUCHMOCTIM
HE MPEBHIIIACT JIJIS BEPXHETO Mpeseia MPUMEHU-
MOCTH (ML= 5.5) 0.12 MarHuUTYIHOW €IMHHUIIBIL.
JIns monydeHrss HOBOM 3aBHCHUMOCTH HMCHOJIB30-
BaHO B 5 pa3 Oouiblie ap 3HaYE€HUH, 9TO TT03BOJIHU-
JIO CWJIBHO CHHM3UTH MOTPEIIHOCTh ONpPEAeTICHUS
K02 PHUIIMEHTOB PEerpecCHOHHON MpsIMON U pac-
IIUPUTH TIPEICITBI IPUMEHUMOCTH.

GEOPHYSICS, SEISMOLOGY

Ha puc. 2 b mokazana 3aBUCUMOCTh MEXIY
M, w sHeprernuecknm kiaccom Conosbesa K.

0.5<M <50,35<K,<11:

M, =0.63(x0.02)K.— 1.79(:0.14).  (5)

OnyOnukoBaHHass B [4] 3aBHCUMOCTH IIO-
TydeHa mo o0oOmieHHoMy karanory CaxanmuH-
ckoro u Kypmio-OXoTCKkoro permoHoB, npuyeM
OoJblllasi 4acTh JAHHBIX B35iTa UMEHHO IO KY-
pUWIbCKUM 3emiieTpsiceHusiM. [1o 3Toil nmpuunHe
noiny4yeHHass B [4] 3aBUCHMOCTbH (3eJeHas JH-
HUS Ha puc. 2 b) ommuaercs ot HOBOW Ha ~(0.2
BEJIMYMHBI M| JUIA BCEro JMana3oHa 3HAYCHUH.
OT0 moATBEpXKIaeT Leaecoo0pa3HOCTh MOMy-
YEHUsI OTAEIBHBIX MEPEXOAHBIX COOTHOLICHUH
JUIsS. pa3HbIX PETMOHOB 30HBI OTBETCTBEHHOCTH
C® OUILL ET'C PAH. Takxe Ha puc. 2 b noka3za-
Ha 3aBUCUMOCTb MeX Iy M| u xnaccom CooBbe-
Ba K. 1o Bepcuu karanoros OCOCI, omy0nuko-
BaHHas B [4]. Kak ynoMHHaI0Ch BbIlIE, HESICHBIE
METOJINYECKHE 0COOEHHOCTH OIpPEAEIICHUs dTOU
BEJIMYUHBI pasHbIMH otTaenamu CP mpuUBOAST
K CYLIECTBEHHOMY PAaCXOXIEHUIO pPe3yIbTaTOB.
DTO MOKa3bIBAET HEXKEIATEIbHOCTh UCIIOIb30Ba-
Hus panee npumenssiuxcs B OCOC]] nepexon-
HbIX ¢opmyn Kk nanasiM PUOLI.

Maruautyga no o0beMHOIN BonHe P — MPVA
[18] HE cMIIKOM YacTO OMpeAeNsieTcs sl caxa-
JIMHCKHUX 3eMJIETpsiceHHui. BeposATHee Bcero, 310
CBSI3aHO C BBICOKHUM Pa3dpoCOM ee OIIEHKH IO OT-
JIETbHBIM CTAHIIUSIM U, KaK CJIe/ICTBUE, CIa0BIM J0-
BEpPHUEM K 3TOM 1IKaje y oneparopos. Ha puc. 2 ¢
nokasaHo nosrydyeHHoe metogoM GOR cooTHote-
Hue Mexay M, u M, s kopoBbIx (7 < 40 xm)

PVA
SCMHeTpHCCHI/Iﬁ CaxaJMHCKOTO peruoxa:

1.0< M, <5.0,3.0< M, <5.0:

PVA—
M, =1.95027)M,  —4.81(1.07).  (6)

Maroe Konu4ecTBO JaHHBIX M y3KUW Juamna-
30H 3HAUEHUI HE MO3BOJIAIOT OICHHUTH KOIPPU-
LUEHTHI MEPEXOTHOTO COOTHOIICHUSI C BBICOKOM
TOYHOCTHIO.

Jlnst cpaBHEeHMs Ha pHC. 2 TpUBEIEHA 3aBU-
cumocts Mexkay M, u M, u3 [4], nony4yeHHas
JUI 3€MIIETPSCEHUN INpeuMylnecTBeHHO Kypu-
no-Oxotckoro peruona 2017-2021 rr. gys Bce-
ro nuama3oHa riyouH (cusss auHus). OdeBuaHa

VA
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CYIIECTBEHHAs Pa3sHHIIA MEXIy JByMS COOTHO-
HICHUSIMH.

I'my6GokodoKyCcHbIE 3eMIIETPSICEHUs B TIpesie-
nax CaxaJHHCKOTO PErHOHa B OCHOBHOM ITPOUCXO-
IAT B quana3one rmyouH i = 250-600 kM. Takum
00pa3oM, celiCMUYEeCKHEe BOJHBI OT TaKHX COOBI-

TAW TOAXOAAT Ha OKailne pernoHaabHbIC
cericMoctaniu cHu3y. C OHOU CTOPOHBL, 3TO 3a-
TPYIHSIET OIPEAECIICHUE ML, TaK Kak JUIsg OJmKaii-
mmx ceiicmoctanuuit A < A. C apyroil CTOpPOHBI,
0COOEHHOCTh 3aIlUCH TaKHX COOBITHH C YETKHUM
BbIJICTICHUEM MakCUMyMoB (a3 P- u S-BomH mo-

Puc. 2. 3aBHCHMOCTB MEXTy MaTHUTYIOK M| M IpyTMMH OHEPIETHYECKUMH XapaKTEPUCTUKAMHU 3€MIIETPSACEHMH Karajiora
PUOL «IOsxno-Caxamanck» CO OUILL EI'C PAH 2017-2024 rr.: (a) oHepreTHueckuM KinaccoM Payrtuan K; (b) sHep-
rerngeckuM Kinaccom Conosbesa K ; (€) MaruuTynoit M, xoposbix (h < 40 km) semnerpsicenuit; (d) marautynoit M,
mry6okopokycHBIX (£ = 250-600 kM) 3emneTpsiceHnii. Pa3mep KpyKKOB YBEIIMYMBACTCS C POCTOM YHCJIA JaHHBIX B HUX.
UYepHoil muHUEH NOKa3aHa JIMHEHHAsS 3aBUCUMOCTS, oirydeHHas MerofgoM GOR, npuBeneHbl perpecCUOHHbBIC YpaBHEHUS,
KOJINYECTBO Map 3HaUYeHUH NN, cTaHgapTHas ommoOKa perpeccud Se v koaddunuenT 1. L[BeTHIMH THHUAMH [TOKa3aHbI Ba-

PHAHTHI 3aBHCUMOCTH, TIPEIUIOKEHHBIC B pabdote [4].

Fig. 2. The relationship between the magnitude M, and other energy characteristics of earthquakes in the catalog of the
“Yuzhno-Sakhalinsk” RIPC of the SF FRC GS RAS from 2017 to 2024: (a) Rautian’s energy class K ; (b) Soloviev’s energy
class K ; (c) the magnitude M, of crustal (% <40 km) earthquakes; (d) the magnitude M, of deep-focus (2 =250-600 km)
earthquakes. The size of the dots is proportional to the amount of data. The black line shows the linear dependency obtained
by the GOR method. The regression equations, the number of pairs of values N, the standard error of the regression Se and
the coefficient n are given. The colored lines show the dependency options proposed in the paper [4].
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3BOJIIET CHAMATh 3aMepbl aMIUIATYI U TTEPHOJIOB
C BBICOKOW TOYHOCTHIO, 3TO NMPHUBOAMUT K 3HAYH-
TEJILHOMY YMEHBIICHHIO CTaHJApTHOW MarHu-
TYIHOW OHIMOKH, YTO TOATBEPXKAAIOT PacyeThbl
(tabm. 1). Ha puc. 2 d moka3aHa 3aBHUCHUMOCTH
mexay M, u M, 1uist rryGoKO(GOKyCHBIX 3emile-

PVA
TPSICEHUH UCCIIEAYEMOI0 paiioHa:

25<M <50,3.0<M, <55

M, =121(x0.16) M, , — 1.21(x0.64).  (7)

[Tonyuennast gopmyna CyIIECTBEHHO OTIIH-
yaeTcs oT Gopmyssl (6) IIsi KOPOBBIX COOBITHH,
a TakXke OT (OPMYIIbI IJIsl BCEro Auana3zoHa Iiy-
OuH u3 [4], KoTOpas ycpeaHuia JaHHBIE 3eMJe-
TPSICEHUH C pa3HOM IIyOMHOM ouara, BCJIEJCTBHUE
9ero CHHsS JIMHUS Ha puc. 2 ¢ u 2 d uMeeT Ko-
3G PUIHMEHT HAKIIOHA CPETHUN MEXTy 3HAYCHUS-
Mmu 3aBucumocrteii (6) u (7). B padore [12] aBTOp
C HUCIIONB30BAaHUEM IaHHBIX KaTtanora Kypmio-
Oxotckoro pernona CO ®OUIL EI'C PAH noxka-
3aJ1, 4TO B MApaMeTPax MarHUTYIHON wKanbl M,
cy1ab0 yuTeHa 3aBHCHUMOCTb OT IIIyOMHBI odara,
nosToMy (hopMyIibl it nepecuera u3 M, B Apy-
rMe MarHUTYIbl 175 COOBITUN ¢ ITyOMHOW ouara
10 70 kM u Oosnee TIIyOOKUX JOKHBI OBITH pa3-
Hble. BepHOCTB 3TOro yTBEpKI€HUs Y1a710Ch IIPo-
JIEMOHCTPHUPOBaTh Ha ocHoBe Katanora PUOLI.

Ilepexonusie cooTHOmIEH s MEKTYy M, i M,
HE OTJIMYAIOTCS BBICOKOM TOYHOCTBIO B CBSI3U
C MaJIbIM KOJIM4eCTBOM JaHHbIX. C pocToM 4mcia
HaOMOIeHN He0OX0MMO MX YTOUHUTH U Oojee
noZpoOHO MCCIeoBaTh 3aBUCUMOCTh 3THX Mar-
HUTYJ OT TTyOWHBI OYara.

3aBUCUMOCTb MEXKIY IBYMS SHEPTreTUUECKU-
MU KJlaccam, ompezenseMbiMi B CaXaglMHCKOM
peruowxe,

K.=K,—1.7(x0.3) (8)

obu1a nonyuena JI.C. Ockop6unsiM u JI.®. Bon-
koBoM 1o AaHHbIM 300 caxaJuHCKUX 3eMIIeTps-
CEHMI, MarHuTy10il He mpesblmamux M = 4.5
[19]. MoxHO npOBEpPUTH BBIMIOTHEHUE ITOU IMPO-
CTOH 3aBUCUMOCTH HAa OCHOBE JaHHBIX KaTajora
PUOII 3a 2017-2024 rr. Ha puc. 3 a noka3ana
pErpeccuoHHasl 3aBUCUMOCTb MEXAY DHEpPIreTH-
YECKMMU Kilaccamu, noimydyeHHass merogqom GOR
C YYETOM IOJyYEHHBIX BBIIIE CTAHAAPTHBIX OLIM-
OOK OIpeIeJIEHUs TUX BEIUYMH:

GEOPHYSICS, SEISMOLOGY

40<K.<11.0,5.0<K,<12.0:

K, = 1.05(x0.04)K, — 2.07(0.29). (9)

Kak BUIHO W3 CpaBHEHHUS MOJOKECHUS JIH-
Hul 3aBucuMocTell (8) (3eneHas Ha puc. 3 a)
u (9) (uepHas Ha puc. 3 a), pa3HUIIA MEKTY JBY-
MsI SHEPTeTHYECKUMH KJIaCCaMU OCTaeTCsl TOUYTH
MTOCTOSTHHOM ISl CNIa0BIX 3eMJICTPSICEHUN B JUa-
Ma30HE UMEIOLIUXCS ATl CPAaBHEHUS TaHHBIX. [{ist
ObicTporo mepexona Mexay K. u K, MOXKHO mpo-
JIOJKaTh HMCIOJB30BaTh COOTHOIIEHUE (&), BO3-
MOJKHAsl OITHOKA MepecueTa Mo cpaBHEHHUIO ¢ (9)
pu 3TOM OyAeT MEHbIIE CpeaHEH CTaHIapTHOM
OLIMOKHU OMpEeJeNIeHUs YHEPreTUYECKoro Kiacca.
CpaBHEHHE TOKa3all0 TaAKKE YCTOMYMBOCTH ATUX
SHEpreTuyecKux wkanl. I1o Bcer BuguMocTu, Me-
TOAMKA OMpeeTeHUs COOMIOIaeTCsl TOCTAaTOYHO
XOPOMIO.

B pabote [4] oTMevanach BBICOKasi CTEIECHb
CXOKECTH OLIEHOK MarHUTY/IbI M| 3eMIICTPSCCHHUN
Caxanunckoro u Kypuno-OX0oTCKoro peruoHa 3a
nepuon 2017 —mapt 2020 r. ¢ marauTynou SAnoH-
CKOTO METEOPOJIOTUUECKOT0 areHTcTna [15] M;:

M, =1.02(0.03)M —0.04(0.10). (10)

C yueTroM BO3MOXKHOM OIIMOKH ompenese-
Hus k03 duirenToB 3aucumoctu (10) MoxHO
cuurath, 4to M, = M. 310 00BsICHIETCS M3HA-
YaJbHOU KalnOpOBKO# mKaiasl JMA o Maruury-
e YU.®. Puxrtepa v mo3BOJISIET JIETKO COMOCTAB-
JATh MATHUTYAY PETHMOHAIBHBIX 3€MIIETPSACEHUN
COCEJIHUX CEMCMOJIOTMYECKUX ar€HTCTB, a TAKXKe
MCIIONB30BaTh M, KOTOpas NPUMEHSACTCS B PETH-
OHE y’K€ CBBIILIE MOJTYBEKA, KaK 3TAJIOH U IPOKCH-
MarHuTyay Jisi YCTaHOBJIEHHUSI MPOCTBIX Mepe-
XOAHBIX COOTHOIIEHUH K IPYTHUM PETHOHAIbHBIM
U ro0anbHBIM IIKajaM, IpsIMOMl mepecuer Ko-
TOPBIX B PETHOHANBHYIO M| 3aTpylHEH OTCyT-
CTBUEM HEOOXOIUMOTO JIsi CpaBHEHUs 0O0beMa
naHHbIX. OgHAKO HEOOXOAMMO MPOBEPHUTH BHI-
nonHeHue 3aBucumoctu (10) mist 3emierpsice-
Huit CaxaJTuHCKOTO PETUOHA.

Ha puc. 3 b noka3ano o6nako 3Ha4eHHUHA M B
CpaBHEHUM ¢ M| 11 KOPOBBIX 3emieTpsicennii Ca-
XaJMHCKOTO perroHa (MPEUMYILECTBEHHO HOXKHOM
€r0 YacTH, pacHoJIOKSHHOW ONKe K CceHcMoIo-
ruyeckor ceru Snonum). PaccunranHoe merogom
GOR cooTHO1IEHNE, TOITYYEHHOE [0 3TUM JaHHBIM:
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20<M,<45,20<M<4.5:

M, = 0.95(0.07)M, + 0.11(0.20). (11)

Mainoe KoIM4ecTBO Map 3HAYEHUH U Y3KHUU
JIMaNa3oH JAHHBIX HE IO3BOJISAIOT MOJYYHUTh Ha-
JEKHYIO MEpPeXoaHy0 (opMylly, OAHAKO, C yde-

TOM TOYHOCTH oOIlpenenaeHuss KkoddduuneHTos
perpeccuu, JeMCTBUTENIBHO MOXKHO CUHTATh JJIs
KOpOBBIX 3emiieTpsicenuil CaxaianHa M, =M, . Ho-
BOE COOTHOILIEHHUE MOTYyUYNUIOCh HECKOIBKO OTJINY-
HBIM OT MPEABIAYIIETO (CHHSS TUHUS Ha puc. 3 b),
OCHOBHAsl TNPUYMHA OTIWYHS — HCIOJIb30BAaHHE

Puc. 3. 3aBUCHMOCTD MEXTy SHEPreTHUECKUMH XapaKTePUCTHKaMU 3eMileTpsiceHni CaxalnHCKOTO pernoHa: (a) sHepre-
THYeckuMu knaccamu Paytuan K, u Conosbesa K ; (b) Marautynamu M. u M, 1is koposbix (A < 40 kM) 3eMyIeTpsCEHHUH;
(c) maraurynamu M, n M; (d) maraurynamMu MJ u M, s tmy6okux (h = 250-600 km) 3emueTpscennii. CruIOmHOA 9epHOM
JUHUEH MMOKa3aHa TMHEHHass 3aBUCHMOCTb, moiydeHHas MetonoM GOR, cepoit — metomom OSR. [IpuBeneHs! perpeccruoH-
HBIE YpaBHEHHsI, KOJIMYECTBO I1ap 3HAYCHUH IV, cTaHapTHas omrbKa perpeccuu Se ¥ koadduuneHt 1. L{BeTHBIMU JIMHUSIMI
MOKa3aHbl BAPHAHTHI 3aBUCUMOCTH, MPETOKEHHbBIC B padoTax [4, 19, 20].

Fig. 3. The relationship between the energy characteristics of earthquakes in the Sakhalin region: (a) the energy classes of
Rautian’s K, and Soloviev’s K ; (b) the magnitudes M, and M, for crustal (4 < 40 km) earthquakes; (c) the magnitudes M

and M; (d) the magnitudes M, and M, for deep (h = 250-600 km) earthquakes. The solid black line shows the linear rela-
tionship obtained by the GOR method the gray line shows the one obtained by the orthogonal standard regression method.

Regression equations, the number of pairs of values N, the standard error of the regression Se and the coefficient n are given.
The colored lines show the dependency options proposed in the papers [4, 19, 20].
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metona GOR. Ilpu pacuere metogom OSR (cepast
JIMHUSA Ha puc. 3 b), KOTOphIA paHee ObLI MpUMe-
HeH Ju1s nnostydenus (10), cooTHoeHue noiayyva-
€TCSI MaJIO OTJIMYAMBIM.

OTtnenbHO OBLIA paccuuMTaHa 3aBUCUMOCTh
mexay Mu M, ns nIyO0KO(OKYCHBIX 3eMIIETPSI-
cennii CaxaJuHCKOTO pEerHoHa:

2.5<M,<5.0,2.5<M<5.0:

M, = 0.90(+0.13)M, + 0.61(+0.45), (12)

BBuny enie MEHbIIETO KOJMMYECTBA JaHHBIX U
ux 6ospIIoro pazdpoca ourrOka onpeaeaeHus Ko-
3¢ PHUIMEHTOB OYEeHb BEIIMKA, TEM HE MEHEE Oue-
BUJTHO, YTO MOJIyYeHHOE COoOoTHOIIeHue (puc. 3 d)
ommyaetcs ot (10). JIns rmy6okodOKYCHBIX 3eM-
JIETPSICEHUI MarHUTyaa M, ONpeNeNsAeTCst C 3aHu-
KCHHEM OTHOCHTEIBHO M., yBEIHMYMBAIOIMMCS
C yMEHbIIIEHUEM MarHUTY/IbI COOBITHI. Panee Hamu
uzyvanach [4] yCTOWIMBOCTH onpenenenus M, B
cpaBHEeHHH ¢ M, st ryookux (4 > 60 kM) 3eM-
JeTpsiceHnit Ha ocHoBe Karanora Kypmio-Oxor-
ckoro peruona 2017 — mapra 2020 r., HO Takoro
addekra BeIsABIECHO HE ObL10. B Karanmore npeumy-
IIECTBEHHO MPUCYTCTBOBAJIN COOBITHS MPOMEKY-
To4HOU Ti1yOuHsl (h = 60-300 kM), A7 KOTOPBIX
ObUIO YCTAHOBJICHO MJ = M, . bonee riybokue 3em-
JIETPSICEHNUS OTAEIBHO HE UCCIIE0BAIIUCH, TAK KaK
B COOpaHHOM JUIsl CPaBHEHHUS Karajore ux ObLIO
ciumkoM Mano. Hecomuenno, cootnomenus (11)
u (12) tpedOyroT nepecMoTpa Mocjae HAKOIJICHUS
00JIbIIIEro KOJIMYECTBA JTAHHBIX, OJJHAKO C YYETOM
HUMEIOLIUXCSA MOKHO KOHCTaTUpOBaTh, YTO BEJIU-
YUHBI MJ u ML B CaxaJIMHCKOM pETUOHE JIeUCTBU-
TEJBbHO OJIN3KH, XOTA O MOJTHOM COBIA/ICHUH 1K
]\/[j u M| pedb He uaeT. [list KOpOBBIX 3eMIIETpsICe-
HUH pa3HUIA B ONPEEICHUH MarHUTYl COOBITHI
JISKUT B Mpesiesiax CTaHIapTHOM OMMOKH orpesie-
nenus. s rmyGoko(hoKyCHBIX COOBITHI pernoHa
HEOOXOIMMO YYHTBIBaTh HEKOTOPOE 3aHMKEHUE
MarHUTYIHbBIX OL[CHOK.

HanGonee cnoxHbIl BOIpoC, KOTOPBI He-
O0XOIMMO pEUINTh Uil WM3YyYCHHS CEHCMHUYHO-
cti CaxaluMHCKOTO PErMoHa Ha OCHOBE KaTallo-
ra CO ®UIL EI'C PAH, — pacuer celicMu4yeckoi
9Hepruu. B crarbsax, NOCBAIEHHBIX PETUOHAIBHON
cericMuuyHocTH CaxaJIMHCKOrO pervoHa [21], Mbl
paHee HUCIOJIb30BAIM IS pacuyeTa CEHCMUYECKON
sueprun E popmyny ['yrenbepra—Puxrepa [22]:
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lgE = 4.8 + 1.5M, (13)

rae noa M moHUMaeTcs MarHuTyaa IO IIo-
BEPXHOCTHOHM BonHEe M (B ciydyae Karajora
OCOCH — M, ,). Karanor PUOILl «tOxHo-Ca-
XQJIMHCK» CONEPXKHUT ompenenenus M, oxHaKo
B IIpeAeslax HCCIEeNIyeMOro paiioHa HMX O4YEHb
HeMHoro (N = 43 3a paccMaTpuBaeMblil nepu-
0/1). XOpOIIMM BapUaHTOM OBbLIO OBl MOJYYUTH
nepexonHyo Gpopmyny mexay M, u M, karanora
PUOILl nns Kypuno-OX0TCKOro permoHa u pac-
npocTpaHuTh ee Ha CaxalMHCKUHA PEruoH, 3TO
JOTIy CTHUMO, TIOCKOJIbKY M OmpesiensieTcst B 0c-
HOBHOM JJIsl IOCTQTOYHO CHJIBHBIX HETNIyOOKHX
COOBITHH TI0 3aIMCH CTAHIHN, PACTIOJIOKESHHBIX
Ha pacCcTOSsHUU He MeHee A = 1° oT snuueHTpa,
T.€. UCIIOJIB3YIOTCSl KAK PETHUOHAJIBHBIE, TaK U Te-
JIECEMCMHUYECKUE CEUCMOCTAHIINU, a TOTOMY JIO-
KaJIbHble 0COOEHHOCTH PacIpOCTPaHEHUs celc-
MUYECKUX BOJH HE JOJIKHBI OKa3blBaTb CTOJIb
3amMeTHOro BiusHUA. OJHAKO JaHHBIE PACUETHI
BBIXOJIAT 3@ paMKH HacTosdllell paboTel. B cTaTbe
[4] npuBeneHa Takas 3aBUCUMOCTb, IOJy4EHHAs
JUIs oueHb HeOounbloil BbIOOpkU (N = 46) Ky-
PUIIBCKUX 3€MJIETPSACECHUIM:

M, = 1.15(x0.26) M| —1.19(=1.29).  (14)

VY4auThiBasi BBICOKYIO IOTPEIIHOCTH IIONY-
YeHHBIX KO3(PHUIMEHTOB perpeccuu, 3Ty 3aBU-
CUMOCTh CJIO)KHO PEKOMEHJIOBAaTh K HCIIOJIB30-
BaHMIO. B KadyecTBe anbTepHAaTHBHOTO BapHaHTa
MOXXHO NPHMEHHTh 3aBHCHMOCTb MeXay M,
1 M, mony4eHHyI0 aBTOPOM Ha OCHOBE OOIBIIO-
ro konuuectBa JaHHBIX (N = 964) o HermyOoKux
(h <60 xm) 3emuterpsicenusix Kypumno-Oxorckoro
peruona [20]:

M, = 1.28(x0.06)M, — 1.86(0.29), (15)

B MPENOI0KEHUH, UTO MJ =~M,.

Ha puc. 3 ¢ noka3zansl napbl 3Ha4€HUN Mar-
HuTyn M, u M xaranora CaxaJMHCKOTO pErHOHa
¢ 2017 mo okts6pp 2024 r. O6e nuHUH, OTBEYa-
tomue Beipaxenusm (14) u (15), mpoxoasr npu-
MEpPHO 4yepe3 LEHTp o0Jiaka 3HAUEHUl, B CTOPOHE
OCTaeTcs JIMIIb HECKOJIbKO Haubosee ciadbIx co-
ObiTuil ¢ M < 3.0, ompeneneHue MarHuTybl KO-
TOPBIX HECKOJIBKO COMHHTEIIBHO, TaK KaK Ha pac-
cTossHUA A > 1° MOBEPXHOCTHBIC BOJHBI CIIAOBIX
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CEeWCMHYECKUX COOBITUN YaIlle BCEro CIOKHO OT-
JUYUTH OT celicMudeckoro myma. Obe mpemio-
KEHHbIE (DOPMYJIBI C IPUMEPHO OAMHAKOBOM (J10-
BOJIbHO HU3KOM) TOUHOCTBIO MO3BOJISIIOT OILICHUTH
BEJIMYMHY M, PpErHOHAJBHBIX 3EMIIETPSICCHUM
repecyeToM u3 M|, a CieoBaTenbHoO, MONTyIUTh
OIIEHKY CEHCMUYECKON YHEPTUU.

Hpyrum BapraHTOM pacyeTa CerMcMUYECKOU
SHEPTUM KOPOBBIX 3EMIIETPSICEHUM, 4acTO MpH-
MensembiM B prnmanax OUIL EI'C PAH [9], sB-
JISI€TCSl UCIIOJIb30BaHUE YHEPreTHUECKOro Kiacca
Paytuan [6]:

gk =K, (16)

[IpumenuB I mepecdyera MOIy4YEHHBIE CO-
oTHomIeHUs (4) u (9), MOXKHO IMOJYYUTh OLEHKY
ceficMUYeCKol PHEpPTUu Ui BCEX CIadbIX U yMe-
peHHO-CHIIBHBIX (M < 5.6) KOPOBBIX 3eMIIeTpsICe-
Hult CaxanuHcKoro peruoHa. /s 6osee cuiabHbIX
cOOBITHI OOBIYHO IOCTYIIEH BapUaHT C HEMOCPEI-
CTBEHHO OIpPENENIEeHHON MarHuTynoid M u dop-
mysnoi (13). Heobxomumo yuuThIBaTh, YTO 3a-
TyXaHHE CEHCMUYECKON DPHEPIrUU B 36MHOU KOpe
CaxaJIMHCKOTO PETHMOHA BBIIIE, YEM B YCIOBHSIX
KOHTHHEHTAJIbHON KOPBI, IOTOMY HCIOJIb30BaHHUE
K, MOXeT IPUBECTH K €€ HETOOLCHKE.

Takum oOpa3om, poOIeMy OLEHKH ceficMu-
4eCcKo 3Hepruu semieTrpsicenuii karanora PMOIL]

«tOxHO-CaxanuHCK» TIOKa HENb3s CUUTATh pe-
IIEHHOH, HEOOXOIMMO OOJIbIIIEe KOJIMYECTBO JaH-
HbIX. [IpeayiokeHHbpIe BapuaHThl MOXKHO paccMa-
TPUBATh KaK BPEMEHHYIO MEpY.

ITonyuennsie mMerogoM GOR cooTHomie-
HUsS coOpanwl B Tabn. 2. B rpade «amanazon
NPUMCHCHUS» TPUBEICHBI T'PAHUIIBI TPUMEHH-
MOCTH I BEJIUYHMHBI, yKa3aHHOW B CKOOKax
B rpade «cpaBHHUBaeMbI€ BEIUUYUHBIY. C ydeTOM
0OBIYHO JIMHEHHOHN CBSI3U MEK1Y OJJHOTUITHBIMU
MarHuTyJlaMi 1Mo OObEeMHBIM BOJIHAM, OTMpeJe-
JASEMBbIMUA B OJIM3KUX YaCTOTHBIX JHMAIla30Hax
(K KOTOPBIM C OTOBOPKOH Ha MacmTad MOXXHO
OTHECTH W DHEPreTUYECKHE KIJIACCHI), TPAHUIIBI
NPUMEHUMOCTH MOXXHO HEMHOTO PacHIUPUTh
B 00€ CTOPOHBI.

3akntoyeHue

[Toarorosnen pabounii Karajaor napaMmeTpoB
3emuieTpsiceHnii CaxaJnHCKOrO pernoHa 3a rnepu-
oz ¢ 2017 no oktsa6ps 2024 1. mo panusM PHUOIL]
«OxHO-CaxanuHCK», BXOISILIETO B CTPYKTYpY
Cd ®UIl EI'C PAH. Ha ux ocHOBe paccyuTa-
Hbl CpEeJIHIE CTAHJAPTHBIC OIIMOKH OIpPEeICHHs
JIBYX MarHUTyJ U JIByX SHEPreTHYeCKUX KJIacCOB
3eMJIETPSICCHUN, Hanbosee 4acTo BCTPEUAOLINX-
cs B karajore PUOLI,.

Taéauua 2. PerpeccoHHBIE COOTHOIIEHUSI MEXKAY SHEPreTHUECKUMH XapaKTepUCTUKaMu 3emiieTpsiceHrit CaxaluHCKOTO
peruona no ganHbeiM PUOL] «tOsxu0-Caxanuuck» u JMA, nonyuennsie MerogqoM GOR

Table 2. Regression relationships between the energy characteristics of earthquakes in the Sakhalin region according to the
“Yuzhno-Sakhalinsk” RIPC and JMA data obtained by the GOR method

No CpaBHUBaeMbIe - N Se Perpeccruonnoe Jwnamnazon
BEJIMYUHBI COOTHOIIICHUE MIPAMEHUMOCTH

1 | M (K) 0.25 1257 0.249 M, = 0.68(x0.01)K,— 3.27(£0.11) 5.0-13.0

2 | M(K) 0.29 545 0.291 M, =0.63(x0.02)K ~ 1.79(+0.14) 3.5-11.0

3 I MM,,)c 0.63 243 0.309 M, =1.95=0.27)M,,,, —4.81(x1.07) 3.0-5.0

4 | MM,,,)d 1.11 96 0.176 M, =1.21=0.16)M,,,, — 1.21(=0.64) 3.0-5.5

5 | KA(K},) 0.85 364 0.280 K.=1.05(0.0H)K, - 2.07(+0.29) 5.0-12.0

6 ML(MJ.) c 2.41 136 0.195 M = 0.95(ﬂ:0.07)Mj +0.11(%£0.20) 2.0-4.5

7 ML(MJ.) d 1.42 95 0.227 M, = O.9O(i0.13)Mj +0.61(+0.45) 2.5-5.0

Ipumeuanus. Jlomycku kK03(GHUIMEHTOB PETPECCUH IPUBEEHBI T 95% MOBEPUTENBHOM BEPOSITHOCTH. N — KOJIMIECTBO Tap
3Ha4YeHMH, Se — ommnbka perpeccuu. [Tomersl ¢ u d 03HaYaIOT COOTHOLICHHUS, OIYYEHHBIE, COOTBETCTBEHHO, JUIsi KOPOBBIX
(h <40 xm) 1 mry6okux (h = 250—-600 kM) 3eMIIETpsICEHHI pETHOHA.

Notes. The regression coefficients are given with confidence level of 95%. N, number of pairs of value; Se, regression error. The
marks ¢ and d indicate the relationships obtained for crustal (h <40 km) and deep (4 = 250—-600 km) earthquakes respectively.
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Cacgporos [.A.

Metonqom  0000IIEHHOW  OPTOTOHAIHHOM
perpeccun (GOR) paccuuTaHbl COOTHOIIEHUS,
CBSI3BIBAIOIIME MAarHUTyAy KOpOBBIX (2 < 40 kM)
3eMJIETPACEHHI M| 1 SHEpreTHYecKue Kiacchl K,
1 K .. D10 mo3BosseT yHupuuupoBarh o Jr00i
W3 3TUX BEJIMYMH MArHUTYAY Karajora 3eMJIeTpsi-
cenuil CaxanMHCKOro perunona. Taxke momyde-
HbI TIEPEXOIHBIE COOTHOUIEHUS K M| OT KOPOTKO-
MEPUOAHON MAarHUTY/bI MPVA KaK sl KOPOBBIX,
Tak W Ui T1y0oKo(poKycHbIX (A = 250—600 k™)
3emiieTpsiceHrii. OJHAKO B CBA3M C MajbIM KO-
JINYECTBOM OTNpeeNeHnit M, 9TH 3aBUCHMOCTH
OCTAIOTCSl HE CIIUIIKOM HaJEeKHBIMU U HYXKIAIOT-
Csl B yTOUHEHUH MOCIIe HAKOTIEHHUS OOJIBIIETO KO-
JINYECTBA JaHHBIX.

ITonyueno cootHomenue Mexay M, v mar-
HUTYI0U SIMOHCKOTO METEOPOIOTNYECKOTO areHT-
crea M. TlonTeepxieHo s HerTyOOKHX 3emJie-
Tpsicennit CaxaauHa MPUMEPHOE PABEHCTBO KA
M = M, [4]. dna ITyOO0KO()OKYCHBIX COOBITHI
OTMEYEHA HEKOTOPask HEMOOLECHKA BEIUYMHBI M|
OTHOCHUTEIIBHO Z\IJ

Ha ocHoBe uMmerommxcsi JaHHBIX YAaJoCh
M0Ka3aTh, YTO IMOJYYEHHbIE PaHEE IO KypUJib-
CKOMy Karayory 3sasucumoctu M, (M) [4] u
MLH(]WJ. =M, ) [20] MOTYT NOCITY>KUTb BPEMEHHBIM
pelIeHreM mpoOeMBbl Mepexoaa OT YHOMSHYTBIX
BBILIE DJHEPreTHUYECKUX XapaKTEPUCTHK 3eMJie-
TPSACEHUI K MarHUTYJIaM 10 TOBEPXHOCTHOM BOJI-
He M mubo M, 4T0 HEOOXOMMMO Ui pacyera
ceficmuueckoit sHepruu no ¢opmyne ['yrenbep-
ra—Puxrepa. B kauecTBe aJIbTEpHATUBHOIO BapU-
aHTa MOXKHO IEPEITH Ha pacyeT 3HEPIrUu 3emiie-
TpsiceHU# uepes K, XOTs B 9TOM CIly4ae CBSA3aTh
HOBBIE JAHHBIE C OLICHKAaMH SHEPTUU 3eMIIETpsiCce-
HUM HPOILIBIX JIET OyAET 3aTPYIHUTEIBHO.

B nanpHelimeM mnpeanosnaraercs ¢ y4yeToM
HOBBIX JIAHHBIX MPOBECTH aHAJOTHYHYIO paboTy
[0 YTOYHEHHUIO MEKMATrHUTYIHBIX 3aBUCUMOCTEMN
karanora PUOL] «}Oxno-Caxanunck» ansa Kypu-
110-OXOTCKOTO peruona, a takxe s [lpuamypbs
u IIpumopss. Tak kak B Kypuno-OxoTckom peru-
OHE TIPOUCXOAMT OOJIbIIE CHIBHBIX 3eMJeTpsice-
HUH, 3TO MO3BOJIUT IIOJyYUTh YCTOWUYUBBIC CBS3U
C PEIKO BCTPEYAIOUIMMUCS B CaXaJUHCKOM KaTa-
JIOT€ MAarHUTYJIaMHU Ms, MPV.
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Abstract. The paper summarizes the results of field tectonophysical studies of Sakhalin Island conducted by different
researchers at different times. Information about the main characteristics of the stress-strained state of the upper part
of the Earth’s crust (principal stress axes, stress state type, Lode—Nadai coefficient, bedding planes) was obtained as
a result of computations using methods of cataclastic analysis of discontinuous displacements, structural-paragenetic,
kinematic, conjugate pairs of faults. The input data for the calculations were the materials of field measurements of
fracturing, slickensides and structural patterns. The results obtained in the present and previous works on Sakhalin field
tectonophysical research are represented in summary tables that include data on local stress states for 264 observation
points. The results are incorporated to GIS, the Isoline GIS software is used for the database management system.

Keywords: fracturing, slickensides, stress-strained state of the Earth’s crust, principal stress axes, Lode—Nadai
coefficient

TekToHOM3N4Yeckasa umdpoBas basa gaHHbIX
Tepputopumn octposa CaxanuH

I1. A. Kamenes'®, A. B. Mapunun?, JI. A. Cum?, JI. M. Bocomonos',

A. P. Jlykmanoé*, B. A. Jleemspes'
@E-mail: p.kamenev@imgg.ru
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2 Unemumym gpusuxu 3emnu um. O.FO. HIvuoma PAH, Mockea, Poccus

Pe3tome. Baza texktoHOpU3MUECKUX NaHHBIX 1O 0. CaxaliH, co3mnaBaeMasi KOJUICKTUBOM aBTOpoB n3 MHCTHTYyTa
¢uznkn 3emuu um. O.10. llImuara PAH n UncTtutyTa Mopckoii reosoruu u reodpusuxu [JBO PAH, o6o6maer pe-
3yJBTaTH MOJIEBBIX MCCIEAOBAaHUN Ae(opMaly TOPHBIX MOPOA U TEOJOTHYECKUX Tell Ha TEPPUTOPUH OCTPOBA 3a
nepuoz ¢ 1973 mo 2023 r. CBeneHust 00 OCHOBHBIX XapaKTEPHCTUKaX HaMPsKEHHO-1e(OpPMHUPOBAHHOTO COCTOSIHUS
BEPXHEH 4acTH 36MHO KOpBI (OCH TNIaBHBIX HAIPSIKEHUI, TUI HAPSKEHHOTO coCTOosTHUS, kKodddunment Jlone—Ha-
Jlau, 3JIEMEHTHI 3aJleTaHHsl CIOUCTOCTH) IONy4EHBl B Pe3ylabTaTe pacdeToB METOAAMHU KaTaKJIacTU4eCKOro, CTPYK-
TypHO-TIapareHeTHYEeCKOTO M KHHEMAaTHYEeCKOT0 aHaJIN3a, a TAKXKe COMPSDKEHHBIX Map CKoJIOB. VICXOMHBIMU TaHHBIMU
JUTSL pacYeTOB CITY>KMJIM TIOJIEBBIE 3aMEPhI TapaMeTPOB TEKTOHUYECKOH TPEIIMHOBATOCTH, 3epKajl CKOJIBXKEHUI U ApY-
THX CTPYKTYPHBIX HHIIUKATOPOB iehopMannii. Pe3ynbrarsl MojeBbIX TEKTOHODU3NUECKHUX UccaenoBanuii CaxainHa,
MOJTyYeHHBIE PA3HBIMH HCCIIEA0BATEeNIIMU B PAa3JINYHOE BPEMs, CBEJICHB B UTOTOBbIE TaOIMIIbI, KOTOPBIE BKIIOYAIOT
JIAaHHBIE O JIOKAJILHBIX CTPECC-COCTOSTHUAX is1 264 Touek HaOronenus. [lanneie naterpuposansl ¢ ['MIC; B kauecTBe
CUCTEMBI yIpaBlieHHs 0a30i TaHHBIX UCIIOJIB3YeTCs IporpaMMHbIil koMIuteke Isoline GIS.

KntoueBble cnoBa: TpeiinHOBaTOCTh, 3epKaia CKONbKEHHSI, HAMPSDKEHHO-Ae(OPMHUPOBAHHOE COCTOSHUE 3€M-
HO KOpBI, OCH IIAaBHBIX HanpspDKeHUH, koapduiuent Jlone—Hanau
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Introduction

Tectonophysics is a relatively nascent sci-
ence, yet it possesses a robust methodological
framework, both independently and in conjunc-
tion with techniques from other disciplines [1].
Currently, tectonophysical methods are actively
employed to address problems in geodynamics,
tectonics, structural geology, geomechanics, ex-
ploration and exploitation of mineral deposits.
In an applied context, only these methods enable
the reconstruction of the stress-strained state of
the Earth’s crust, for example, at mineral depos-
its [2, 3]. In fundamental research, these methods
assist, in particular, in refining the boundaries of
tectonic plates [4].

On Sakhalin Island, tectonophysical meth-
ods were actively implemented in the coal indus-
try in the late 20th century to predict hazardous
dynamic and gasodynamic phenomena (rock
bursts, coal and gas blowouts). Such events oc-
curred at the Boshnyakovo and Lopatinskoe de-
posits in Sakhalin mines [2]. Subsequently, the
method of cataclastic analysis of discontinuous
displacements [5] was utilized to reconstruct the
tectonic stresses of the island, incorporating data
on earthquake focal mechanisms [6]. In recent
years, field tectonophysical studies have been re-
sumed in the articles of L.A. Sim and colleagues
[4, 7, 8], and continued by researchers from the
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HccenenoBanns MpoBOAMIINCE B paMKax roc3ananus MHctn-
TyTa MOpcKoii reonoruu u reopusnku JJBO PAH (FWWM-
2021-0001) u roczamanuss MHctuTyTa OU3MKK 3eMIH
uMm. O.1O. Imuara PAH (FMWU-2025-0036).

Astopsl npusHarensHbl F0.B. KoctpoBy 3a momoris B mpo-
BEJICHUU TIOJICBBIX HccienoBanuii. Ocobas 01aroqapHOCTh
B.M. fxoBneBy u B.B. fIkoBneBy 3a npenocTaBieHHbIH Na-
KeT nmporpammHoro odecrneyenus Isoline GIS.

Schmidt Institute of Physics of the Earth of the
Russian Academy of Sciences in collaboration
with researchers from the Institute of Marine Ge-
ology and Geophysics of the Far Eastern Branch
of the Russian Academy of Sciences (IMGG
FEB RAS) [9, 10].

Field tectonophysical investigations on
Sakhalin are conducted using GIS technologies.
This has facilitated the creation of the Sakhalin
Island Tectonophysical Database, registered with
the Federal Service for Intellectual Property in
2024 [11]. This database encompasses research
results from 2020-2023. The objective of the
present work is to systematize tectonophysical
information obtained using field tectonophysical
methods on Sakhalin Island from 1973 to 2023,
for its introduction into scientific circulation with
open access to all interested researchers. This in-
cludes documenting features indicative of past
deformation, such as fracturing patterns and the
orientation of slickensides, allowing for calcula-
tion of principal stress axes and determination of
the Lode—Nadai coefficient to characterize the
deformation regime.

Area and materials of study

The geological structure of Sakhalin Island
predominantly comprises Cretaceous-Cenozo-
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ic sedimentary rocks with a minor proportion
of volcanogenic formations [12, 13], with the
exception of several formations in central and
eastern Sakhalin. These exceptional forma-
tions consist of volcanogenic ultramafic and
metamorphosed strata with a paleontologically
validated age ranging from the Silurian to the
Jurassic periods [14]. The relatively young age
of the sedimentary rocks renders them highly
susceptible to exogenic processes, manifesting
as intense weathering. A significant part of the
island is characterized by low-lying terrain lack-
ing bedrock exposures.

The study area encompasses the entirety of
Sakhalin Island where infrastructure facilitates
access to outcrop locations. Beyond challenges
related to transportation infrastructure, field in-
vestigations encounter further difficulties. Dur-
ing winter, snow cover precludes field work. In
the summer season, luxuriant vegetation compli-
cates both the detection of outcrops and access
to them. Conducting marine traverses along the
coastlines is hindered by severe weather condi-
tions, a limited navigation and field work season,
the absence of access roads, the presence of a
border zone, and other factors.

Consequently, as of today, the northern
part of the Schmidt Peninsula, the majority of
the North Sakhalin Plain, the eastern coast of
the island from Lunsky Bay to the village of
Pogranichnoye, the Tym-Poronaysk Lowland
and Terpeniya Peninsula, and the eastern coast
of Krillion Peninsula remain poorly studied or
unstudied.

Our field investigations yielded reliable data
on various types of geological stress/strain indi-
cators. Joints, without visible evidence of dis-
placement, is the most widely represented. Less
frequently observed are joints with mineraliza-
tion in the form of crystals and druses, mineral
crusts, as well as those lacking mineralization.
Particular attention was paid to measurements of
slickensides; tectonic stress reconstruction was Map of the study area with the observation poins
primarily conducted based on these features, and Kapra paiiona mccieiosanus ¢ HaHCCCHHBIMI/.I e Hee
accordingly, they constitute the foundation of the rtouxamu na6monenus.
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present work. In reconstructing stresses spatially
associated with coal deposits in western Sakha-
lin, faults ranging from large-amplitude (dis-
placement exceeding 1000 m) to fractures (less
than 10 cm) were utilized. However, large-ampli-
tude and medium-displacement (less than 10 m)
faults, depicted on tectonic maps of areas with
coal deposits, are most fully represented. These
data were used for tectonophysical reconstruc-
tion, allowing for inference of the stress-strained
state of the Earth’s crust.

In some observation points, the replacement
of certain geological stress indicators by other
disjunctive features was recorded. This allowed
for the identification of the relative sequence of
structural formation.

Unfortunately, the scope of the present work
precludes the detailed presentation of all avail-
able information. The majority of the research
results have been published in our previous ar-
ticles [3, 4, 7-10], with the corresponding level
of detail. Full-scale and detailed results for all
study areas are planned for regular posting on a
dedicated page of the website of the Institute of
Marine Geology and Geophysics of the Far East-
ern Branch of the Russian Academy of Sciences.

As of today, the database of field tectono-
physical investigations includes information for
264 observation points. An overview map, indi-
cating these points, is presented below.

Methodology

The data utilized in this study were primar-
ily obtained through the method of cataclastic
analysis (MCA) of discontinuous displacements
[5], as well as the structural-paragenetic method
of analyzing minor disjunctive structures [15],
O.I. Gushchenko’s kinematic method [16], and
M.V. Gzovsky’s method of conjugate shear frac-
tures [17]. Furthermore, L.A. Sim’s method of
generalizing — averaging — the stress field [18]
was employed for the synthesis of field tectono-
physical data. For processing field measurements
of slickensides with established displacement
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kinematics, the method of cataclastic analysis
[5] and the specifically developed STRESSgeol
software [19], based on this method, were used.
In addition, a modified algorithm of this method
was also applied to process a series of measure-
ments [20].

Quantitative and qualitative characteristics
of the reconstructed local stress states were de-
termined using the method of cataclastic analy-
sis. The main characteristics include the angular
orientation of the principal stress axes, as well
as the magnitudes of the stresses themselves,
the type of stress state, and the Lode—Nadai co-
efficient. The basic principles of the method of
cataclastic analysis are based on the concepts of
quasi-plastic deformation of the geological me-
dium, as well as the tenets of plasticity theory
under conditions of maximum dissipation of in-
ternal elastic energy for the calculated stress
tensor. The STRESSgeol contains an automated
algorithm for separating all data into homogene-
ous samples, which define the temporal phases of
quasi-homogeneous deformation of the macro-
volume, ensuring the maximum value of the total
dissipation energy with the minimum number of
identified phases. This method allows for a thor-
ough examination of the stress-strained state of
the Earth’s crust.

The structural-paragenetic method of analy-
sis of minor disjunctive structures by L.M. Ras-
tsvetaev is based on the concept of quasi-plastic
deformation of the rock mass. This concept en-
sures the energetic efficiency of displacements
along previously formed discontinuities in the
rock mass [15]. The method involves the use of
the main types of geological stress indicators that
describe the overall spatiotemporal series of qua-
si-plastic deformation of the studied area of rock.
Minor disjunctive structures (tectonic fracturing)
form certain template structural patterns that are
interconnected by spatiotemporal characteristics
and can be considered as paragenetic associa-
tions, or structural parageneses. Field data were
synthesized in the form of structural diagrams
and then analyzed both as individual points and
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in a group manner in accordance with their place
in the tectonic structure of the study area.

O.1. Gushchenko’s kinematic method [16] is
applied in processing field data on both the posi-
tion of rupture planes and the orientation of slick-
ensides. The method is based on the postulate of
dislocation analysis, from which it follows that,
with a known orientation of the principal stress
axes, the direction of the displacement vector on
the plane of an arbitrarily oriented fracture lies
within the angle defined by the extreme values
of the Lode—Nadai coefficient. The inverse prob-
lem of reconstructing the orientations of tectonic
stresses that caused these displacements is solved
based on the orientations of the displacement
vectors on the ensemble of slickensides.

In M.V. Gzovsky’s method of conjugate
shear fractures, pairs of shear fractures — isoch-
ronous fractures that formed in a homogeneous
stress field are selected. The conjugacy of shear
fractures in two directions is determined by their
merging, mutual intersection, or opposite direc-
tions of displacement [17]. The line of intersec-
tion of these fractures coincides with the axis of
intermediate principal stress, and the bisectors of
adjacent angles coincide with the directions of
the principal stress axes.

Research results

From 2016 to 2023, a team of researchers
conducted several short-term and long-term ex-
peditions, including those for industrial purpos-
es. Most of the results from these field investi-
gations have been published [3, 4, 7-10]. Data
systematization resulted in a summary of pa-
rameters characterizing the stress-strained state
of the Earth’s crust (calculated from field meas-
urements) (see Tables 1 and 2 in the Appendix).
Table 1 presents: the coordinates of observa-
tion points 1-212; the orientations of the prin-
cipal stress axes (o, minimum (extension), c,,
intermediate, and c,, maximum (compression)),
reconstructed using cataclastic analysis (MCA)
based on structural-kinematic data from slicken-
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sides and joints; the type (environment) of the
stress state; the Lode—Nadai coefficient (n ); bed-
ding planes; and the number of measurements at
each point (total and those used for calculation in
the STRESSgeol). Table 2 (from data in [4]) pre-
sents the available information on the principal
stress axes. Data from [2, 3] reconstructing the
principal stress axes using M. V. Gzovsky’s meth-
od of conjugate shear fractures are also included.

Alongside other geological and geophysical
data [21], the results presented in this study are
integrated within a unified digital geoinforma-
tion system (GIS). Isoline GIS, provided by the
developers for educational and research purpos-
es, serves as our database management system.
While primarily oriented towards the oil and gas
and mining sectors [22], it provides a functional
interface for working with the digital tectono-
physical database. Simultaneous visualization
and interpretation of diverse geological and geo-
physical information enables research at a new
level. Furthermore, unlike results from past stud-
ies [2], this digital information is accessible to all
interested researchers.

Investigations conducted from 2016 to
2023 revealed differences in the geodynamic
setting between the eastern and western coasts
of the Schmidt Peninsula. Horizontal shear re-
gimes (shear type of deformation) predominate
throughout this area. The western coast is char-
acterized by a NW-trending orientation of the
axis of maximum compression and its subhori-
zontal attitude. The eastern coast is characterized
by horizontal extension regimes, typically local-
ized in the axial parts of anticlinal structures.
Directions of maximum compression are highly
variable in this region. The parameters defining
the stress-strained state of the Schmidt Peninsula
differ significantly from those of the remainder
of Sakhalin Island during the neotectonic period.

The central Sakhalin region exhibits a domi-
nant subvertical orientation of the axis of maxi-
mum compression and a subhorizontal, most of-
ten submeridionally oriented axis of minimum
compression (extension). Horizontal extension,
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as a type of stress state, is characteristic of the
entire central Sakhalin region. Horizontal com-
pression and shear regimes are significantly more
widespread in the western part of central Sakha-
lin. The number of horizontal extension regimes
increases in the eastern and axial parts, approach-
ing the Sea of Okhotsk.

Disruptive faults in the coal deposits of the
western coast of Sakhalin Island are character-
ized by two, and less frequently three or four,
density maxima on stereographic projections.
Because most of the studied deposits are char-
acterized by normal faults, fault elements whose
bedding form each pair of maxima can be consid-
ered as conjugate.

A general pattern identified across all depos-
its is the nearly horizontal position of the exten-
sion axis, which is oriented sub-meridionally. A
northerly to north-northeasterly trend of this axis
is characteristic of the Lopatinskoe, Lesogorsk,
Duysky, and Mgachi deposits, as well as a sig-
nificant portion of the Uglegorsk and Boshnya-
kovo deposits; this abruptly changes to a sub-
latitudinal trend in the southern Uglegorsk and
Boshnyakovo deposits. The compression axis is
oriented predominantly sub-latitudinally, with
minor deviations in the southern and northern di-
rections, and dip angles 30—70°.

Based on data from local stress states (LSS),
the regional field of southern Sakhalin was re-
constructed using the method of finding the “gen-
eral”, or averaged, field of tectonic stresses [18].
Two LSS were reconstructed in five homogene-
ously-axed volumes, and three LSS in one ho-
mogeneously-axed volume; the averaged stress
field was determined using 36 local compression
and extension axes. Their localization on a ste-
reogram allowed determination of the compres-
sion and extension cones and the regional stress
field with the following characteristics (defining
the principal stress axes and allowing calculation
of the Lode—Nadai coefficient, though those spe-
cifics were not measured in this case): 6, — 350°
210°% 6,—112°266° 6, —260°220% 1 —(-32°
283°); 1 —125°268°.
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Conclusion

This study provides a synthesis of key re-
sults from field tectonophysical investigations
conducted during different years by various re-
search groups at different times. The informa-
tion on 264 observation points is presented in
tabular format, containing crucial parameters of
the stress-strained state of the Earth’s crust in
Sakhalin. In contrast to the outcomes of previous
studies and analogous works in other regions,
our database is fully integrated with a GIS and
managed using the Isoline GIS software suite.

Thus, unique regional tectonophysical in-
formation has been combined, generalized, and
systematized, making it possible to leverage this
information for both fundamental and purely ap-
plied purposes, such as evaluating the stability of
wellbores, quarry walls, slopes, and other engi-
neering challenges. This enables a qualitatively
new level of field tectonophysical investigations
in conjunction with other geological and geo-
physical data. The database, which documents
the orientation of slickensides and the distribu-
tion of fracturing, allowing the inference of prin-
cipal stress axes and calculation of the Lode—
Nadai coefficient, is continually updated with
new results from field observations and will be
made publicly available on a dedicated page of
the website of the Institute of Marine Geology
and Geophysics of the Far Eastern Branch of the
Russian Academy of Sciences.
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Assessment of the tsunami in the Pacific Ocean caused

by the explosion of the Hunga Tonga—Hunga Ha’apai volcano
on January 15, 2022, using the express method

of operational forecasting*

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

Abstract. The aim of the study was to confirm the possibility of forecasting tsunamis of non-seismic (volcanic) origin
using the express method of operational forecasting. The surface wave formed as a result of the explosive volcanic
eruption on January 15, 2022 was a superposition of forced (baric) waves caused by an atmospheric pressure wave
and free (gravity) waves generated by the disintergration of the disturbance in the source. The express method of
operational tsunami forecasting was used to compute the gravitational component of the surface wave. The method
allows one to compute the tsunami waveform at any point in the ocean and near the coast in real time based on
the data from the sea level measurement stations. The computation of the tsunami on 15.01.2022, its gravitational
component, at the DART stations remote from the source was performed based on the data from the DART stations
51425 and 52406 closest to the volcano. For an adequate forecast, the information on the tsunami of the DART
stations closest to the source with the duration of a quarter of the first period is sufficient, which is especially
important in the operational mode. The result satisfies the definition of the concept of “tsunami forecast” formulated
by the Intergovernmental Oceanographic Commission of UNESCO. It has been confirmed that the express method
can provide a tsunami forecast regardless of the mechanism of its excitation. It remains unclear how adequate the
assessment of the amplitude of surface waves is based on the bottom pressure data is.

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

OueHka LyHamy B TUXOM OKeaHe, BbI3BaHHOIO B3pbIBOM BYJIKaHa
XyHra ToHra—XyHra Xaanaun 15 aHuBapa 2022 r.,
SKCnpecc-MeTo40M OornepaTtMBHOIO NPorHosa

FO. I1. Koponés®, I1. FO. Kopones
@E-mail: Yu P_K@mail.ru

Hrnemumym mopckoit 2eonocuu u 2eogusuxu J{BO PAH, FOxcno-Caxanunck, Poccust

Pe3tome. Ilenpo paboThl SBISIIOCH MOATBEPIKACHUE BO3MOXKHOCTH MPOTHO3UPOBAHUS IIyHAMU HECEHCMHUYECKO-
ro (BYJIKAHHYECKOTO) MIPOUCXOKICHHUS SKCIIPECC-METOJOM OTIEPaTHBHOTO MporHo3a. O0pa3oBaBmascs B pe3yabTarTe
B3pBIBHOTO M3BepeHus Byikana 15.01.2022 moBepxHOCTHas BOJHA MpPEACTaBIsLIa cO00H CyNEepHO3UIINIO BRIHYX-
JICHHBIX (0apUYCCKUX) BOJTH, BBI3BAHHBIX BOJHON aTMOC(EPHOTO NaBJICHHUS, U CBOOOTHBIX (TPABUTAIIMOHHBIX) BOJH,
TCHEPUPOBAHHBIX PACIaioM BO3MYIICHHS B odare. [lJis pacuera rpaBUTAI[MOHHON COCTABIISAIONICH MOBEPXHOCTHOMN

* The translation from Russian: Kopoues 10.I1., Kopones I1.1O. Onenka mynamu B THxoM OkeaHe, BEI3BaHHOTO B3pBIBOM ByiikaHa XyHra ToHra—XyH-
ra Xaamnaii 15 stuBapst 2022 1., 9KCIpecc-MeToIoM ornepariBHOro nporHosa. [Electronic resource]. [ eocucmemst nepexoonsix 3om, 2025, 1. 9, Ne 1.
http://journal.imgg.ru/web/full/f2025-1-4.pdf; https://doi.org/10.30730/gtrz.2025.9.1.056-065. Translated by Yury P. Korolev.

TomHBIN TEKCT CTaThU Ha PYCCKOM SI3BIKE CM. Ha caiiTe xypHana «/ eocucmemol nepexooHsix 30n»: http://journal.imgg.ru/web/full/f2025-1-4.pdf
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Assessment of the tsunami in the Pacific Ocean caused by the explosion of the Hunga Tonga—Hunga Ha’apai volcano

BOJIHBI TPUMEHEH YKCIIPECC-METO/I ONIEPATUBHOTO MPOTHO3a IfyHaMu. Crioco0 MO3BOIISAET 10 TaHHBIM CTaHIIHHA H3Me-
pEeHUS YPOBHA OKeaHa B PEKHME PealbHOTO BPEMEHH PacCUUTHIBaTh POPMY IIyHAMH B 000 TOUKE OKeaHa M BOIH-
3u mobepexns. Pacuer mynamu 15.01.2022, ero rpaBUTAIIIOHHON COCTABISIONICH, HA YIAICHHBIX OT 0Yara CTaHIIAAX
cuctembl DART BeINONHEH 1O JaHHBIM Ommkadmux K BynkaHy crannuii DART 51425 u 52406. [Ins agexBaTHO-
TO TPOTHO3a TOCTATOYHO WHPOPMAIUH O IyHaMH OMbkalimmx K odary craHmuii DART mIuTensHOCTBIO YETBEPTh
MEPBOTO MEPUOA, YTO OCOOCHHO BaXKHO B YCIOBHSX ONEPATUBHOTO pexuMa. Pe3yiabTaT yIoBIETBOPSACT OMpeciie-
HUIO MOHATHUS IIPOTHO3 I[YHAMUY, C(HOPMYITHPOBAHHOMY MeXNpaBUTEIbCTBCHHON OKeaHOTpauIecKoil koMuccuei
FOHECKO. IToarBepxkaeHo0, 4TO 9KCIPECC-METOA MOXKET JIaBaTh MPOTHO3 IIyHAMU HE3aBUCHMO OT MEXaHU3Ma ero
B0o30yxaeHus. OcTaeTcss HEBBIACHEHHBIM BOMPOC, HACKOJIBKO aJIeKBAaTHOM SIBISIETCS OLIEHKA aMIUIMTYIbI MOBEPX-
HOCTHBIX BOJIH IT0 JJaHHBIM O JaBJIEHUH Ha JHE.

KntoueBble cnoBa: iyHamu, ONepaTuBHbINA NPOTHO3 IyHAMH, CIIYXKObI MPEAyNPEKACHUS O [yHamu, TUXHii OKeaH,
M3MEPEHUs YPOBHS OKeaHa, BOJIHBI JIamMOa, BBIHYK/ICHHBIE BOJIHBI, CBOOOJHBIE BOJHBI

For citation: Korolev Yu.P., Korolev P.Yu. Assessment of the tsunami in the Pacific Ocean caused by the explosion of the Hunga Tonga—
Hunga Ha’apai volcano on January 15, 2022, using the express method of operational forecasting. Geosistemy perehodnykh zon = Ge-
osystems of Transition Zones, 2025, vol. 9, No. 1, pp. 56-65. (In Russ. & in Engl.). https://doi.org/10.30730/gtrz.2025.9.1.056-065;
https://www.elibrary.ru/kktwzl. [The translation from Russian: Kopones FO.IT., Kopones IT1.}O. Ouenka nyHamu B Tuxom okxeawe,
BBI3BAaHHOTO B3pHIBOM BynkaHa XyHra Tonra—XyHra Xaanaii 15 ssuBapst 2022 r., 9Kcripecc-MeToioM ornepariuBHoOro nporuosa [Electronic

resource]. I 'eocucmemut nepexoouvix 30n, 2025, 1. 9, Ne 1. http://journal.imgg.ru/web/full/f2025-1-4.pdf]

Introduction

A powertful explosive eruption of the Hunga
Tonga—Hunga Ha’apai volcano (hereinafter Ton-
ga) occurred in the South Pacific Ocean on Jan-
uary 15, 2022*. It is estimated to be the largest
underwater volcanic eruption in almost a century
and a half since the catastrophic destruction of
Krakatoa in Indonesia in 1883. The volcanic is-
land formed shortly before the eruption was com-
pletely destroyed. The products of the explosion
rose to a height of 58 km [1]. The effect of the
explosion was observed in all environments: the
ionosphere, the atmosphere, in the ocean and on
its surface [2].

The eruption of the volcano caused a cata-
strophic tsunami on the nearby islands of the Ton-
ga archipelago: up to 22 m at a distance of about
90 km from the volcano. The tsunami caused dam-
age not only to nearby island nations, including
the Kingdom of Tonga and Fiji, but also to coastal
areas along the Pacific coast, including New Zea-
land, Japan and Peru [1]. Run-ups of up to 1.3 m
were observed in Japan, over 3.5 m in California,
about 1 m in Chile and up to 1 m in Peru*.

The high-pressure wave in the atmosphere
was recorded by many barographs not only on the
islands of the Pacific Ocean, but also on the con-
tinents. The pressure wave above the ocean sur-
face (also called the Lamb wave), propagating at
a speed close to the speed of sound in the atmos-
phere, caused disturbances of the free surface of
the ocean in the form of a forced wave moving at
the same speed. Hereinafter, such a wave is called
a baric wave. Along with this, changes in the water
surface level in the explosion area generated grav-
ity (free) waves in the ocean, propagating at the
speed of long waves. Baric and/or gravity waves
were recorded by many deep-sea bottom stations
of the DART system (NOAA Center for Tsunami
Research**) in the Pacific Ocean (according to
National Data Buoy Center NOAA; https://ndbc.
noaa.gov/to_station.shtml). A small number of
stations recorded both waves from the moment of
arrival of the baric wave. Due to the difference in
propagation speeds, the gravity wave noticeably
lags behind the baric wave. The amplitudes of the
baric and gravity waves, according to the data of
deep-sea stations, are comparable even at large
distances from the disturbance. The attenuation

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

(accessed 08.02.2025).
** http://nctr.pmel.noaa.gov/Dart (accessed 08.02.2025).
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of the amplitude of baric and gravity waves is the
same and inversely proportional to the square root
of the distance from the source [3]. Waves of this
type, described in the space of two variables, have
a leading edge and no trailing edge. The oscilla-
tions behind the front, decreasing, continue for a
long time.

The mechanism of waves excitation, both in
the atmosphere and on the ocean surface by the
processes that occurred in the eruption center of
the Tonga volcano, is quite complex. It is possible
that pressure waves in the atmosphere were not
caused by a single explosion. In [4], it is assumed
that five explosions of varying intensity occurred
in the area of the volcano within half an hour or an
hour. A rapid (explosive) change in atmospheric
pressure is itself a source of gravity waves. The
shift (repulsion) of water masses and/or products
of the destruction of a volcanic island can also be
an additional source of gravity waves. In any case,
surface waves are a superposition of baric and
gravity waves after the arrival of the latter at the
observation point.

Various aspects of phenomena in the atmos-
phere, on the surface and on the ocean floor are de-
scribed in numerous works. Pressure waves in the
atmosphere based on natural data were analyzed
in works [5, 6]. Numerical modeling of pressure
waves based on a specially constructed source
was performed in the article [3]. The influence of
atmospheric pressure waves on the generation of
waves on the ocean surface based on numerical
modeling was studied in [3, 7-12] and on the web-
site of the NOAA Center for Tsunami Research*.
The process of generating gravity waves as a re-
sult of disturbances of the water surface in the
source was considered using a numerical model in
[3, 13]. The parameters of the disturbance source
were selected based on the degree of coincidence
of the waveforms of the computed and recorded
waves in the ocean.

In work [14], a one-dimensional model of ex-
citation of forced waves in a liquid layer under the
action of a high-pressure wave in the atmosphere
was considered. It is shown that the amplitude of

the bottom pressure variations is higher than the
amplitude of the pressure variations above the free
surface by a factor of U?/(U?-gH), where U is the
pressure wave velocity in the atmosphere, H is
the depth of the liquid layer, and g is the grav-
ity acceleration. The validity of this statement is
verified by comparing the data on the ocean floor
pressure measured by the deep-sea stations DART
21418, 21420, and 51407, and the data from the
land-based barographs closest to these stations [2,
14]. The amplitude of the bottom pressure varia-
tions, expressed in centimeters of water column, is
higher than the amplitude of forced waves on the
free surface by a factor of U%/gH. The effects stud-
ied in [2, 14] were not considered in the above-
mentioned works.

The all above-mentioned works did not dis-
cuss issues related to the operational tsunami fore-
cast. It was only noted that the existing tsunami
warning services were not prepared for forecast
this type of event [3, 5, 8]. It is proposed to sup-
plement existing methods of short-term tsunami
forecasting with algorithms that allow taking into
account the excitation of tsunamis by atmospheric
pressure waves [1, 3-5, 8].

The US Tsunami Warning Service, relying
on the current NOAA method, also known as the
SIFT method**, did not form a forecast for the
15.01.2022 tsunami, its gravity component, due to
the fact that there are no corresponding synthetic
mareograms in the database for the eruption area.
In accordance with the methodology underlying
the method, a tsunami was computed in the Pa-
cific Ocean after the event. To obtain the gravity
wave form, synthetic mareograms were computed
from 9 Gaussian sources in the focal area of the
volcano. Tsunami wave forms at remote locations
were calculated using the computed synthetic
mareograms and data from three DART stations.
The data from these stations did not include the
initial parts of the records corresponding only to
baric waves. The superposition of baric and grav-
ity waves in the DART records complicated the
tsunami analysis and the source inversion process
for event modeling (https://nctr.pmel.noaa.gov/

*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 08.02.2025).

** NOAA Center for Tsunami Research: Tsunami Forecasting. URL: https://nctr.pmel.noaa.gov/tsunami-forecast.html (accessed 08.02.2025).
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tonga20220115/). The amplitudes of the com-
puted waves are generally reproduced, even for
remote locations. The difficulty of inverting the
mixed DART records may be the main reason for
some of the model’s shortcomings.

For other events, the sea level data used for
forecasting may also be distorted by the presence
of signals (noise) as a result of seismic waves
passing along the ocean floor. This is possible
when the sea level monitoring stations are close
to the source, for example, the DART 46409 sta-
tion during the event on 23.01.2018 near Kodiak
Island. In such cases, difficulties with identifying
the tsunami itself may arise. The tsunami compu-
tation based on sea level data containing seismic
noise is carried out in [15], where it is shown that
the calculated waveforms may be distorted, but,
nevertheless, allow us to assess the degree of dan-
ger of the expected tsunami.

The tsunami forecast for 15.01.2022 could
have been made using the express method of op-
erational tsunami forecast [16]. Previously [17,
18], when modeling the 2011 Tohoku tsunami,
it was shown that the method gives an adequate
result, despite the fact that the tectonic excitation
mechanism was accompanied, presumably, by an
underwater landslide [19]. The method is approxi-
mate, but allows for an adequate assessment of the
expected tsunami at a given point in real time.

The aim of the work
and problem statement

The aim of this study was to confirm the ap-
plicability of the express method of operational
forecasting in cases of tsunami generation by non-
seismic sources. The eruption of the Tonga vol-
cano is a good example to demonstrate the capa-
bilities of the express method.

In accordance with the algorithm of the ex-
press method [16], auxiliary computations of
waves from an elementary circular source with a
center coinciding with the epicenter of the volcan-
ic eruption were carried out to construct the trans-
fer function. No assumptions were made about
the mechanism of excitation of these waves. In
operational mode, the computation is performed
immediately after receiving information about the
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coordinates of the tsunami source. Based on data
on tsunamis in the ocean, the expected tsunami
waveforms at specified points are calculated using
the transfer function. In real time — after receiv-
ing information about the passage of a tsunami
through an ocean level measuring station. In the
event on 15.01.2022, the data from the bottom sta-
tions DART 51425 or 52406 closest to the explo-
sion site were used for the forecast. Only the part
of the record containing the gravitational compo-
nent was used. The computation was performed
for the DART stations whose records contain both
baric and gravitational components.

Unlike the NOAA method, only one elemen-
tary source was used for auxiliary computation;
the tsunami calculation was performed based on
data from one DART station.

In operational conditions, it is advisable to
use, if possible, short segments of the DART sta-
tion data series (for example, a quarter of the first
period) to form a forecast. The quality of the com-
putation (forecast) is assessed by the possibility
of adequately determining the degree of danger
of the expected tsunami when compared with the
available actual data.

Results and discussion

Preliminary experiments

The computation area diagram of numerical
experiments with the indication of the epicent-
er and location of the DART system stations is
shown in Fig. 1. The coordinates of the stations
were taken from the National Data Buoy Center
website (https://ndbc.noaa.gov/to_station.shtml).

To check the adequacy of further computa-
tions, tsunami waveforms at remote DART sta-
tions were preliminarily calculated based on data
from the station closest to the source for different
durations: from a quarter of the period to a full
period and more. These data contain information
on both the gravitational and baric components,
which cannot be separated. The presence of the
baric component may affect the adequacy of the
gravity wave assessment at remote points. As an
example, Fig. 2 shows the results of calculating
waveforms at the DART 52401 based on data
from the DART 51425 for different durations (17,
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22, 30, and 42 min), corresponding to a gravity
wave.

Wave forms, natural and computed based on
initial data of different duration, from a quarter to
the full first period, generally coincide well. There
are minor discrepancies in the calculated forms,
which are due to the approximate nature of the ex-
press method, as well as the presence of a baric

Computation of gravitational components of
waves caused by the Tonga volcano eruption

The express method of operational tsunami
forecasting was used to compute gravity waves
generated as a result of the explosive eruption of
the Tonga volcano at points in the ocean where
DART stations are located (data taken from the

component in the initial data. A further increase of National Data Buoy Center website; https://ndbc.

the data segment does not lead to an improvement
of the forecast, since the data from the DART
51425 and the DART 52401 stations contain in-
formation about the baric wave. The result shows
that under operational conditions, the use of short
segments of a data series gives a completely ad-
equate forecast of the expected tsunami.

noaa.gov/to_station.shtml). For auxiliary com-
putations, an elementary source in the form of a
circular initial elevation of the free ocean surface
in the epicentral region of the eruption was used.
Data from the DART 51425 or the DART 52406
stations, which are closest to the epicenter of the
explosion, were used. The published data from the

Fig. 1. Map of the area used for computation. The asterisk shows the epicenter of the explosion. Five-digit numbers are the positions of
the DART system stations. The stations that registered both baric and gravity waves are marked in blue (in larger font).
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DART bottom stations on pressure are expressed
in meters. Parts of the records containing gravita-
tional components were used, the arrival of which
was determined by the travel time of the wave
from the auxiliary source. For the DART 51425,
this time is 120 minutes from the beginning of the
eruption, for the DART 52406 — 252 minutes. As
noted above, the records contain both baric and
gravitational components.

The computation was performed for the
DART stations in the ocean that recorded both
baric and gravity waves. The numbers of these
stations are shown in larger font in Fig. 1.

The initial data from DART 51425 are shown
in Fig. 2 in the left column at the top. The segment
of the series (a quarter of the first period) used for
the calculations is highlighted in red (from 120 to
137 minutes after the volcanic explosion).

The DART station data shown in Fig. 3 in-
clude both baric and gravitational components.

The results of the express method calculation
based on the data from DART 51425 with dura-
tion of a quarter of the first period are shown in
Fig. 3.

The computation shows the arrival of a grav-
ity wave, starting with a decrease in the level.
At some stations, the most distant from the source,
the amplitudes of the computed waves are lower
than the recorded ones. This is explained, firstly,
by the fact that the initial data for the computation
contain a baric component, and secondly, by the
fact that the records of remote stations also con-
tain both components.

Qualitatively, the waveforms of the calculat-
ed waves coincide with the low-frequency com-
ponents of the recorded waves, including the baric
and gravitational components. A detailed spectral
analysis of the signals was not included in the ob-
jectives of the work.

The results of similar computation based
on data from another station, DART 52406, are
shown in Fig. 4. The record of this station is
shown by a thin black line in Fig. 4 (left column,
above), where the segment of the series used for
the calculations is highlighted in red (a quarter of
the period, from 252 to 273 minutes after the vol-
canic explosion).

Fig. 2. The left column shows the data from the DART 51425 station of varying duration (17, 22, 30 and 42 min). The red line highlights
the section of the data series used for calculations. The right column shows waveforms at the DART 52401 station: natural (thin black
line) and computed based on the data from the DART 51425 station of varying durations (red line), starting from 120 minutes after the

start of the eruption.
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As shown in [2, 14], the amplitudes of forced
surface (baric) waves estimated from bottom sta-
tion data are apparently overestimated. The cor-
rection factor gH/U?* was applied to the part of the
baric component preceding the arrival of the grav-
ity wave in accordance with [2, 14]. The values of
the correction factors are given in the table. When
calculating the factors, the propagation velocity
of the atmospheric pressure wave was taken to be
312 m/s [14]. The corrected forms of baric waves
are shown in Fig. 4 with a thick black line. The
same figure shows the uncorrected data from the
DART stations (thin black line), including both
the baric and gravitational components. It is evi-
dent that the corrected amplitudes of forced waves
on the ocean surface are almost 2 times less than
those measured by the bottom sensors. The use of
a correction factor for data containing both baric
and gravitational components is not appropriate.

The same figure shows the results of comput-
ing the gravitational component (red line) based

on the DART 52406 station data. As in the pre-
vious example of computing based on the DART
51425 station data, the arrival of the gravity wave
begins with a decrease in the level. At some sta-
tions, the amplitudes of the calculated waves are
lower than the recorded ones, which are explained
by the presence of a baric component in the initial
DART 52406 station data for the computation and
in the records of remote stations. The structures of
low-frequency oscillations of the calculated and
actual ones generally correspond to each other.

The waveforms of the gravitational compo-
nents of the waves computed based on the DART
51425 and DART 52406 stations coincide with
the accuracy necessary to assess the degree of tsu-
nami hazard.

The structure of the wave on the free sur-
face is quite complex and includes both the wave
caused by the main wave of atmospheric pressure
and secondary waves excited when the atmos-
pheric pressure wave passes over irregularities in

Fig. 3. Tsunami waveforms obtained by the express method of operational tsunami forecasting (red line) based on the 17-minute data
from the DART station 51425. The DART station data in centimeters of water column are shown by a thin black line. Each fragment of

this and the following figure shows the DART station number.
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Table. Correction factor values

Indicator DART station

52406 | 52402 | 52403 | 52401 | 21418 | 46408 | 21416 | 21415
Igc;an depth |65 5963 4542 5590 5664 5374 5812 4775
Correction
factor gyt | 0181 0.601 0.458 0.563 0.571 0.542 0.586 0.481

Note. U is the velocity of the pressure wave in the atmosphere, H is the depth of the liquid layer, and g is the
acceleration due to gravity. The ocean depths at the locations of the DART stations given in the table were taken
from the National Data Buoy Center website (https://ndbc.noaa.gov/to_station.shtml).

the earth’s surface. In addition, when passing over
areas of the ocean with an irregular bottom, the
atmospheric pressure wave generates free gravity
waves. These waves are superimposed by a free
gravity wave excited by a volcanic explosion and
other accompanying effects in the source. It is im-
possible to separate these components. The ampli-
tudes of the waves on the ocean surface excited by

atmospheric pressure waves, estimated from the
data of bottom stations, as shown in [2, 14], are
apparently overestimated. It is impossible to apply
a correction factor to the total wave without sepa-
rating the components. In this regard, the question
arises as to how adequate the assessment of the
amplitudes of surface waves based on the data on
the pressure at the bottom is.

Fig. 4. Tsunami waveforms (red line) computed based on the 21-min data from the DART 52406 station data (left column, top; the section
of the data series used for the computation is highlighted in red and marked with vertical lines). The moment of entry of the gravitational
component is marked by a vertical line. The bottom station data are shown by a thin black line. The amplitude of the part of the record
preceding the gravity wave is multiplied by the correction factor gH/U? (thick black line). The value of the factor is indicated for each

DART station (top left in each fragment).
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In general, the computed tsunami waveforms
(gravitational component) give quite adequate re-
sults, despite the interference caused by the baric
component. This confirms the assumption that the
express method is applicable for forecasting tsu-
namis of non-seismic origin. The quality of the
computation is comparable to the quality of tsu-
nami calculations by the current NOAA method.

The assessment of tsunami waveforms near
the coast was not included in the objectives of the
work. Nevertheless, the result satisfies the defini-
tion of the concept of “tsunami forecast” formu-
lated by the Intergovernmental Oceanographic
Commission of UNESCO*: the time of arrival
of the expected tsunami at a given point is given,
the amplitudes of individual waves and the time
of their arrival are determined. Earlier [18] it was
shown using actual data that the express method
can be used to forecast tsunamis in advance near
the coasts based on ocean tsunami data. The mo-
ment of forecast generation is determined by the
time of receiving information about the passage of
the first quarter of the tsunami period through the
registration point.

Conclusions

The express method of operational tsunami
forecasting was used to compute the gravitational
component of the wave from the explosive erup-
tion of the Tonga volcano on January 15, 2022.

It was shown that for an adequate forecast,
information on tsunamis from the DART stations
closest to the source with duration a quarter of the
first period is sufficient, which is especially im-
portant in the operational mode.

A good match was obtained between the
waveforms computed by the express method of
operational tsunami forecasting and the wave-
forms recorded by the DART bottom stations
measuring the ocean level. The differences in
these waveforms are explained by the presence of
baric components in the bottom pressure data.

It was confirmed that the express method can
provide a tsunami forecast regardless of the exci-
tation mechanism. The express method, like other

methods of operational tsunami forecasting, can
be supplemented with an algorithm for calculating
baric waves. However, the question of how ade-
quate the assessment of the amplitude of surface
waves based on the data on the bottom pressure in
events similar to the one considered remains un-
clear.
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O TpaekTopuax guHammyeckom cuctemMbol Cenbkoea,
onucbiBaloLLIEN aBTOKONebaHNA NCTOYHUKOB MUKPOCENCM
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Aovieetickuii cocyoapcmaeennyiii ynusepcumem, Matixon, Poccus

Pe3tomMe. PaccMoTpeHBl HEKOTOPBIE ACIEKTHl ABTOKOJICOAHUI HCTOYHHKOB MUKPOCEWCM, MpEACTaBICHHBIE MaTe-
MaTH4IecKoi Monenbio rukonu3a CenpkoBa. PaboTa yTOUHSET HEKOTOPBIE BBIBOJIBI, CACTAHHBIE B paHEE OIyOIHNKO-
BaHHOH B XypHaie «[eocHucTeMbl TepexoJHbIX 30H» cTaThe. B 4acTHOCTH, MOKa3aHO, YTO TUHAMUYECKAs CHCTEMA,
MOJIETTUPYIOIIasi MUKPOCEHCMBI, IMEET €INHCTBEHHOE COCTOSIHUE PAaBHOBECHS], MECTOIOJIOKEHHE KOTOPOTO MEHSIET-
csl B OTpaHMYEHHON 9acTH ()a30BOH IUIOCKOCTH B 3aBUCHMOCTH OT 3HAYCHHH IapaMeTpa, XapaKTepH3YIOIIero KOH-
LEHTpaluio TpemuH. JlokazaHo, 4YTO cUCTeMa NMEET NPOCTOW HEYCTOWYMBBIM y3el Win QOKyC, OKPY)KEHHBIH XOTs
OBl OTHUM YCTOMYMBBIM IIPENIEIBHBIM [IUKIIOM.

KnroueBble cnoBa: MHKpOCCﬁCMbI, MOJCJIb CeJ’IBKOBa, aBTOKOJ’IC6aHI/IH, Kpyr HyaHKape, COCTOSIHUE pPaBHO-
BE€CHUs, OCb KOHIOCHTPpAaIUN TPCIIUH

On the trajectories of the Selkov dynamic system

describing the self-oscillation of microseism sources

VWacheslav B. Tlachev®, Damir S. Ushkho
@E-mail: tlyachev@adygnet.ru
Adyghe State University, Maykop, Russia

Abstract. Some aspects of the self-oscillation of microseismic sources represented by the Selkov mathematical mod-
el for glycolysis were reviewed. The paper clarifies some of the conclusions made in a previously published article
in the journal “Geosystems of Transition Zones.” In particular, it was shown that the dynamic system that models mi-
croseisms has only one equilibrium state, the location of which in a bounded part of the phase plane varies depending on
the values of the parameter characterizing the fracture concentration. It was proved that the system has a simple unstable
node or focus surrounded by at least one stable limit cycle.
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BBegeHue n noctaHoBKa 3agaum

[TocTpoenue u ucnoNb30BaHUE MaTeMaTuye-
CKHX MOJIeJIeH B pa3IMUHBIX HayKax CYIECTBEHHO
pacIIUpSIIOT UHCTPYMEHTApUH U I0Ka3aTeIbHOCTh
UCCJIETyeMbIX TPOIECCOB U SIBICHUN MPUPOBI.
B pabGore [1] BmepBbIe K HMCCICAOBAHHUIO T€OJIO-
TMYECKMX IPOLECCOB NPUMEHEHa MareMaThye-
ckas mogenb CenpkoBa. OTMETHM, YTO YKa3aHHAsI
CTaThsl ONMYOJMKOBaHAa C MpPHUMEYAaHHUEM O JHUC-
KyCCHOHHOCTH. ABTOpam [l] ymanoch omucarh
B3aMMOJIECUCTBUE MEXIY JIByMsI BUAAMM TPELIUH
CUCTeMOU HelMHeNHbIX ypaBHeHui CenpkoBa [2].
[Tpu TOM OHM HE TOJIBKO 0CTATOYHO MOJIPOOHO U
SCHO O00OCHOBaJIM MOCTPOCHHUE MaTeMaTH4eCcKOil
MOJIeIM B OOJIAaCTH TEOpUHU 3EMIICTPSICEHUM, HO
U JETallbHO HCCIIEN0BAIM MPOIECCHl TeHepaliu
MHUKPOCEICM, 3aKOHOMEPHOCTH, KOTOPBIE UM IIpU-
CyILU. DTO BECbMa BayKHO B IPUKJIAHOM aCIIEKTE.
KoMniproTepHO€ MOZIETMPOBaHHUE TIO3BOIMIIO aBTO-
paM HCCIe0BaTh MPOLECcC 00pa30BaHMs AaBTOBOJIH
MCTOYHHUKOB MUKpoceicM. OHako, Kak U3BECTHO,
KOMITBIOTEPHOE (YMCIIEHHOE) MOJEIUPOBAHUE HE
MO3BOJIsIET B Haubosiee 00IIEeM BHIE HCCIENO-
BaTh BCE 3aBUCHUMOCTH Ipoliecca OT MapamMeTpoB.
Jlst 5TOTO CyHIECTBYIOT OIpEEICHHbIE MareMa-
TUYECKHE TEOPUH, B YACTHOCTHU KaY€CTBEHHAsI Te-
opus tuddepeHnanbHbIX ypaBHeHu [3].

Otmerum, uyro mozpens CernbKoBa pa3BUBa-
eTcs, MOSIBIISIOTCS €€ aHAJIOTH ¢ OoJiee MIMPOKUM
CHEKTPOM HCIIOJIb30BAaHUS, HAIpUMEpP MOJEIH
Cnunbko u YymakoBa—Cnunaesko [7-9]. Kpome
TOrO, CJeIyeT OTMETUTh XOPOLIO 3apeKOMEH-
JOBaBIlIME ce0si MPU HCCIENOBAHUM PA3IUYHBIX
MPOLECCOB KMHETHUYECKUE YPaBHEHMsSI, KOTOpbIE
ABJISIOTCA ajbTepHaTHBOM cucreme CenbkoBa, —
3TO ypaBHeHus mozeneit ['mn3Oypra—Jlannay minu
Jlannay—XanatHukoBa (cM., Harpumep, [10, 11] u
LUTUPOBAHHYIO B HUX JIUTEPATYPY).

B naHHOW 3aMeTKe MNpEeaCTaBIEH Marema-
TUYECKU CTPOTMH aHaJIu3 IOBEICHUs pELICHUMN
ypaBHeHH CenpKoBa BOTM3U OCOOBIX TOYEK, OC-
HOBAHHBIA Ha TEOPUU TUHAMUYECKUX CUCTEM, U
JTOKa3aTeIbCTBO HEKOTOPBIX YTBEPKACHUN, KOTO-
ppie HE TOJYYHJIA OMPENEIICHHOTO (JIOJKHOTO)
ocBeleHus B padore [1].

MEXAHUKA [E®OPMUPYEMOIO TBEPQOIO TENA. MIATEMATUKA

ABropamu pabotsl [1] oTmMedaercs, 4TO aB-
TOKOJIeOaHUsI MCTOYHHUKOB MHKpOCeicM Haubo-
Jee TMOJHO ONMCBHIBAIOTCA MOJEJBI0 IVIMKOJIU3a
CenbkoBa [2], KoTOpyto B Oe3pa3MepHBIX BEJIH-
YUHAX MOXHO IPEJCTaBUTh B BHUJIE CIEAYIOLIEH
ABTOHOMHOM CHCTEMBI:

dx )
—=—x+ay+bx7y,
i 'y y

dy 2
—=c—ay—-bxy,
r y y

(1)

rne a>0,b>0, c> 0, x(f) — BenuuuHa, IPEICTaB-
JS0IAas OO0 KOHIEHTPAITUIO TPEIUH HEeOOIb-
IIOM JJIMHBI, KOTOPBIE SIBJISIOTCS WCTOYHHUKAMH
pocTa 6osee KpyIHBIX TPEIINH; ) (f) — KOHLIEHTpa-
11l CPABHUTEIBHO KPYHHBIX TPEILIHWH, KOTOPHIE
(bOpMHPYIOT CUTHAIIBI MUKPOCEHUCM.

Hns cucremsr (1) Touka F (c; %)
a+bc

OrpaHMYEHHON 4YacTu ()a30BOIl IIOCKOCTH SIBIIS-
€Tcs COCTOssHMEM paBHOBecus. [Ipu nepenoce Ha-
yajia KOopJuHar B Touky F cuctema (1) npuHuma-
eT BUJL:

dx bc*-a be

— = x+(a+bc*)y+———x* +2bcxy + bx’y,

dt  a+bc’ ( )y a+bc? 4 Y
_ 2

%:%x—(aﬂ)cz)y—ﬁxz—2bcxy—bx2y.

2)
Crnenys nonoxkeHusiMm MoHorpadwuu [3], ¢ 1e-
JBI0 YCTAHOBJICHUS XapaKTepa COCTOSIHUSL PaBHO-
BecHs F ompenenuM sl CUCTEMBI (2) BETUYUHBI:
G — IMBEPreHILINI0 BEKTOPHOTO MOJIsl 3TON CHUCTe-
MbI B Touke (0;0) u onpenenurens A, cOCTaBJIeH-
HBIH 13 KOAQPHUIINEHTOB €€ TMHEHHBIX YICHOB:

o= —b*c* +(b—2ab)c* —a—a’
A

, A=a+bc.

€)

N3 (3) Buano, uto A > 0. KopHsimu ypaBHEHHS
6 = (0 OTHOCHUTENBHO C SIBIISTFOTCS BBIPAKEHUS

1-2a—-+1-8a ue 1-2a++/1-8a

: 2b ? 2b

2

1
me0<a<—.
8
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3ameuanue 1. B nannoii pabore paccmarpu-
BAIOTCS TOJILKO BEILIECTBEHHbIE KOPHH, YTO BAXKHO
C TOYKHU 3PpCHUSA PCaJIbHBIX HpI/IJ'IO)KeHI/If/'I.

C nomomipto npeoOpazoBanmii [lyankape [3]
HCCleAyeM TMOoBeAeHUEe Tpaekrtopuil cucremsl (1)
B OECKOHEYHO YAJICHHBIX YacTAX (pa30BOii IIIOCKO-
CTH B IIEJISIX YCTAHOBJICHHUS XapaKTepa uX pachoio-
YKEHHsI B OTPAaHUYEHHOW 4acTH IUIOCKOCTH. B yact-
HOCTH, PE3YJBTaThl TAKOTO UCCIIEIOBAaHHS HAMH HC-
MOJIb3YIOTCA B KAUE€CTBE MHCTPYMEHTA IS PEIIEHUS
npoOneMsl 1eHTpa-(poKyca MPUMEHUTEIBHO K CO-
CTOSIHMIO paBHOBecusi F, a Takke NOKazaTelbCTBa
CYIIIECTBOBAHHUS MPEIEIILHOTO ITUKJIA BOKPYT F.

PesynbraTbl nccnegoBaHuA

Jns pemienus mpoOnembl IeHTpa-hokyca
TOYKH F HEOOXOIMMO pacCMOTPETh ITOBEICHUE
TpaekTopuii cucteMsl (1) B GeCKOHEYHO ynaneH-
HBIX YacTsIX (ha30BOW IIOCKOCTH. DTO OCYIIECT-
BJSIETCSI C TIOMOIIBIO MpeoOpa3zoBanuii [lyankape
[3]. B namem ciygae mpeoOpazoBanue [lyankape
Bunga {x=1/z, y=u/z} nepeBogutr cucremy (1) B
HOBYIO CHCTEMY BHJIA!

du

=—bu—bu’ +(1-a)uz’ +cz’ —au’z’ = P(u, z),
dt @)
dz

— =—buz+2 —auz’ =Q(u, z).
dt

CocTosiHUSMU paBHOBECHS CHCTEMBI (4) mpu yc-
nosuu z = 0 sBysrores Touku: W (u = 0; z = 0),
W, (u=-1;z=0).

[Tepexom kK HOBBIM KOOPIMHATAM C TIOMOIIBIO

dbopmyn (x=v/z, y=1/z) no3BonseT NepeBeCTH
cucremy (1) B cucremy Buaa:

i =bv’ +az’ +bv’ +(a—1wvz* —ovz’,

dt

& (5)
— =bh’z+az’ —cz".

dt

3ameuanue 2 [3]. Cucrema (5), nomydeHHas
u3 cucremsl (1), paccMarpuBaeTcs TOJBKO C Iie-
JBbI0 YCTAHOBJICHUSI XapaKTepa COCTOSHUS PaBHO-
Becus (0;0).

MECHANICS OF DEFORMABLE SOLIDS. MATHEMATICS

d
B cnyuae (;‘;J » # 0 Bce OCCKOHEYHO yna-
0

JIEHHBIE COCTOSIHHMSI paBHOBecHst cucTeMbl (1)

z=0
YIOBJIETBOPSIOT CUCTEME ’
P(u,z)=0
BHUJIHO, 4TO cuctema (1) umeeT Toinbko Tpu Oec-
KOHEYHO YJAJICHHBIX COCTOSIHUSI PaBHOBECHS:
Wu=0,z=0),Wwu=-1,z=0) W(v=20
z = 0), U3 KOTOpBIX TO4YKa W, mpencraBiser co-
00l CIIO)KHOE COCTOSIHHE PAaBHOBECHS, JJISI KOTO-
poro ¢ =-b # 0.
[Ipumenum k cucteme (4) npeobpazoBaHue

Torma oue-

u=z
~ 7 KOTOpO€E MPUBOJIUT €€ K HOBOH CHCTEME:
Z=u,
du . _ 3
— =—buz+u’ —an'z,
(6)
dz _ 22

7:-1;2 — b2 +(l—a)u’z +cu’ —au’z’.
t

N3menum macmrad BpemeHu B cucteme (6)
no ¢popmyne t = —bt:

B e iprpa),
dr b b
;ZE:EH (a 1)_2_ L73+ZLTHEE+Q2(L7,E).
T
(7)

Jl1s TOro 4ToOB! YCTAaHOBUTH PACIIONOKEHHE
Tpaekropuil cuctemsl (7) B JOCTaTOYHO Majoi
OKpecTHOCTH cocTosiHusi paBHoBecus (0;0), Ha-
XOIUM peleHue ypaBHenus z + Q,(u,z) =0 or-
HOCHUTEIIBHO Z B BHJE CIEAYIOLIErO CTEIIEHHOTO

pna: Z = (it) = (—) L= “)( ), KoTo-
pBII\/’I ITIO3BOJIACT HOHy‘II/ITB BBIpa)KeHI/Ie
o 1 _5 ¢, _.

Pz(u,(P(u))=—Z(u) +Z(u) ()

N3 (8) mo Teopeme 65 [3] cnemyeT, 4TO TOUKA
W, — 5TO TONOJIOTHYECKOE CETI0, TOCTATOYHO Ma-
Jasi OKPECTHOCTh KOTOPOTO COCTOUT M3 YETHIPEX
rUnepOOTNIECKUX CEKTOPOB.
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[IpssMBIMU BBIYUCIIEHUSAMU MOXXHO TOKa3aTh,
9TO TOYKA W, — MPOCTOM HEYCTONYMBBIN y3el.

bnarogaps Tomy ¢akrty, 4T0 TpaBbIe YACTH
ypaBHEHHI cucTeMbl (5) He coaepkKar JTMHEHHBIX
YIEHOB (BTOpasi, TPEThsl U YETBEPTasl CTENEHH),
THUI COCTOSIHUsI PABHOBECHs TOYKU W, MOXKHO
omnpeneauTh o merony @pommepa [4].

Paccmotpum  guddepenunansHoe ypaBHe-
HUE TPAaeKTOpUH AJisi cUCTeMBI (5) B BUIE

2 4
dz Wz +az’ —cz

dv bV +azt +bv +(a—1vz' —cvz’

)

BBenem o0o3HaueHUS:
E(V, z)= bv’z+az’, Qz(v, z)= bv* +az’. (10)

[lo Tepmunonoruu [4] HanpaBiaeHUs, BAOIb
KOTOPBIX MHTErpajbHble KPUBBIE MOTYT BXOIHTH
B 0co0yto Touky (0;0) ypaBHeHus (9), Ha3bIBAIOT-
cs Kputhuyeckumu. Kputuueckue HampaBiIeHHs
HaxoauM ¢ yderoM (10) mpu peuieHun ypaBHEHU
z- Q2 (v, z) = 0 [4]. EAMHCTBEHHBIM BEIIECTBEH-
HBbIM KOPHEM JAHHOI'O ypaBHeHus sBisercs z =0,
Tak kak a =0, b =0. 1o xnaccudukaruu [4] z=0—
OOBIKHOBEHHOE MPOCTOE KPUTHUECKOE HaIpasJie-
Hue. Jlanee, cienys [4], paccMoTpuM (QyHKITHIO

2 3 4
bviz+az —cz

y(u,v) = —u, (11)

bV’ +az’ + bV +(a -1z’ — vz’
rae z =uv. [loacTaBisis 3T0 3HAYCHHE Z, UMEEM:

bvu+avi’ —bu—au’ —bvu—(a—1)vu’

b+au® +bv+(a-1vu’ —cv’u’

w(u,v)= -(12)

U3 (12) cnenyer, uto y(u,0) = —u, TO ecTh
¥, (0,0)=-1. (13)

CornacHo [4], paBeHcTBO (13) cBUAETENBCTBY-
€T 0 TOM, YTO TOJIKO OJJHa MHTErpajbHas KpHUBas
ypaBHeHMs (9) mpoxomuT yepe3 0coOyr TOUKYy
(0;0). Tem campIM HaMH TIOKa3aHO, YTO K COCTO-
SHUIO paBHOBECHsT W, CHCTeMBI (5) MPUMBIKAIOT
TOJIBKO JIBE TPACKTOPUH: OJJHA TIPU ¢ — + 0, a ApY-
ras — Ipu ¢t — — o0, 00€ COBIAJAI0T C SKBATOPOM
z = 0 cepsnr [lyankape. Takum oOpa3om, mocta-
TOYHO Majiasi OKPECTHOCTh TOYKH W, COCTOMT W3

MEXAHUKA [E®OPMUPYEMOIO TBEPQOIO TENA. MIATEMATUKA

JIBYX TUIIEPOOINYECKIX CEKTOPOB, OTPAHUYEHHBIX
OJTHOM () -CEnapaTrprucor U OJHOM O-CEnapaTrpucomn,
MIOJTOMY CIPABEIJIMBO CIIEIYIOIIEE YTBEPXKICHHE:

YrBep:knenue 1. Eciu ¢#0, a > 0, b > 0,
mo cucmema (1) umeem na sxeamope cghepul I1y-
anxape mpu cocmosnus paenosecusi: W, (u = 0;
z = 0) — caoochoe (mononocuueckoe) ceoio,
OKPeCmMHOCMb KOMOPO20 COCMOUM U3 Yemblpex
eunepbonuueckux cekmopos;, W, (u=-1;z=0) -
npocmoti neycmotrinuswiil yzen, W, (v=0;z=0) -
CILOJCHOE COCMOSIHUE PABHOBECUSl, OKPECMHOCb
KOMOPO20 COCMOUm u3z 08yx unepooiuyeckKux
CeKmopoa.

PaccmoTpuM Temepp CBOMCTBa COCTOSIHUSA
c
paBHOBecus F' (c;—J. Tak kak, cornacHo (3),
a+bc

A> (), TO HaYaJI0 KOOPJIMHAT CUCTEMBI (2) SBISAETCS
HPOCTBIM COCTOSIHUEM PAaBHOBECHUS THUIA «Y3€ID»,
«poxyc» mmm «uentp» [3, 5]. Ecmu mpu stom
ce(0;¢,)U(c,3+%), To 6 < 0, crenoBareibHo,
touka (0;0) — mpocToil ycTOWYMBEINA y3em, nim ¢o-
Kyc (110 TEpPMHHOJIOTUH [5] TOMmoMornyecKuii y3en);
ecimu ¢ € (¢;;¢,), T0o Touka ¢ koopauHatamu (0;0) —
IIPOCTOM HEYCTOMYMBBIM TOIIOJIOTUUECKUN Y3€;
€CIIM ¢ = ¢, I ¢ = C,, TO TouKa (0;0) — HerpyObIi
dokyc unu uentp [3, 6]. K coxxanenuto, B HacTOsI-
1iee BpeMs B TEOPUM JTMHAMHYECKUX CHUCTEM JUIs
cucTeM BHIa (2) HET HEOOXOIUMBIX M JIOCTATOY-
HBIX KO3()(UIMEHTHBIX YCIOBHH LEHTPA C YUCTO
MHHUMBIMH XapaKT€pPUCTUYECKUMH ynciaaMu. B Ha-
IIEM CJIy4yae IMPOBEACHHOE BBILIE MCCIIEIOBAHHUE
MOBEICHUS TpaeKTOpHii crcTeMbl (1) B OeCKOHEUHO
yAaJEeHHBIX YacTsX (a30BOM IUIOCKOCTH MTO3BOJISIET
yTBEpXk/JaTh, YTO B pacCMaTpUBaeMOM Clly4yae Co-
CTOSIHME paBHOBECHS I HE MOXKET OBITh LIEHTPOM.

OO6parumcs k puc. 1, Ha KOTOpoM H300paske-
HBI IJIaBHbIE U30KIMHBI cuctemsl (1) B kpyre Ily-
aHKape.

Tak kak [d_yj =c, (ﬁj =qay W mnapa-
dt y=0 dt x=0

METPBI @, ¢ MOJIOKUTEIbHBI, TO OCh OX U MOIYOCH
OCH 0y SBJSIFOTCSA TPAHCBEPCAISIMM MO OTHOLIE-
HUIO K BEKTOpy noias cuctemsl (1). B coorser-
CTBHH C puc. 1 1yra jit000# TpaeKTOPHH CUCTEMBI
(1), pacrionoxeHHOW B OrpaHMYEHHON yacTu ¢a-
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y

Isoclines of zero

Infinity isocline

4

Puc. 1. IIpsamast y = 0 1 moayocu BepTUKAIBHONW OCHU KOOPJUHAT
SIBIAIOTCS TPAHCBEPCASIMHU [0 OTHOIIEHUIO K TPAGKTOPHUSIM CHCTE-
Mel (1). a-cemaparpucel ceia W, LETMKOM PacTioNOKEHbI B BEPX-
Hell NOTyIIOCKOCTH.

Fig. 1. The straight line y = 0 and the semi-axes of the vertical
coordinate axis are transversals with respect to the trajectories of
the system (1). The a-separatrices of saddle saddle point ¥, are
entirely located in the upper half-plane.

30BOM IJIOCKOCTH, TIPU ¢ —> + 00 HAXOTUTCS B TIep-
BOM KBajpaHTe. Tak Kak K COCTOSHHIO paBHOBE-
cust W, IpUMBIKAIOT JIMIIb J[BE TPACKTOPUU: - U
0-CeTapaTpuChl, COBMAJAIONINE C SKBATOPOM ce-
pe1 Ilyankape, To HUKaKast HOJOKUTEIbHAS MOy~
TpaekTopust cucteMsl (1) npu ¢ >T, rne T — cKoib
YroJIHO OOJIBLIOE MOJIOKUTEIBHOE YUCIIO, HE BXO-
JIAT HU B OJTHY U3 TOYEK W1 " W3. Ecnu B3sTH 11pO-
U3BOJIBHYIO TIOJIOKUTEIbHYIO TOJIyTPAEKTOPUIO
L", mepecekawlllyl0 OCb OpAHMHAT, TO, COIJac-
HO MoHorpaduu [5, c¢. 52], mist L™ cymecTByeT
O-TIpe/ieIbHOE MHOXKECTBO, KOTOPOE MOXKET OBITH
OJTHOTO U3 TPEX THUIIOB: OJHO COCTOSIHME PaBHOBE-
CUsl; OIHA 3aMKHYTasi TPA€KTOPHUSL; COBOKYITHOCTb
COCTOSIHUM PAaBHOBECHUS U TPAEKTOPHM, CTpems-
IUXCA K 3TUM COCTOSIHUSIM PaBHOBECHSI KakK IPU
t— +oo, Tak ¥ 1pu t——o0. OgHAKO MPEANOIIO-
KEHHE O CYyIlIeCTBOBAaHUH LIEHTpa B TOuke F no-
IyCKaeT HaJinyue y cuctemsl (1) XoTs O 01HOTO
COCTOSIHUSI pPABHOBECHS, OTIMYHOTO OT F. Takum
00pasom, IIpu ¢ = ¢, WK ¢ = ¢, TouKa F' — Herpy-
Ob1i1 (hokyc, mpuuem ycroiuussiid. [Ipu ¢ € (¢;;c,)

MECHANICS OF DEFORMABLE SOLIDS. MATHEMATICS

IIPEAEIbHOE MHOKECTBO ISl OJIOKUTEIBHOM 10~
JTyTpaekTopuu L' mpencrapisier coOoi ycTonuu-
BBII TIpeneNbHbIN UK. [loaToMy MOXHO cdop-
MYJIMPOBATh CIECIYIOIIEE YTBEPKACHHUE.

YrBepxaenue 2. Ecau 0<a<1/8,ce(c;c,),
Mo 6 02paHuyeHHOU yacmu azoeoll niIOCKOCmu
cucmema (1) umeem npocmoii HeycmouUyuswvlll
y3en, unu QoKyc, OKpysceHHblll Xoms Obl 0OOHUM
VCMOUYUBLIM NPEOETbHbIM YUKILOM.

®dazoBbIil mopTper cucteMbl (1) n3odpakeH
Ha puc. 2.

3ameuanue 3. Hanumuue rpyObIX yCTOMUH-
BBIX IIPEAETIbHBIX LUKJIOB Ha ()a30BOM IIOCKOCTH
SBJISIETCS ONPEEISIONIMM PU3HAKOM aBTOKOJIE-
OarenbHOM cuctembl. CieoBaTeabHO, U3yUYEeHHAs
cucrema (1) neiCTBUTENBHO ABISETCA MaTeMaTH-
YECKOW MOJIENIBI0 PEaTbHOW aBTOKOJIEOATEeLHOM
CUCTEMBI [2].

3ameuanue 4. IlpunepxuBascb TEPMHUHO-
JIOTUH, NIPUHATON B COBPEMEHHON Ka4e€CTBEHHOMN
TEOpUHU AMHAMUYECKUX CHCTEM BTOPOTO MOPSIKA,
Touky (0;0) MBI Ha3bIBa€M COCTOSIHUEM DPaBHO-
Becus cucteMsl (5), a ans nuddepeHInaIbHOTO
ypaBHeHUs (9) TpaeKTOpui ITOH K€ CHCTEMBI —
0c000i1 TOUKOH.

Puc. 2. Pacnionoxxenue tpaexropuii cucrems! (1) B kpyre Ilyanka-
pe, T.e. Ha Bceil (ha30BOM TTOCKOCTH.

Fig. 2. The location of the trajectories of the system (1) in the
Poincaré disk, i.e., on the entire phase plane.
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(0] TpaeKkTopusix AMHamm4deckon cuctemsl CerbKkoBa, OnuckiBaroLLen aBToKonebaHusi NICTOYHUKOB MUKpocencm

3akn4yeHue

B pabote ycraHOBIEH XapakTep CIIOKHOTO
COCTOSIHUSI paBHOBECHsSI Ha OECKOHEUHOCTH, 4YTO
CIOCOOCTBYET JI0KA3aTEeNIbCTBY HATTUYUS XOTSI ObI
OJTHOTO yCTOMYMBOIO MPEIENIbHOTO LIMKJIA, OKpY-
JKAIOLIETO €MHCTBEHHOE COCTOSIHHE PaBHOBECHS
B OTpaHUYEHHON yacTH (pa30BOM MIOCKOCTH.

Hanwu4ue npenenbHOTo HUKIa MOXKHO UHTEP-
MPETUPOBATh TaKUM OOpa3oM, YTO MEepHOAUYE-
CKHE M3MEHEHUS YPOBHS MHUKpOCEHCM He 00s3a-
TETLHO CBSI3aHBI C BHEITHUMH (pakTopaMu (CE30H-
HOCTBIO). Takue M3MEHEHHUs] MOTYT TPOUCXOIUTH
10 BHYTPEHHUM IMPUYHHAM (BBUIY MPHUPOIBI UX
HMCTOYHUKOB — TpEUIUH). XOTs HEOUEBHUJHO, UYTO
HMCTOYHUKH MHUKPOCEHCM MMEHHO TPEIHUHBI, a HE
MEX3EpPEHHBIE NTOIBUKKH B HEOIHOPOIHOM Cpefe.

Kpowme storo, ormeTum cneayrouiee:

1) yrBepxneHue aBropoB [1] o ToM, uTO CcH-
creMa (6) [1], a B Hamem cirydae cuctema (1) Mo-
JKET UMETh JIBa COCTOSIHHSI PaBHOBECHS, OIIHO0Y-
Ho. M3menenue mapamerpa v (cm. (6) [1]), a B man-
HOM paboTe mapaMerpa ¢ IPUBOAUT TOIBKO JTUIIIH
K W3MEHEHHIO MECTONOJIOKEHUS €IMHCTBEHHOTO
COCTOSIHMSI PaBHOBECHUSI B OTPaHUYEHHOM YacTH
(ha30BOM MIIOCKOCTH;

2) Ha puc. 2 cratbu [1] Tpaekropus nepece-
KaeT OCh KOHIEHTPAIUN /7-TPEIINH JIBAXKIbI, YTO
HEBO3MOYKHO B CHJIy TPAHCBEPCAJIBHOCTH OCH OX
JUTSL TPAEKTOPUI CHCTEMBI;

3) B dopmyne (18) crateu [1] umeercs He-
TOYHOCTb, IPABUIILHOE €€ HAallMCaHHE TaKOBO:

1 [1-2a*+1-8a

Vi = \/5 b
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OKCNNo3nBHasa akTUBHOCTb BynkaHa ATCOHYNypu
B no3gHem ronoueHe (0. Utypyn, KOxHble Kypunbckue octposa):
npenBapuTeribHble pesynsrarhbl

A. B. /leemepes
E-mail: d_a88@mail.ru

Hucmumym mopckoii eeonoeuu u eeogpuzuxu /JBO PAH, FOxcno-Caxanunck, Poccus

Pe3tome. [lpencTaBieHbl MepBbIe PE3yNbTaThl M3YyYCHHs MO3HETOJOLCHOBOW AKTHBHOCTH BIK. ATCOHYIYpH
(0. Utypymn, FOxnubie Kypuibckue ocTpoBa), mosryueHHbIe B Xo/1e TosieBbIX padbot 2013-2014 rr. Ha ocHose tedpo-
XPOHOJIOTHYECKUX UCCIEI0BAHUN U paJUOyTIEPOAHOTO JaTUPOBAHUS yCTAHOBIEHO, 4TO B nHTepBane 1400-800 ner
Ha3aJ 3a()MKCUPOBAHO MO MEHbIIEH Mepe 4 KPYIHBIX SKCIUIO3UBHBIX (IKCIUIO3UBHO-3((y3UBHBIX) H3BEpKEHUS (OT-
JICIHBIX MOIIHBIX M3BEP)KEHUH WM CepHM CONMIKEHHBIX MO BpeMeHHW u3BepxeHuil). [locne mepuona HampspkeH-
HOM 9KCINIO3UBHOM aKTMBHOCTH BYJIKaHA MOCJEA0BAJ MEpUOA NMOKos, HayaBwmuicsa npumepro 500-600 i.H. u mpo-
JIOJKAIOIUICS 10 HACTOSIIEr0 BPEMEHH, UTO MOATBEPHKAAECTCA OTCYTCTBHEM 3aJJOKYMEHTHPOBAHHBIX U3BEPIKEHUN
B HCTOpHYECKOE BpeMsl. BeliecTBeHHBIH cOCTaB I0BEHUIILHON Te(pBI BIK. ATCOHYITypH, IPEACTABICHHON MpenMy-
IECTBEHHO [IUIAKaMH, OTBEYaeT YMEPEHHO- N HU3KOKAJIMEBBIM Oa3asbTaM 1 anjne3ndasansraM. OCHOBBIBasICh Ha TO-
JYYCHHBIX JaHHBIX, MOXXHO II0JIaraTh, YTO B Cllydac BO30OHOBJICHUS aKTUBHOCTH BYJIKaHa BEPOSTHBI HE TOJBKO
TEepMUHAJIBHBIE (CyOTEepMHUHAIBHBIE) U3BEPKEHUS, HO U TOOOYHBIE TIPOPBIBEI.

KntoueBble cnoBa: Utypym, ByikaH ATCOHYIYpH, Tedpa, TOJIOIEeH, pagHOYyIIepOJHOE NaTHPOBaHHE, IKCIUIO-
3UBHBIC U3BEPIKCHUSI, BYIKaHUIECKast aKTUBHOCTD

Late Holocene explosive activity of the Atsonupuri volcano
(Iturup Island, Southern Kuril Islands): preliminary results

Artem V. Degterev
E-mail: d_a88@mail.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The first results of the study of Late Holocene activity of the Atsonupuri volcano (Iturup Island, Southern
Kuril Islands) obtained during field work in 2013—-2014 are presented. On the basis of tephrochronological studies and
radiocarbon dating, it was established that at least 4 large explosive (explosive-effusive) eruptions (individual major
eruptions or series of eruptions close in time) were recorded in the interval 1400-800 years ago. The period of intense
explosive activity of the volcano was followed by a period of quiescence beginning around 500-600 BP and continuing
to the present, as evidenced by the lack of documented eruptions in historical time. The material composition of the
juvenile tephra of the Atsonupuri volcano, represented mainly by cinder, corresponds to moderate- and low-potassium
basalts and andesite-basalts. Based on the data obtained, it can be assumed that in case of renewed activity of the vol-
cano not only terminal (subterminal) eruptions but also side eruptions are probable.

Keywords: Iturup, Atsonupuri volcano, tephra, Holocene, radiocarbon dating, explosive eruptions, volcanic activity
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Herrepes A.B.

duHaHcupoBaHue 1 GnarogapHoCcTH

HUccnenosanus nposenensl B pamkax HUP UMI'ul” IBO PAH
«Bynkannsm CaxannHa u KypuibCKuX OCTpOBOB: XpOHO-
JIOTHs, TETPOJIOr0-reOXUMHUYECKHUE OCOOCHHOCTH, T'MIPO-
TepMaJlbHBIE TPOSBICHUS, MOHHTOPWUHT BYJIKAaHUYECKOU
AKTHBHOCTH.

AHaTUTUYECKHE U TOJIEBBIC PabOTHI BHITIONHEHBI Oaroaa-
pst nonaepkke rpanToB [IpaBurtenscTBa CaxamuHCKON 00-
JIACTH 715 MONIObIX yueHsIX B 2014 1., JIBO PAH (Ne 16-1-
1-039 3) u PODU (Ne 16-35-00138 mon_a).

ABtop Omaromaput Amnapes Hwuxomaenua KopaOiiesa,
a TaKXe CBOMX KOJUIeT W3 JabopaTOpHH BYIKAHOJIOTHU
u ByakaHoonacHoctu UMIul’ IBO PAH 3a nomours
B MPOBEJICHNUH TOJIEBBIX paboT Ha o. Utypyn. ABTop Bcer-
na Oyzner npusHaTesneH Ajekcanapy Bukroposuay Peionny
(1958-2024), manmmaropy MpoOBEICHHS MOJEBBIX BYJIKaHO-
JIOTHYECKHUX paboT B TPYIHOIOCTYIHBIX paitoHax Kypuis-
CKoii ocTpoBHOW Ayru. OTaenbHyI0 0JarogapHOCTh aBTOP
BEIpaXKaeT pELEH3eHTaM 3a KOHCTPYKTHUBHYIO KPHUTHKY
U TIOJIE3HBIE 3aMEeYaHMsl, TIO3BOJIMBIINE 3HAYUTEIBHO yIIyd-
IIMTH Ka4eCTBO M3JIOKEHHSI M TPEJICTABICHUS IaHHBIX,
a taxxe CmupHoBy Ceprero 3axaposuuy (MI'M CO PAH,
r. HoBocuOupck) 3a KOHCYNBTAIHIO TI0 BOIIPOCAM IIETPOXH-
MMM, P BAXKHBIX 3aMEUaHUN U MPEAJIOKEHUN.

BBepeHue

[elicTByromuii BylnkaH ATCOHYIypH, pac-
MOJIO’KEHHBIA B I0KHOW 4yactu 0. UTypyn, oTHO-
CUTCSl K YHCIy HaUMEHEe H3yYEHHBIX BYJIKAHOB
Kypuibckoit octpoBHOM nyru. CBeneHUs 0 HEM
OTpaHUYEHBI OMHCAHHEM MOP(OIOTHH ByIKaHU-
YECKOM MOCTPOUKH [1] M HECKOJIBKUMHU pe3yIibTa-
TaMM aHaJIM3a BaJIOBOTO cocTara mopo [2]. lna-
HOMEpHBIE T'€O0JIOTO-BYJIKAHOJIOIHYECKHE PadOThI
HavaJia BTOpOW MonoBHHBI XX B. ObLIH C(OKY-
CHUPOBaHbl B OCHOBHOM Ha BYyJKaHaX CEBEPHOTO
U ueHTpanbHoro Mrtypymna, BylaKaHbI K€ FOXKHOM
yactu octpoBa (Crokan, Arconymypu, bepyra-
py0e) oka3alnch NPAaKTUIECKH HE 3aTPOHYTHI HC-
cienoBaHuAMU. B onpenenenHoil mepe 310 ObLIO
00yCJIOBJICHO U T€M, YTO Ha MPOTSKEHUU UCTOPH-
YEeCKOrO BPEMEHH BYJIKAHBI 3TOTO paiioHa HAXO/H-
JIUCh B COCTOSTHUU TIOKOSI.

B 2013-2014 rr. B roxxHO# yactu o. Utypyn
IIPOBEJICHBI TOJIEBBIE HCCIEIOBaHMS KaJlbJEpO-
oOpasytomiero wu3Bepkenust JIbBunoit Ilactu —
MOIIHEHIIET0 3KCIJIO3UBHOTO W3BEP)KEHUS Ha
Kypunbckux ocTpoBax, MPOUCXOIUBIIETO Ha py-
Oexe mIeicToleHa U rojioneHa (pyk. MOJIEBOTo

PETROLOGY AND VOLCANOLOGY
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oTpsiga — K.r.-M.H. A.B. Ppi6un). JlonomHUTENHHO
OBLTH BBITTOJTHEHBI PEKOTHOCIIUPOBOYHBIE PAOOTHI
M0 M3YYCHHIO TOJIOIICHOBOM aKTUBHOCTH BIIK. AT-
COHYITYpH, MEpPBbIC PE3YJAbTaThl KOTOPBIX MPE.I-
CTaBJICHbI B HACTOSIILIEH MyOJIMKALIUH.

MaTtepuansl
M MeToAabl MccnegoBaHUN

JUis peKOHCTPYKIMM TOJIOLIEHOBOM 3KCILIO-
3UBHOWM AaKTUBHOCTH BJK. ATCOHYIypHU HU3Yy4YE€H
pa3pe3  IMOYBEHHO-NIUPOKIACTUYECKOTO  yexja
Ne 9/14, BCKpBITOTO B YCTyIlE pa3MbIBa FOXKHOMN
yactu 3a1. Ogecckuid, B 4.7 KM K BOCTOKY OT Bep-
muHbl BynkaHa (puc. 1 a, b). [lns onpenenenust
BO3pacTa U BELECTBEHHOIO COCTaBa MPOIYKTOB
U3BEPKEHUN MPOBEIEHO JeTanbHOE OmnpoOoBa-
HUE U onucaHue oOHaxeHHs. AOCOIIOTHBIN BO3-
pacT ompezeNieH paauoyINIepoJHbIM METOIOM Ha
dakynsrere reorpadun U reoskonoruu CaHKT-
[leTepOyprckoro rocy1apcTBEHHOTO YHHUBEPCHUTE-
Ta. B xauecTBe Marepuana Juist paguoyriiepoAHOrO
aHaIM3a KCIOIB30BAIKNCH OTJIOKEHUS MOorpedeH-
HBIX 1OYB. {7151 mepecuera paanoymiepoIHbIX JaT
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Okcnno3vBHasi akTUBHOCTb ByrikaHa ATCOHYMypu B no3aHeM roroueHe (o. UTypyn, KOxHble Kypunbckue octpoBa)

B KaJIeHJIapHble MpPHUMEHSIach KaauOpOBOYHAs
nporpamma  «OxCal» (kanmuOpoBouHasi KpuUBas
«IntCal 13» ([3]; https://c14.arch.ox.ac.uk/oxcal.
html). Takke B HECKOIBKHUX TOUKAX IO MEPUMETPY
BYJIKAHUYECKOW MOCTPOMKH MPOBEACHO OMPOOOBa-
HHE JIAaBOBBIX IMOTOKOB BIIK. ATCOHYIYpPH U Te(pBI
ero NoOOYHOTO 1UTaKOBOTO KoHyca (puc. 1). Kpome
TOTO, U3 MPUOPEKHBIX IOH LEHTPAIbHON yacTu
3an. Opecckuit (puc. 1, Touka 4) ObUIM OTOOPAHBI
o0pasipl nutakoB (Marepuansl A.B. Peibuna), 06-
pasyrolye 37eCh ABa MOLIHBIX, XOPOIIO BBIPAXKEH-
HBIX TOPU30HTA: X UCTOUHHKOM MOT SIBIISITHCS Kak
BJIK. ATCOHYIypH, Tak U BiIK. CTOKaI, MOCKOJIbKY
1ryp¢, B KOTOPOM OHU OBUIM BCKPBITHI, pacosia-
rajici poBHO IOCEPEANHE MEXKIY ITHUMU JBYMS
By/lKaHaMmHu (~9 KMm).

XUMHYECKUNA COCTaB OOpa3IoB, MPEICTaB-
JICHHBIX OTJIOXKEHUSAMHU Te(phl U JaBbl (AaHAIN3U-
POBAJIUCh CBEKHE IOBEHWJIbHBIE IIJIAKU U JIaBbI
0e3 cienoB BTOPUYHBIX H3MEHEHHUH), M3ydancs
B AQHAJIUTUYECKOM IIeHTpe JlaabHEeBOCTOUHOTO
reonoruueckoro mHcruryta /IBO PAH (r. Bna-
nuBoctok). Conepxanus H,O, m.m.m., SiO, onpe-
JieNieHbl MeToIoM TpaBuMmeTpun, FeO — metonom
TUTPUMETPUH; OCTATBHBIX JIEMEHTOB — METOAOM
aTOMHO-3MHCCUOHHOM CIEKTPOMETPUU C MHIYK-
THUBHO CBSI3aHHOM IIJIa3MOM Ha CHEKTPOMETPE
iCAP 7600 Duo (Thermo Scientific Corporation,
CILIA), cugerensctBo 0 noBepke Ne 001434 ot
17 Hos6pst 2015 1. IIpob6onoaroToBKa K MHCTPY-
MEHTAJIbHOMY aHaJu3y — OTKPBITOE KHUCIOTHOE
pasnoxenue (HNO,+HCIO,+HF).

OoOLwume cBegeHus
0 BynkKaHe ATcoHynypw

Bynkan Atconymypu (abc. Beic. 1205 m),
PAacCIIOJIOKEHHBIM B I0KHOW wactu o. Hrypyn
(B~75 kM K 1oro-3amany ot r. Kypuibck), oOpasyet
OJTHOMMEHHBIN IOJIYOCTPOB, KOTOPBIM pa3felsieT
akBaropuu 3anuBoB Onecckuii (Ha cesepe) u [o-
Opoe Hauano (Ha rore) U COENUHSETCS C OCTPO-
BoM HU3KuUM (abc. Bbic. 20-30 M) mepemeikom
(puc. 1 a, b). M3-3a nogo6HOI U30TMPOBAHHOCTH
BYJIKaH U MOJXYYHJI CBO€ COBPEMEHHOE Ha3BaHHE —

«ATCOHYNypHW» C AWHCKOTO $I3bIKa MEPEBOIUTCS
KaK «IpOTHBOCTOSIILAsI Topa» (T.€. pacIoOkKeH-
Hasl HAI[pOTHUB OCTPOBaA) [4].

IlepBble cBEnEHUS O IeOJIOrMYECKOM CTpOe-
HUM BIK. ATCOHYITypHU coepkarcsa B (pyHIaMeH-
tanbHbIX padorax [.C. 'opmikoBa [1, 5], koTopbIit
YCTaHOBUJI, YTO BYJIKaH, KaKk U MHOTHE COBpe-
MEHHBIE ByJKaHUYeCKUE amnmnaparbl Kypuibckoit
OCTPOBHOM Iyru, mocTtpoeH mo tumy «Comma-
BesyBuit» (pucynku 1 b, 2). Onnako ero oCHOB-
HbI€ CTPYKTYPHBIE 3JI€MEHTHI BBHIPA’KEHBI HE TaK
SIpKO, Kak, HampuMmep, Ha ByiakaHax ITux Kpenn-
upiHa (0. OnexoraH, CeBepHble Kypuiibl) u Tsars
(0. Kynammp, FOxubie Kypuisl), sBIstOIIMXCS
3TaJOHAMHU BYJIKaHMYECKHX IMOCTPOEK IMOI00HO-
ro tumna. [locTpoiika craporo ByikaHa (comma),
npeacTaBisomas coboil CcTpaToBylIKaH ¢ Jua-
METPOM OCHOBAHUS ~5 KM, HAWJIy4LIUM 00pazoM
BbIpa)K€Ha B BOCTOYHOM U IOT0O-BOCTOUYHOM CEKTO-
pax (puc. 2). IIpn HabmoneHnH ¢ ceBepo-3amnaja
ATCOHYIypH UMEET BUJ OJMHOYHOTO CTPATOBYII-
KaHa, HE OCJIOXKHEHHOI'O BEPIIMHHON Kajbaepou
C MOJIOZIBIM BHYTPEHHUM KOHYcOM. «CoMMa» BbI-
IJISIAUT JOBOJIBHO CBEXO M NPAKTUYECKU HE 3a-
TPOHYTa 3PO3UEH, YTO MO3BOJISIET CAENATh BBIBOJ
0 €€ CPaBHMTEIbHO MOJIOJOM BO3pacTe — BIIOJ-
HE BEpOSITHO, YTO 0Opa3oBajach OHA B MO3JHEM
ieficToriene — ronoueHe. Ee rpe6eHb, MMeromuii
BUJI TTOJIKOBBI, OTKPBITOM Ha 3araji, Hanbosee yeT-
KO BBIPAXKEH B BOCTOUHOM CEKTOPE, TA€ JOCTUTAET
MaKCHUMaJIbHON BBICOTHI, TOCTENIEHHO MOHUXKAsSICh
B 3armagHoM HamnpasieHuu. [lo Bcell BUIUMOCTH,
3amajgHas 4acTh IOCTPOWKHM Oblaa paspylieHa
cexktopubiM o6BasioM (I.C. T'opuikos [1] Beimemsi
3ech CcOpOC CeBepo-3amaJHOro MPOCTHPAHUs),
COIPSDKEHHBIM € (DOPMUPOBAHUEM BEPUIMHHOM
KanpAepbl™® auameTpoM ~1.8 kM.

B npenenax BepIIMHHON KalbAepbl pacro-
JOKEeHa TOCTpOMKa MOJIOJOrO BYJKaHa, Mpe.-
CTaBISIONIETO COOOW OTHOCHTENBHO HEOOIb-
o (280-300 M) cTpaTOBYIKaHHMYECKHI KOHYC.
Ero BepmmHa yBeHYaHa KpaTrepoM pa3MEPOM
500 % 400 M, BBITSIHYTBIM Ha CEBEPO-BOCTOK (pH-
cyHkH 1, 2). B ceBepo-3amagHOM U CEBEPO-BOC-
TOYHOM HaIPABJIEHUSAX OT €0 KPOMKH J0 OTMETKHU
~350—400 M H.y.M. IPOTATUBAIOTCS ABE KPYIIHbIE

* B Hacrosuiel myOnuKanud TPUMEHUTENIBHO K BIK. ATCOHYmypH MbI ucmonbdyeM Beien 3a [.C. TopmkoBsim [1] TepMuH «kaibaepay,
XOTS IPABOMEPHOCTb UCIIOJIb30BAHUS TOJOOHOTO TEPMHHA JUCKYCCHOHHA U3-3a Pa3Mepa U HEyCTaHOBJICHHOIO IeHe3Hca ATOro 00beKTa, H,

BO3MOXKHO, Ooree YMECTHO KBaJ'II/I(i)I/II_II/IPOBaTL €ro KakK Kparep.
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(~1250 x 450 M) ppITBUHBI THUIIA «IIAPPAY», a TAKKE
HECKOJIbKO OappaHKocoB. JIaBOBO-TUPOKIaCTHYE-
ckre oOpa3oBaHMsI BHYTPEHHETO KOHyCa IOYTH
MOJTHOCTBIO MEPEKPBIBAIOT MOJOCTh KajbJEphl,
a TaKKe 3HAUUTENIbHYIO 4acTh 3alaHOro0 CEKTO-
pa BYJKaHMYECKON MOCTPOMKU CTaporo BYJIKAHA.
Ha ogHoM M3 y4yacTKOB 37€Ch OOHa)XaeTcs K-
Bash» OCBIMb U3 CBEXHX BYIKAHWYECKUX ILIAKOB
n 60M0, obuielt npoTskeHHOCThIO ~1850 M (OT

BEPILUHBI 10 TOOEPEXbs), C KOTOPOH Iepruonde-
CKU CKaTbIBalOTCs (pparMeHThl pazHOPa3MEPHOTO
00JIOMOYHOrO MaTepuaja (HEKOTOpble OO0JIOMKHU
nocturaiot B nonepeunuke 20-30 cMm u 6ornee).
[To nepudepunt moCTpoiky BIK. ATCOHYIypH
PACHONIOXKEH Pl IUTAKOBBIX KOHYCOB (pHc. 3 a—d),
CBSI3aHHBIX C MOOOYHBIMU U3BEPKEHUAMH, UTO Xa-
PAKTEpHO AJIs BYJIKAaHOB, MPOAYLUPYIOIINX MarMbl
ocHoBHOTrO cocraBa (Amaup, Tars). [loctpoiika

Puc. 1. Paiion uccnenosanuii. (a) ['eorpaduyeckoe monokenue o. Utypym B cucteme Kypuibckoii octpoBHO# ayru. (b) OcHoBHBIE
CTPYKTYPHBIE 2JIEMEHTHI BJIK. ATCOHYITypU U TOUKH onpoboBanus Tedps! u nas: 1 — P38/13 (;aBa), P39/13 (mmrak mo6o4HOTrO KOHYCA),
2 — P81/14, P82/14, P83/14, P84/14 (naBa), 3 — P85/14 (naBa), 4 (cm. (a)) — P250/14, P251/14 (uutak u3 aioH). KpynmHBIM yHKTHPOM Ha
BpE3Ke MMOKa3aHbl BBIISISIONINECS B pelbede IpaHuIbl KajbIepbl, MEIKUM — BEpIINHHBIA Kparep. Paszpe3 Ne 9/14 oTrMedeH TpeyronbHHU-
koM. Mcnione3oBansl canMku Google Earth.

Fig. 1. The study area. (a) Geographical position of Iturup Island in the Kuril island arc system. (b) Basic structural elements of the At-
sonupuri volcano and tephra and lava sampling points: 1, P38/13 (lava), P39/13 (cinder from the side cone); 2, P81/14, P82/14, P83/14,
P84/14 (lava); 3, P85/14 (lava); 4 (see (a)), P250/14, P251/14 (cinder from the dunes). Large dotted line in the inset indicates the caldera rim
encountered in the relief; small dotted line indicates the summit crater. Section 9/14 is marked with a triangle. Google Earth imagery used.
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Okcnno3vBHasi akTUBHOCTb ByrikaHa ATCOHYMypu B no3aHeM roroueHe (o. UTypyn, KOxHble Kypunbckue octpoBa)

MEPBOT0 M3 HHUX paclojokeHa Ha MoOepekbe,
B 2.7 KM K BOCTOK-CEBEPO-BOCTOKY OT BEpLIMHBI
Bynkana (puc. 3 a). Cyzis 1o CITy THUKOBBIM CHUMKaM
U poToMarepuaam, MoydeHHBIM B XOJIE€ MOJIEBBIX
PEKOTHOCIUPOBOUHBIX MCCIIEI0OBaHU, OHA 00pa30-
BaHa JIBYMsI CJIMBIIMMUCS [UTAKOBBIMU KOHYCaMH
BbIcoTO 60—70 M (puc. 3 a), Ha BEpLIMHAX KOTOPBIX
IIPOCMATPUBAIOTCS OYepTaHus Kparepos. B ~900 m
K CeBepo-3amay OT MEePBOIr0 PacroyiokKeH BTOPOM
nuiakoBelid KoHyc (puc. 3 d). Ero mocrtpoiika He
MMEET YETKUX OYEepTaHUH KOHYCOBHIHOM (POPMBI
U «penbe(HOID BEpIIUHbI C KpaTepoM, OJJHAKO Jie-
MOHCTPUPYET XapaKTepHOe NEPUKIMHAIILHOE 3aJie-
raHUE OTJIIOKEHWMH IIIaKa, BCKPBITHIX OJ BO3/EH-
CTBHEM BOJHO-TIPUOONHBIX TiporieccoB (puc. 3 d).
Eme onuH, TpeTuid, IITAKOBBIA KOHYC HAXOAMUTCS B
FO’)KHOM CEKTOPE BYJIKAHUYECKOW TOCTPOMKH — B 2.8
K FOTO-FOr0-3amafy ot kparepa (puc. 3 b, ¢). Cyns o
UX OTHOCHUTEIILHO XOpOLIeH COXPaHHOCTH, MOXKHO
HPEIOIIOKNUTh, YTO UX (POPMHUPOBAHKE MPOHUCXO-
JTJIO B CPETHEM WJIU TIO3/IHEM TOJIOLIEHE.

BemecTBeHHBIN cocTaB MOPOJ BIK. ATCOHY-
Mypy U3y4eH ci1abo U OrpaHUYMBAETCS TaHHBIMU
paboThl [2], coracHO KOTOPOM MOPOAbI ByJIKaHa
MpeICTaBlICHbl OazanbTaMH M, B MEHBIIEH cTe-
ey, anaesubasansramu (Mac.%): SiO, 47.09—
52.41,K,0 0.42-0.59, Na O 1.75-2.88.

[lonBoast wuror omnucaHuio Mopdosoruu
BJIK. ATCOHYIYPH, CI€yeT OTMETHUTb, UTO €r0 IO-

CTpOMKa B LI€JIOM BBIIVISLAUT T0BOJIEHO MOJIOJIO: OHA
IIPAKTUYECKU HE TPOHYTA PO3HUEH, UMEET XOPO-
110 BBIPAKCHHBINA BEPIIUHHBIN Kparep (puc. 1 a),
psII IUTAKOBBIX KOHYCOB (pHc. 3 a—d), CBA3aHHBIX
¢ NMOOOYHBIMU H3BEPKEHUSIMHU, U XapaKTepU3y-
€TCsl Pa3BUTUEM OTHOCHUTEIIBHO CBEXHMX NMPOAYK-
TOB aKTMBHOCTH — JIaB W IIIakoB (puc. 4 a—d).
B 10 xe Bpems o0muii 00NMK ByJKaHa 3aMETHO
OTIIMYaeTCsl OT Haubojee AaKTHUBHBIX BYJIKAHOB
peruoHa, Takux kak Yukypauku (o. ITapamymmp,
Cesepubie Kypuiibl) wnu ITuk CapsiueBa (0. Ma-
Tya, LlenTpanpuble Kypuibsl): X MOYTH YepHbIE,
MOKPBITHIE TUTAIOM CBEXKHUX IIIAKOB KOHYCBHI CO-
BEPILEHHO JINIIEHB! PACTUTEIBHOCTH, YTO yKa3bl-
BaeT Ha MOCTOSIHHYIO 3PYNTHUBHYIO aKTHBHOCTbD,
B YCJIOBUSIX KOTOPOU YCTOMYMBBIN ITIOYBEHHO-pAC-
TUTENIbHBII MOKPOB HE ycNeBaeT c(hOpPMUPOBATH-
cs [6]. Bynkan ATcoHynypH, HallpOTHUB, ITPAKTH-
YECKHU JI0 BEPIIUHBI (YACTUYHO U KpaTep) MOKPHIT
HOYTH CIUTOIIHBIMHU 3apOCIISIMU U3 MOJIOZIOTO Oam-
Oy4HHKa, OJIbXOBOTO KyCTapHUKa U TPaBIHHUCTOM
pactutenbHOCTU. TakuM 00pazoM, ATCOHYIypH
UMeEEeT BU/JI BYJIKaHA, KOTOPBIN ObUT OYEHb AKTUBEH
panble, HO nocaeanue 500—600 net HaxogUTCS
B COCTOSIHHHM IOKOS. 3@ 3TO BpeMs Ha HEM YCIell
c(OpMHPOBATHCSI YCTOMUUBBIA MOYBEHHO-PACTH-
TEJIbHBIN MOKPOB. DTO COMNIACYETCs C OTCYTCTBU-
€M CBEJICHUI O MPOSBICHUAX aKTUBHOCTH BYJIKa-
Ha B ucTopuyeckoe Bpems. UTypyn Bcerma Obui

Puc. 2. Bynkan ATcoHyIypH, BUJI C FOTO-BOCTOKa (paiioH 03. Jleco3aBonckoe), uromnb 2014 . @omo A.B. /leemepesa

Fig. 2. The Atsonupuri volcano, view from the southeast (Lesozavodskoye Lake area), July 2014. Photo by A. Degterev
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Puc. 3. [llnakoBeie KOHYCHI B BOCTOK-CEBEPO-BOCTOYHOM (2, d) M roro-toro-zamajgHoM (b, ¢) CEKTOpax MOJHOXKbS BIK. ATCOHYITYPH.
Ha Bpeske moka3aHo reorpaduueckoe MONOKEHHE [UIAKOBBIX KOHYCOB B COOTBETCTBUH C OYKBEHHOW HyMepanuei (HOTOCHHMKOB.
Domo A.B. /leemepesa (a, d), B.b. [ypvanosa (b, c).

Fig. 3. Cinder cones in the east-northeast (a, d) and south-southwest (b, c) sectors at the foot of the Atsonupuri volcano. The inset
shows the geographical position of the cinder cones according to the letter numbering of the photographs. Photos by A. Degterev (a, d)
and V. Guryanov (b, c).
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Okcnno3vBHasi akTUBHOCTb ByrikaHa ATCOHYMypu B no3aHeM roroueHe (o. UTypyn, KOxHble Kypunbckue octpoBa)

Haubosee 3aceileHHbIM OcTpoBoM Kypuibckoii
Ipsbl, TO3TOMY MAaJIOBEPOSTHO, YTO IPOMC-
XOAUBIINE M3BEPKEHUS W/WIM UX MOCIEICTBUS
MOIVIM OCTaBaThCsl HE3aMEUEHHBIMU.

B pab6orax [1, 5] coobmiaercst 06 u3BepKEeHU-
ax Byakana B 1812 (?) u 1932 rr. CoObitue 1812 1.
YIOMHHAETCSl B HUX CO CCBUIKOM Ha COOOIIEeHHE
kanutana IL.W. Puxopna*, omnako W3 3ammcok
B.M. TonoBuuHa [7] sICHO, YTO peyb IUIA O JIPY-
roM BynkaHe. 24 asrycra 1812 r. kanuran Puxopa
¢ 6opra numona «J{uaHa», CTOSIBILIEro Ha peije o.
[Iukoran, HaOmonan u3Bep>keHHE (IIPOSIBICHUE
TOBBIIIIEHHOW aKTHBHOCTU?) BIK. TSTS Ha cocen-

HeMm 0. Kynammup, o gem cooOmnmmt: «3p Bepiu-
Hbl KyHammpckoro nuka, SlnoHaMu Ha3bIBaeMo-
ro YauanoOypu (Bynkan Tats. — [lpum. asmopa),
yBUIBIIM MBI BEIXOASIIIH IBIMB, YETO Bb MIPOILIOMb
roxb Hamu npumbuero He ObuTO» [7, €. 130].
Ceenenust o ciabom wu3BepkeHuu 1932 r.
B JIOCTYITHBIX JIUTEPATYPHBIX UCTOUYHHKAX OTCYT-
ctBytoT, uH(popmarusa o Hem [.C. TopurkoBeiM
[1] O6puTa MOTyUYEHA CO CIIOB MECTHBIX >KUTEIICH.
Taxxe coo0IANIOCh O TOM, YTO CEHCMOCTAHIIMS
«JlecozaBonck», pacroyiokeHHasi Ha mepenieii-
Ke, MepHOINYEeCcKH (PUKCHpOBaNa CEepUU CIIa0bIX
3emsieTpsiceHuil mox Byakanom [1]. B 2018 r

Puc. 4. JIaBoBO-TUPOKIACTHUCCKUE OTIIOKCHHUS BIK. ATCOHYMYpH: (2) «BOPOTHHK» IMPUKPATEPHOH 30HBI, 00pa30BaHHbIH MepeCIanBaro-
IMUMCsl TOPU30HTAMH JIaB | IIJIAKOB; B JIEBOI YacTH CHUMKa BHIHA CepHs Jaek (BUJ ¢ ceBepo-3amana); (b) BepImHHAs JacTh ByJIKaHa,
I0TO-3aMaIHBIN CEeKTOP; (C) IUTaKOBas OCHINb HA 3allaJHOM CKJIOHE MOCTpoiky; (d) OeperoBbie 0OHaXKEHUs, BCKPHIBAIOIINE CTPYKTYPY
CTpPAaTOBYJIKaHA B 3allaj-I0ro-3alaJHOM CEKTOpE IIOJHOXbS: MHOTOUHCIICHHBIC, OTHOCUTEIBHO CBEXKHE JIABOBBbIE ITOTOKHU UYEPEAyHOTCS
¢ TauKaMU THPOKJIACTHKH; B IIEHTPE Ha IEepefHEM IUIaHe BHIHO, KaK MOJIOJBIC JIABOBO-ITHPOKIACTHUCCKHE TOJIHM OOJIEKaloT Oolee
npesHue 3Qdy3uBHBIE 00pa3zoBanust. Pomo B.b. [ypwvanosa (a, b), H.I. Pasorcueaesoii (c, d).

Fig. 4. Lava and pyroclastic deposits of the Atsonupuri volcano: (a) the “collar” of the crater zone formed by interlaced horizons of
lavas and cinder, with a series of dikes visible in the left part of the image (view from the northwest); (b) the summit of the volcano,
southwestern sector; (c) cinder scree on the western slope of the edifice; (d) coastal outcrops revealing stratovolcano structures in the
west-southwestern sector of the footwall: numerous, relatively fresh lava flows alternate with pyroclastic beds; in the centre foreground,
young lava and pyroclastic sequences can be seen encasing older effusive formations. Photo by V. Guryanov (a, b), N. Razhigayeva (c, d).

* T1.U. Pukop npuHsL1 KOMaHAOBaHuUe HUTONoM «luana» nocne «unipaenrta ¢ B.M. T'onosanabim» B 1811 1., Koraa Buiie-aaMupa ObLT IICHEH
simoHuaMu Ha o. Kynammp [7].
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KaKUX-TMOO TIPOSIBIICHUHM Ta30THAPOTEPMATIBLHOM
(conbdarapHoii) aKTUBHOCTH B BEPIIMHHOM Kpa-
Tepe ByJIKaHA W/WIU HA CKIOHAX €r0 MOCTPOUKH
He OBIJI0 OTMEUYEHO (IO YCTHOMY COOOIIIEHHUIO CO-
TPYAHHKA JTaOOPATOPHH BYJIKAHOJIOTUU U BYJIKAHO-
onacHoct UMI'ul" JIBO PAH ®.A. PomaHnioka,
COBEPIIUBIIETO BOCXOXKJICHUE HA BYJIKAH C LEIBIO
W3Y4YEHUSI COBPEMEHHOTO COCTOSIHHMSI KpaTepHOM
30HBI M T€0OOTAHUYECKUX UCCIICIOBAHMI).

Pe3synbraThl M 06CcyXxaeHue

B pesynbprare uzyueHus paspes3a MOYBEHHO-
nupoksacTuaeckoro uexia Ne 9/14 (puc. 1) 66
MOJTy4eHBI TIepBhIE JaHHbIE 00 IKCIIJIO3UBHOM aK-
TUBHOCTH BJK. ATCOHYIYpPH B MO3IHEM roOJjOle-
He (pucyHku 5, 6 a, b). bonbIas yacte Tedpsl U3
3TOrO paspe3a BBUJY 3HAUUTEJIBHON KPYMHOCTH
U MOIIHOCTUM TOPU30HTOB 3aBEAOMO CUHUTAJIach
«MECTHOI», TaK KaK BCE aKTHUBHO JEHCTBYIOIINE
BYJIKaHbl C AHAJOTUYHBIM COCTABOM IPOIYKTOB
(HM3KO- U YMEpEHHO-KaIMeBbIe 0a3abThl U aHJe-
310a3anbThl) HAXOASATCS Ha 3HAUUTEIHHOM y/ale-
HUU — OMMOKaWIIIM TOTEHIIMATBHBIM HCTOYHUKOM
SIBISIETCSL BIK. TATsA, pacnonoxeHHbI B 90 kM
K toro-zanaay Ha o. Kynamup. OnHako npu npo-
BEJICHUHU TIOJIEBBIX PaOOT MO U3YUYECHUIO KaJbAepO-
oOpa3zyromero n3epxenus JIeunoit [lactu (2013,
2014, 20162017 rr.), B X0A€ KOTOPBIX U3yUYaJHCh
MTOYBEHHO-ITUPOKIJIACTUYECKUE YEXJIbl Meperei-
koB Pokka u Jlo3opHblii (puc. 1), nepekpbIBaroIme
KHCITYIO IPOKCUMAJIbHYIO0 MUPOKJIACTUKY KaJlbJie-
PBI, MOIIHBIX TOPU30HTOB Te(hPbl OCHOBHOTO CO-
CTaBa, KOTOPbIE MOIIMI COOTHOCUTHCS C JIEATENb-
HOCTBIO BIIK. TATs, 0OHapy»)eHo He ObL10. Bynkan
Bepyrapy0e, pacroyioXeHHBIi Ha CaMOM FOTe
octpoBa (~40 xm) (puc. 1), B KauecTBe MOTCHITH-
QIBHOTO MICTOYHHMKA TO3THETOJONCHOBOW Te(pHI
B IIpe/iesiax UCCIIEAyEeMOro pailoHa He paccMaTpu-
BaJICS, TaK KaK €ro MoCTPOMKa B 3HAYUTEIBLHOU
Mepe 3POANPOBAHA, CBEKHUE IPOAYKTHI U BYIKaHU-
geckue hopmbl penbeda (KpaTepsl, B3pIBHBIE BO-
POHKH, JIaBOBbIE€ NTOTOKU, TUPOKIACTUYECKHUE MO-
KpOBBI) OTCYTCTBYIOT. KpoMme Toro, ero noposisl o
COCTaBYy 3HAYUTENIBHO OTJIIMYAIOTCS OT MPOTYKTOB
U3BEP)KEHUH BIIK. ATCOHYIypH [2].

bnuxe Bcero k ucciaepyeMomy paspesy pac-
nojoxeH BiIK. Crokan (~12 KM), KOTOpBIA $B-
JSeTCA caMblM BBICOKMM ByJKaHoM 0. UTypyn

PETROLOGY AND VOLCANOLOGY

(abc. Bpic. 1634 ™). OH mpexactaBisieT coOOit
CIIOKHOE€ BYJIKAaHMYECKOE COOPYKEHHE, COCTOs-
1Ie€ U3 HECKOJIBKMX PAa3HOBO3PACTHBIX IMOCTPO-
eK, GopMUpPYIOUINX I0KHYIO 4acTh Xp. borareipp
(puc. 1). Ero ckioHsl paccedeHbl MHOXXECTBOM
nIyOOKuX OappaHKOCOB, a MPHUBEPIIMHHAS YaCTh
XapakTepu3yeTcs: OOMINEM THAPOTEPMAIIbHO H3-
MEHEHHBIX nopod. OnHako Ha BEPLIMHE pacCIo-
JIOKEHBl HECKOJIBKO JIOBOJIBHO CBEKHX KpaTepoB
Y IUJTAKOBBIN KOHYC K CEBEPO-BOCTOKY OT INIaBHOM
(reorpaguueckoii) BepIIMHBI, yKa3bIBaIOLIHEe Ha
BEPOSATHOE MPOSBICHUE 3PYNTHUBHOM JESATEIBbHO-
cTH B rojoueHe. [Ipu 3ToM coBpeMeHHbIE IpeLy-
3MOHHBIE JIaHHBIE 110 COCTaBy €ro IOpoJ OTCYT-
cTBYIOT. [103TOMY HENb35 MOIHOCTHIO UCKIIIOYATh
BO3MOXKHOCTb ITPUCYTCTBHUS €ro Te(pbl B OUBEH-
HO-TIMPOKJIACTUYECKOM ~ UeXJIe, OKalMIISIOUIEM
MIOJTHOXbE BIIK. ATCOHYITYPH.

[TpuHaanexxHOCTh HUcchaenyeMoil Tedpbl K
BIK. ATCOHYNypH IOATBEPKIAETCS TIE€OXUMHU-
YECKUM «POJICTBOM» €r0 H3BEP>KEHHBIX MOPO,
MPENOJIaralouM TOXAECTBO COCTaBOB Te(pBI
(1U1aKOB M NEIUIOB, 3aKIIOYEHHBIX B ITOYBEHHO-
MUPOKJIACTUYECKOM YEeXJIe IOJHOXbsl BYJKaHA)
U JIaBOBBIX IIOTOKOB, ONPOOOBaHHBIX Ha mepude-
pHUH BYJIKAaHMUYECKOI0 KOHYyca (Ha OCHOBE JaHHBIX
KaK 110 NEeTPOreHHbIM OKHUCIIaM, TaK U 110 MUKpPO-
U pEIKO3eMEIbHBIM 3JIEMEHTaM; CM. TaOIuIly
B IIPUJIOKEHUH).

Tedpa BIK. ATCOHYIypH TIPENCTABICHA OT-
JIOKEHUSIMH YEPHBIX M TEMHO-KOPHUYHEBBIX ILIA-
KOB M IpyOBIX INEIUIOB (BYJIKaHMYECKHUX IECKOB),
00pa3yroIuX TOPU30HTHl Pa3IMYHONW KPYNHOCTH
u MomHocTH (puc. 6 b). IIpeobnagaroT oTHOCH-
TeabHO MomHble (<10 cM) rOpu30HTHI Te(pbl
U3 BYJIKAaHWYECKOIo I'paBUs U JIANWUIEH ¢ Mpu-
MECBI0 Pa3HO3EPHUCTHIX IEIJIOB, 00pa3youue
KaK OTJEJIbHbIE CJIOU, TaK U JpOOHO cTparudu-
LIUPOBaHHbIE MAuku (puc. 5), OTBEYAIOIIKE IPO-
JOJDKUTEIBHBIM U, BEPOSTHO, OUYEHb MOIIHBIM
nepuojaM HKCIJIO3UBHON aKTUBHOCTH (WJIHU Ce-
puM cONMKEHHBIX 10 BPEMEHU H3BEPIKEHUN).
HekoTopele cinou XapakTepu3ylTCs Haludu-
€M HOpPMaJIbHOW WM OOpaTHOW TpaJaliOHHON
CJIOUCTOCTU. BONBIIMHCTBO M3 HUX 0Opa30BaHBI
IOBEHWJIBHBIM MarepuasoM, HO B psjie MavyeK Npu-
CYTCTBYET NPHUMECh PE3yPreHTHOU <«JIPOOIECHKN
(puc. 6). CTpykTypa 006;10MKOB MUKpOTIOphupoBas
win adupoBas ¢ BKPAIUICHHUKAMH TUIardoKja3a
(~20 %). ITopomooOpasytomie MUHEpaIbl Tpea-
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CTaBJIEHBl IUIATMOKJIAa30M, OpPTO- U
KJIMHOITUPOKCEHOM, OJIUBUHOM, TH-
TaHOMAarHEeTUTOM.

Psg  ropu3oHTOB, y4HTHIBas
MOILIHOCTb M KpPYNHOCTb MaTepHu-
aja, MOr OBITb CBSI3aH C U3BEp-
KEHUSAMH  MOOOYHBIX  KOHYCOB,
pacIlojoKeHHbIX 10 mepudepun
BJIK. ATconynypu (pucysku 1, 3).
OpHako MPOCIEAUTh W3MEHEHHE
MOIIHOCTEH c10€eB Tedpbl OT pasz-
pe3a K paspe3y Mo Mepe yaaie-
HUS/TIPUONIDKEHUST K HUCTOYHUKY
HE yAaJlOCh HW3-3a BBIHY)KJIEHHBIX
OTpaHHYEHUN 0 BPEMEHH.

s ompeneneHust abCoOT-
HOTO BO3pacTa TOPU30HTOB Te(pPbI
U OLEHKHM YacTOThl W3BEP)KEHUU
BJIK. ATCOHYITypH BBIINOJIHEHO pa-
JMOYTIIEPOAHOE JTaTUpOBaHUE IO-
rpeOEHHBIX MOYB, MOACTUIAIOIINX
OTIOKeHUs 1IakoB. [lomydeHsl
JIBE pPaJuOyINIepOJHbIE JaTHPOB-
KM, COOTBETCTBYIOIIHE MO3AHEMY
romoueny: 1610+50 (xamubpo-
BaHHBIM Bo3pacT: 1490+60 ner no
1950 . (JIY-7806)) u 1050+80
(kanm. Bozpact: 970+100 ner no
1950 r. (JIY-7828)). Kpome Toro,
BO3pacTHbIM pernepoM 1739 rH.3.
SIBJISICS meren Ta-a, CBsI3aHHBIN
C IUIMHUAHCKUM  H3BEP)KEHUEM
BiK. Tapymas (0. Xokkaiino, Smo-
HUS), TIOBCEMECTHO paclpocTpa-
HeHHblW Ha o. Hrypyn [8-13]
U SIBIISIFOIIUICS 3/1€Ch CBOEOOpa3-
HOW Ie0JIOTUYECKON BEXOU MEXKIY
U3BEPKEHUSIMU HCTOPUYECKOTO U
JIOMCTOPUYECKOTO 3TaloB BYJIKa-
HHUYE€CKOW aKTUBHOCTH.

Ha ocHoBe u3ydenus mnocie-
JIOBAaTEIbHOCTU CJIOEB TEePpbl U3
MOYBEHHO-MTUPOKJIACTUUECKOTO
yexja ¥ paguoyriepoaHbIX IaTh-
POBOK OBLIO yCTAHOBJIEHO, YTO 32
nocineanaue 1400 ner nmpowusonuio
HE MEHEE YETBIPEX J0CTAaTO4YHO
CWJIBHBIX 3KCIJIO3UBHBIX (IKCILIO-
3UBHO-2(PY3UBHBIX ?) H3BEPIKEHU I
BJIK. ATCOHYNYpH, OCTaBUBIIMX

[ETPONIOrUSI, BYNIKAHONOINS

Puc. 5. Pa3pes nouseHHO-mupokIacTuueckoro uexiaa Ne 9/14. [{udpsi crieBa cooTBeT-
CTBYIOT KaJMOPOBaHHBIM 3HAYCHHSM PaJHOYyITICPOIHOTO BO3PACTa; CIIpaBa IpUBE/IC-
HO KPaTKoe OITHCaHue OTIOKeHHU . UepHble BepTHKAIbHbIC JHHUH CIIPaBa OT KOJIOHKH
OTBEYAIOT OTACIBHBIM CHIIBHBIM H3BEPXKEHHUSIM HJIM 3TalaM aKTHBH3aUWH (CONMKEH-
HOI1 110 BpeMEHH CepUH U3BEPIKCHHI ) IPYNTUBHOI ACSTEIBHOCTH BIIK. ATCOHYITYpH.

Fig. 5. Section of the soil and pyroclastic cover 9/14. Numbers on the left correspond
to calibrated radiocarbon ages; on the right — a brief description of sediments is given.
Black vertical lines to the right of the column correspond to individual large eruptions
or activation phases (series of eruptions close in time) of the Atsonupuri volcano.
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Te0JIOrMYECKHe CIIe/Ibl B BOCTOYHOM CEKTOPE BYJI-
KaHU4eckoi mocTpoiiku. Haubonee cuibHOE u3
Hux npoucxoauio ~1100-1000 mi.H. (HHuXKe MOYBbI
¢ kaj. Bo3pactoM 970+100 net; puc. 5), cocTosB-
1Iee U3 CepUr KPYIHBIX IKCIUIO3UBHBIX COOBITHIA,
OCTaBUBIIMX MOILIHBIE TaUKH 111aKkoB. He uckiro-
YEHO, YTO KOJIMYECTBO U3BEPKEHUM OBLIIO OOJIBITIE
(mo ~6-8), ecu OTOXKACCTBIATH IMOCJICI0BATEb-
HbIE CJIOU Te(PBI C OTAETBHBIMH, COMMKEHHBIMU
10 BPEMEHU BYJIKAHUYECKUMH COOBITHSAMH (3Ta-
MaMy aKTHUBU3alUU 3PYNTUBHON aKTUBHOCTH),
B TEUEHHE KOTOPBIX HE ycmenu cHopMUpOBaTh-
Csl MaJIeONOYBbl, MapKUPYIOILUE Nay3bl B padoTe
BynkaHa. Kpome Toro, Hare ucciaeqoBaHue Obu10
OTpaHMYEHO U3YyUYEHUEM OJIHOTO YacTHOIO paszpe-
3a, HaXOZSAIIErocsd K BOCTOKY OT JEHCTBYIOLIETO
ByJIKaHa, 0e3 y4eTa JaHHBIX IO IPYTUM pa3pe3am
(puc. 1), pacnonoxeHHBIM 110 nepudepun ByJIKa-
HHUYECKON TOCTPONKH.

Pacnipenenenne m3BepKeHHH BIK. ATCOHY-
Iypy BO BpEMEHU 0OHApYKUBAET KpaliHe «HepaB-
HOMEPHBII» XapakTep: abCOMOTHO Bce 3aduKcu-
POBaHHbIE B TOYBEHHO-ITUPOKIACTHUECKOM YeXJIe

HKCIUIO3UBHBIE COOBITHS MPOU3OILIN B UHTEPBA-
ne ~1400-800 i.H., T.e. Ha mpoTsbkeHun 600 neT
BYJIKAaH M3Beprajcs B cpeaHeMm Kaxzasie 150 mer
(puc. 5). IIpu sTOoM, O MMEOUIMMCS K HACTOS-
IIEMY BPEMEHU I'€0JIOTMYECKUM U UCTOPHUECKUM
JIaHHBIM, TTocaeaaue 500—600 jeT oH HaXxoauJICs
B COCTOSTHUU TOKOS.

[Ipn mpoBeneHNM NaNeOCENCMOIOTHYECKUX
u naneoreorpapuyeckux padboT B HIOJIEe—aBIy-
cte 2022 r. [9], B X0A€ KOTOPBIX U3y4aIHCh TOP-
(GSHUKA M MMOYBEHHO-NUPOKIACTUUYECKUE YEXJIbI
B 10—12 KM K IOr0-BOCTOKY OT BJIK. ATCOHYIypH
(paiton o03. JlecozaBoackoe u TIpoTokHM Tuxas;
puc. 1), HUKAKUX CIIEOB AKCIUIO3UBHBIX H3BEp-
KEHMH 3a IOCJIEJHUE COTHU JIET HE HaMAeHO.
Bes  oOnapyxeHHas Tedpa B 3TOM pailoHe 3a-
Jeraja CyIIECTBEHHO HU)XE€ MapKUPYIOLIEro Iie-
rioBoro npociod Ta-a (1739), oraenssick OT Hero
norpeO0eHHOM MOYBOM, MO3TOMY BO3pacT Hau-
OoJyiee MOJIOJBIX IUIAKOB, KOTOPbIE MOTEHIIUAIb-
HO MOINIM OBl aCCOLIMHMPOBATHCS C AKTUBHOCTHIO
BJIK. ATCOHYITypH, 3/1€Ch HE MOXKET OBbITh MEHbIIIE
400-600 ner.

Puc. 6. O6mmit Bux paspesa Ne 9/14. OtmedeHs! To9kr 0TOOpa MOTPEOSHHBIX MOYB JUIS MPOBEICHUS PaJHOYyIIIEPOAHOTO aHAIH3a, IIPHU-
BE€ZCHBI JIAOOPATOPHBIA HHIEKC U 3HAYEHHS PAJHOyIIIEPOAHOTO Bo3pacTa. Pomo A.B. Pvibuna

Fig. 6. A general view of section 9/14. The locations of buried soil sampling for radiocarbon analysis are marked; the laboratory index

and radiocarbon age are given. Photo by A. Rybin
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XUMHUYECKHN COCTAaB FOBEHUJILHON MUPOKIIA-
CTHKH BJIK. ATCOHYIYPH MPEACTABICH YMEPEHHO-
¥ HU3KOKaJIMEBBIMU 0a3abTaMu M aHze3u0a3aib-
TaMH TOJICUTOBOM CEpUH C Cojiep:kanueM (mac.%):
Si0, 47.05-56.35, K,O 0.30-0.72, Na,0 1.99-
3.35 (puc. 7 a—d; cm. Tabnuily B NPHIOKECHUN).
JlaBOBBIC TTIOTOKH OTHOCSATCS K TE€M K€ TETPOXH-
MUYEeCKUM cepusiM (puc. 7 a—d), oHaKo B IeJIOM
OHH UMEIOT MCHBIIINI TUana30H BapuaIii cocTa-
BOB 110 CpaBHEHMIO ¢ Tedpoii: Si0, 48.86-53.47,
K 0 0.35-0.61, Na,0 2.06-3.19 (cm. Tabnumy B
npusoxkeHun). ITpu atom o coornomenuto CaO,

TiO,, Na,O B 3aBucumoctu ot cogepxanus SiO,
MOPOJBI ByJIKaHa 00pa3yroT JABE TPYIIIbI, B Kaxk-
JYI0 U3 KOTOPBIX BXOJUT Kak Tedpa, TaK U JiaBa,
YTO UMEET METPOrCHETUYCCKUE TPHUUHBI H Tpe-
OyeT CrenuanbHOTrO UCCIeI0BaHUS.

CpaBHEHHME  MaKpO3JIEMEHTHOIO  COCTa-
Ba MPOAYKTOB M3BEPKEHUM BIK. ATCOHYIypHU
u cocennux BynkaHoB (Crokam, bepyrapyoe
(0. Utypyn), Tars (o. Kynamup)) oOnapyxuBa-
eT cieayrome ocodenHoctu. Ilo cpaBHeHHIO €
OCTaJIbHBIMU ByJIKaHaMU I0kHOTO M TYypyna u3sep-
KEHHbIE TIOPOJbl ATCOHYIYPH XapaKTEPU3YIOTCS

Puc. 7. KnaccudukanyonHsle auarpaMMBbl Ui M3BEP)KCHHBIX MMOPOJ BIK. ATCOHYIypH U cocenuux BynkaHoB (Crokam, bepyrapy-
e, Tarsa): (a) TAS-muarpamma (Na,0+K,O — SiO,) B cooTBeTCTBMM ¢ KIaccH(HUKanMed BylkaHUIecKux Tmopox [16]; (b) mumarpamma
K,0O - SiO, mo [17]; (¢) muarpamma SiO, — FeO*/MgO mo [18]; (d) AFM-anarpamma (Na,0+K,O — FeO* — MgO) no [19]. Mecronoso-
KEHHE TOUeK 0TOopa MpUBEAEHO Ha puc. 1.

Fig. 7. The classification diagrams for igneous rocks of the Atsonupuri volcano and neighbouring volcanoes (Stokap, Berutarube, and
Tyatya): (a) TAS-diagram (Na,O+K,0O — SiO,) according to the classification of volcanic rocks [16]; (b) K,O — SiO, diagram according
to [17]; (c) SiO, — FeO*/MgO diagram according to [18]; (d) AFM-diagram (Na,0+K, O — FeO* — MgO) according to [19]. The location
of the sampling points is given in Fig. 1.
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Puc. 8. uarpammsl Xapkepa Ui H3BepKEHHBIX ITOPOJ BIK. ATCOHYNypu M cocequux BynkaHoB (Crokam, bepyrapy6e, Tsts).
YcnoBHBIE 0003HAYEHMS PUBEICHBI Ha puC. 6.

Fig. 8 Harker diagrams for igneous rocks of the Atsonupuri volcano and neighbouring volcanoes (Stokap, Berutarube, and Tyatya).
The symbols are given in Fig. 6.
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Haubonee HuskuMm conepxkanuem SiO, m K O
(puc. 7), noBbllIeHHBIMH coaepxxkanusimu FeO,
TiO,, CaO, MnO (puc. 8). SIBHO TpOCIEKUBAIO-
IIUeCs M0 JaHHBIM padoTHI [2] Ha BapHAITMOHHBIX
auarpammax (puc. 8) nonmxennsie 3nauenus TiO,
B noponax Crokama, Atrconynypu u bepyrapyo0e,
BEpOSITHO, CBSI3aHBI C AHATUTHUYCCKOW OIIMOKOM
OTIpeIeNICHUs 3TOTO IEMEHTA.

JUis IpOIyKTOB M3BEP)KEHUN BIIK. ATCOHYILY-
pu xapakrepHo Hakornenue ALO, mo mepe yBe-
nudenus conepxkanus SiO,, B TO Bpems Kak 00b-
IIMHCTBO MOPOJ] PH OIM3KOM KOHIEHTparuu MgO
MMEET TEH/ICHIINIO K YMEHBIIICHUIO KOHIICHTPAIIUI
DIMHO3eMa (3TO BHJHO IO COCTaBaM JIABOBBIX I10-
TOKOB BIJK. bepyrapybOe, kotopsie 00pa3yroT 0o-
Jiee ITMHHYI0 ceputo, 4yeM 3(dy3uBbl Bik. CTokan
(pucynku 7, 8)). Ha nuarpammax Xapkepa tedpa
U JIaBBI BJIK. ATCOHYIYpH JIEMOHCTPUPYIOT Ompe-
JIEIEHHOE CXOJICTBO C HM3BEPKEHHBIMU MOPOAaMU

BynkaHoB Ctokar u Tsts (puc. 8). Beicokoe conep-
xanane CaO commkaet moposl ATCOHYITYpPH C U3Y-
YEHHBIMU NpoAyKTamu usBepxkeHus Crokamna. On-
HAaKO HEJ0CTATOYHOE KOJMYECTBO AHAIUTHUYECKUX
JIAHHBIX B OTHOIICHUH TJIMHO3€Ma HE I03BOJISET
TOBOPUTH O CHCTEMAaTHYECKOM CXOJICTBE COCTABOB
9THUX ByJIKaHOB. CyIlIeCTBEHHBIE IETPOXUMHUYECKUE
OTJIMYUSL OT BCEX BBIIICHA3BAHHBIX BYJIKAHOB MMe-
er BIK. bepyrapy0e, xapakrepu3yronmics Hau-
OoJiee KUCIBIM COCTABOM JIaB, YaCTh KOTOPBIX OT-
BEUAET M3BECTKOBO-IIEIOUHOM cepuu (puc. 7 a—d).
3TO cieayeT YUUTHIBATh IIPH TIPOBEICHUN Te(HPOX-
POHOJIOTMYECKUX PAOOT U MOUCKE MOTCHIIUAIBHBIX
MCTOYHUKOB Te(PHI B TaHHOM paiioHe.

CrniexTpbl pacrpenesieHus HOPMHPOBAHHBIX
3HAYEHUH pPEIKO3eMENbHbIX W MHKpPOdJIEMEH-
TOB B M3BEPKEHHBIX MOPOJAX BIK. ATCOHYITypH
UMEIOT ~ XapakTepHBIM IS  OCTPOBOAYKHBIX
BYJIKAHUTOB npoduiab KpuBod (puc. 9 a—d).

Puc. 9. Cextpsl pacipeneneHus peaKo3eMeIbHEIX (a, b) H MEKPO3JIeMeHTOB (¢, d) B M3Bep)KEHHBIX MMOPOAAX BIK. ATCOHYITYpH, HOpMa-
JM30BaHHBIE K XOHAPUTY (a) [20] 1 npuMuTnBHOM ManTHH (b) [21], coOoTBeTCTBEHHO. 3aNUBKOW KUPIUYHOTO IIBETA BBIACICHBI 001aCTH,

COOTBETCTBYIOIIUE COCTaBaM JIaBOBBIX IIOTOKOB BJIK. ATCOHyHypI/I.

Fig. 9. The distribution spectrums of rare earths (a, b) and trace-elements (c, d) in the igneous rocks of the Atsonupuri volcano normalised
to chondrite (a) [20] and primitive mantle (b) [21], respectively. The brick-coloured fill corresponds to the composition of the lava flows

of the Atsonupuri volcano.

[ETPONIOrUSI, BYNIKAHONOINS
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O6pa3upr Tedper u3 paspeza Ne 9/14 u naBo-
BBIX MOTOKOB BJIK. ATCOHYIypU OOHapyXHBAaIOT
MPAKTUYECKH TIOTHYI0 HJIEHTUYHOCTH COCTABOB
B OTHOIICHUHU COJCP)KAHUS DIEMCHTOB-IIPUME-
celt (puc. 9 a, ¢), 4TO ABISIETCS OJJHUM U3 CBUJIC-
TENBCTB €IUHCTBA X MarMaTH4eCKOTO MCTOYHU-
ka. O6pasier nuakoB P250/2014 u P251/2014 u3
JIOHHOTO KoMIUiekca 3an. Onecckuii (puc. 1, Tou-
Ka 4), HalpOTHB, 3aMETHO OTVIMYAIOTCSI OT HOPMU-
pOBaHHBIX 3Ha4eHHWI Tepbl u3 paspe3a Ne 9/14

Puc. 10. Bapuarnun xonnenTpanuii Sc, Y, Pb (r/T) B 3aBuCcHMOCTH
ot coxepxanus SiO, JUIs M3BEPIKEHHBIX TIOPOJ BIK. ATCOHYIypH.

Fig. 10. The variations of Sc, Y, and Pb concentrations (g/t) accord-
ing to the SiO, content for igneous rocks of the Atsonupuri volcano.

PETROLOGY AND VOLCANOLOGY

U JaB BIK. ATcoHymypu. J[si HUX XapaKTepHO
Hanmuuue ciaaboil OTpUIATENFHOM EeBPOMUEBOM
aHOMaJInH, 0oJiee BHICOKHE KOHIICHTPAITUU TSDKE-
JIBIX TAHTAHOUJIOB U BBICOKO3aPSTHBIX SJIEMEHTOB
(puc. 9 b, d). Ha BapuaniMoHHbIX [uarpaMmMax 3a-
BUCUMOCTH KoHIleHTpaluit Pb, Y, Sc (r/T) oT co-
nepxanus SiO, (mac.%) QurypatvBHbBIE TOYKH
obpasnop nutakoB P250/2014 u P251/2014 tak-
K€ 3aMETHO OTJEJICHBI OT cocTaBa Te(pHI U JaB
BJIK. Arconynypu (puc. 10). [lonydyeHHble 1aHHbIE
YKa3bIBAIOT Ha TO, YTO UCTOYHUKOM ITHUX ILIAKOB
Mor siBnsiThest BAK. Crokan (puc. 1). s mpo-
BEPKHU 3TOTO TMPEANOJIOKEHUS HEOOXOAUMO Mpo-
BEJICHHE JIOTIOJTHUTEIBHBIX PabOT B ATOM paifoHe.

3aknro4yeHue

3a ucTopuyeckoe BpeMs Ha BIK. ATCOHYIY-
PH 1OCTOBEPHO HE 3a(pUKCUPOBAHO HU OAHOTO U3-
BepkeHus. Ha ocHoBe TeppocTparurpaduyeckux
U paJAMOM30TOIHBIX HCCIENOBaHUM paspesa Io-
YBEHHO-ITMPOKJIACTUYECKOTO Y€XJIa B BOCTOYHOM
CEKTOpE BYJIKAHUYECKOU MOCTPOUKH OTMEYEHO IO
MEHBIIIEH MEpE YEThIpe KPYIHBIX KCIUIO3UBHBIX
(9KCTUTO3UBHO-3(PPY3UBHBIX?) H3BEpKEHUS (MIIH
cepuu COMMKEHHBIX M0 BPEMEHH HW3BEpP)KEHU),
npoucxoausmux B uHTepBaue 1400-800 ii.H.

[locne mepuopa HMHTEHCUBHOM SKCIJIO3UB-
HOWM aKTMBHOCTHM BYJIKaHa I1OCJIEAOBAJ IEPUO
nokosi, HauyaBmuiics npumepHo 500-600 i.H.
U TPONOJKAIOUINICS, BEPOATHO, 10 TEKYLIETO
MOMEHTA, YTO MOJITBEPHKAAETCS OTCYTCTBUEM CBE-
JIEHUI O 3aJOKyMEHTHUPOBAaHHBIX HM3BEP)KEHUSAX
B ucropuueckoe Bpems. COCTaBUTh OOBEKTHB-
HBI JOJITOCPOYHBIA MPOrHO3 AKTUBHOCTH BYJI-
KaHa Ha OCHOBE MMEIOLIUXCS NPEIBAPUTEIbHBIX
JTaHHBIX HEBO3MOXKHO. K TOMy e HEeT TOYHBIX
JAHHBIX O JUIMTEJIBHOCTH M LMKJIWYHOCTH May3
B JICATEIbHOCTH BYJKaHa (HpeAbIAYLIUil 11eproa
aKTMBHOCTHM BYJIKaHa wiics nopsiaka 600 mer,
BHYTPU KOTOPOTO IEPEPBIBBI MEXKY M3BEPIKEHU-
SIMU COCTABJIISUTA TIPUOTH3UTEIBHO OT HECKOJIIBKUX
JIECSITKOB 10 COTEH JIET). DTO CleAyeT YUUThIBATh
IIPY [IPOBEJEHUM MOHUTOPHHIA BYJIKAaHMUYECKOU
akTuBHOCTH Ha Kypunbckux octpoBax. B ciyuae
aKTHBH3allMM BYJIKaHA, YUUThIBasl HKCIJIO3UBHBIHI
XapakTep ero NesATeNbHOCTH, IOTEHIUAIbHbBIE U3-
BEP)KEHUSI MOTYT NPEACTaBIATh YIpo3y JJsl aBU-
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alfil © MOPCKUX CymoB. [Ipu 3TOM BeposSTHBI HE
TONBKO TEpPMHUHAJbHBIE (CYyOTepMHHANBHBIE) U3-
BEPIKEHUS, HO U TIOOOYHBIE TIPOPHIBHI.

BemecTBeHHBII COCTAaB IOBEHWJILHOM IIH-
POKJIACTUKH BIK. ATCOHYNMypH TpeACTaBlIeH
YMEPEHHO- ¥ HHU3KOKaJIMEBBIMH 0Oa3aibTaMu
U aHjae3nba3ajbTaMH TOJCHTOBON CEpUH C CO-
nepxkanuem SiO, 47.05-56.35, K.O 0.30-0.72,
Na,O 1.99-3.35 mac.%. JlaBoBble TIOTOKH OTHO-
CATCSA K TEM K€ TETPOXUMHUYCCKUM CEpHSIM, HO
UMCIOT MCHBIINI JHana3oH BapualMii COCTABOB
10 cpaBHeHHIO ¢ Tedpoii (Si0O, 48.86-53.47, K,O
0.35-0.61, Na,O 2.06-3.19 mac.%). B nemnom
MPOIYKThl aKTUBHOCTH BYJIKAHA OTJIIMYAKOTCS pa3-
HOOOpa3WeM M HEOPAMHAPHOCTHIO BapHalUl CO-
CTaBOB, HCOOBIYHOCTBHIO TPEHJIOB IBOJIIOIUH.

[IpencrapneHHble B HACTOAIIEM COOOIIECHUH
pe3yNIbTaThl OCHOBAaHBI HA OrPaHMYEHHOM Habope
JTAHHBIX ¥ JIWIIb B TIEPBOM PUOIMKEHIH TTO3BOJISI-
0T MIPOJIUTH CBET HA IOUCTOPUIECKYIO aKTUBHOCTD
W BEIICCTBEHHBII COCTaB W3BEPIKCHHBIX MOPOJ
BJIK. ATCOHYITypH. {711 TTOJIHOrO BOCCTAHOBJICHUS
UCTOPUU SPYNTHUBHOW JIEATENFHOCTH BYJIKaHA He-
00XOIMMO MTPOBEICHUE JICTATTHLHBIX MAICOBYIKAHO-
JIOTMYECKUX PalOT, BKITIOYAIOIINX KOMILICKCHBIC
re0JIOTO-BYIKAHOJIOTUYECKHE, M30TOMHO-TEOXUMHU-
YEeCKHUE MCCIICOBAHMS, 3aTPAarBaIOIIIE HE TOIBKO
JTAHHBIA BYJIKAaHUYECKUHA IICHTP, HO U COCEIHUE
Bynkanbl (Ctokar, bepyrapybe u p.).
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Ipumeuanus k mabnuye. IlpuBszka o0pa3noB NpUBOAUTCA Ha puUC. |. XUMHUECKNE aHATU3BI BHIITOTHEHBI B aHAINTHYE-
ckoM neHTpe JlanmpHeBoCcTOYHOTO reonormdeckoro nactutyTta JIBO PAH (T. BnagmBoctok). Ompenenenne comep kaHus
H,O-, n.n.m., SiO, BeIMOIHEHO METOAOM TpaBuMeTpuy (aHanuTuk B.H. 3anesckas), conepxanns FeO — metonom Tu-
Tpumetpun (ananutuk XK.A. lleka). CongepxaHust OCTaIbHBIX AIEMEHTOB OIPEEIEHBl METOIOM aTOMHO-3MHUCCHOHHOM
CIIEKTPOMETPHHU C UHIYKTHBHO CBs3aHHOH 1ra3moit Ha cekTpomeTpe iCAP 7600 Duo (Thermo Scientific Corporation,
CIIIA), ceunetrensctBo 0 ioBepke Ne 001434 ot 17 HosiOpst 2015 1. (ananutuku I A. T'op6au, E.A. Tkanuna, H.B. Xyp-
kayo). IIpo6omoAroToBKa K MHCTPYMEHTANBHOMY aHANU3y — OTKPBITOe KucinoTHoe pasnoxkenue (HNO,+HCIO,+HF)
(amamutuku FO.M. MBanosa, E.B. Bonkosa).

Notes to the table. The samples are referenced in Fig. 1. Chemical analyses were completed in the analytical centre of
the Far Eastern Geological Institute of the Far Eastern Branch of RAS (Vladivostok). The content of H,O—, p.p.p., SiO,
was measured by gravimetry (analyst V. Zalevskaya), FeO content was measured by titrimetry (analyst J. Shcheka).
The contents of other elements were measured by atomic emission spectrometry with inductively coupled plasma on
spectrometer iCAP 7600 Duo (Thermo Scientific Corporation, USA), certificate of verification No. 001434 dated 17
November 2015 (analysts G. Gorbach, E. Tkalina, N. Khurkalo). Sample preparation for instrumental analysis — open
acid decomposition (HNO,+HCIO,+HF) (analysts Yu. Ivanova, E. Volkova).
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MNoaxon K onpeaeneHunio perMoHarnbHbIX HOpMaTUBOB
coaepXXaHus BeLLEeCTB ABONHOro reHesnca

B MOPCKMX Bogax npubpexbs toro-3anagHoro CaxanvHa
C YYETOM €CTECTBEHHOIO M’MAPOXUMMYECKOro hoHa

T. I Kopenesa®, U. B. Coipby, A. A. Bedepnukosa, B. E. Mapwiowcuxun, A. JI. Mazanosa
@E-mail: korenevatg@sakhniro.vniro.ru

Caxanunckuii punuan Beepoccutickozo HayuHo-UCCc1e008amenbCko20 UHCMUMYma polOHO20 X033UCmed
u oxearoepagpuu (CaxHUPO), FOxcno-Caxanunck, Poccus

Pe3tome. CoxpaneHne cTaOMIBHOTO (PyHKIIMOHMPOBAHUS MPUOPEIKHBIX MOPCKUX IKOCHCTEM B YCIOBHSIX TPaHC-
(hopMHPYIOIIErocss aHTPOIIOTEHHOTO BO3JACHCTBUS TPeOyeT OOBEKTHBHOM OLEHKH MX HKOJIOTHYECKOTO COCTOSIHUS.
PernamenTanus BemecTs JBOWHOTO T'€HE3NCa — IPUPOJHOTO H AHTPOIIOTEHHOTO — C UCTIOJI30BAaHUEM OOIEPOCCHH-
CKHX HOPMAaTHBOB IPEAEIbHO AOIMYCTHMbIX KOHICHTPAIlMH HE BCETAa JOCTOBEPHO XapaKTEpH3yeT Omaromorydne
BOJHBIX 00BEKTOB. B CBS3M C 3THM IPEIIOKEHBI yTOUHEHNUS K OIIPEIEICHHIO PETHOHAIBHBIX HOPMAaTHBOB COJEPIKa-
HUS psijia BEIIECTB C YYETOM NMPHPOIHOTO THAPOXHUMHYecKoro ¢oHa. Ha ocHOBe craTtncTHueckoi 0OpaboTKH HaH-
HBIX THAPOXMMHUYECKOTO MOHUTOPHHTA MTPHOpEexbs foro-3anagHoro CaxannHa 3a 2007-2022 TT. ¢ UCTIONIB30BaHUEM
rapaMeTpU4EeCcKUX U HelapaMeTpUYeCKUX METOAOB YCTAHOBJIICHO, YTO ()OHOBHIE (MIPHPOAHBIEC) COAEpPKAHUS psiza
BEIIECTB JBOIHOTO I'eHEe3HCa IIPEBBIIAIOT MIIM HAXOASTCS 3HAYUTEIbHO HIUXKE 00IEPOCCHICKUX HOPMAaTHBOB. B 1me-
peUeHb TOKa3aTese COCTOSHUS BOA, TPEOYIOMIMX PErIaMEHTAlU C YUYETOM CIIOKHBIIUXCS TPUPOIHO-KIMMaTHYe-
CKHX YCJIOBHM, BKJIIOUYCHBI CJCIYIOIINE BEIICCTBA — a30T HUTPUTHBIN, a30T HUTPATHBIN, a30T aMMOHUIHBIN, ochop
(docdarublii, xene3o (o01ee), OMOXUMUUECKOE MOTpedIeHne Kuciopoa, penosnsl u Hedrenpoaykrtel. [Ipu ycraHos-
JICHUW PETHOHAIBHBIX HOPMATHBOB 00Jiee KOPPEKTHBIM JUIst pacyeTa (OHOBBIX KOHIICHTPALUH OTAEIbHBIX BEIIECTB
MIPU3HAHO UCIIOIB30BaHUE HIKHEH IpaHuIsl KBaHTWIIA mopsiaka 0.75 (P = 0.95), yunteiBaromero ocOGEHHOCTH pac-
IIpefencHu sl Hanbosiee HeOMaronpuATHRIX B OTHOIICHUN KauyeCTBA BOJBI TIOJINTOHA U CE30HA TOAA.

KnioueBble cnoBa: npubpekbe 1oro-zamagnoro CaxaluHa, IpeaeiabHo gomyctumas konnenrpanus (ITJK),
pervuoHanbHbIil HOPMATHUB, BELECTBA JBOWHOTO I'EHE3UCA

An approach to determining regional standards

for the concentration of natural or anthropogenic substances
in the coastal waters of southwestern Sakhalin,

taking into account the natural hydrochemical background

Tatyana G. Koreneva®, Irina V. Syrbu, Anna A. Vedernikova, Vsevolod E. Maryzhikhin,
Anastasia D. Mazanova
@F-mail: korenevatg@sakhniro.vniro.ru

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

Abstract. Preserving stable functioning of coastal marine ecosystems under transforming anthropogenic impact re-
quires an objective assessment of their ecological state. Regulation of natural or anthropogenic substances using the
all-Russian standards of maximum allowable concentrations does not always reliably evaluate the well-being of water
bodies. Therefore, existing approaches to determining regional standards of the concentration of some substances were
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clarified, taking into account the natural hydrochemical background. Based on the statistical processing of hydrochemi-
cal monitoring data of the southwestern coast of Sakhalin from 2007 to 2022, using parametric and non-parametric
methods, it was established that the background concentrations of some natural or anthropogenic substances exceed or are
significantly lower than the all-Russian standards. The list of indicators of water state that require regulation, taking into
account the current natural and climatic conditions, includes the following substances: nitrite nitrogen, nitrate nitrogen,
ammonium nitrogen, phosphate phosphorus, iron (total), biochemical oxygen demand, phenols, and petroleum products.
When establishing regional standards, it was recognized that it was more correct to use the lower quantile limit of 0.75
(P=10.95) for calculating background concentrations of individual substances, which considers the distribution features for
the most unfavorable testing site and season of the year in terms of water quality.

Keywords: southwestern coast of Sakhalin, maximum allowable concentration, regional standard, natural and anthro-

pogenic substances

Jna yumupoeanun: Kopenesa T.I., Ceipoy U.B., Benepauxko-
Ba A.A., Mapeokuxus B.E., Ma3zanosa A.Jl. [logxon x onpenene-
HHIO PETHOHATBHBIX HOPMAaTUBOB COJEPXAHUS BELIECTB JBOHHOTO
reHe3uca B MOPCKUX BOZIaX IPHOpexbs roro-3amnaanoro CaxanuHa ¢
YUYETOM €CTECTBEHHOTO T'HAPOXUMHIYECcKoro GoHa. [ eocucmemul ne-
pexoonwix 301, 2025, T. 9, Ne 1, ¢. 92—106. https://doi.org/10.30730/
gtrz.2025.9.1.092-106; https://www.elibrary.ru/awweft

®duHaHcupoBaHue 1 6narogapHocTH

HccnenoBaHus BBIIIOTHEHBI B paMKaxX I'OCYAapCTBEHHOTO
3apganus [HL PO OI'BHY «Bcepoccuiickuii HayuyHO-HC-
CJIeI0BATENLCKUI HHCTUTYT PHIOHOTO X03HCTBA M OKEaHO-
rpadum» (Ne 076-00004-23-00).

ABTOpBI BBIp@XAIOT HCKPEHHIOIO MPU3HATEIBHOCTH CO-
TPYAHUKAM JIADOpaTOpUH aKBAKYJIBTYPbl 0€CII03BOHOYHBIX
n Bogopocaeit Caxanunckoro ¢punuana BHUPO 3a momomns
TIPH BBITIOTHEHUH 3KCIIEIUIIHOHHEBIX paboT. Ocobas Gmaro-
JIApHOCTH HaYaJIbHUKY OTAEJa PIOOX03SHCTBEHHON 3KOJI0-
run JlemapraMeHTa BOIHBIX OMOPECYPCOB U Cpebl MX 00u-
tanus BHMPO E.B. OraHecoBoil 3a leHHBIE COBETHI MpPH
MOATOTOBKE PaOOTHI.

BBeneHue

JlJis OIIeHKH COCTOSIHHSI BOJ BOJHBIX OOB-
€KTOB PBHIOOXO35MCTBEHHOTO 3HAUYCHUS YCTAHOB-
neHo, cornacHo IIpukasy Muncensxo3a Poccuu
ot 13.12.2016 Ne 552!, 6onee 1000 HOpMATHBOB U
MPEACIIbHO JIOMyCTUMBIX KOHIICHTPAIIHMA (HIIKPX)
3arpsi3HsOIUX BeuecTB. OCHOBHBIM HEOCTAT-
KOM IPOLENYypPhl yCTAaHOBIICHUS HJIKpX SABJISIETCS
OTCYTCTBHE KpPUTEpUEB Mepexona oT abopaTtop-
HBIX MOJIeJIeH K BOJHBIM OObEKTaM, XapaKTepu3y-
IOILIUMCS] PETHOHAJIBHBIMU MPUPOJIHBIMU YCIIOBU-

For citation: Koreneva T.G., Syrbu L.V., Vedernikova A.A., Mary-
zhikhin V.E., Mazanova A.D. An approach to determining regional
standards for the concentration of natural or anthropogenic sub-
stances in the coastal waters of southwestern Sakhalin, taking into
account the natural hydrochemical background. Geosistemy pere-
hodnykh zon = Geosystems of Transition Zones, 2025, vol. 9, No. 1,
pp- 92-106. (In Russ., abstr. in Engl.). https://doi.org/10.30730/
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SIMH M1 OCOOEHHOCTSIMHU COCTOSTHUS, YTO TPUBOJIUT
K HeAoydery crneuupuku (yHKIHOHUPOBAHUS
9KOCHUCTEM U MPOIECCOB B3AMMOJICHCTBUS UX KOM-
noHeHtoB [1, 2]. Vcnonb3oBaHWE OJMHAKOBBIX
s Beert Poccun HI[Klox HanboJjIee OMmacHo ¢ TOY-
KM 3pEHHUS OIIMOOYHBIX OIICHOK B OTHOIICHUH
BEIIECTB JBOMHOTO TE€HE3HUCa, OOpa3yIOIUXCs B
MPUPOAHBIX BOAAX KaK MO €CTECTBEHHBIM MPHUUH-
HaM, TaK U B pe3yJIbTaTe aHTPOMOTEHHOTO BO3/ICH-
ctBus. [TockombKy BOIHBIE OOBEKTHI PA3TUIHBIX
MIPUPOAHO-KIIMMATHYECKUX 30H U TEOXUMHYUCCKUX
MPOBHUHIIUN XapaKTEPU3YIOTCS IIUPOKUM CIICK-

'TIpuka3 Muncensxo3a Poccnn ot 13.12.2016 1. Ne 552 «O6 yTBepKAeHHH HOPMAaTHBOB Ka4eCTBA BOABI BOAHBIX 00BEKTOB PHIOOXO3HCTBEHHOTO
3HAYEHHs, B TOM YHCJIe HOPMATUBOB IPEAEIBbHO IOy CTUMBIX KOHIIEHTPAIHI BPEAHBIX BEIIECTB B BOJAX BOJHBIX 00BEKTOB PHIO0X03AHCTBEHHOTO
3HaueHus». URL: https://docs.cntd.ru/document/420389120 (nara obpamienust 26.06.2024).
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TPOM XUMHUYECKUX BEIIECTB, €CTECTBEHHBIC KOH-
LEHTPAlUU KOTOPBIX YacCTO OKa3bIBAIOTCS BHIIIE
HI[KPX, OIIEHKA SKOJIOTUYECKOTO COCTOSHHS BO-
JTHBIX YKOCHCTEM TPEOyeT ydeTa MPUPOTHOH Co-
CTaBJISTIONIEH THApOoXuMHUIeckoro ¢ona [3]. Kpo-
Me TOT0, HETaTUBHOE BO3JICHCTBHE HA COCTOSHHE
BOJIHBIX OOBEKTOB MOKET HaOIIOIAThCS TP KOH-
LEHTPAIUAX XUMUUECKUX BEIIECTB 3HAYUTEIHLHO
0oJiee HU3KUX, 9YeM HJIKPX. K TakoBbIM OTHOCSIT-
Csl COeAMHEHUSI OMOTEHHBIX 3JIEMEHTOB, aKTUBHO
Y4acTBYIOIIUX B NPOAYKIMOHHBIX MpoOLEccax
Y OTNIPENICIISIONINX XapaKTep CTPYKTYPHI U PYHK-
IIMOHUPOBAaHUS BOMHBIX dKocucteM [4]. [Ipouc-
XOASIIINE B HUX U3MEHEHHS THAPOXUMHUYECKUX
YCJIOBUU MOJ BIUSIHUEM €CTECTBEHHBIX MPUYUH
U YEJIOBEUECKON NeATeJIbHOCTH MOTYT IPHUBO-
JIUTHh K aKTUBHU3AIMU TMPOIECCOB IBTPOPUPOBA-
HUA NpUpoaHBIX BoA. IloaTomy HOpMuUpOBaHHE
coliep>KaHusl OMOTEHHBIX 3JEMEHTOB C HCIIOJb-
30BaHMEM OTHOCHUTEIBHO BBICOKHX OOIIEpOC-
CHUMCKHUX H}lex JTAJIEKO HE BCETHA MPUEMIIEMO C
9KOJIOTHYECKUX MO3uIuid. OObEeKTUBHAS OLEHKA
Onaromnoyy4usi BOJHBIX 9KOCHCTEM TpeOyeT yde-
Ta TPHUPOJHBIX OCOOCHHOCTEH HMX (OpMUPOBa-
HUSI M COCTOSTHUA.

Jns mpuponusix Box JlalbHEBOCTOUHOTO
peruoHa MpPaKTUYECKU MOBCEMECTHO XapaKTep-
HO TOBBIIIEHHOE COJEP)KaHUE OPTAaHMYECKUX Be-
IIECTB, B TOM YHCJI€ ()EHOJIOB, B OTJICTBHBIX CIIy-
yasx HePTENpoayKTOB, 00yCIOBICHHOE B 0OJIb-
el CTENEeHM €CTECTBEHHBIMHM IMpOoLeccaMu HUX
POy pOBaHus. J{J1s1 TOBEPXHOCTHBIX MTPECHBIX
Bog CaxamuHa 4Yacto (UKCHUPYIOT TPEBBIIIAIO-
1105 (5 HI[KPX MIPUPOJHBIC KOHIICHTPAIUH OMOTCH-
HBIX DJIEMEHTOB, B YaCTHOCTH a3oTa u (ocdopa.
Oco0eHHO BBICOKHUE CONIEPIKaHUS TIOCIICTHUX Ha-
OJ10/1a10TCSl B BOJIE PEK OCEHBIO TOCIIE HepecTa
JI0OCOCEBBIX Mopox puId [4, 5]. s Mopckux Boj
npuopexbsi roro-zanagHoro CaxanuHa, Hampo-

THB, XapaKTepHbl HHU3KHUE YPOBHU COJEPKAHMS
OMOTEeHHBIX 3JIEMEHTOB B Bojae [6—8], U mpume-
HEHHE 00IIepOCCUICKUX HI[Kpx IIPUBOJHUT K HeE-
OJTHO3HAYHOI OLIEHKE MX KadecTBa. B ycioBusx
aHTPOIIOTEHHOTO BO3CHCTBUS Ha MNpPUOpPEKbE
CaxanuHa npu OCBOEHUM M IKCIUIyaTalluu He-
(TerazoBeIX MECTOPOXKIECHUH Ha IIeTb(pe 0CTpPo-
Ba NpobiemMa 0OBEKTHBHOTO aHAM3a COCTOSHHS
KOMITOHEHTOB €0 3KOCHCTEMbI CTAaHOBUTCS BCE
Oosiee aKTya bHOM.

HopmupoBanue BemiecTs IBOWHOIO TI€He-
31ca, KOHLIEHTPAIlMN KOTOPBIX B MPHUPOJIHBIX BO-
JlaX OTAENbHBIX F€OXMMHYECKHX MPOBUHIIMNA 4a-
CTO OKa3bIBAIOTCS BBIILIE WM HUXKE HOPMAaTHBOB
HZ[KPX, IIPENYCMOTPEHO MeETONUYEeCKUMH  YyKa-
3anusmu’. bonee Toro, TpeboBaHue pa3paboT-
KM ¥ YCTAaHOBJIEHUSI PETHOHAJIBHBIX HOPMAaTHBOB
KauecTBa BOJbI B paMKaxX peryjsipHbIX HaOose-
HUH 32 COCTOSIHHEM OKpY>KaIOIEH Cpesl oIpe-
neneHo B lIlocranosnenun IlpaBurenscrtsa PO
ot 13.02.2019 Ne 149 (1. 5, 6)°.

Ilenp uccnenoBaHus — Ha OCHOBE JaHHBIX
MHOTOJIETHETO MOHUTOPHUHI'a MOPCKOH NMpHOpex-
HOM aKkBaTOpuH y roro-3amnajgHoro CaxaauHa npen-
JIOXKUTH MEpeYeHb HOPMUPYEMBIX BEILIECTB JABOMU-
HOTO T'eHe3Huca U NOAXO0J K OIPEINEIICHUI0 PETHO-
HaJbHBIX HOPMATUBOB UX COAEP>KAHUA C YUETOM
€CTECTBEHHOTO TUAPOXUMHYECKOTO (poHa.

Martepuan n metoabl UccriefoBaHUs

OObexT uccrnenoBaHus — paiioH Tarapcko-
r0 TPOJIHBA, BBI3BIBAIOMIMK OOJBIION HHTEpEC
B CBSI3U C MCIIOJIb30BAHUEM €ro OMOJOTHMYECKHUX
pecypcoB. OH pacnojoOXeH Yy IOro-3anajgHoro
nobepexbss CaxanuHa B TpaHUIAX KOOPIAMHAT
47.08.469° N, 142.03.267° E — 46.32.399° N,
141.48.554° E (puc. 1). Marepuansl ucciieoBa-

2TIpuka3 ®enepanbHOrO areHTCTBa MO pbI00I0BCTBY OT 04.08.2009 1. Ne 695 «O6 yTBep)KaeHHM MeTOAMYECKUX YKA3aHUM Mo pa3paboTke
HOPMATHBOB KaueCTBa BOJBI BOMHBIX OOBEKTOB PHIOOXO3SHCTBEHHOrO 3HAYCHHs, B TOM YHCJIC HOPMAaTHBOB IPEICIBLHO JOMYCTUMBIX KOH-
LEHTpanuil BPEIHBIX BEIIECTB B BOJAaX BOAHBIX 00BEKTOB prIOox03siicTBeHHOr0 3HaYeHUs». URL: https://docs.cntd.ru/document/902172637
(mata oopamenus 07.10.2024).

3 Tlocraunosnenue IpaButensctea Poccuiickoit @enepauunu ot 13 despans 2019 roga Ne 149 «O pa3paboTke, YCTAHOBJICHUH U MIEPECMO-
Tpe HOPMAaTHBOB Ka4eCTBa OKPY)KAIOLIEH cpeisl ATl XUMHUYECKHUX U (PU3UUECKUX MOKa3aTeNled COCTOSHUS OKPYKafOIIeH cpebl, a Takxke 00
YTBEPIKI€HUH HOPMATUBHBIX JJOKYMEHTOB B 00JaCTU OXpaHbl OKPYKAIOIIEH Cpellbl, yCTaHABIMBAIOIINX TEXHOIOTHYECKUE TT0KA3aTeIN Hau-
JYYIIMX JOCTYITHBIX TeXHOIoruiy. [DnexrpoHHslit pecypc]. URL: http://publication.pravo.gov.ru/Document/View/0001201902190010 (nara
obpamenus 07.10.2024).
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Puc. 1. Kapra-cxema nonuroHoB y roro-3anaaHoro nodepexns: Caxanuna: | — Auronoso; 11 — Jlro6nuno; 111 — [lleOyHuHO.

Fig. 1. Schematic map of testing sites off the southwestern coast of Sakhalin: I, Antonovo; II, Lyublino; III, Shebunino.

HUs — IpoObI BOABI B KOJIMUECTBE OoJiee S ThIC. 1IT.,
0TOOpaHHBIC HA MPUOPEKHBIX MOJIUTOHAX B IEPU-
on 2007-2022 rr. B paMKax I'MAPOXUMHYECKOTO
MoHHTOpUHTa. Kputepusmu BeIOOpa MOIUTOHOB
CITy’)KHJIM OJHOTUIIHOCTH WX BoAocOopHOro Oac-
ceifHa, TeOMOP(OJOTUUYECKOTO CTPOEHUS MeJ-
KOBOJHOM 30HBI, THAPOJOTHYECKHUX YCIOBUH,
a Tak)Ke OTCYTCTBUE 3HAYMMBIX HUCTOYHHKOB aH-
TPOTIOTEHHOTO  3arpsi3HeHUst  (MPOMBILIUICHHBIX
U C/X MIPEeNNpUSITHIA, KPYITHBIX HACEJICHHBIX MyH-
KTOB, IOPTOBOI MHGPACTPYKTYPHI U T.1.). OOBeM
U TIEPUOJIMYHOCTh 0TOOpa MPOO COOTBETCTBOBAIH
tpeboBanusam Pocruapomera. MccaemoBanus ox-
BaTbIBaJIM BCE I'MJIPOJIOTUYECKUE CE30HBI, CPOKHU
HACTYIUIEHUSI U TPOJOJDKUTEIBHOCTh KOTOPBIX
YCTaHOBJIEHBI C YYETOM TOJOBOTO XO/a TeMIepa-
Typbl BOJHBIX Macc [9].

[TpoObI BOIBI HA KaXKI0OM MTOJIUTOHE OTOMPAIIH
Ha TpeX CTAHIHUAX — MPUOPEIKHOM; BHYTPUIIATYH-
HOM, pacroniokeHHOW Ha pacctostHu 200-250 M
OT ype3a BOJbl; MOPCKOM. B 3aBUCHMOCTH OT Ii1y-
OMHBI CTAaHIMU OMPEACISIN KOJMYECTBO TOPH-

30HTOB 0TOOpa: 10 1.5 M — ouH (MTOBEPXHOCTH);
6onee 1.5 M — nBa (MOBEpPXHOCTH, THO). OTOOP
npo0 Ha MEJIKOBOJIbE OCYILECTBIISIIN CIIEIUAIBHO
MOJTOTOBJICHHBIMH E€MKOCTSIMH, Ha TITyOOKOBOJ-
HBIX CTaHIMSIX — IPU MOMOUIM MPOoOOOTOOPHOM
cucteMbl [19-1420 («Bkpocy», Poccus) ¢ Gopra
MOTOpHOH Noaku. VccnenoBanust BBINOMHSUIN IO
20 uHrpenueHTaM Ha 0a3e aKKpeIUTOBAHHOM Ja-
6oparopuu Caxanunckoro ¢punuana BHUPO.
Bb100op HOpMUpPYEMBIX BELIECTB MPOBOIMIN
UCXOJISl U3 TOTO, COOTBETCTBYIOT JIM UX HPUPO-
Hble ((OHOBBIE) KOHIIEHTPAIIMA HOPMAaTUBaM JIJIsl
BOJIHBIX OOBEKTOB PBIOOXO3AHCTBEHHOTO 3Haye-
Husi. OOHapy)XeHHbIE HECOOTBETCTBUS CBUJIE-
TEIbCTBOBAJIM O HEKOPPEKTHOCTH IPUMEHEHUS
HAK  ans XxapakTepuCTHKH Onaromnony4us mpu-
OpexxHol skocuctemsbl. ClenoBaTelibHO, B JaH-
HOM ClIly4yae pervoHallbHble HOpMaTHBBI TpeOo-
BaJM YTOYHEHUS C YYETOM IPHUPOJHOM COCTaB-
JSFOIEH TUApoXuMuYeckoro ¢ona. B uroroom
CIIMCKE OKa3aJIMCh BEILIECTBA JBOMHOIO I'eHe3Hca,
KOTOPbIE BKJIIOYAIOT OMOT€HHBIE JIEMEHTHI — a30T

4PI 52.24.622-2017 Iopsiiok IPOBEIEHUS pacieTa yCIOBHBIX (POHOBBIX KOHIIEHTPALMM XUMUYECKUX BELUIECTB B BOJIE BOJIHBIX OOBEKTOB ISt
YCTaHOBJICHHSI HOPMAaTHUBOB JIOMyCTUMBIX COPOCOB CTOYHBIX BOA. [DnekTpoHHbIi pecypc]. URL: https://docs.cntd.ru/document/555606876

(nara obpamienus 27.06.2024).
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auTpuTHBIA (N-NO,), asor murparueii (N-NO,),
a3or ammonuiineii (N-NH,), docdop docdar-
upiii (P-PO,), obwee xeneso (Fe ), a raxke
opranuueckue BemectBa (OB) — nerko okucis-
eMble, OIICHHBAEMbIE MO BEIUYMHE OMOXHUMUYE-
ckoro norpebnenus kucnopona (BIIK,), u TpyaHo
okucisgemble (penonsl u Hedrenpoaykrel (HIT)).
OmnpeneneHrne MacCOBBIX KOHIICHTPALUH TaHHBIX
BEIIECTB B BOJIC OCYIIECTBISUIM C TIPUMEHEHUEM
aTTECTOBAHHBIX METOMUK".

CraTtucTudeckuil aHaldM3 MaccuBa JaHHBIX,
MOJIyYEHHBIX 0 eIMHBIM MeTo/laM 0TOOpa U aHa-
7u3a 1pod, OCYMIECTBISUITM C MOMOINBIO TaKeTa
nporpamm «MS Excel» u «Statistika 10.0». 3naue-
HUS, HAXOJIIMECs HIDKE mpesena oOHapyKeHUs
METOJUK, IPUHUMAIHU 32 1/2 OT ero BETUYHHBI.
Hcxonublie naHHbIE MPOBEPSUIA HA HOPMAJIbHOCTh
pacopenenenusi ¢ nomoiplo Tecra Konmmoropo-
Ba—CMHpPHOBA U 110 OCHOBHBIM XapaKTEPUCTHKAM
BBIOOpKH — cpenHemy sHaueHuio (C ), k0odu-
nuentam Bapuanuu (C), acummerpuu (A,) U
skcrecca (Ex). @oHOBBIE CE30HHBIE KOHIIEHTpA-
LMY BEIIECTB JIJIS KXKIOTO MOJIUTOHA YCTaHABIH-
BaJIM 110 UX CPEAHUM 3HAYCHUSIM IOCJE UCKITI0Ye-
HUSl HEIMOKAa3aTelIbHBIX 3KCTPEMAaJIbHBIX JaHHBIX
(C,5), a TaKKe IO HWKHEW IPAaHUIE KBAHTHUIISA
nopsiaka 0.75 (C ) ¢ OAMHAKOBBIM YPOBHEM JI0-
BeputenabHOi BepositHocTH (P = 0.95). ®downo-
BbI€ KOHIIGHTPAI[MU BEUIECTB JIBOMHOTO reHe3nca
B BOJIe MPUOpEexkbs y toro-3amagHoro CaxaiauHa
pPacCUUTHIBAIM TaKXkKe C IPUMEHEHHUEM JIBYX IOJI-
XOI0B — IO BEPXHEW JIOBEPUTEIBHON TI'PAHMIIE
BapbUPOBAaHUS CPEIHHMX 3HAUYEHUH KOHIICHTpa-
1107071 (Cqm o) (cormacno PII 52.24.622-2017) n
no HwkHell rpanune 0.75 KBaHTHISA (Cqm 075)
[10] mns mambosee HeOMArompHsITHBIX B OTHO-

IIEHUW Ka4eCTBa BOJBI TIOJUTOHA W CE30HA Troja.
Jnst obocHoBaHMsS pPa3pabOTKU PErHOHATBHBIX
HOPMaTHUBOB (H[[err) BEIIECTB JABOMHOIO I'€He-
31Mca UCMOJIb30BAIM MPUHLHUIIBI, OCHOBaHHbIE Ha
ydeTe perruoHajJbHBIX 0COOCHHOCTEH (Qopmupo-
BaHMS U COCTOSIHUSI BOJHBIX OOBEKTOB, M METOJIbI
C IPUMEHEHHEM HeTlapaMeTPHUUEeCKUX KPUTEPUEB
OILICHKH THJIPOXHUMHYECKON WH(MOpMAaLUU, HU3II0-
KEHHBIE B psijie padot [10-13].

PesynbraThbl uccrnegoBaHus

Jlis  psinoB  NaHHBIX, CQOPMHUPOBAHHBIX
[0 pe3ynbTaraM T'HIPOXUMHUYECKOIO MOHHUTO-
puHra y mnoOepexbs roro-3amajgHoro CaxanuHa
B 2007-2022 rr., paccuuTaiv CE30HHBIE U TOMO-
BbI€ CPEJTHEMHOTOJIETHUE CTAaTUCTUYECKHE XapaK-
TEPUCTUKHM KOHILICHTPALlMA BELIECTB JIBOMHOIO
reHesuca Juisi KaXJ0ro MOJIMIOHA U Ui paiioHa
B 1esioM (Tabim. 1). AHanu3 momy4eHHON HH)Op-
MalliH BBISIBAJ 3HAUYUTENBHBIC TPEIeNbl Bapbu-
poBaHus W3y4deHHbIX nokasarened (C = 71—
261 %). IlpoBepka psiioB MCXOOHBIX JaHHBIX Ha
HOPMaJIbHOCTh TOKa3ania, 4To (QyHKIUH UX pac-
npefeneHus He MOMYMHSAIOTCS HOPMAJIbHOMY 3a-
koHy. OTMedeHa 3HAYHMTENbHAs TIOJIOKUTEIbHAS
acummerpus (Ag = 0.32-1.14) n oCTpOKOHEYHBIH
nuk (Ex = 20-84) pacnpeneneHuii KOHLIEHTpaLUU
BCEX HMHIPEAMEHTOB. VX cpemHuWe MHOTOJIETHHUE
3HAYeHHUsS Ha OTAETBHBIX CTAHIUSAX JIOCTOBEp-
HO He pazmmuarores (p < 0.05; n = 72-347), na
MOJIUTOHaX OTMEYEHO JOCTOBEPHOE pa3iindue
(p < 0.05; n = 91-274). Tak, Hanbosee BbICOKHE
KOHIIEHTpAIM1 OMOTEHHBIX 2JIEMEHTOB U HedTe-
MPOAYKTOB B BOJIE HAOMIONAIOTCS Ha MOJHUroHe I,

*Mertoarka H3MEPEHHsI MACCOBON KOHIICHTPALIMH HUTPUTHOIO a30Ta M MAacCOBOM KOHLCHTPALMH HUTPATHOTO a30Ta B MPHPOIHBIX (MOPCKHUX M
MIPECHBIX) BOZAX U OYMILEHHBIX CTOYHBIX Bojax (oromerpuueckum MeronoM. Pazpad. ®I'VII «CaxHUPO», cB—Bo 0 MeTponoruueckoii arre-
cranuu Metoauku m3mepernit Ne 223.0178/01.00258/2014. FOxuo-Caxanunck, 2014. 27 c.; PI1 52.10.772-2013 MaccoBast KOHI[EHTpaI#st a30Ta
aMMOHHMHHOIO B MOPCKUX BOJax: MeToiuka u3MepeHus: poToMeTpHIeCKUM METOLOM B BUJE MHAO(EHOIOBOrO CHHETO. [DNIEeKTPOHHbIH pecypc].
URL: https://docs.cntd.ru/document/1200113208 (mara obpamenus 27.06.2024); PI] 52.10.738-2010 MaccoBast koHneHTpanus ¢ocgaros B
MOpCKHX BoAax: Mertonuka nuamMepenuit poromerpudeckum MetonoM. [Anextpornsiit pecypce]. URL: https://docs.cntd.ru/document/1200088047
(mara oopamenus 27.06.2024); TTHJ & 14.2:3:4.123-97 (®P.1.31.2007.03796) MeToanka BHITOIHEHHS H3MEPEHUH OMOXMMUYECKOTO TOTpeodIe-
HUS KUCJIopoza noce n-aHei nuky6anuu (BIIKmonH.) B mOBEpXHOCTHBIX NPECHBIX, OA3EMHBIX (IPYHTOBBIX), INTHEBIX, CTOUYHBIX M OUUILEH-
HBIX CTOYHBIX Bojiax. M.: ®I'Y «DLIAO», 2004. 15 c.; TTHJ] @ 14.1:2:4.182-02 KonuuecTBEHHbIH XUMUYECKUN aHAJINM3 BOI. METOAMKA BBITIOJIHE-
HUS U3MEPEHUI MacCOBBIX KOHLIEHTPALMi (heHOJIOB B IpoOax MPUPOAHOH, MUTHEBOH U CTOYHOH BOJbI Ha aHanu3arope «Dmoopar-02». M.: HITO
«JIromaken, 2010. 29 c.; ITH/ @ 14.1:2:4.128-96 (M 01-05-2012) Mertonuka u3MepeHHii MacCOBO KOHIIGHTPALMU HE(PTEIPOLYKTOB B Ipodax
MPUPOIHBIX, MUTHEBBIX, CTOYHBIX BOJ Ha aHaimu3aTope )uakoctu «Dmo-opat-02»). M.: HITO «Jlromakey, 2012. 25 c.; P11 52.24.358-2019 Mac-
coBast KOHLICHTpaLUsI xee3a o0IIero U »kelie3a BaJloBOro B Bojgax. Metoauka nzmepeHuit poromerpuueckum MetonoM ¢ 110-penanTponunom.
Pocros-na-/lony: ®I'BY «I'’XW», 2019. 21 c.
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Puc. 2. CpenneronoBble 3HaUSHUS THIPOXUMHIECKHX ITOKa3aTellel B BOJIE MPUOPEKHBIX MOJUTOHOB (CM. pHC. 1) foro-3amaaHoro mobe-
pexbs CaxaaiHa OTHOCHTEIEHO HOPMAaTHBOB HAK (xpacHas nuHHEA Ha rpadukax), 2007-2022 rr.

Fig. 2. Average annual values of hydrochemical parameters in the waters of testing sites (see in Fig. 1) off the southwestern coast
of Sakhalin relative to the standards and maximum allowable concentrations (red line on the graphs) from 2007 to 2022.
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Ta6auna 3. Cpenare 1 HOHOBBIC KOHIICHTPAIIMH BEUIECTB ABOWHOTO T€HE3UCAa B BOJIC IPUOPEKBS
foro-3anagHoro CaxanuHa o gaHasM 2007-2022 rT.

Table 3. Average and background concentrations of natural or anthropogenic in the waters off the
southwestern coast of Sakhalin according to the data from 2007 to 2022

IToxa3arens ngﬁ;ﬁﬂ CCp om0l C b Hopmaruser H)_'[pr

N-NO,, Mxr/am’ 821 1.7 1.9 2.2 20

N-NO,, mkr/am’® 821 32.0 64.1 83.3 9000
N-NH,, Mxr/am’® 766 31.2 52.6 65.8 2300
P-PO,, mxr/am’ 821 18.9 22.6 29.0 150

BIIK,, mr/nm’® 501 1.38 1,87 2.11 He 6onee 2.1
®enomnsbl, Mr/om’ 274 0.0006 0.0011 0.0015 0.001

HIT, mr/am® 483 0.015 0.017 0.018 0.05

Fe ;. mr/oim’ 657 0.079 0.108 0.137 0.05

Ipumeuanue. Bolnenensl 3HadeHus Mokaszarene, npesbimaromue [TJIK -
Note. Indicator values exceeding the maximum permissible concentration for fishery water bodies are

highlighted.

a JIETKO OKHUCISIEMBIX OpPraHUYECKUX BEIECTB
(ro BIIK,) — na momurone I11. Ilonnmkennbie cpen-
HEMHOT'OJIETHHE YPOBHU BCEX T'MAPOXUMHUYECKUX
IOKa3aresel XapakTepHbl s rmosmroxa I1.
DOHOBBIE CE30HHBIE KOHIIEHTpAIUH (TadI. 2)
CBUJICTEJILCTBYIOT, YTO JOMUHHpYIOLIEH GpopmMoit
MUHEPAITBLHOTO a30Ta B BOAAX MPUOPEKbs FOTO-3a-
najiHoro Caxanuua siBisercs N-NO,, Ha ero 101110
npuxoautcs 10 50 % oT cymmbl Bcex GopM MH-
HEpaJbHOTO a30Ta. MaKCUMyM KOHIICHTpAIuu
HUTPATOB HAOJIOIAETCS OCEHBIO U 3UMOW, MUHU-
MyM — jieToM. JJist JIeTHero neproaa XapaKTepHbI
Takke Hanboliee HU3KHE B CE30HHOW TUHAMHUKE
conepxkanus N-NO,, N-NH, u P-PO,, HekoTopbIii
pocT ux HaOmomaeTrcss oceHblo U 3uMoil. I1oBbI-
menHoe koinyectso Fe . u HII ormedeHo Bec-
HOH, (peHONIOB — BECHOM M J1eTOM, 3HaueHne BITK,
B CE30HHOM aCIIEKTe U3MEHSIETCs Cl1ado.
CpaBHEHHME CpPEITHEMHOTOJIETHUX CTATUCTHU-
YECKHX XapaKTePUCTUK, PACCUUTAHHBIX ISl BCETO
MaccuBa JaHHBIX (Tabi. 1), 1 GOHOBBIX CE30HHBIX
KOHIICHTPAIIMH TUIPOXUMHUYECKUX ITOKa3aTeaen
(tabmn. 2) ¢ ¢henepanbHBIMU HOPMATHBAaMU IOKa3a-
JI0 OTKJIOHEHHE OT TpeOOBaHUM K Kaue€CTBY BOJIbI
00BEKTOB phI0OXO34MCTBEHHOTO 3HAYECHHUS JIsI O/1-
Horo uHrpeauenta — Fe . . Ero cpennemuoroner-
HUE CE30HHbIE, TOJ0BbIE U (POHOBBIE KOHIIEHTpA-
[IMY Ha OTJEIHHBIX MOJMTOHAX U B IIEJIOM TI0 pai-
OHY OBLIN BBIIIIE HAK B 1.04-2.0 pa3a. Bmecte
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C TeM MaKCHUMaJlbHbIe KOHIIEHTPAIIUH MPEBbIIIATH
yCTaHOBJICHHbIE HOPMATHUBbI IO OOJIBIIMHCTBY MO-
kazarene: it N-NO, — B 1.5 pasa; P-PO, — B 3.3;
BIIK, u ¢enonam — B 4.8; HII — B 14.8; Feo611l -
B 46 pa3. Hapymenus TpeOoBaHMIA HI[Kpx B OT-
JICJIbHBIE TO/Ibl OTMEUYEHBI TaKXe I CPEIHEro0-
BBIX coniepkanuii henosos B 1.5-2.2 paza (puc. 2 f)
u Fe B 1.4-3.6 pasa (puc. 2 h), Torna xak Juis
OCTQJIbHBIX MHTPEIUEHTOB OHU COOTBETCTBOBAJIHN
YCTaHOBJICHHBIM HOpMatuBaMm (puc. 2 a—e, g). Pa3-
JIUYUST MEXKTy MAKCHMaIbHBIMA M MUHUMAaJTbHBIMU
CPEIHErOIOBBIMH KOHIIEHTPAIMSIMU B TIEPUO]] MO-
HUTOpUHTa JocTUTaoT 10—-14 pa3 mist MUHEpaib-
HbIX (popm asora u pocdopa, a ws BIIK,, sxenesa
o011ero, HePTEMPOTYKTOB B (DEHOJIOB CHUYKAFOTCSI
1o 4-7 pas.

@OHOBBIE KOHILICHTPALUH BEIIECTB JBOMHO-
ro reHe3uca B BOJIE U3YUEHHOT0 pailoHa y 10ro-3a-
nagHoro CaxanuHa, paccCuMTaHHbIE MO Hanbosee
3arpsi3HEHHOMY MOJUTOHY U HamOojee Hebiaro-
MPUSTHOMY CE30HY rofia C UCIOIb30BaHUEM JIBYX
noaxonoB (tabm. 3), s psAna Tmokaszareneit
(N-NO,, N-NO,, N-NH,, P-PO,, HII) nexar
3HAYUTEIBHO HUXKE PBHIOOXO3WCTBEHHBIX HOP-
matuBoB [I/IK. IloBBIIIEHHYI0O OTHOCHTEIBHO
HOPMAaTHBOB HI[KpX MPUPOJHYIO KOHIIEHTPAIIHIO,
OIICHEHHYIO 10 BEPXHEMY JIOBEPUTEIIHHOMY HH-
TepBajly ee cpeaHero 3HadeHus (mpu P = 0.95),
MMEIOT 7Ba Tmokaszarens — ¢enonsl u Fe .

GEOSYSTEMS OF TRANSITION ZONES, 2025, 9(1)



lMoaxoa k onpeneneHnio pernoHarnbHbIX HOpMaTMBOB COAEPXaHWs BELLECTB ABOVHOIO reHe3uca B MOPCKUX Bogax

[Tpu npumenenun kBaHTwIA nopsiaka 0.75 ¢o-
HOBbIE YPOBHH, NPEBBIIIAIOLINE YCTAaHOBICHHBIE
PBIO0X03s1ICTBEHHBIE HOPMATUBBI, UMEIOT TPHU 1O~
kasarens — BIIK,, genonsi u Fe .

O6cyXxaeHue pe3ynsLTaToB

Pe3ynprarbl JaHHBIX SKOJOTUYECKOTO MO-
HUTOPHUHTA IMOKA3aJM 3HAYUTEIHHYI0 W3MEHYH-
BOCTh THIPOXMMHYECKHX IOKa3aresleld B MpH-
Opexbe y roro-zanagnoro CaxainmHa, 4TO OTpa-
KAIOT COOTBETCTBYIOLME UM BBICOKHE KOA(Pu-
nueHTsl Bapuanuu (tabn. 1). HeogHOpomHOCTB
pacripesieieHus] BEIEeCTB IBOWHOTO TEHE3Hca,
KOTOPBIMH  SIBIISIIOTCSI W3yYEHHBIC HHIPEIHCH-
ThI, OOYCIIOBJIEHa B3aUMOJCHCTBUEM OOJIBILIOTO
yrcna (akTOpoOB pPa3IMYHON TPUPOABI, B TOM
quciae — 0COOGHHOCTSAMH B3aMMOJCHCTBHA TIO-
BEPXHOCTHOTO CTOKa C MOJCTHJIAIOIIEH MOBEpX-
HOCTBIO Ha BomocOope [4], ruapoarHAMHUYE-
CKHM DPEKHMOM aKBATOPUU M aHTPOIOTEHHBIM
npeccoM [8, 14-16]. Bmecte ¢ TeM cXOICTBO
KJIMMAaTHYECKHUX YCIOBHUH, OJHOTHITHOCTH BOJO-
cObopHoro OacceliHa M OTCYTCTBHE NPHU3HAKOB
TEXHOT€HHOTO 3arpsi3HEHUs OOyCIOBWJIH OT-
CYTCTBHE JOCTOBEPHBIX PAa3JINYMiA THAPOXUMHU-
YEeCKMX YCJIOBUI Ha OTHENBHBIX CTaHIMX. [u-
JPOXUMHUYECKUN PEXKUM H3yYEHHON aKBaTOPUU
B 3HAYUTEILHON Mepe ONpeeNsIeTcs eCTECTBeH-
HBIMU TIPUPOJHBIMHU (DaKTOpaMH, O YeM CBHJE-
TEJNBCTBYIOT TOpa3o 0ojiee HU3KUE COEPIKaAHMS
He(TENPOAYKTOB, a TaAK)KEe MUHEPAIbHBIX (popm
azota u gocdopa, ueM ITAK . HprauHoi moBbI-
IIEHHBIX KOHILIEHTpAaIuil (heHOJIOB B BO/IE HA OT-
JIeNTbHBIX TIOJIMTOHAX MOXET OBITh AEATEIbHOCTD
JKUBBIX OPTaHU3MOB (MOPCKHE PACTCHMS U XKU-
BOTHBIE, TeTepoTpodHble OakTepuu) B Oepero-
Boii 30He [17, 18]. Beicokoe conepxanue Fe
TUIMYHO JUIs BOJ NpuOpexbs CaxanuHa B CBSI3H
C IOYBEHHO-T€OXUMUYECKUMHU yCIOBUSMU BOJO-
cOopHoii Teppuropuu [7, 15].

Ce30oHHast JUHAMUKA CPEIHEMHOTOJIETHUX
KOHIEHTpAIMii MUHEpaNbHBIX (GOpM a3oTra |
dochopa y rro-zanagHoro mobepexns Caxa-
auHa 00YyCIIOBIIEHA MPOXYKIMOHHO-AECTPYKITHU-
OHHBIMH TIPOIIECCAMU, TPUOPEKHBIM alBeJUINH-
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TOM, TIOCTYIUICHUEM COCIMHEHUW OMOTEHHBIX
3JIEMEHTOB B BOJBI C BOJIOCOOPHON TEPPUTOPHH
[7, 8, 19]. OueBuaHO, YTO CHUIKEHHE COJIEpPIKa-
HUSI OMOTEHHBIX JIEMEHTOB B MPUOPEKHBIX BO-
nax jetoM (Tabn. 2) CBA3aHO ¢ X yTUIM3aIUeH
aBTOTPO(QHBIMU BOJOPOCISIMU, @ POCT OCEHBIO
U 3UMOW — C MOABEMOM OOraThlX OMOTCHHBIMH
AJIEMEHTAMU TIIYOMHHBIX BOJ U TEPPUTCHHBIM
ctokoM. [lpu OTCYTCTBUM 3HAUMMBIX AHTPOIO-
TE€HHBIX MCTOYHUKOB 3arpsi3HEHUsI MOBBIIICH-
HbIC KOHIICHTPAINH (DEHOIOB JIETOM B YCIOBHSIX
MaKCUMaJIbHOTO TPOrpeBa BOJ, MO-BUIUMOMY,
00ycCIIOBIEHBI MpoIleccaMu MeTabonm3Ma pac-
TUTEJIBHBIX OpraHu3MoB [20], oOuiIMe KOTOPBIX
OTMEUYaeTCsd Ha JOHHOM IPyHTE U B OeperoBoii
30He. Peunble BosbI, HanOoNbIlIee BIUSHNUE KOTO-
pbIX HabmromaeTcst BecHo [21, 22], mpuHOCST ¢
BOJIOCOOPHON TEPPUTOPHUH MOBBILIEHHBIE KOJIH-
gectBa HITu Fe _ .

Hcxonst u3 Toro, 4to (QyHKIUHU pacrpe-
JIeJIeHUs] PSIOB MCXONHBIX JTAHHBIX HE MOIYH-
HAIOTCA HOpMajbHOMY 3akoHy (p < 0.05), wuc-
MOJIb30BaHUE TPAIUIIMOHHBIX CXEM pacuera ux
CTaTUCTHYECKUX XapPaKTEPUCTHUK, OCHOBAHHBIX
Ha TPEACTABICHUH O HOPMAJIBHOCTU pacrpee-
JIEHUM UHTPETMEHTOB, HEKOPPEKTHO U BOBMOXKHO
TOJIBKO TIOCJI€ UCKIIFOUCHUSI SKCTPEMAJIbHBIX He-
MoKa3aTeabHbIX 3HadeHui. OJHAKO Mpoleaypa
TaKoW OTOPAKOBKU SIBJISIETCS COMHUTEIBHOM, MO~
CKOJIbKY MOKET MPUBECTU K HEJOYUYEeTy KOHIICH-
Tpaluid, UMEIIIUX JIPYrOi 10 CPAaBHEHUIO C OC-
HOBHBIM MaCCUBOM JaHHBIX T€HE3UC U MEXaHU3M
dbopmupoBanus [23]. B kauecTBe omnpeaeaeHHO-
ro KOMIIPOMHUCCA B HAyYHOM JUTEpaType pacyeT
(OHOBBIX XapaKTEPUCTHK TUIPOXUMHUYECKHUX
NOoKa3aTeseH, pacipeiesIeHue KOTOPbIX OTKJIOHS -
€TCA OT HOPMAaJIbHOTO, OCYIIECTBISIIOT MO HUX-
Hel rpanune kBaHTwiIs nopsaka 0.75 (P = 0.95)
[10-13]. HauHbIl pacyeT 3a pyOE,OM HCIOJb-
3yIOT MPU YCTAaHOBJICHUH LIEJIEBBIX MOKa3aTeseit
KauecTBa BoAbl [24, 25], a Takke B KadyecCTBE
«OKeJaTeNnbHOTO» mokaszarens [26]. Xapakrtepu-
CTUKH THAPOXMUMHUYECKOTOo (POHA, MOTydYCHHBIE
110 CPEAHUM 3HAYCHUSIM M C IPUMEHECHHEM KBaH-
TWJIA ONIPEACICHHOTO TOPSIAKA, TPUHIIUITHATIHEHO
pa3IMYHBI: B MEPBOM Ciydae HaOIIOaeTcs Ux
YBEIIMUCHHE C YMEHBIIICHHEM 00beMa BBIOOPKH,
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a BO BTOPOM — CHWIKEHHE, YTO METOJAMYECKH 00-
nee obocHoBaHHO [10].

Paccuurannbie juisi Box TpHOpEXKbS FOTO-
3amagHoro CaxaiuHa C HCIIOJIb30BaHUEM JIBYX
MOAXO0A0B (POHOBBIC KOHIIEHTPAIlUU BEIIECTB
JBOWHOTO TeHe3uca pasznuuarorcs (tadm. 3).
Pacuer ux no Hmxuel rpanuine 0.75 KBaHTHIIS
(P = 0.95), xorna 75 % 3Ha4yeHUN KOHIIEHTpA-
LMY UHTPEIMEHTOB JICKUT HIXKE €€ Mpe/lelbHO-
rO 3HAa4YeHUs, M0 HAllleMy MHEHHIO, Oojee aliek-
BAaTHO OTPaXXKaeT TUAPOXUMHUYECKYIO CHUTYAIIHIO,
MOCKOJIbBKY YYMTHIBaeT OOJNBIIHNI 00beM THAPO-
XUMHUYECKON HHPOPMAIIUU, TTO3BOJISIS TTIOBBICHTH
MH(OPMATUBHOCTH PE3yJIbTaTOB HAOMIOACHUN U
TEM CaMbIM 00€CIEYUTh T0CTOBEPHOCTh KOHTPO-
751 cocTosiHUS BoA. Mcxonst 3 aToro, sl ycTa-
HOBJICHHSI PETMOHAJIbHBIX HOPMAaTUBOB H3yYEH-
HBIX BEHIECTB B BOJIC MPHOPEKHOW aKBATOPUHU
KOPpPEKTHEE HCIOJIb30BaTh KBAHTHIIb MOPSAJIKA
0.75 (choH 075) (1abn. 3) mis Hambonee 3arpss-
HEHHOTO TIOJIUTOHA U Haubosee HeOIarompusT-
HOTO ce30Ha roja. Bmecrte ¢ Tem ucnonb3oBaHue
napaMeTpUYecKuX METOJOB CUUTAETCS OIpaB-
JAHHBIM JUIsI aHATu3a OOJBIIOr0 00beMa PSAOoB
TUIPOXUMHUUECKHUX TMOKa3aTesie B ciiydae, eCiiu
UX BBIOOPOYHBIEC CPEAHME 3HAUCHUSI TIOAUYUHSIOT-
Csl HOpPMAJILHOMY 3aKOHY, B TO BpeMsI KaK pacmpe-
JIeJIeHNE UCXOIHBIX MEPEMEHHBIX OTIHYAeTCs OT
TakoBoro [27].

HopmupoBanue u3y4eHHBIX BEIIECTB MO-
KET MPOUCXOJIUTH KaK B CTOPOHY YBEIIUUCHUS UX
KOHILIEHTPALMU [0 CPAaBHEHUIO C HI[pr, TaK U B
CTOpPOHY CHMKeHus [2, 3, 25, 27 u np.]. Tak, gis
psana semects (N-NO,, N-NO,, N-NH,, P-PO,,
HII), dboHOBBIE KOHIIEHTpAIIUH KOTOPBIX B MOP-
CKHX BOJIax FOr0-3arajgHoro npudpexns Caxanu-
Ha 3HAYUTENBHO Hike uX IIJIK (Tabmn. 3), Tpe-
OyeTcsi CHIDKEHHME pPEeTHMOHAJbHOTO HOPMATHBA.
Hcnonb3oBanue BHICOKUX (efepaibHbIX HOpMa-
tuBoB IIJIK nys 3TuX mapameTrpoB 0OyCIIOBIH-
BaeT MojydeHre UHGOpPMAINK, HE OTpakaroei
peaIIbHOTO COCTOSTHUS BOJTHOW YKOCHUCTEMBI TIPH-
OpeXbs, a 3HAYUT, CO3/1aeTCsl BUIUMOCTh IKOJIO-
TUYECKOTO OJaromoiyqnsi U OTCYTCTBHS PHCKOB
HEraTUBHBIX MOCIEACTBUN (M3MEHEHUS! BHUJI0BO-
TO cocTaBa U TpO(UUECKON CTPYKTYPhI, UCUE3HO-
BEHUsSI OTAECIBHBIX BHUJIOB BOJHBIX OPTaHU3MOB,
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HapyIICHUS UX OMOJIOTMYECKHUX IHMKIOB H Ip.).
Hust psipa nokasaresneit (BIIK,, denonsy, Fe ),
(OHOBBIE KOHIIEHTPALlMU KOTOPBIX MpPEBBIIIA-
0T HI[pr, HaIMpoOTHUB, TPeOyeTCsl YCTaHOBIICHUE
Oosee BBICOKOTO PETHOHAJIBHOTO HOpPMAaTHBA,
MOCKOJBbKY TPU HCIHOJB30BAaHUU (eaepaTbHbIX
HOpPMaTHBOB Kaue€CTBO BOJbl aKBaTOPUHU OKa3bl-
BAEeTCsl HEaJIEKBaTHO OTHECEHHBIM K HE COOTBET-
CTBYIOILIIEMY YCTaHOBJICHHBIM TPeOOBaHUM.

Cratuctuueckn OOOCHOBAHHBIE XapaKTe-
PUCTHKH BEIIECTB JBOWHOTO TEHE3HUCa ISl MOP-
CKHMX BOJI Y I0ro-3amnajHoro npubpexps Caxanu-
Ha (Tabn. 3), mony4eHHbIE B paMKaxX MHOTOJIET-
HEro 9KOJIOTMYECKOT0 MOHHUTOPHMHIA, TOBOPST
0 HEOOXOAMMOCTH Pa3pabOTKH PETHOHAIBHBIX
HOPMAaTHBOB KayeCTBAa C YYETOM IPHUPOIHOTO
THIPOXUMHUYEcKOro ¢oHa. [ pernoHanabHOTO
HOPMUPOBAHUSA MOTYT OBITh PUMEHEHbI (HOHO-
Bble KOHIEHTPALMU BELIECTB IBOMHOIO reHE3U-
ca, PacCUMTAHHbIC C HCIOJIb30BAaHUEM HIKHEH
rpanunbl 0.75 kBaHTWIIS 1O Haubosee 3arpss-
HEHHOMY TOJIUITOHY M HauOoliee HeOiIaronpusT-
HOMY ce30Hy roaa (tabn. 3, C,  0.75). B cBsizu ¢
€IMHBIMH €CTECTBEHHBIMU MEXaHU3MaMU U (hak-
TopaMu (POPMHPOBAHUS THAPOXUMHYECKUX YC-
JIOBHH, 0OYCIIOBICHHBIMH CXOACTBOM KJIMMAaTH-
YECKHUX YCJIOBHUH M OJHOTHIIHOCTBIO BOJIOCOOp-
HOTO OacceliHa, JaHHbIE Hﬂerr npearaeTcs
MCIIOJIB30BaTh B TMPEJENax BCEro H3yYEHHOTO
paiona.

3aknouyeHue

AHann3 JaHHBIX HKOJOTMYECKOI0 MOHHTO-
puHTa NpUOPEXKHBIX BOJ Foro-3amaaHoro Caxa-
nuHa B 2007-2022 rr. mo3BOJIMI BBISIBUTH 3HA-
YUTEJIbHYI0 IPOCTPAHCTBEHHO-BPEMEHHYIO W3-
MEHUYUBOCTh psifla TUAPOXUMHUYECKUX TOKa3are-
JIed — BEILIECTB JBOMHOIO I'€HE3UCA, CBI3aHHYIO
C B3auMOZEHCTBHEM OONBIIOro uKcia (pakTopoB
Pa3IMYHON TIPUPOBI, U HECOOTBETCTBHE WX (DO-
HOBBIX (TIPUPOAHBIX) KOHILIEHTpAlUil YyCTaHOB-
JICHHBIM HZ[KPX. YcraHOBIEHO, 4TO (eiepaibHbIe
PBIOOXO035IICTBEHHbIE HOPMAaTHBBI MO OJHUM TO-
kazarensm (N-NO,, N-NO,, N-NH,, P-PO,, HII)
HE0OOCHOBAHHO 3aBBINIEHBI OTHOCUTEIBHO (POHO-
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BBIX XapaKTEPUCTHUK U HE OTPAKAIOT PEaTbHOTO
COCTOSTHUSI BOIHOW DKOCHUCTEMBI HCCIIEIYyEMOTO
peruona, a no apyrum (BIIK,, penoms, Fe ) —
3aHKEHBI, IOATOMY HE MOTYT OBITh COOJIOIEHBI
B CWJIy TpPHUYUH, OOYCIIOBICHHBIX MPHUPOIHBIME
ruipoxuMudeckuM Gonom. Takum oO6pazom, 060-
CHOBaHAa HEOOXOAMMOCTb OIPEACTICHHUS PETUO-
HAJTBHBIX HOPMATHUBOB UX COJICPIKAHUS C YICTOM
peanbHON THAPOXUMHUYECKO 00CTaHOBKH B MOp-
CKOI TTPHOPEKHON aKBATOPHH.

YcranoiieHue GOHOBBIX KOHIICHTPAIUH T10-
KaszaTesieil KauecTBa BOJl OCHOBHIBAETCS HA aHa-
nu3e (QYHKUHMH pacnpelnesieHus psija JTaHHBIX,
KOTOpbIE€ ISl M3YYEHHOTO paiioHa He MOoa4H-
HSIOTCS. HOPMAJIBHOMY 3aKOHY. B CBsi3M ¢ 3TUM
0ojee aJleKBaTHO OTPakaeT TUIAPOXHUMHUYECKYIO
CUTYaIlHIO, TI0 HAlIeMy MHEHHUIO, pacyeT (HoHO-
BBIX KOHLIEHTpaUM{ IOKa3aTeslel 0 HHUXKHEN
rpanutie kBauTuis nopsiaka 0.75 (P =0.95), yun-
THIBAIOIIUNA 0COOEHHOCTHU UX pactupenencHuii. C
MCII0JIb30BaHUEM JAHHOTO MOAX0Ja JUIsl MOPCKO-
ro npuOpexbs 1oro-zamaanoro CaxanuHa npea-
JIO)KEH TEepPEUCHb BEIICCTB JBOMHOTO TEHE3HCa
U CIEAYyIONINe WX COAEpXaHUS NJisi peruoHab-
HOTO HOPMHUPOBaHHS C yu4eToM (hOHOBBIX (TIpH-
POJIHBIX) KOHIIEHTPAIIHI: N-NO, - 2.2 MK/ am3;
N-NO, - 83.3 mxr/am’; N-NH, — 65.8 mMxr/am’;
P-PO,— 29.0 Mkr/am’; BIIK, - 2.11 mr/am?; de-
Honel — 0.0015 mr/mM®; HIT — 0.018 wmr/mm?;
Fe . —0.137 mr/om>.
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XPOHUKA HAYYHOM JKN3HN

TEOCUCTEMBI MEPEXOAHbLIX 30H, 2025, 9(1)

https://doi.org/10.30730/gtrz.2025.9.1.107-111

HanbHnn Boctok Poccun B mexgyHapoaHom
MOPCKOW Hay4YHON OeATEeNbHOCTH

n B fecatnnetum OOH Hayk 006 okeaHe

B MHTEpecax YCTOMYMBOIo pa3BnUTUS

B 2017 r. leHepanbHaa Accambned OOH npoBo3srnacuna decatuneTre Hayk o6 okeaHe
B MHTepecax yCTOMUYMBOTro pa3BuTuns (2021-2030 rr.) (https://oceandecade.org/).

HeBuns [lecaTnneTns oKeaHa: «HOyKO, KOTOPASA HOM HY>KHQ, A1 OKeAdHA, KOTOPOIoO Mbl XOTHIM».

Ussectno, uto He Oonee 1.7 % or mccnemo-
BaTeJILCKUX OIOKETOB CTpaH mMupa uaetr Ha Oxe-
aH — ropas/io MeHblIle, 4YeM Ha JApyrue obiacTu Ha-
YUHBIX UCCJIEZIOBAaHUM.

[Tnan peammsammu o6wsBierHoro OOH Jlecs-
TUJIETHS HayK 00 OKeaHe BKJIIOUaeT HaOOp Hay4HBIX
Y MIPUKJIAJIHBIX LeeH 1 3a71a4, JOCTUKEHUE U pelie-
HUE KOTOPBIX TOJIKHO PEBOJIIOLIMOHU3UPOBATh Hallle
OTHOILIEHHE K OKeaHy: O00ECHEeYUTh €ro 37A0POBbE,
paloHalbHOE HCIHOJIb30BaHHE OMOJOTHYECKUX
U MUHEpAIbHBIX PECYPCOB, pa3paboTaTh TEXHOJO-
THH aalTalMd U CMATYCHHS yIiepOa OT OMacHBIX
OKCaHWYECKHUX SIBICHUNW U CTUXUHHBIX O€JCTBUU.
B nenom, JlecstuneTre npu3bBacT HaydYHOE COO0-
IIECTBO, 0Opa3oBaTelbHbIE OpTraHW3alnd, OW3HEC,
MOJTUTUKOB, TPakJIaH K 00ObEAMHEHHUIO JUI peain3a-
LIMU CaMbIX MAacCHITaOHBIX IEHCTBUI MO U3yYEHUIO
U COXPAaHEHHWIO OKeaHa W OEpeKHOMY HCIOIH30Ba-
HUIO €ro pecypcoB i 4yesnoBedecTBa. COOTBET-
CTBEHHO, IIUPOKHUI KpyT NapTHEPOB-YYACTHUKOB U3
BCEX CYMECTBYIOMUX (HOpM HayKH, BIacTH, OU3HE-
ca, 00pa3oBaHMsI YK€ MATHIM T'OJl OPraHU30BBHIBAET
u npeiaraer KoopannanmonHomy coserty Jlecstu-
JETHS PA3JINYHBIE NPOEKTHI U MEPONPUATHS, A 3a-
TeM BBINIONHSAET onoOpeHHbie. [Ipu3bIBBI K Momaue
3asBOK Ha IMpPOrpaMMHBIE JEUCTBUSA OOBSABISAIOTCA
perynspHo Kaxzasle ronrona. B IlpussiBax ykasbl-
BAIOTCSl TPEOOBAHUS U YCIIOBHS, KOTOPBIM JIOJIKHBI
COOTBETCTBOBATh 3asiBisieMble MHUIMATUBLI. [loga-
4a 3asBOK MPOMCXOAUT OHJIAMH.

B pamkax MexXnpaBUTEIbCTBEHHOM OKEaHO-
rpapuyeckoit komuccun (MOK) FOHECKO u [le-
CATWIIETUSL PEATTU3YIOTCSI HE TOJIBKO Hay4HO-HUCCIIE-
JIOBATEIbCKIE WHUIIMATHBBI, KOTOPBHIC COCTABIISIOT
UX OCHOBY, HO U HHTEPECHbIE TBOPYECKUE MPOCKTHI.
Hanpumep, npoekt «TeHTakyasipHOE MBIIUICHUE)
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(https://crowdusg.net/tentacular-thinking/)  BKITIO-
yaJl CO3/1aHUE BHU3YaJIbHO-TAKTHJIBHOM BBICTaBKU
XyJOKECTBEHHbIX KapTUH C UCHOJIb30BaHMEM Haii-
JICHHBIX MO/IBOHBIX 00JIOMKOB, T.€. HA OCHOBE MOJ-
BOJTHOTO MOHTa)ka OOBEKTOB KYJIbTYpPhl U IPUPOIbI
NPEICTaBIWII PEan3alni0 BU3YyaIbHO-TAaKTUIHLHOTO
OIIBITA I10 IEPETOBON TEME HAYyUHbIX UCCIEA0BAHUMA
(T.e. HOBBIX Mopenell GmopazHo0Opasusi, KOTOpbIE
SBOJIIOLIMOHUPOBANIM, YTOOBI JKUTh HAa MUKpPOILIa-
CTHKE B MOPCKOI1 cperie).

B nepsom «lIIpusbiBe k neiictBuro» [lecsaru-
netust Hayk 00 oxeane (Call for Decade Actions)
MpEeTeHJIeHTaM TMpeiarajioch MoJaTh 3asBKH
C ONMCAaHUEM MHUIMATHB, KOTOPbIE MOTYT BHECTHU
BKJIaJl B pealn3aluio KoHuenuuu JlecaTuneTus.
«IIpu3eIB X neWcTBHIO» ObUT OOBSABICH 15 OKTS-
ops 2020 r. m pazociaH, B TOM YHCIEe, MO BCEM
BEJIOMCTBAaM W oOpranusauusMm Poccum, KoTtopble
IPOBOAST MOpCKHE uccienoBanusd. [emmaiin nns
MOJauM 3asiBOK MEpBOM BOJHBI ObUI Ha3HAy€H Ha
15 auBaps 2021 rona. Cnucok nojAep>KaHHbIX HHU-
uuatuB nyonukyercs Ha caiite MOK IOHECKO,
co3naHa ctpanuiia Jlecsatunerus.

Ha nepBblii npu3biB HAayYHO-KUCCIIENOBATENb-
CKUMHU U 00pa3oBaTeNbHBIMU YUPESKICHUSIMH Ha-
mieil crpanbl ObUTO TogaHo 11 mMpoekToB, KOTOphIe
Obut  0moOpeHbl  VcnonMHUTEHHBIM KOMHTETOM
Hecarwierns u BkimodeHsl B Ilnan peanusanuu.
DTO NPOEKTHI:

Capacity building Working group for UN Dec-
ade of Ocean Sciences, National Oceanographic Com-
mission of Russian Federation (MockoBckuii rocynap-
CTBeHHBIN yHHBepcuTeT uM. M.B. JlomoHOCOBA);

Development of a warning system for predicting
the risk of formation of intense atmospheric vortices
of various spatial and temporal scales (water torna-
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does, polar mesocyclones) over the seas of the Arc-
tic and middle latitudes (denepanbHas ciyxba 1o
THIPOMETEOPOJIOTUU U MOHUTOPUHTY OKPYIKArOIIeH
cpenst HITO «Taitdyn»);

Scientific-educational program OCEAN&Me:
school under sail (My3eit —3amoBegnuk «My3ei
MupoBoro okeana», MUHHCTEPCTBO KyabTypsl Poc-
cun, . Kanuauarpan);

Comprehensive multidisciplinary research
and monitoring of ecosystems of the Arctic Ocean
and its seas (ApKTHYECKHI 1 aHTapKTUYECKUI Ha-
YYHO-UCCIIeI0BaTeNbCKU MHCTUTYT (AAHUN),
Cankr-IletepOypr);

Complex multidisciplinary research and moni-
toring of ecosystems in strategic areas of the South
Atlantic (AAHUU, Canxkr-IlerepOypr);

The Caspian Sea Digital Twin (MuCTHTYT OKe-
agomoruu um. ILII. [upmosa PAH (MO PAH),
Mockga);

Environmental predictors of the Baltic Sea eu-
trophication in connection with planning human ac-
tivity (MO PAH, Mocksa);

Creation of an ecological complex for the
study, development and nature management of the
Azov Sea and Black Sea (®enepanbHbIii HecaemoBa-
Tenbckuil eHTp «HOkHbINH HayuyHbI neHTp» PAH,
Pocrog-na-/lony).

Opna mnporpamma — Early Career Ocean
Professionals (ECOP) Obinia momana Hemocpen-
CTBEHHO MeXIpaBUTEILCTBEHHON OKeaHorpaduye-
CKOM KOMHCCHEH, a ee KOOPAUHATOpPOM Oblia mpu-
mamleHa Hama cooredectBeHHuua E.A. Kocrtsnas
(ECOP Programme Global Coordinator and Con-
sultant at [OC-UNESCO) (MO PAH).

Kpome Toro, aBe 3asBKM MOJAN0 AATBHEBO-
CTOYHOE HAyYHO-HCCIIEIOBATEIBCKOE YUPEKICHUE —
THXOOKEaHCKMI OKEAaHOJIOTHYECKUNW WHCTHTYT
nMm. B.U. Unenuera JIBO PAH (TOU JIBO PAH).
O06e OHM MPONUIM MHOTOATAIHBIH KOHKYPCHBIN
9KCTIEPTHBIN O0TOOp, AOKJIAABIBAIUCH HA 3aCEIaHU-
sIX MeXBEeIOMCTBEHHON HAllMOHAJIBbHON OKEaHO-
rpaduueckoit komuccuu Poccum W cnienuanbHON
komuccuu Jecatunerus npu MOK FOHECKO u B
uTore ObUIH 0100peHbI U 3a(PUKCUPOBAHBI B CIEIIH-
anbHOM JokyMmMeHTe 13 oktsabpst 2021 r. ¢ Temamu:
«l'eocucTemMbl 1 MUHEpAJIbHBIE PECYPCHI TIEPEXO/I-
HBIX 30H «KOHTHUHEHT—OKEaH» M OTKPBITOTO OKe-
ana» (TEOMMP) (“Geosystems and mineral re-
sources in the transition “continent—ocean” zones
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and Open Ocean”) (GEOMIR, ID 164), pykoBonu-
Telb I.I.-M.H., 1o1eHT P.b. [llakupos, n «Mopckue
WCCIIeIOBaHMsI, yIpaBleHue U o0pa3oBaHUE B ce-
BEpO-3allalHON J4acTH THXOro OKeaHa M a3HaTCKUX
OKpauHHBIX MOpPSIX — TPAaHCHALMOHAJIbHASI KOHCO-
mapanus» (“A framework for effective trans-nation-
al consolidation within marine Research, Education
and Management in the northwestern Pacific and
Asian Marginal Seas (FREM-PAMS”)), pykoBoau-
tenb K.I.H. B.b. Jlo6aHOoB.

B nepuog 2021-2024 rr. TOU IBO PAH py-
koBoguin paboueit rpynmoit BECTIIAK (momko-
muccuss MOK 1o 3amagHol yact Tuxoro okeaHa)
«l"a3orunpars! u noroku metaHa B Tuno-Tuxooke-
aHCKOM PETHOHEe» M MPOI0JDKAET y4acTBOBATH CIIe
B IBYX okeaHorpapuueckux npoekrax BECTITAK
u Jlecstunerus.

Jlorotun npoexkrta FTEOMUP, TOW ABO PAH

B pamkax npoexra TEOMMUP Gbina omy0mnuko-
BaHa MOHOTpadusi COBMECTHOTO POCCHICKO-BBET-
HAMCKOT'O KOJIJIEKTHBA, KOTOpasi MPU3HaHA OJTHUM U3
pe3ynbraToB JlecsSaTHIIeTHS, YTO MO3BOJIUIIO UCTIONb-
30BaTh €ro Joroturn. B MoHorpaduu mpuBeneHbI
pe3ynbTaThl COBMECTHBIX MOPCKHX U MPUOPEKHBIX
HAyYHBIX TEOJIOTO-T€O(U3NUECKUX, Ta30TCOXHUMH-
YECKUX, MUKPOOMOJOTHYECKMX M JPYTUX HCCIe-
noBanuit TOU JIBO PAH c nayyHsiMu WUHCTHTY-
TamMu BpeTHaMCKON akaJeMHUH HayK U TEXHOJIOTHU
(BAHT). bonbmmHCTBO 3TUX PE3YAbTATOB OBLIH ITO-
Jy4yeHsl Onaronapsi HOAEpKKe MporpaMmsl «/lanb-
Huil Boctok», koTopoit pykoBoguin KoopauHanunoH-
Hbelii Poccuiicko-BeerHamckuii nientp JIBO PAH.
CoBmecTtHast Mopckas skcneaunus B FOxHo-Ku-
taiickom mope Ha HUC «Axagemux M.A. JlaBpeH-
TheB» B 2019 1. Obu1a momaepxana MuHOOpHAYKH
Poccun. B pamkax corpynHuyectBa ¢ BreTHam-
CKOM aKaJieMUell HayK U TEXHOJIOTUH B UHCTUTYTaX
JAIBO PAH neiicTByIOT COBMECTHBIE J1a0OpaTOpHH,
a B 2024 r. nognucan MeMopaHiyM O CO3[IaHUU CO-
BMECTHOTO IIEHTPa 10 MOPCKUM HAayKaM U TEXHOJIO-
rusim mexxry TOU JIBO PAH u BAHT. Otot nientp
CTaJl 3BOJIOLMOHHBIM MPOJOKEHUEM COBMECTHOM
POCCHIICKO-BBETHAMCKOW  JIaOOpaTopuu, KOTOpas
obuta ocHoBaHa B 2010 1. K HacrosimeMy BpeMeHU
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KOJUIEKTHBOM LIEHTpa, KOTOPBIM Ceiluac pyKOBOIUT
k.r.-M.H. H.C. Ceip0y (TOU IBO PAH), onyGimko-
BaHO Oosiee 50 COBMECTHBIX HAyUHBIX CTATEH.

C 2022 r. Ha 6a3e Poccuiickoro Texnonorunye-
ckoro yHusepcuteta (PTY MUPDA) nmpoBonutcs
exxeronHas Bcepoccuiickas Hay4HO-IpaKTHYeCKas
KOH(epeHIHs ¢ MEeKIYyHapOAHbIM yuyacTreMm «Poc-
cusa B Jecarunernn OOH nHayk o0 okeane». OnHa
00beIMHSAET TEMAaTUYECKUE CECCUHM U KPYITIBIE CTO-
Jbl C HACBHIEHHON HAy4HO-JEJI0BOH IpOrpamMmon
M BBICTABOUYHBIMH MEPONPHUITUIMHU, TPEACTABIISS
VHUKQJIBHYIO TUIOMIANKY UII OOMEHa JOCTHKCHH-
SIMH, OTIBITOM, TIEPETOBOPOB M TIPOCTO BCTPEY KOJ-
JIET IO OKEaHy». YUeHbIE NadbHEeBOCTOUYHbIX HIY
IPUHUMAIOT AKTUBHOE YYacTHE€ B OpraHU3aLUN
¥ MEPOIPUATHUAIX KOH(PEPEHIIHH.

brnaronapst yuactuto B JlecsaTunerun Haia cTpa-
Ha MOJTy4aeT HOBEUIIINE CBEACHHS O TIEPEIOBbIX UHU-
MaThBax B 001acT MupoBOro okeaHa, 4ro oMoraeT
CBEpsTh U HAIOHAJbHBIE BEKTOPHI B O0JIACTH MOp-
CKUX Hay4YHBIX U MPUKJIATHBIX UCCIeoBaHui. B cBoio
odepeb Ha MeponpusTusix [lecsatunerus, B TOM Yrcie
B pamkax ceccuit MOK FOHECKO wu ee peruonans-
HBIX TOJIKOMHCCHH, MEKBEIOMCTBEHHBIC JeJIeTalluu
Poccuu exxeroHo npeacTaBisioT MepeaoBbie JOCTH-
KCHHUSI HAIlle CTPaHbl W BBHIMONHSIIOT BAKHYIO pa-
00Ty M0 OTCTAaMBAHUIO HAIIMOHAJIHHBIX UHTEPECOB B
MupoBoM OKeaHe, pacIIMPSIOT JPYKECTBEHHOE IPO-
CTPAHCTBO, IPE/AJIaratoT HOBbIE U/IEU U MHULUATUBBI.
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OpgHuMHM U3 TPUOPUTETHBIX B pamkax Jlecs-
TWJIETUS  SIBIISTIOTCS.  BONPOCHI  T€OKAPTHPOBAHUS
MOPCKOTO M OKEaHH4YECKOTO IHA, MOPCKOTO IIpO-
CTPaHCTBEHHOTO IJIAHUPOBAHUS, PA3BUTHS CHCTEMBI
MOCTOSTHHBIX HAOMIONEHUH B 30HAX HAIMOHATBHBIX
IOPUCIMKLNHN, pa3BUTHSA I'PAMOTHOCTH U IOTEHLH-
aya WCCIICIOBAHHWM, MEXIyHApPOIHBI OOMEH OKe-
aHorpauyeckuMu JaHHBIMH W WHGpOpMAIHEH.
Pa3BuBarorcs mioGanbHas cuctemMa HaONIOAECHUS
3a knumaroM (I'CHK) u 3a okeanom (I'CHO), cu-
CTEMBI MPEeYNPEKICHUS U CMATYEHUS MTOCIIEACTBUN
OTaCHBIX OKEaHWYECKHX SIBJICHUH U JApYrHe Hampas-
neHus. JlelcTBUS MO 3THM HamnpaBiI€HUSIM HOCST
m100aneHBIA XapakTep. Hanpumep, onepanoHHbINH
ueHtp OceanOPS B pamkax 'CHO xoopaunupy-
et Oonee yem 8000 HabOmromaTenbHBIX IUIATGOPM U
13 mobaneHBIX ceTeld HaOmromeHus. ExemHeBHO
oOpabarsiBarorcs 6onee 120 000 mabmroneHuit B pe-
JIBHOM BpeMeHHM (cHHONTHUYeCKHuX). /laHHbIe accu-
MWIMPYIOTCS B YACJIEHHBIE MOJENIN AJISl IIPOTHO30B
HOTO/Ibl I COCTOSIHMSI OKeaHa, MPeAyHpeXIeHus: 00
OMaCHOCTAX U T.JI. JIeHcTBYIOT HEe MeHee 12 Mexay-
HApPOJHBIX OHMOJIOTHYECKUX/IKOJOTHYECKHX CUCTEM
HaOmonennid. MHpopmanust o OHOJIOTHYECKUX HC-
CJIEZIOBAaHUX TaKXkKe MPUBOAUTCS Ha OHMOIKOIOpTalie
I'CHO u np.

Oo6menpu3HaHo, uto 6onee 80 % momaay oke-
AHCKOTO JTHA JI0 CHX MOp HE M3Y4YE€HO M HE HAaHECEHO
Ha KapTy. DToT Bompoc B pamkax MOK Haxomut-
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cs B Benenuu nporpammel 'EBKO — I'enepanbHoit
Oarumerpuyeckorr kaptel okeaHoB (The General
Bathymetric Chart of the Oceans, GEBCO), koro-
past U34aeTCA MO PEUIeHUI0 7-T0 MeXIyHapOoaHOTOo
reorpaguyeckoro konrpecca 1899 r., MHOrokpaTHo
nepeusnana. [locme 1982 . 0OHOBNIECHUE BBHIMOIHS-
ercs B Buae nmudposoii Bepcun. A B JlecaTuneruu
neiictyer mporpamma The Nippon Foundation-
GEBCO Seabed 2030 Project (https://forum.oce-
andecade.org/ventures/85822?p=true&ventures_
venture=85822), kotopas paboraeT (aKTUYECKU
¢ 2017 r. bnarogapst 3Toit mporpamme mioniaab To4-
HOM OaTMeTpuu okeaHckoro jna ¢ 2017 mo 2021 .
yBenuumiack ¢ 4 10 20 %.

B pamkax MOK u JlecsatuneTus, K COXaJleHuIo,
HEJIOCTAaTOYHO YYUTHIBAIOTCA BOIPOCHI TEOJIOTUU
(TmyOMHHOTO CTPOEHUS TUTOC(EpPhl OKEaHa, TeKTO-
HUKH, MarMaTu3Ma, T€OJMHaMHUKH, cTpaTturpaduu,
9BOJIIOLIUU U JIP.), UTO OCJIOXKHSET JOCTUKEHHE Iie-
Jieil B u3y4eHuH, OCBOCHUH U COXpaHeHHH MupoBo-
ro okeaHa. B paMkax BbICTYIJIEHUI pOCCUICKOM Je-
neranuu B 2024 . Ha MOK (utoHb) 1 KOHpepeHIun
BECTITAK (ampens) 3TOT 1 ipyrue BONPOCH! OBLITH
0003HaYeHbl B KOHCTPYKTUBHOM IOPSJKE U BbI3BaA-
JM UHTEPEC y MHOTMX YYAaCTHHUKOB. B 3TOH CBs3U
CJIEZTyeT OTMETHUTH, YTO aKTUBHOCTH T'€0JIOT0-reodu-
3MYECKOro coodmecTBa HeBennka. Heobxomumo 3a-
SIBJIATh U IPOJIBUraTh MHULIMATHUBBI, B TOM YHCJIE HA
MEXTyHApOIHBIX IUIOIIAAKaX — HAlpuUMeEp, €CTh BCE
OCHOBaHUS MOJAaTh COOTBETCTBYIOIIEE MpeIoKe-
HUE 110 IIPOEKTY Pe3omronuu s o4epeiHon ceccum
MOK IOHECKO.

Jecsatunerne Hayk 00 OKeaHe Hepa3pbIBHO CBSI-
3aHO C JIeATENBbHOCThI0 MeEXIpaBUTENbCTBEHHON
oKeaHorpau4ecKoil KOMUCCHH U SIBIISIETCS 1O CYTH
ee mporpammHbeiM Meponpusituem B IOHECKO.
MOK IOHECKO co3gana B 1960 r. qj1g coneiicTBus
MEePEOBBIM HCCIIEOBAHUSAM, CHOCOOHBIM paCILIM-
pUTH 3HaHUA O MHPOBOM OKeaHe, U HapallUBaHUIO
MOTEHIIMaNa B 00JIacTH OKkeaHorpaduu B pa3BHUBa-
IOIUXCSL CTpaHax, MO3JHEe K 3TOMY J00aBMIIaCh
pa3paboTKa myTel peuieHus odaIbHBIX MpooieM
OKeaHa U KJIMMara, B KOTOPO OOBEINHSAIOTCSA BO3-
MOXXHOCTH cTpaH ujieHoB MOK B uzyuenun Mupo-
BOTO OKEaHa M ero pecypcoB. Ha ceronusmHmii 1eHb
ato 150 rocymapcts.

Jns B3anmopeticteus ¢ MOK FOHECKO B Ha-
el cTpaHe IelcTByeT MeKBEeIOMCTBEHHAs! HaLU-
oHanpHas okeanorpadpuyeckas komuccus (MHOK).
Hauano gesrensHOCTH 3TOW KOMHCCHH OTHOCHTCS
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K 1967 r, xorna Obw1 co3nan OxeaHorpaduveckuii
komuteT CoBerckoro Coro3a Ajisi KOOpIMHAIMY y4a-
ctusi MopeBenueckux opranuzanuii CCCP B gesitens-
Hoctu MOK IOHECKO. B 1992 1. oH nepenmeHoBax
B HammonaneHbiii  okeaHorpauueckuif KOMHUTET
Poccuiickoit ®enepaurn — HOK P®, a B 2008 1. —
B MexBEeJOMCTBEHHYIO HAI[MOHAIBHYIO OKEaHO-
rpaduueckyro Komuccuio Poccuiickort deneparium.
Ha MHOK P® Bo3znaranach KoOpIuHaLUs y4acTus
BCEX 3aMHTEPECOBAHHBIX OPraHOB BJIACTH U APYTUX
opranmsauuii B aesrensHocty MOK IOHECKO no
BOIPOCAaM MEXAYHApOIHOIO HAy4YHO-TEXHHUYECKOTO
COTpyAHHUYECTBA B 0O0NMacTH u3ydeHus MHPOBOTO
OKEaHa U €ro pecypcoB.

O Tom, 4TO B Hallel cTpaHe 0co00e BHUMaHHE
YIEJIAETCS MOPCKOM IesITENNbHOCTH, CBUJICTENILCTBYIOT
Vka3 Ilpesunenra Poccuiickort @eneparu o Mop-
CKOM Koiieruu 1 Ykas, yrepauBimii [Tonoxenue o6
VYnpaenenuu Ilpesnnenra PO no Bonpocam Hauuo-
HaJbHOM MOpCKOM monauTuku ot 13 aBrycra 2024 r.
Mopckue Hay4HbIe UCCIIEAOBAHUS 3aHUMAIOT B MOP-
CKOM JIeITENBHOCTH CTPaHbl BaXKHOE MECTO, a MX
LIEJIU OTIPEJENICHbI B COOTBETCTBYIOIIUX JOKYMEHTaxX
CTpaTern4eCcKoro MaHUPOBaHMsI, OCHOBHBIM U3 KOTO-
peIX sBisieTcs Mopckast JoktpuHa Pocenu.

B 5TO0#1 CBSI3M MOXHO OTMETHUTBH, YTO TEPHOL
2022-2024 rr. ObIT OTHUM M3 HauOoJee CIOKHBIX
B pabore nmo Bzaumozaeiictsuto ¢ MOK KOHECKO.
B 2022-2023 rr. 3Byyanu ouIuaibHbIe OTKPBITHIC
AHTUPOCCUNCKHUE 3asBJIICHNUS, OBUTH TTOTIBITKHU 3amaji-
HBIX «IIapTHEPOB» Pa3pyLIMTh arMocepy COTpya-
HUYECTBA B LEJIAX NPOJIBUKEHUS HHTEPECOB KOH-
KpETHBIX Ipymil, Hepenko B 06xon Konsenmu OOH
[0 MOPCKOMY IpaBy U C JPYTMMH HapyLICHUSIMHU
craryca MOK u FOHECKO. Poccuiickas neneranus
YCIHELIHO CIIPABIISIIACH C TAKUMU BBI30BaMH, o0ecIe-
YyuBas MPU ATOM M JIJs APYTUX CTpaH COOMIOAEHHE
HOPM MEXIYHapOOHOro mpaBa B MHUpPOBOM OKEaHE,
U n00uiach CHayajla HOpPMalIM3allMd aTMOCQepshl,
a 3aTeM U Toro, 4to ¢ 2024 . OTKPBITBIX HETaTUBHBIX
ABJICHUH yxe He 0bu10. OTHOBPEMEHHO C HAINPSHKEeH-
HOM paboOTOl MO BOIIPOCAaM MOBECTKH, POCCHICKHE
9KCIEPTHI O(QUIIUATIEHO BKIIIOYATUCH U POJOKAIOT
pabotarh B psijie BOKHEHIINX CECCHOHHBIX, MEKCEC-
CHOHHBIX CIIEHHAIBHBIX U PadOYMX TPYII M KOMH-
teroB MOK FOHECKO u cmexubIX cTpykTyp (Bee-
MUpPHAasi METEOPOJIOTHYECKasi OpraHu3alus 1 Jip.).

Takum 00pazoM, aKTUBHOE Y4acTHE B I€ATEIb-
Hoctt MOK FOHECKO u [ecsatunernn Hayk 00
OKEaHE B LIEJIOM OTBEYAET MHTEpecaM HalMOHAJIb-
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HOM MOpPCKOW TOJIMTUKH, ONpeneneHHsIM B Mop-
ckoil nokrpune Poccuiickoit @enepanuu u Crpare-
TUU Pa3BUTHA MOPCKOHM AesATenbHOCTH Poccuiickon
®enepanun 10 2030 1., cOcOOCTBYET pPEUICHHUIO
3a7a4 M JOCTMIKEHHUIO LEJEeBBbIX IOKa3arejell Ha-
LMOHAJILHON 11N « TeXHOJIOrnuecKoe JINAEPCTBOY
B YacTu obecrieueHus BXoxkaeHus Poccuiickoit de-
Jlepalii B YMCJIO JECATU BEAYILIUX CTPaH MUpa IO
00beMy Hay4YHBIX UCCIICIOBAaHUN U Pa3pabOTOK, CO-
m1acHo Yka3y lIpe3unenta Poccuiickonn @enepannn
or 07.05.2024 Ne 309 «O HanmMOHANbHBIX LIEIAX
pasButus Poccuiickoii denepanyu Ha mepuon 10
2030 roga u Ha iepcriekTuBy a0 2036 rogay.
MoxHo cuutars, uto nepuon 2022-2024 rr. —
sapkuit mpumep 3 (HEKTUBHOTO MEXBETOMCTBEHHOTO
B3aUMOJICHCTBUSI U YCIICITHOM KOMaHJIHON PabOoThI
POCCHUHCKHX IKCIIEPTOB. YYacTHe B MEPOIPHUSATHUAX
u nporpammax MOK u apyrux MexayHapOIHBIX
TUIOIA/IKaX HEOOXOMUMO YCHIIUTh. DKCIIEpTHAs J1e-
ATEIHHOCTh MCKIIIOYUTEIHFHO BaKHA, HO €€ HeoOXo-
JIMMO pa3BUBaTh HA OCHOBE CUCTEMHOM MOAJIEPKKU.
Heo6xomumo npoBOaUTh MPOCBETUTENBCKYIO Pado-
Ty B BEJJOMCTBAX U YUPEKACHUIX O POJIU MEXKITyHa-
POIIHOM 3KCcTIepTHOU paboThl. Henb3s 3a0b1BaTh, 4TO
3a BceMU MporpaMMHbiMH Meporpustusimu OOH,
KOTOpbIe OPHUIINAIBHO HOCAT T'yMaHUTAPHBINA Xapak-
T€p, CTOUT MPOABUKEHUE HAI[MOHAJIbHBIX HHTEpE-
COB BO Bcex obOmactsix. A MUpOBOI OKeaH B 3TOM
TUTaHE — MepeIoBasi apeHa 0OPhOBI AITHUX HHTEPECOB.
bmxaiimum  opuIaTbHBIM - MEPOIPUSATHEM
MOK u lecarunetus B 2025 . B pamkax 0003HaYeH-
HBIX TeM sBigerca 15-9 ceccus BECTIIAK, xoto-
past npoizer B Tokno, AAnonus, 11-13 mapra 2025 .
Ha ceccun Oyner paborarh oduiuanbHas MeXBe-
JIOMCTBEHHas Jeneranusa Poccuiickoit Deaepannu ¢
y4acTUeM JaJIbHEBOCTOUHBIX YUeHbIX. OCHOBHAs 3a-
nada [Togkomuccnu no 3anaaHoil yactu Truxoro oke-
aHa MeXIpaBUTEIILCTBEHHOW OKeaHoTrpaduiecKon
xomuccnn TOHECKO 3akmouaercss B pa3BUTUM U
KOOPJIMHAIMY MEXIYyHAPOAHBIX MOPCKUX HCCIENO-
BaHWI B pErvOHE. YNPaBIAOMMM opraHoM Ilomko-
MUCCHU SIBIISIFOTCSL MeXNpaBUTEIbCTBEHHbBIE CECCHH,

KOTOpbIE MPOBOATCA C MEPUOIMYHOCTHIO pa3 B JiBa
roga. B Taunmanpe yupexneHo KoopauHanumoHHoe
oropo [ecstunerus npu Cexperapuare BECTIIAK
(pesomorst MOK EC-55/1 ot 1417 urons 2022 ).

I[lo wHHMOMaTHBE MW MOX PYKOBOACTBOM
TOU IABO PAH B nepuon 2021-2024 rr. ycnemi-
HO JeicTBOBaja oduuuainbHas pabodas rpynmna
BECTITAK «I'a3oruznparsl 1 notoku Merana B 1n-
no-TuxookeanckoM pervoney. 1o utoram nearens-
HOCTH paboueid rpynibl MOATOTOBIEH COOTBETCTBY-
rormit npoext BECTITAK, xotopslit Oynet 3asBiieH
Ha 15-i ceccun B mapte 2025 . ¥ B KOTOPOM BBIpa-
3WJIM COMIache y4acTBOBaTh BreTHam, Anonusd, Un-
nounesus, pu-Jlanka, Uunus, Kuraii, banrmazaen,
Mapnarackap, Manaiizus u zp.

A mexnay Tem OOH npoBo3miacuiia ctapt HO-
Boro [lecartunerus — mexayHapoaHoro Jlecsru-
JETUSl HAayK B MHTEpEcax YCTOMYMBOIO Pa3BUTH
(2024-2033 rr.), B koTopoMm Poccuiickas akamemust
HayK IUTaHUPYET aKTUBHO y4acCTBOBATh, OTKIMKHYB-
much Ha npu3siB MU/ Poccun.

Jlorotmn pa6oyeri rpyrnsl BECTIIAK
«[azormapaTel 1 MOTOKM METAHA
B VIHOO-TMXOOKeQHCKOM pervioHe», TOW [1BO PAH

Penam Benanosuu Illaxupos,

ynen MedceedomcmeenHOU HAYUOHATLHOU OKeanoepaguyecko komuccuu Poccuu

Haoexcoa Cepeeesna Cuoip6y,

copykoeodumeﬂb coemecmuozo Poccuticko-Bvemuamcrkoco yernmpa no MOPCKUM HAyKam U mexnHoiocuim

Anmon Cepeeesuy Maxywies,
PYKOBOOUMENL OMOENA BHEUHUX CBs3€ll

Tuxooxeanckuii okeanonoeuveckuti uncmumym um. B.U. Hnvuuesa JIBO PAH
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OT PEgAKUMN FrRoM THE EDITORIAL OFFICE

NMpaBuna odopmneHuns u nyonumkaumm pykonmcen
B XXypHane «'eocucteMbl nepexoaHbIX 30H»
E-mail: gtrz-journal@mail.ru

Cnucok HaAy4HbIX CI'IeLI,VIaanOCTeIZ
N COOTBETCTBYHOLLMX UM OTPACIEN HayKK, Mo KOTOPbIM XypHarn «feocucteMbl NepexoaHbIX 30H»
BKItoYeH B MepeyveHb peLeH3aMpyeMblx HayYHbIX U34AHWIA, B KOTOPbIX AOMKHbI ObITh
ony6nukoBaHbl OCHOBHbIE peaysbTaThl AMCCepTaLyMii Ha couckaHue
YYEHOWN CTEMNEHN KaHauaaTa HayK, y4eHOW CTENeHW JOoKTopa Hayk

. HaumeHoBaHue oTpacieit HayKH,
HanmeHoBaHue IpyIIbl HAYYHBIX CIIELHATBHOCTEH,
HIudp . 10 KOTOPBIM HNPHCYXKIACTCS YISHAs!
HaUMEHOBaHUE HAyYHOH CIICIUaIbHOCTH
CTeneHb
1.6 Hayku o 3emie
1.6.1 OO01as ¥ peruoHaNbHast reojorus. I eoTekToHNKa T'eonoro-muHepanorunyeckue
U TeOoIMHAMHKa
1.6.3 [leTpomnorusi, By IKaHOIOTHs T'eonoro-munepanoruueckue
1.6.9 T'eouzuka T'eosnoro-mMuHepanorunyeckue
Du3nKo-MaTeMaTU4eCKUue
1.6.14 I'eomopdoiorust u naseoreorpadust I'eorpaduueckue
1.6.17 OxkeaHos0orus T'eorpaduueckue
T'eonoro-munepanoruueckue
Du3NKo-MaTeMaTHYECKUe
1.6.20 I'eonndopmaruka, kaprorpadus Du3nKo-MaTeMaTHIECKIe
1.6.21 I'eosxonorus T'eorpaduueckue
T'eonoro-munepanornyeckue
1.1 Mexanunka
1.1.8 MexaHuka ie()opMUpyeMOro TBEpAOTo Tela Texnuueckue
Du3NKO-MaTeMaTHIECKHE
1.5 Buosorus
1.5.15 Okonorus Buonornueckue

Ipacbuk ebixoda xypHana: Ne 1 — mapT; Ne 2 — noHb; Ne 3 — ceHTA6pb; Ne 4 — nekabpb.
XKypHan nybnukyet

" (I'IO,D, TeMaTU4eCKUMu py6pVIKaMVI) OopurnHanbHblE U o630pr|e Hay4Hble CTaTbn, B TOM YuUCne OUCKYCCUOHHbIE,
KpaTkne Hay4Hble coobLleHuns, katanoru n 6asbl AaHHbIX, —

pPeueH3UpPyrmcs,

* NM1CbMa B pegakuuio; mmpopmaumm O NosfieBbIX N 3KCNepUMeHTarnbHbIX NUCCNeaoBaHUAX, 3KCneanumax,
KOH(bepeHLl,MﬂX; peueH3nn Ha Hay4Hble n3gaHua —

He peueHsupyomcsl.

My6bnukyembiM MaTepuanam, KpOMe 4MCTO MHOPMAaLMOHHBIX, npucBanBaeTcs unaeHtudukatop CrossRef — DO/
(Digital Object Identification).

XKypHan «['eocuctembl nepexogHbix 30H» nmeeT DOI: https://doi.org/10.30730/gtrz

Pykonucy npMHnmMaroTcs B aNekTpoHHOW hopMe B TedeHne roga no e-mail: gtrz-journal@mail.ru

3akasHble U LeHHble NMcbMa u 6aHueponm penakuna He nony4yaer.

Penkonnerus He NpuHUMaeT K OnyBriMKoBaHMIO HAay4HO-NONYNSPHLIE MaTepuarsibl, a Takke Matepuarnsl UccrneaoBaHus
aBTOPOB, HE UMetLLMX addUNUaLIMKM C HAYYHOW UMW Hay4YHO-NPOU3BOACTBEHHO OpraHu3aLuelt, NPoBeaLLe UX 3KCNepTuUsy.

B XXypHane npuHATO d8ycmopoHHee criernoe peueH3uposaHue (MoapobHee o Nopsiake peLeH3poBaHNUsA CM. Ha caiiTe
XypHana). B kauecTBe peLeH3eHTOB BbICTYMNaloT M3BECTHbIE CreuuanvcTbl No 4aHHOMY HanpaeneHuto, uvetoLLme nyenmnka-
LMK No TeMaTKKe CTaTb U HeOBXOAMMBI YPOBEHb LIUTUPOBaHUS.

Beibop peueHzeHnma — npeporatuBa peakonsierun, Ho aBTOPbl MOTYT yKasaTb B CONPOBOAUTENbHOM MNUCbMeE
4—6 noTeHUManbHbIX PeLEeH3eHTOB CBOen paboTbl (MUHMMYM M3 2 pasHbIX PErMOHOB WM pPasHbiX CTPaH; JKCnepThbl
B Al@aHHOW obnacTu; oTCyTCTBUE COTPYAHUYECTBA, B TOM Y/iCIlie COaBTOPCTBA 3a nocnegHue 3 roaa; He YneHbl pegkonnermm
XypHana). ABTOpPbI TaKXe MMeIoT MPaBo yKasaTb MMeHa Tex CneynanncTos, KOMY, MO UX MHEHWIO, He CriedyeT OTNpaBnsATh
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[NpaBunna ogpopmneHunsi u nybnvkaymm pyKkonucen B xypHane «[eocuctembl nepexogHbIX 30H»

paboTy B CBSI3U C BO3MOXHbIM KOH(PNMKTOM UHTEpecoB. [laHHas uHdopmauus siBNSIeTCst CTPOro KoHduaeHunansHom
1 MPUHMMaeTCS BO BHUMaHWeE Npu opraHnM3aumnmn peLeH3npoBaHusi, KpoMe criyyaes, Koraa y peaaktopa ectb 6onee Beckne
OCHOBaHMs, YeM y aBTopa.

Ecnun cTtatbs He oTBeYaeT Temartumke XypHana, He cogepXunt npeamMera Hay4YyHoro nccnenoBaHua, He COOTBETCTBYET
3TU4EeCKUM TpeGOBaHVIFIM, ﬂyﬁﬂMpyET OI'Iy6J'IMKOBaHHbIe mMaTtepuarnbl, nNorn4eckn He BbICTPOEHA, N3N0XXeHa Hey}J,O6OBapMMbIM
A3bIKOM U T.N., peaakuma MOXeT apryMeHTUMpoBaHHO OTKa3aTb aBTOPY B I'Iy6J'IVIKaLI,VII/I Ha OCHOBaHWW NepBUYHOIo CKPUHWUHIA,
00 npoeseaeHna peueH3npoBaHuA.

PelweHune o I'Iy6J'IVIKaLI,VIVI NPUHUMaET pedakLMOHHas Konnernsa B TedeHme 3—4 MecsaueB COo OHSA NonyyYeHns martepua-
J1I0B HA OCHOBaHMM MUHUMYM 2 peLeH3nin. PeueH3nn XxpaHaTca B pegakunm B TedeHume 5 ner.

CTtaTblo C KONUAMW PEeLIEH3NA N pedaKkUMOHHBIMWU 3aMedYaHUsIMK BbiCbINaloT aBTopy. Bo3spalleHne pykonucu Ha fo-
paboTKy elle He o3HavaeT NpuHATUS ee K nybnukaumn. Bea pganbHenwas pabota Hag ctatbel MOeT B pedakLMOHHOM
caine, B KOTOPOM aBTOp AopabaTbiBaeT TEKCT U MPUCHINAET ero BMECTE C OTBETHbIM NMCbMOM. OTBETHOE NMCbMO crnepyeT
nucaTb B danne ¢ peueHsnen unu pegakumoHHbIM 3akniodYeHnemM. B Hem HyxXHo:

= OTBETUTb Ha KaXJ0e 3ameyaHue U BOnpoc peLeH3eHTa;

= yKa3aTb KOHKPETHO, Kakue MMEHHO M3MEHEHWS1 BHECEHbI B CTaTbiO;

= HanucaTb y6eauTensHoe, BeXNNBOE BO3paXeHne, ecrnv, N0 MHEHUIO aBTOPa, PELIEH3EHT Henpas.
= nobnarogaputb peLeH3eHTa 3a NonesHble 3aMevaHnst U KOHCTPYKTUBHYHO KPUTUKY.

Penkonnernst Ha OCHOBaHWN PeLIEH3MI 1 OTBETHOWN peakunn aBTopa onpegenser ,qaaneﬁLuyro Cy,D,b6y pykonucu.

anIH‘iITyIO K ne4yaTun CTaTblo CHOBa YUTAET peaaKTop U CornacoBbiBaeT C aBTOPOM MpaBKKU, CBA3aHHbIE C coaepXaHneMm.
[oTOBbLIV K BEpCTKE hawn crnenyet BHMMaTelbHO Bbl4UTAaTb, NOCKOSIbKY B BEPCTKE A0NYCTUMA TOJNIbKO MefiKaaA npaBkKa.

PaGoTy BKkntoYaloT B nnaH Homepa. CopepkaHue HoMepa YTBEPXKAAET OTBETCTBEHHbLIN 32 HOMEp W/WMW TMaBHbI
pedakTop, 3a KOTOPbIM OCTaeTCsl MPaBO OTKMOHWUTL CTaTbi0 MO CEpbe3HbIM HAa TO OCHOBaHUSAM (KOHMIUKT MHTEPECOoB,
HeJOCTaTOuYHbIV YPOBEHb HOBU3HbI UCCIedoBaHWsl U T.N.). B criydae NpuHATUS cTaTbk K NyGnukauuyM aBTopy coobLuator,
B KakOM HOMepe OHa ByfeT ony6rnvkoBaHa.

ABTOpbI CTaTen HeCyT OTBETCTBEHHOCTb 3a cogepkaHue ctaten n hakt ux nybnvkaumm, o 4em nognMcbIBalT aBTop-
CKOe cornatueHue.

Pepakums BnpaBe M3bsATb yXKe ONyBnnkoBaHHYO CTaTblo, €CMN BbIICHUTCS, YTO B Mpouecce ee nybnukauum Goinm
HapyLLEeHbl YbM-NGO Npasa MUy oBLLENPUHATLIE HOPMbI Hay4YHo 3TUkM. O akTe N3bATMS (PETPaKLMKN) CTaTbl peaakums
coobLuaeT ee aBTOpY, CreunanucTaM, JaBlMM PEKOMEHOALUMIO UMW PELEH3NIO, opraHn3aumu, rae paborta BbiNonHANach,
1 B 6a3y Hay4HOro LMTMPOBAHWS, B KOTOPOW XypHan MHAEKCUpyeTcs.

My6nukauusa ctatei 6ecnnatHa AnA aBTopoB. [locne BbiXxoda XypHana B CBET pefakuuvsi NocbinaeT aBTopam
6ubnuorpadmyeckne ceegeHust 06 onybrnMKoBaHHONM CTaTbe U CCbIMKWM Ha CalThbl, rAe pa3MeLleHa 3MeKTPOHHast BepCUs.
MeyaTHble 3K3eMNNAPbI U3aaHUst MOXHO NprobpecTy B pefakummn unm opopmMmne NoanNucKy no nHTepHeT-katanory «Mpecca
Poccun» (nHaekc 80882).

[o wnu B npouecce pennoaroToBKM PYKOMUCU B pedakuuy >XypHana aBTop MOXET pa3MecTuTb CBOK paboTy
B KayecTBe npenpuHTa Ha caunTe preprints.ru (https://preprints.ru/about) n gpyrux. Tem cambim OH Mony4yaeT BO3MOXHOCTb
03HaKOMMUTb HayyHOe COOOLIEeCTBO C pe3ynsTaTaMu CBOEro UCCNEAOBaHWS M MOMy4nTb OOpaTHyl CBSA3b OT Konner [Bo
nybnvkaumm B xxypHane. MNpenpuHty npuceameaetca DOI, a nocne nybnukauum Ha nnatopme pa3merarTcs ceegeHns oo
onyOnMKOBaHHOM CTaThe.

Onsa cokpaleHusi cpoka nybnukaumm aBTop BnpaBe nonpocuTb pegakumio 06 ycnyre Online first — pasmelwernm
Ha caWTe ypHana duHanbLHOW 3NEKTPOHHOW Bepcun cTaTbu (T.e. MpoLledLlel peanogrotoBKy) A0 TOro, kak paboTa Hag
BbiMyckom OyfdeT 3aBeplueHa. BaxHenwvm npeumyLlecTBOM Takoh nybrnvkauum SBnsieTcs BO3MOXHOCTb MONHOLEHHOTo
LMTMPOBaHUS CTaTby A0 BbIxO4a B CBET BbiMycka xypHana. Ctatest online first nonyvaet co6cTBEHHbIN YHUKanbHbIA DOI n
WHble HeobxoduMble Ansa GubnmorpadrMyeckoi CCbinkn pekBu3nThl. Mocne Toro Kak HoMep XypHana OyAeT OKOHYaTernbHO
cchopMMpOBaH 1 NoAnucaH B nevatb, MeTagaHHble 1 DOl cTaTbm 0CTaHyTCA HEU3MEHHBIMM.

CTpyKTypa OCHOBHOro hanna (npv otnpaske B pefakumio gais uMeHyeTcs no nepsomMy asTopy: MesaHos.docx)
Temamuyeckasi py6puka 13 NpyBeOeHHOrOo Bbille CMCKa CreLnanbHOCTEN.

UHOekc YK no Tabnvuam YHuMBepcanbHOW AecATUYHOW Knaccudpumkaumun, umerowmmcs B 6ubnuotekax, wunm
C NOMOLLbI0 HTEPHET-pecypca http://teacode.com/online/udc/

3aznasue. 10—-12 cnoB. KopoTtkoe, emkoe. Mo BO3MOXHOCTW u3berante OOLUMX CMOB, Hay4HbIX XXaproHNM3mMoB
n abbpesuatyp. B ngeane Bce crnoa HasBaHWS MOTYT CMYXUTb KIOYEBBIMU NPU HAyYHOM MOWCKeE.

Wnuyuanbsi u d)amu.nuu aemopoe (OTMETMTb aBTOpa AnA KOHTaKTOB U yKa3aTb e-mail ansa I'IeperIVICKI/I).

MonHble HazeaHus yuYpexdeHuli (kak OHM 3HayaTcsl B YCTaBe), C KOTOpbIMM adUnMpoBaHbl aBTOpbI, U KX
MecToHaxoXaeHue (ropog, cTpaHa).

Pesrome (pepepam, aHHomauyusi) — Abstract. O6bem 200-300 crioB. be3 npouTeHnst BCer CTaTbu AAeT YeTKoe
npeacTaBneHne o LEeNu CTaTby, €e Hay4YHOW HOBU3HE U JOCTUMHYTbIX pe3ynbraTax.
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OT PEgAKUMN FrRoM THE EDITORIAL OFFICE

[nsi MHOCTPaHHbIX YYEHbIX aBCTPaKT 3a4acTyto SBNSETCH €AMHCTBEHHBIM UCTOYHUMKOM MHOPMaLMM O CoaepKaHUm
PYCCKOSI3bI4HOM CTaTbW 1 U3NOXEHHBIX B HEN pe3ynkTaTtax UCCNeaoBaHus.

ABTOpPCKMI pedrepaT OOIMKEH:

* onucaTtb OCHOBHbIE Lenu uccnegosaHus («Describe the main objective(s) of the study»);

*  00bsCHUTBL, kak ObINoO NpoBeaeHo nccnenoBanne, 6e3 metognyveckux getanen («Explain how the study was done,
including any model organisms used, without methodological detail»);

* cymmMupoBaTb Haubornee BaxHble pe3ynbTathl U UX BaXHOCTb («Summarize the most important results and their
significance»);

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

M3berante naccuBHbIX rmaronbHbix dopMm (The study tested, HO He It was tested in this study. Mbr doka3zanu
3BYUMT NnydLle, YeM Hamu dokasaHo). Knaccnyeckoe 6e3nuyHoe bb110 npodemMoHCcmpupo8aHo, ornucaHo kak bbl nepesogut
Ha BTOpOl7I nnaH NNYHY OTBETCTBEHHOCTD.

Knroyeenie crnoea (He Gonee 10, 4OMYCTUMbI CITIOBOCOYETAHMS U3 ABYX CIIOB) B ONTMMasibHOM BapuaHTe oTpaatoT:
npeaMeT UCCNefoBaHusl, MeTodbl, 0OBbEKT, cneundmrKy AaHHoW paGoTbl. McnonbayoTes Ans MHOEKCUPOBAHUA U MOWCKa.
Mpu3BaHbl 06nerynTb HaxoXaeHue ctaTbi B Gasax AaHHbIX.

BnazodapHocmu u ceedeHusi 0 ¢huHaHcoeol noddepxke paboTbl (C HOMepaMn rPaHToOB UMW TEM roc3apaHun
B ckoOkax).

Tekcm cmambu C BCTaBNEHHLIMU B TEKCT UNIKOCTpaumMsiMm u tabnuuamm B nporpamme Word nto6on Bepcun 6e3
NCNonb3oBaHus MakpocoB. Ecnu B ctatbe ecTb hopmyrnbl, CUMBONLI 1 T.N., Npoaybnupynte dann B pdf.

Cnucok yum upyemMbix UCMO4YHUKOS.

CeedeHus1 0 ecex asmopax (B KOHLie CTaTbK): paMunns, UMsi, OTHECTBO, y4eHas CTeneHb, JOIMKHOCTb, fabopatopus,
kadenpa wnv otaen, NormHoe M cokpalleHHoe (abbpeBmaTypa) HasBaHue yupexaeHus (kak B Yctase), ORCID (Open
Researcher and Contributor ID), e-mail. Bce atn cBeneHns obs3atensHbl.

Ha aHanutickom si3bike B dhavine co ctatben gyonupyoTcs:
* 3arnasue,

*  MMeHa U haMmnmm aBTOPOB,

* HauMMeHOBaHWs opraHu3aumi (kak oHM 3HayaTcs B YcTase),
* pedepaT U KnoveBble CroBa,

*  MNOAPWUCYHOYHbIE NOZMMUCH,

*  3arosfioBKM 1 NpMMeYaHus kK Tabnvuam,

» cnucok nutepatypsbl (References);

* MONHbIE CBEAEHUSA O BCEX aBTOpaXx.

TpaHcnuTepauus anemMeHToB (Mpu HeobxoaumocTu) npomsBoauTcs B cucteme BGN — ¢ nmomowbio cawnTta
https://transliteration.pro/bgn-pcgn

Cxemy ochopmIieHMss cTaTby U pekOMeHOyeMbI NepeBos, 3BaHWM 1 AOMKHOCTEN CM. Ha canTe XypHana B channe
«O6pasey, odopMreHns cTaTbuny».

OmoaenbHbIMU ¢halinamu npunararTCcs:

1) ABTOpCKOE cornalleHne (PopMy ckayaTb Ha carTe XypHana);

2) ckaH-konus  JKCMepTHOro 3akmiyeHnsa (no ¢opme, NPUHATOA B OpraHWsaumyM asTopa) O BO3MOXHOCTHU
ony6nvMKoBaHUS B OTKPbITON NevaTw;

3) rpacduyeckue matepmansi;

4) B crniy4dae HeobxoaMMOCTH — paspeLLeHns Ha Nybnmkaumio oTAenbHbIX Matepuanos (cm. ann O paspeweHusx Ha
ucrionb308aHUe Mamepuanoe mpembux fuUly Ha cante xypHana).

Onsa nyywero BOCMPUATUS U LUTUPOBAHUSA CTaTbU XenaTeNnbHO NPUAEPXUBATLCSA YETKOW CTPYKTYpbl,
yuutbiBas pekomeHgauum AHPU (Accoumaumm Hay4YHbIX pedakTopoB U usagartenen), a Takke pekomeHaauum EASE
(European Association of Science Editors) ans aBTopoB 1 nepeBoAYMKOB Hay4HbIX CTaTel Ha aHIMUACKUN A3bIK.

BeedeHue
OcBeTute cnenyrouine Bonpochl:

» CoBpeMeHHble B3rmsiabl Ha Npobrnemy.

* Y10 6bINO caenaHo paHee (0630p NUTEPATYPbI; YKaXUTE OpUriMHarnbHble U BaxkHble paboTbl, B TOM Yucre nocnea-
HUe 0630pHbIe cTaTbm). M3GerainTe ccbifiok Ha ycTapeBLluMe pesyrbTaThl. BblgenviTte HepelleHHble BONpOCk! B npe-
aenax obuern npobnembl.
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+ KakoBa Balla rmnoTesa, KakoBbl Balln Lenu (MOCTaHOBKa 3aJayum C YNOPOM Ha HOBU3HY, YETKO CHOpMynupymnte
Lernb cTaTtbm).

Mamepuan (06bekm) u MemoOdbI uccriedogaHus
*  OnuwwnTe MeTodbl U METOOMKUN, KOTOPbIE Bbl MPUMEHSNN NPY N3yYEHUU MOCTaBMNEHHON NPOOneMbI.
* He onuceiBanTe npoueaypbl 1 METOAbI, ONy6brnMKoBaHHbIE paHee, AalTe Ha HUX CCbISKN.
*  YkaxuTe npumeHsiemoe obopyaoBaHNE U ONULLNTE NCMOMb30BaHHbLIE MaTepuarnsi.

Pesynbmamabi uccnedoeaHus usiu AKcnepumeHm (uccredosaHue, ModesnupogaHue u m.f.)
* CuctemaTn3vpoBaHHbIN aBTOPCKUIA @aHaNMMTUYECKNIA U CTaTUCTUYECKMIN MaTepuan (KnoYeBoe CroBo 34eChb — CUCTe-
MaTN3NpPOBaHHbIN).
*  Tabnuubl, rpacpukun 1 TEKCT He JOMKHbI AybnunposaTe Apyr Apyra.
*  PuvcyHkn n Tabnuubl — 310 dhakTonornyeckas nctopusi uccrnefoBanns. OHM OMKHbI BbITb NOHATHBIMK 1 6e3 TekcTa,
Tabnmupl — He Neperpy>KeHHbIMK, BCE MOANMCaHO U Ha cBoeM MecTe. He 3abyabte npuBecTy NOAPUCYHOYHbIE NOA-
MMCU 1 3arofioBKMN Tabnmy, NOMMMO PYCCKOTO Ha aHITIMNCKOM A3bIKe.

O6cyxdeHue pe3ybmamoe — O4eHb 8aXKHbIl pa3der.

* XenatenbHo cpaBHUTbL pe3yrnbTaTbl C NpeablayliyMMu paboTtamn B 3TOM obnactu Kak aBTopa, Tak U ApYrux
nccneposatenen. Camblil O4EBMAHLIA CMOCO6 MNOAHATH UUTUPOBaHME — 3TO HEe TONMbKO MPeacTaBUTb CBOU
AaHHble, HO U COMOCTaBUTb MX C MUPOBLIMU UIN PerMoHanbHbIMK aHanoramu. Mogenb v BbIBOAbl AOMMKHbI ObiTh
YHUBEpCarbHbl C TOYKWN 3PEHUSI BOCNPUATUS YYEHBIMU HE TOMbKO BaLLEW CneumanbHOCTY.

* He ctout urHopupoBatb paboThbl, YbM pe3ynbTaThl NPOTMBOPEYAT BaLLUUM — BCTYNUTE C HAMMU B KOHCTPYKTMBHYHO
OVCKyCcCcuio 1 ybeauTe umtaTtensi B CBOEN npaeBoTe.

*  YT100bl NPEABOCXMTUTL BO3MOXHbIE 3aMeYaHusl PEeLEH3EHTOB, 06CyaAMTEe OrpaHNYEeHUst BalluMX pe3yrnsTaTtoB — YTO
He yganocb caenatb M Nnoyemy.

Mpu HeoBxoaMMOCTU BBEAMTE TEMATUYECKME NOA3AronoBkNn, 06beanHuTe HekoTopble pasaensl (BeseaeHne n metoapl,
Pesynbrathl n 06cyxaeHne, O6cyxaeHne n 3akmnoveHne, 1 T.m.).

Bbi1800bI U 3aK/1H04eHUe — 3T0 He OfIHO 1 TO Xe, HO UX, KaK NpaBuno, o6beauHAIOT Nof, 3arofioBKOM 3akmnioveHne.
BbigoObI NAKOHMYHO U3nararT rmnaBHble pesynbraTthl, XenaTtenbHo d)pa3aMI/I, oTnMyarvWwmnMncAa OT BbICKa3aHHbIX B

OCHOBHOW 4YacTu cTaTbW.

BaxxHOo: BbIBOObI JOMKHbI YETKO KOPPENUpPoBaTh ¢ hOpMYyNMPOBKOW Lienu 1 3agad paboTsl, ¢ pesynsrataMmy 1 cogepXxaHmem

aHHoTauuun.

3aknoueHue
+ [laet oTBET Ha BOMPOCHI, YTO HOBOTO CTaTbsA A0OABMSAET K y>Ke OnyObrnmKoBaHHbIM pe3yrnbraTam U HacKonbko paborta
No3BOMSIET NPOABUHYTLCS Bepes B AaHHOW 0bracTu 3HaHWU.
» [pegnaraet 0606LLeHNA U pekoMeHAAUMM, BbITeKaloLme 13 paboTbl, NOAYEPKMBAET MX NPAKTUYECKYH 3HAaYMMOCTb,
onpegensieT HanpaeneHnst 4nsa ganbHenwero nccneaoBaHms B 3Ton obnacTu.

Cnucok numepamypsbi

O6szaTenbHbl paboTbl nocnegHnx 5-10 ner.

JKenatenbHoO oTgaBaTb MNpennovTeEHME CCbifikaM Ha ny6n|/1|<au,vm B XypHanax n MWHUMU3NPOBATb CCbIJIKM Ha
MOHOrpadoun permoHarnbHbIX U34aTensCcTB U ManoaocCTynHble N3gaHuA.

LutupoBaHme coGCTBEHHbIX paboT He JOMKHO NpeBbiwaTth 15 % oT 06LLero YMcna B Crucke.

HaHHble

Ecnn daktonornyeckan 6asa ctatby obWIMPHA U UMEET CaMOCTOATENbHYIO HAYUYHYK LEHHOCTb, hakTu4eckme
AaHHble MOXHO ohopmuTb B BUuAe ctatbh Tuna AaHHble nccneposauua (Data Paper). Takas nybnukauns cogepxuTt
CCbINIKY Ha COBCTBEHHO Hay4HYH0 CTaTbiO (MM HECKOITBLKO CTaTen), B KOTOPON 06CyxaatTcs pe3ynbraTbl 06paboTku aTux
AaHHbIX, U 0O6BIYHO COCTOUT N3 ONUCaHUA MeTOA0B, Tabnuu, pUCcyHKOB 1 T.N. En npucsanBaetca cobcTBeHHbIn DOI. AB-
TOPbl MOTYT yKa3sbiBaTb €€ B CMNCKe Hay4HbIX TPYAOB, OTYNTbIBaATLCA eto neped MuHobpHayku. MNogobHas nHdopmaums
Takxe MoXeT ObITb pa3MmelleHa B BUAE NPUMOXEHUS K CTaTbe B 3NEKTPOHHOW BEPCUM XypHana.

Ecnu pesynbraThbl 3KCnepMmeHTa eLLe He OCMbICTEHbI Ha ypoBHe 0606LLeHNs, AOCTOWHOM CTaTbu, HO NPeACTaBAsoTCS
BaXXHbIMW ONs PelleHnss HayyHon npobnembl, odopMuTe UX B BUAE KPaATKOro COOOLIEHUA (NOCTaHOBKa 3ajauyw,
3KCMepMMeHTanbHbI Matepuan, BelBOAbl, HEOOMNbLLOW CMMCOK NUTepaTypbl).

Ymo o06bI4HO cMOMPSIM peueH3eHmbl?

* AHHOTauuto-pedepar npexae BCero.
*  PucyHkn. PeueHseHTbl ¢ 60MbLLNM CTaXXeM BbISIBUNW KOPPENALMIO: €CNU PUCYHKN NPObneMHble, TO cTaTbsl, cKopee
BCEro, TOXe Bbl30BET BONPOCHI.
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OT PEJAKUMN FrRoM THE EDITORIAL OFFICE

Bamewm peuyeHseHmMbI nposepsim:
M HAaCKOJ1IbKO TOYHO Ha3BaHMEe OTpaXaeT coaepXaHne CTaTbi;
*  YeTKO NN KOPPEnUPYIOT BbIBOAbLI C (HOPMYNUPOBKOW Lienn 1 3agay paboTbl, N3MOXEHNEM pesyrnbTaToB U copaepxa-
Hvuem pedeparta;
* [OOCTaTO4HO N BblBOAbI apryMeHTUpoBaHbl npeacTtaBrieHHbIM MaTepuarnomMm;
*  Ka4yecCTBO CNMCKa NuTepaTypbl: NPeacTaBUTENbHbLIN CMUCOK NUTepaTypbl AEMOHCTPUPYET NPOdPECCMOHanbHbIN Kpy-
ro3op aBTOPOB M Hay4HbI YPOBEHb UCCNEAOBAHMS.

OCHOBHbIe TpeboBaHUs K O(POPMIIEHMIO CTaTbM

dopmar nucra A4
Mons BBEPXY M BHU3Y — 1 CM,
cnesa u cnpaea — 1.5 cm
WWipcpTb Times New Roman — ans tekcra,
Symbol — ans rpevecknx 6yks
Pa3vep wpundTa 12-13
JecatnyHbin cumseon TOYKa, a He 3anaTas
MeXCTpO4HbI MHTepBan 1,15
BbipaBHMBaHuWe TekcTa no NeBoMy Kpato
ABTOMaTMYeECKasi pacCTaHOBKa NEPEHOCOB HeT

Bce mexkcmosble anemeHmsbi (B TOM yucne B bubnuorpadunyeckux cnuckax), BKroYasi HassaHue CTaTbK, 3arofioBku U
noa3aronoBku, KpOMe Criyvaes, NOAYMHALLMXCS OBLLENPUHATLIM opdorpadudeckmm npasunam, HabmparTcs CmMpPoYHbIMU
(He nponucHbiMu!) BykBamu. B pyccKOA3bIMHOM TEKCTE MCMOMb3YHTCA «KaBblYKU», HO HE "KaBblYku", B aHrMOSA3bIYHOM —
“kaBblukn”. [laTbl B TEKCTE B chopMe «4mcno.mecsu.rog» Habupatortcsa cnegyowmm obpasom: 02.05.1991.

Toyka He cmasumcsi nocne: YOK, sarnaeua cTaTby, aBTOPOB, aApecoB, 3arofioBKOB M MOA3arorioBKOB, Ha3BaHWM
Tabnuu, pasmepHocTeit (C — cekyHha, I — rpaMm, MUH — MIUHYTA, Y — Yac, CyT — CYTKM (HO Mec. — Mecsil, . — o), MIH —
MWIMMOH, MIIPA 1 T.N.), B NOACTPOYHBIX NHAekcax (T — TemnepaTypa nnaBneHus).

lpobenom otgensawTca nHuumansl ot damunuu (A.A. UeaHos); pasmepHocTb oT umdpbl: 100 kMa, 77 K, 50 %,
10 %o, kpome rpagycos: 90° (Ho 20 °C); nopsigkoBble HOMepa OT nboro obo3HadeHus: puc. 1, fig. 1, Tabn. 2; 3HaK WKPOThLI
1 JONroThl B reorpadpmyeckux koopamHartax: 56.5° N; 85.0° E.

Mexay oByms umdpamm ctaButca He geduc, a Tupe (ogHoBpeMeHHbIM HaxaTuem Ctrl u Tupe Ha npason LmMdpoBon
naHenun) 6e3 npobenos ¢ 06enx cTopoH, Hanpumep: 1984—-1991 rr.; 6-8 m.

Mamemamuyeckue ¢hopMysibi, oopMmisieMble OTAENbHOW CTPOKOW U Codepaluue 3HaKku, OTCYTCTByloLLME
B Times New Roman, gomxHbl Habupatbcsl yesukom B peaaktope, coBmectumom ¢ Microsoft Office.

DopMysibl U CUMBOSIbI, KOTOpPble MOXHO BHECTM B TEKCT, HEe WCMNoNb3ys cheumanbHbin pegakTop, Ha6mpar0T09|
natuHuUen w/vnm yepe3 onuuto BcTtaBka — CvmBon. HexenatenbHo MCNonb3oBaTb BCTaBHbIE CUMBOSbI U UHAOEKCHI
B pechbepaTtax Ha pyCCKOM U aHITIMNCKOM S3blKax — B UIHTEPHET-CETU OHW He Bcerga 0TO6pa)Ka}0TCF|.

NaTtuHckme cMmBOmbI HABUPaOTCA B TEKCTE KYPCUBOM, rpeyeckme NpsiMbIM.

Tabnuybi [omxHbI GbITe O3arnaeneHsl, B HAX He JOMKHO BbITb NYCTbIX sideek. Mpodepk obasaTernibHoO NosicHSAETCS
B NpuMedaHuu. [Npu co3gaHum Tabnuy, ncnones3ayite BoamoxHocTn Word (Becmaeka — Tabnuya — [Jobasumb mabnuyy).

UnnrocmpamueHble Mmamepuasibl pasmelLaloTcs No TeKCTy ctaTby (Y4eped onumio Bcmaska — PucyHoK —
O6bmekaHue — B mekcme). PUCYHKM K TEKCTY He NPUBSI3bIBANTE 1 HE pa3MeLLanTe ux BMeCTe ¢ nognucsamu B popme tabnumu!
Ecnn pucyHoOK cOCTOUT U3 caMOCTOATENbHbBIX YacTel, XKenaTenbHO NpucnaTth Kaxayl 4acTe OoTAenbHbIM dannom, Y4Tobbl
BepcTanblMK MOr pacrnofioXuMTb UX ONTUMarnbHbIM crnocobom. A 4ToObl MokasaTb Xeraemoe AN Bac pacrorioXeHue
PUCYHKOB U1 NX YacTewn, caenante MakeT u npegcrtasbTe ero B PDF.

[1nsi BEPCTKU CTaTbW PUCYHKUN NPEACTABNSIOTCS B BUAE OTAENbHbLIX (alifoB B TON BEPCMU, B KOTOPOW OHM CO34aBarnuch.

Pasmepbl pucyHkos, wpugmos Haanucem Ha HWUX OOMKHbl OblTb BbIOpaHbl C YYETOM MX YMEHbLUEHUS [0
pasmMepoB Nonockl U KOMOHKKW. LlupuHa pucyHKka nocne ero yMeHbLUEHUS B KHWKHON OpUeHTaumu cTpaHuubl — He 6onee
170 mm, B anbboMHoM opueHTauun — He 6onee 230 MM. BoamoxHa nybnukaums B 9NeKTPOHHOM BUAE KapT U CXeMm, He
yKnagplBaroLmxcsa B CTaHAapTHbIV nUCT hopmaTta A4 (MpunaratoTces K cTaTbe B BUAE OOMOMNHUTENbHbLIX hannos).

TonwuHa nuUHUU CeTKM KoopauHat Ha pucyHke — 0.15 MM, oCHOBHbIX nNnHUI — oT 0.2 o 0.4 mm.
PucyHkn odhopmnstoTcsa 6e3 pamox.

Pa3mep OykB B OCHOBHbIX HAAMUCAX HA PUCYHKAX NOCIe UX YMEHbLUEHNS AormKeH cooTBeTcTBoBaTh 10 kernio wpndta
Arial (ocHOBHOW), BO BTOPOCTEMNEHHbIX, NMOAYMHEHHbIX Hagnucax — 9 u 8 kernto. Jlntepbl Ana 0603Ha4YeHns YacTen pucyHka
BbINONHAT natuHuuen 10 kernem wpndta Arial (kypcus). JluTepbl npeanoyTMTensHee CTaBUTb Ha MOMe PUCYHKa, HeXenu
BHE €ero.
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Hapnucu Ha ocsix HaunHakoTCsl ¢ nponucHor Bykebl: My6uHa, M. B gecaTuyHbix 4po6six Ha pucyHkax (kak u B TEKCTe)
CTaBbTe TOYKM, @ He 3ansaTble.

YKenatenbHO B PYCCKOS3bIYHbLIX CTaTbsAX HAOMWCKU Ha PUCYHKaX OaBaTb HAa aHMMMNCKOM si3blke MPU YCIOBUW, YTO
ONS PyCCKOSA3bIYHOTO YnTaTens 3To He OyaeT NpensiTCTBMEM K BOCTIPUATUIO MHopMmaumn. ATo TpeboBaHMe KacaeTcs Bcex
PUCYHKOB K CTaTbe (HEAOMYCTUMO YacTb PUCYHKOB MPEACTaBrATb C HAAMMUCSIMUM Ha PYCCKOM, @ 4YacTb — Ha aHITIMACKOM;
WCKITHOYEHNE COCTaBAIT reorpadmyeckme KapThbl), T.e. HAANUCU AATCA UMW HA BCEX PUCYHKaX Ha PyCCKOM, UMM Ha BCEX
Ha aHrMUNCKOM.

B nodpucyHouHbIx nodnucsix xenarteneH obLMiA 3aronoBoK K PUCYHKY, a 3aTeM pacluMpoBKa YacTel U nereHasl.
JNnTepbl Ansi 0603Ha4YeHUs YacTel pUCyHKa Kak Ha puUcyHKax, Tak 1 B NOANUCAX CTaBATcs B ckobkax: (a), (b) v T.4.

pagpuka npencraensetca B popmarax tiff, cdr (CorelDraw) Bepcuin 12.0(2004) nnm X4(2008), ¢ BO3MOXHOCTbIO pe-
AakTupoBaHus (TpeboBaHus K LWpUTy, TONWMHE NMHUIA U APYTUM NapamMeTpamM UInicTpaumi cM. Beiwe). [Npu akcnopTe 13
Opyrux nporpaMmm ncnonb3oatb hopmat PostScript (eps) ¢ paspewerHem He meHee 300 dpi.

®omoepacghuu, ckaHUpoBaHHble Mamepuaribl NpeacTasnatoTca B popmarte tiff unu jpg (coxpaHeHne B chopmarte jpg
HeobXxoauMOo NPOU3BOAUTL B MakCHMarbHOM MIU BbICOKOM kKavecTBe). Pa3peweHue pacTpoBON rpadouku SOMKHO COCTaB-
natb He MeHee 300 dpi. To e kacaeTcs OCHOBbI 41151 MPOM3BOACTBA BEKTOPHbIX N306paXeHWIA.

O6bem kaxpgoro rpacumyeckoro canna — He 6onee 10 M6.
B TekcTe 4OmKHbI BbITh CCbINKU HA BCE PUCYHKM.

Benu4uHbl U eQUHUYbI U3MePeHUsI [0MKHbI COOTBETCTBOBATL CTaHAapTHbIM 0603HaYeHUsAM cornacHo Mex-
AyHapogHon cucteme egununl, CU.

Cnucok Jiumepamypbl nomewlaeTcsd nocrne OCHOBHOIO TeKCTa CTaTbW. OH cocTaBndeTcs B nopsgke
YNOMUHAHNA NCTOYHNUKOB B TEKCTE N HyMepyeTCA. CcbInkun Ha nnTepaTtypy B TeKCTe 0aloTCA B KBaApPaATHbIX ckobkax ¢
yKasaHnem nopAankoBoro Homepa UCTOYHUKa B CMNUCKE: [2, 4-6]. Hapﬂuy CO CNMNCKOM Ha pPYCCKOM 4A3blke npuBognTCA
CMUCOK UCTOYHUKOB Ha aHTIIMNCKOM.

Cnuncku nuTepaTypbl C y4eToM TpeboBaHUIN MeXAYHaPOAHbIX CUCTEM LMTUPOBAHUS AOMKHbI OblTb MPUCNOCOONEHDI
Onst aBTOMaTMyeckon o06paboTkm C uenbk uaeHTUdMKauMmM ccbinok. oatomy Oubnuorpadmyeckne cBeneHus
HeobXxoaAnMO NPUBOAUTL B TOHHOM COOTBETCTBUM C TEM, KaK OHM JaHbl B OpUrMHanbHou nybnukayuu.

HeTo4HoCTb B Bubnunorpadunyeckmx onmcaHmax NpuBOAUT K NOTEPEe CCbINOK B 6a3ax LUMTUPOBaHUA N MO3TOMY
Hegonyctuma.

Bce UCTOYHMKM JOMKHbI Nerko o6HapyxueaTbcs cpeacTBaMm NouckoBbIx cuctem (Google, Yandex v gp.).
B TekcTe A0mkHbl BbITb CCbINKW Ha BCe NPUBEAEHHbIE B CINCKE UCTOYHMKM.

B cnucok nutepaTypbl He BKIIOYaKOTCA:

*  y4yeBHWKKN, MeTOAMYECKNE MaTepuarnsb;

e CTaTbMW U3 HEHAY4YHbIX XYPHAaIlOB;

* HOPMAaTMBHblE U 3aKOHOAATENbHbIE aKTbI;

* cTaTUCTUYecKkne COOPHUKM N apXMBblI;

*  3NEKTPOHHbIE HEOMYONMKOBAHHbLIE PECYPCHI (ra3eTHbIe U Ntobble HOBOCTHLIE PECYPChI, AOKNaabl U pa3Hble Uccre-
OOBaHWs Ha caniTax, CanTbl YYPEXAEHUA N opraHm3aunii);

*  CrnoBapw, 3HUMKIONeann, Apyrme crnpaBOYHUKY;

e OTYeTbl, 3an1ckK, panopTbl, MPOTOKOIbI.

Takne MCTOYHMKM Od)OpMJ'IFlIOTCH B BMAe BHYTPUTEKCTOBbIX CCbIJTOK B KPYMbIX ckobkax unu B BMae NOCTPaHUYHbIX
CHOCOK BHU3Y CTpaHWUUbI (MX OornncaHna CcoCcTaBnAarTCA Mo O6LL|,I/1M npanmaM).

[na References aBTOp AO/MXeH NPMBECTW OMUCAHWA AHIMMINCKUX Bepcui Nyobnukauuin, ecrnvm OHW ecTb, Unu
nepeBedeHHbIe Ha aHIMUIACKUI A3bik Bubnuorpaduyeckune ceeqermns o pabote, onyGnMKOBaHHON HA PYCCKOM MUIN MHOM 5i3blKe
(®.1.0. asmopos Ha namuHuue, aHao0s3bI4HOe Ha3eaHue pabomsl, Ha3eaHUe UCMOYHUKa (XKypHana) 8 mpaHcaumepayuu
U naparsnnenbHoe aHa/053bI4HOe, eCc/iu OHO ecmb 8 opu2uHase unu Ha calme), C ykasaHMeM Nocrne BbIXOAHbIX AAHHbIX
A3blka nybnvkauun (Hanpumep, In Russ., In Chin., In Japan). MNpu aToM nepeBoabl HeobxoaMmMo GpaTb U3 OPUTMHAaNbHbIX
WCTOYHUKOB (B XXypHanax, Kak npaBuriio, NMoMeLlalT MeTadaHHble CTaTeill Ha aHrmuickom s3blike). Ecnum ke aBTOpBI
nepeBOAAT Ha aHIMUNCKUM A3bIK HAa3BaHUA cTaTten, MOHorpadmin, COOPHMKOB CTaTeM M T.N. CAMOCTOATENbLHO UMK
C NnomoLLblo NepeBoAYMKa, pefakLms NPOCUT Takou nepeBo 06s3aTeNbHO 3aKno4YaTbh B KBagpaTHble CKOOGKM.

OdmumanbHbIi NepeBo UCTOYHUKOB, MHAekcupyembix PUHLL, MoxHo nonyuntb 13 6asbl HaydHoW anekTpoHHOM
6ubnuoteku (https:/elibrary.ru).

YUTtoObl HE TEpATb CCbiNkn B Gasax, aBTop Npv nogade pyKonucu B pedakumio JOSMKEH HacTanBaTb Ha WAEHTUYHOW,
opHaxabl n3dbpaHHON UM hopme TpaHcMTepaumm ceoent hammnmmn. OgHako B cnvcke nutepatypbl amunum n nHALManb
aBTOPOB Ha NaTuHULIE CrieQyeT NPUBOAUTL TaK, Kak OHW AaHbl B OpUrMHanbsHon nybnvkaumm.
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MpaBuna 6ubnuorpacunyeckoro onMcaHUs OAMHaKOBbI ANl PYCCKOA3bIYHbIX U aHIMOA3bIYHbIX UICTOYHUKOB.
B ypHane npuHaT ctunb bubnunorpaduyecknx onncanui, 6nuskuin k ctunto APA — American Psychological Association.
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mom, HoMmep (8 ckobkax), Konu4decmeeHHasi xapakmepucmuka (ONa KHUMM — obllee 4MCro CTpaHuu, Ans cTaTbu Unn
rmaBbl — CTPaHWLbI, HA KOTOPbIX OHA NoMeLleHa, Hanpumep: 5-10),

udeHmucpukamops! DOI B copmate https://doi.org/ n EDN: (ecnu nmetotcs) u/unu yHUOUUMPOBaHHLI naeHTUdUKaTop
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