Mamsitn Bopuca BynbgoBuya JleBuHa

Ba1001eHHBbIN B ABMKEHUE

HUnmepevro unena-koppecnonoenma PAH B.B. Jlesuna

Omo unmepevlo c613aHO ¢ sawum robuieem, no-
IMOMY XOUEMC sl Ha4amb ¢ Camo20 Hayalda.

Bui «poounucey yuenvim unu cyovba ena sac x Ha-
yke unvimu nymamu? Hepana nu xaxylo-mo poib
6 9MOM 8aula cembvsi, pooument?

Kakne-mnbo mpenpacnonoxeHuss K TOMY, YTOOBI
cynp0a HampaBuia MEHS [0 HAyYHOH JIMHUM, Y MEHS OT-
cyrctBoBaid. Ilo kpaiiHell Mepe, s TAKOro HE OLIyILal.
Cpenu MOUX pOIHBIX U OJIM3KHUX He ObLIO JIIoNei HayKH.
Orer, JleBun Bynbd Xaumosuu (1900-1983), mpuexas-
muit B MockBy n3 UepHurosa, ObUI TPEHEPOM IO THM-
HACTHKE Y KPEMJICBCKHX KypCaHTOB. BHUIuMo, OT Hero
sl yHACJIEIOBaJI TeH TATH K criopTy. B 1941 rony oH Beiexan
B Kaynac B koMaHAMPOBKY, MOJTYYI TaM 3BaHUE JIEHTe-
HaHTa, OBLT MPU3BaH HA (PPOHT W MPOIIIENT BCIO BOWHY, 3a-
KOHYHMB CIIy’kOy B 3BaHHMY TONNONKOBHUKA. BBUT Harpaxk-
JIeH opieHaMu W Menansimu. Mare, Enena CamoiinoBHa
(1902-1974), okoHYMBIIAsS TUMHA3WIO B YepHHUTOBE,
paboTaina 3aBemyromiei 6noarorexoit B KpacHonpecHnen-
CKOM paiioHe MOCKBBI, OHa CMOIVIa IPUBUTH CBOMM JIe-
TSIM JTFOOOBB K YTCHHUIO U YBOKCHUE K 3HAHHSIM.

WHTepec K Treoliordu MPOSBWIICA Y MEHA, Kak
Y MHOTHX pebsAT TOrO BPEMEHH, CO IIKOJIbHON CKaMbH,
MTOCKOJIBKY 5 TIOTIAJ B KPY>KOK T'€0JIOTUU U a3apTHBIE CTY-
JeHTBl MOCKOBCKOTO I'€0J0r0-pa3Be0uYHOI0 HHCTUTYTA
JIETKO 3aBIajeNd AYIIOW HOBOOOPAIIEHHOTO HMCKATENs
3HaHuil. Oxaako meakomuccust MI'PU menst oreprvia mmo
ONMM30PYKOCTH, ¥ 51 HAIIPABHJI CBOM CTOIIBI CEPEOPSHOTO
Menamucta B [opHbIil nHCTHTYT. Ha mepBom Kypce s 1o-
MaJl B CEKIUIO albIIMHU3MA U OBICTPO B HEH yTBEPAWI-
cs. Anbrareps, SKCHEIULMM U KOMAaHIHBIA TyX 3TOrO
CHOpTa MPHUIUIMCH 0 Iylle, U K 26 rogaM s yKe cTail
Mactepom crnopra CCCP mo ansnmuHU3MY W MPU3EPOM
YEMIIMOHATOB CTPaHbl. AJIBIIMHU3M CUUTAJICA CHOPTOM
WHTEJUIEKTYaJIOB, U CPEeIH MOHUX Jpy3eil ObUIO MHOTO
Y4EHBIX, KAHUATOB U IOKTOpOB Hayk. Hanmpumep, n1ox-
TOop (u3uko-MareMarndeckux Hayk IOpuit Muxaiino-
B4 [llupoxos, 3aBeayromwmii kagenpoit ¢pusznku B Mo-
CKOBCKOM TOPHOM HMHCTHTyTe U mpodeccop MI'Y, 6bu1
onHoBpeMeHHO MactepoM criopra CCCP no anpnuau3mMy
U a3apTHBIM TOPHOJIBDKHUKOM. DTO CAPYXHWIO HAac Ha
Kagxkaze n morom B Beicokux ropax [lamupa, a 3arem mMbI
¢ IOpuem Muxaitnopuuem, mpopeccopom MI'Y B 3-m
MOKOJIEHUH, NPHUIIIM K COBMECTHBIM IOMCKaM MHTEpEC-
HBIX 327124 110 usuke B [opHOM mHCTHTYTE. Cpean MOMX
CTapIIuX 3HaKOMBIX ObuT HoOeneBckwmit aypear Gu3nk
Hrope EBrenbeBud Tamm, ¢ KOTOPBIM JOBEJIOCH BCTpE-
4aTheCsl B aJbIuiarepe « Anubex», rie OH ObIBal HEOHO-
KpaTHO U OXOTHO OOIIAJICS C MOJIOABIMU aJIbIIMHUCTAMHU.

Koeo 6vi cuumaeme ceoum ylmme/leM?

B acrimpanTtype MI'M MmonM HaydHBIM PyKOBOUTE-
JieM OBbUT 3aBenyroIuil kadeapoi GU3MKH JOKTOP TeX-

CrypeHT MTW. Ha naukaHe 3Ha4yoK
«AnbnuHuct CCCP | ctyneHn». 1959.

Hudeckux Hayk Iletp Mocugosuu Boponos. Ho yuute-
JIeM CBOMM cuuTaro npodeccopa JIra Bragumuposuda
AnpTiiynepa, OHOTO U3 OTLIOB-OCHOBATENIEH COBETCKO-
ro aTOMHOTO MpOeKTa, Jiaypeara JIGHMHCKOH mpemMuu
U TpHXABI Jaypeara l'ocynapcTBeHHON nmpemuu. B ero
naboparopuro Bo BHUU ontuko-pu3ndeckux nsmepe-
Huii Toccranmapra CCCP s mepemen paborarh mocie
3aIIUTHl KaHIUATCKOM auccepranuu B 1972 roay. Pa-
0orath co JIbBOM (Tak ero Ha3pIBaJH YBaKUTEIBHO BCE
COTpYAHHKH Jlabopatopun U B MockBe, u panee B Ca-
poBe) OBIJIO OYEHb MHTEPECHO U HampshkeHHO. IloHu-
MaHHe TOro, Kak paboTaeT 4eJI0BEYEeCKHI MO3T, a OH pa-
OoTaeT ckaukamH, s y3Has U3 obmenus co JIbsom. [Ipu
pemieHnd (PU3NUECKUX 3a7ad KOJUIEKTHBHO (KOMaH[I-
HBIA MO3TOBOW INTYPM) sI 3aMETHIJI, YTO OH BBIOPACHI-
BaeT U3 PACCMOTPEHMs T€ 3BEHbS 3aJ]a4, KOTOphIE Tpe-
OYIOT OCTAaHOBKH MOHWX MBICIMTEIbHBIX CIIOCOOHOCTEH
(1 He Tonmbko MoHWX). PasMep ckauka MBICIATEIHHOTO
nporecca JIbBa OBUT BO MHOTO pa3 0OJIbIIIE, YEM Y €T0
COTPYIHHKOB, M Ja)Ke€ y €ro KOJUIET IO Hayke. Y Hero
OBLITM OYEHb BBHICOKHE TpeOoBaHHS K paboTHUKaM. He-
BBINTOJIHEHUE TOCTABIECHHON 3a7add K CPOKY OOBIYHO
3aKaHYMBAJIOCHh YBOJbHEHUEM. Jlogu y Aunbraryne-
pa M0N0 He 3aAEP>KUBAINCh, YBONBHAIUCH CAMU, YTO
B COBETCKHE BpeMeHa B Hayke ObUIO HETHUIIMYHO.

MuTtepsoio omy6iarkoBaHO B xxypHaie «I eocucTeMsl mepexoaHsix 300», 2017, Ne 3. [Tedaraercst ¢ HE3HAUUTENBHBIMH COKPAIIEHUSIMH.

TEOCUCTEMBI MEPEXOAHbIX 30H, 2022, 6(4)

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)



MMamsimu bopuca Byrisghoeuya Jlesura

Tomnume nu vl C6010 NEPBYIO HAYUHYIO CMAMbIO?

Koneuno. A Torma padoran B MHCTUTYTE TOPHOTO
neaa uMmeHd A.A. Cxoumnckoro. Crarbs Ha3bIBajgach
«BnusiHuE ropHOTO AaBiieHHs Ha 3()()EKTUBHOCTD KOPOT-
KO3aMEJICHHOI'O B3pI>IBaHI/ISI B JIaBax» U 6])1.]13 Harcya-
TaHa B cOopHuKe «B3peiBHOE neno» m3narenbcTBa «He-
npa» B 1966 rony.

Ilocne oxonuanus Mockoscko2o 2opHO20 uHCmU-
myma bl pabomanu UHICEHEPOM-63PbIEHUKOM.
Hnoicenepnasn npaxmuxa oara umo-uubyow eautetl
Hayunou OdesmenvHocmu? Ymo onpedenuno eaut
uHmepec K ucciedosanusm 6 obracmu @GuIUKU
83pvisa?

HayuHast esTenbHOCTh OTKPBIBAET B TBOPYECKOM
YeJoBeKe OIPOMHBIE BOSMOXKHOCTH M OecIIpe/ieNIbHYIO
TATY K 3HAHUSIM. Y3HATh IPUYHMHBI, IBUTAIONINE TEM HJIH
HHBIM IIPOLIECCOM, IPOJABUHYTHCS B IOHUMAHHUU 3aKOHOB
MIPUPOBI, HAYUYNUTHCS MPEABUIETh MOCIEACTBUS MPH U3-
YUCHHMU M pelIeHNH OOJBIINX 3a/1a4 — BOT HCTHHHOE Ha-
CJIaX/ICHUE IS YeJIOBEKa, OTKPBIBLIETO BO3MOYKHOCTh
MOJIb30BATHCS] CBOUMH MO3TaMHU.

NuxeHepHas MpaKkTHKa CUIILHO PACIIUPSIET KPYro-
30p YYEHOI'0, IOCKOJIbKY OHa HalleJIeHa Ha IPaKTHUECKOe
pelleHue 3a1ay, Ha MOJy4YeHHEe PeajbHOTO 3aIllaHupo-
BAaHHOTO PE3yJbTaTa. A MOMPOCTY TOBOPS, BO3MOXXHOCTh
pUOOPETCHNST UHXKCHEPHBIX HABHIKOB, HEOOXOIMMOCTh
pelaTh TeXHOJIOTMYEeCKUE 3aJadll MEepeBOJUT YUYEHOTO
B pasps co3Jaressl WIM JOOBITYMKA 3HAHWN, KOTOpPBIE
y>K€ MPOLUIA NPOBEPKY OINBITOM M CTAHOBATCS HYKHBI
KaK HOBBIH TIOJIE3HBII HHCTPYMEHT.

Ilocne 3awumel  KaHOUOAMCKOU Ouccepmayuu
6bl pabomaeme nNo npulAULeHUI0 Npogheccopa
JLB. Anemwynepa 6 eco nabopamopuu 8 Mockee.
U 6dpye uepes 06a 200a okazvieaemecs Ha OCMPOGe
Hmypyn, 3asedyrowum cmarnyueti cericMOyyHamu.
Ymo nomsauyno eac wa xpaii 3emau? 4mo npuseno
om ¢uzuku 63pwvlea K gusuxe yyHamu?

3umoii 1972 rona, Bo Bpemsl KaTaHHsI Ha TOPHBIX JIbI-
kKax 1o ckjoHaM ropsl Yerer B [IpmansOpyche, s BCTpe-
TWJI CBOETO JIaBHErO Jpyra M CTaplIero TOBapHIla, KaH-
Jqunara TeXHu4eckux Hayk u macrtepa cnopta CCCP mo
anbnuHu3My Anzpesa CrecapeBa. OH paccka3all MHE, UTO
paboraer 3aBemyromuM [ uapodu3nyeckoir obcepraTo-
pueii «lllukoran», U3y4aeT BOJHBI LIyHAMHU U APYTUe dy-
Jieca OKeaHa ¥ MPEUIOKHI MPHeXaTh K HEMY Ha OCTpPOB
[ukotaH, utoObl paborar B AH CCCP. Oteny AHmpes,
PYCCKHI 1 COBETCKHMI BOEHAYaIbHUK, YYEHBIA C MUPOBBIM
nmereM rerepan A.E. Caecapes, O6bu1 B 1930 romy mo
JIBYM IIYHKTaM OOBHHEHHS IPUTOBOPEH K paccTpeiy, Ko-
TOPBIH ObLT 3aMEHEH JIeCAThIO rofaMu Jarepeil. Ho Torna
MBI TOJIBKO YUMJIMCh BOCXHUIIATHCS HACTOSILUMU JIFOIBMHU.
Koneuno, s moobermian AHApEIO MprexaTh K HeMy U BMe-
cTe 3aHuMarbesl HayKoil. Tak u oxa3zancs Ha Kypunax. S
MIOTHOCTBIO OBUT 3aXBavdeH OXOTON 32 HOBBHIMU 3HAHUSIMHU.
@du3KKa B3PHIBHBIX MPOIECCOB, (PU3MKA YIAPHBIX BOJIH U
(u3uKa BOJH I[yHAMH — 3TO 3BEHBSI OJHOW e, (U3M-
KU BOJIHOBBIX IPOILIECCOB, KOTOpPbIE BCErna NMPHUBIIEKAIH
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9T0 34aHMe ToW camoi cermcmocTaHLmn B Kypuibcke,
C KOTOPOI HaYaIMCb Caxa/IMHCKME MYTU MOJIOLOMO YYEHOTO
B Aanekom 1972 roay.

Moe BHIMaHHe. OCOOeHHbIH MHTEpEeC BBI3BIBAIIM BHICOKO-
OHCPIreTUICCKNUE BOJIHOBBLIC IIPOLECCHI, KOTOPLIE MOIJIN
ITOMOYb PACKPBITh CEKPEThl MIO0ATBHBIX 3()(HEKTOB BHI-
nenenns sHeprun. CelicMonorus n GU3MKa IyHAMH 31eCh
OTKPBIBAIN OOJIBIIIIE BO3MOXKHOCTH.

U oanee, 20e Ovl 6b1 HU pabomanu, OKA3LIEAIUCDH
68 MeCHOU C843U C CAXANUHCKOU celicMonocuel
u yynamu. Hcnoimamenvhvlii NOAUSOH HA 10JHC-
Hom Caxanume 01 63pPblGHOCO MOOENUPOBAHUSL
npoyeccos cenepayuu YyHamu, HeoOHOKpammubvlie
axcneduyuu na Kypunvckue ocmposa, nposede-
HUe UHUYUAMUBHBIX UCCE008aHULl U IKCHeOUYUl
NO U3YYEHUIO ROCAe0CMEUlLl paod Kamacmpogu-
YeCKUX 3eMiempsiceHuli — sl 8blUleHUld O0aleKo
He NOIHOCMbIO NUUbL «CeUCMON0SUUECKYI0» CO-
CmasnAwWyo eaulell  pasHoOOPA3HOU HAYYHOU
Odesmenvrocmu. Ymo uz smozo (uiu 0pyeo2o) Ka-
JHCEMCS BAM CAMBIM UHMEPECHBIM?

CambIM HHTEPECHBIM JJIs1 MeHs Beerna Obut [Tonck
OxcnepumenTtanbao [Iposepkn Hoswix 3aramox Ilpu-
ponsl. Du3nka MOpeTpsceHul, MoAU(HUKAIS SKCTIEPH-
MEHTAaJIbHOW YCTAHOBKH I nosydeHus psiou dapanest
U perucTpanus mapaMeTpUIeCKUX BOJIH Ha BUOPHUPY-
olIel MOBEPXHOCTH, NpoBepKa 3PPEKTOB CUMMETPUU
JUIsl UCTOYHUKA BOJIH I[yHaMH, SIBJICHHE BCILIBIBAHHS
TSDKEJIOTO [apa B BUOPHUPYIOIIEM IeCKe — BOT, IPUMeEp-
HO, Kpyr pelmaeMbiXx (U3MUECKUX 3ajay, pe3yibTaThl
110 KOTOPBIM TIOCJIE IMMyOIUKAIIUY MTPUBJICKIM BHUMAHKE
KOJUJIET U CHEL[UATHCTOB.

Kypunbckue octpoBa Bcerma ObUTM IS MEHS
YHUKAJIBHBIM OOBEKTOM TPHPOABI U MPEAMETOM II0-
KJIOHEHHS W 3a00Thl. B mepBbIil aTan cBoeit paboThl Ha
Caxamune u Kypunax (¢ 1972 mo 1980 rom) mue mo-
CYAaCTIMBWIOCH IONHATHCA Ha MHorue BynkaHbl Ky-
puiIbckux ocTpoBoB (Tarsa-sama, Anann, J6exo, bapan-
ckoro, MBan I'po3usbiil, borman Xmenbaunkuii, Yupwu)
¥ TIO3HAKOMUTKCS C UX CTPYKTYpOH, reoMopdoiorueii,
reo(pu3nIecKuMu 0COOEHHOCTAMH.
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C BepHbIM Kyyymom. OctpoBs UTypyn.
N3yyeHue BynKaHa bapaHckoro. 1973

Bynkannueckre TOCTPOHKH TPEACTaBISLTA cO00i
YVIAMBUTENBHBIC 3arajku MPHUPOABL, a UX PACIIONIOKEHHE
Ha Kpalo TUTAHTCKOW OKEaHMYECKOW BIAJWHBI TOJIBKO
YCUIIMBAJIO MPUTATATEIBHOCTh KAKIOTO 00BEKTA.

He 6yoy nepeuucisame MHO2OUUCTEHHbIE OONIHCHO-
cmu 1 HOCMbL, KOMOPbLEe AM NPUULIOCH 3AHUMAND.
A umo evl camu cuumaeme Haubosee BANCHBIM
6 CB0EM NOCTYHCHOM Cnucke?

OueHp OONBIION W IICHHBIN OIBIT 51 IPUOOPENT BO
BpeMst pabotel B PODU mo pykoBoACTBOM ONECTSIIIETO
Y4EHOro M opraHu3aropa Hayku akajgemuka A.A. [on-
yapa. /[0 3TOro MHe IOCYaCTIMBUIOCH PabOTaTh C Ta-
KHMH BBICOKOTAJIAHTIMBBIMUA JIFOIBMH, KakK THpodec-

MoaroToBKa B3pbIBHbIX IKCMEPUMEHTOB Ha reoPpU3N4EeCKOM
nonuroHe noc. Hosukoso (CaxanuH).
C cotpyaHukamm CaxKHUW OABHL, AH CCCP.
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cop JI.B. Anprmynep, akagemuku M.A. JlaBpeHTbEB,
C.B. Tonpaun, A.M. ®puaman. Becb HakoIIEHHBIH
ONBIT OKA3aJICsl YpE3BBIYAITHO MOJIE3HBIM IIPH MOEM Iie-
pexoze Ha ToKHOCTh qupekrtopa UMIul” JIBO PAH.

Buvr 6ozenasnanu UMIT'ul” JIBO PAH c¢ 2004 no
2015 200. B uncmumyme 6 smo epems Kuneuia
JHCU3HL: MENHCOYHAPOOHBIE U POCCULICKUE HAYUHbBLE
Meponpuamus, 3KCNeOUYUU, WKOJIbl-CEMUHADDL
0J1s1 MONOOBIX YUEHbIX, NO 8auLell UHUYUAUGE NpU
uHcmumyme Op2aHu308aH OUCCEPMAYUOHHDBI CO-
6em no 3awume OOKMOPCKUX ouccepmayutl, u m.o.
Komnnexcrnoe uzyuenue nocnedcmeuii kamacmpo-
@uueckux semnempscenuti Ha Cpednux Kypunbckux
0CMpOBaAX, CIMPYKMYPHUII AHAU3 IKCIPEMATLHBIX
KonebaHuli yposHs OKeaHa U Cied08 YyHamu Ojis
oyeHKU yyHamuonacrocmu nobepedxcuti, u m.o. Ka-
KUMU pazpabomxamu UHCMumyma u C6ouMu mex
1em 8bl Mozu Obi 20poumvcs?

ITonararo, uto opramm3zanusi skcrieaunuii Ha Ky-
PWIBCKHE OCTpPOBa, IOCTAHOBKA T€OJE3UYECKUX Ha-
OnronieHnid Ha TPYTHOIOCTYITHBIX OCTpoBax Kypuibckoit
TPSIBI, PAa3BUTHE CUCTEM CITyTHHKOBBIX HaOIIOICHUMH,
BKJIIOUEHHE ceiicMosiornueckux HabmoneHuid Ha Caxa-
nuHe U KypuibCKMX OCTpoOBaxX B CHUCTEMY IIOOATBHBIX
KaTaJoroB M aHAJIN3 3aKOHOMEPHOCTEH STHX KaTaJloroB,
COIOCTABIICHHE CEUCMUYIHOCTH 3eMid U JIyHBI, BBIABIIC-
HUE OMNpPEAETICHHBIX 3aKOHOMEPHOCTEH B CEHCMUYHOCTH
TJIAHETHBIX TEJ, BBIJCICHNE Kllacca BapHalui cercMuy-
HOCTH 3eMJIH, CBSI3aHHBIX C BapHaLUsIMH CKOPOCTH ce
BpateHusa Bokpyr ocu (2017) — BOT, MO-BUAMMOMY, OC-
HOBHOU TIepeUYeHb HAYYHBIX HANPABICHHUH, pPAa3BUBAEMBIX
Halei koMaHaoi B nHctuTyTe. Croma MOXHO 100aBUTH
OpUTHHAIIbHBIE Pa3pa0OTKU KOHIIA MPOIILIOro BeKa Mo 13-
YYCHUIO MOPETPICEHUH, CO3JAHNIO CIIEIMATBHOTO OIBIT-
HOTO CTEHJIA IO MOJCIMPOBAHHMIO MOPETPSCCHUH, HC-
MIOJTG30BAHUIO U aallTalliil METOIUKH IMOXYyUeHHS pson
Dapages, OTKPHITHIO (ha30BBIX MEPEXOJOB B PELIETKE Ma-
paMeTPUUECKIX BOJH Ha MOJEITH MOPETPSCCHNUS, PaOOTHI
0 U3y4YCHHIO APPEKTOB BUOPAIMH BOJHOTO CJIOSL.

Kax evickazancs nedasHno pykosooumenv Llenmpa
uccredosanull udeonocuieckux npoyeccog A. Pyo-
yog 6 cazeme «Bedomocmuy, «peghopma nayku ocy-
Wecmenaemcs UCKIIOYUMETbHO 8 UHmepPecax OKo-
JIOHAYYHO20 MEHEONCMEHMA, HO CKOPO HE OCMABUN
KAMHS1 HA KAMHE OM MO020, YeM euje MOICHO XOMmb
KaK-mo Ynpaeusimv, a 21AGHOE - RPeObsGIsimb.
Y Bac 6onvuwoil onvim ynpaenenus Haykot, coznac-
Hbl U 8bl C MAKUM KAME2OPUHHbIM 3aA681eHUeM?
U 6 ceeme smozco kak oyenusaeme nepcrneKmugsl
POCCULICKOT, OAbHEBOCMOYHOU HAYKU U CAXATUH-
ckoti 6 wacmnocmu? Ha umo nadeemecw?

IlepcnexTuBbl pa3BuTus Hayku B Poccuu u B Jlanb-
HEBOCTOYHOM pETrMOHE OIICHMBAI0 HE OYEHb ONTUMHU-
ctuyHo. [lonarato, 4To Hy’K€H HOBBIM BHUTOK pa3BUTHS,
HY>KHO BO3HHMKHOBEHHE MOTPEOHOCTEH B HAayKe CpeAd
TOCCTPYKTYp, HYHO TOSIBJICHHUE MBICISAIIUX U TBOpUE-
CKHX JIIOZIEW HE TOJIBKO B HayKe U KYJBTYpE, HO U B CJIO€
npeanpuHuMaresneil. I pocTku 3Toro B CTpaHe 3aMETHBI,
3TO BHYIIAET HAJEKIY.
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Mpeacepatens ABO PAH akapgemuk B.U. CeprueHko spyyaet
b.B. leBuHy npemuto umeHmn akagemuka C.J1. ConosbeBa
3a ceputo paboT no GyHAAMEHTANbHOMY UCCEL0BAHUIO
NPUPOAHbBIX KaTacTpod — 3eMneTpsaceHnin u uyHamu. 2010

Bopuc Bynoghosuu, 3a eamu wuciamcs makue 08a
X000u, Yymo 00HO20 U3 HUX ObII0 Obl OOCIMAMOYHO
ons buoepaguu uenosexa. Kax s nonumaro, ooHo
Ppoouno opyeoe — 2opvl poounu nectio. Pacckasicu-
me, eciu modxcHo. ITlouemy uenosex noem?

[Touemy yemoBek moeT? DTO XOPOMIMI BOIPOC.
Ho orBeTnTh Ha HEro KOPOTKOW (ppa3zoil BpsI JU KTO
BO3bMeTCs. YeaoBeK MOoeT, KOraa HaXOAUTCS B TAPMOHUH
¢ caMuM co00ii. DTo yaie Bcero OBIBaeT B Topax, B MOpE,
B HKCIICNIIHNH, B TTOX0/e. B Takux CHTyaIusx pacuBeTa-
€T JTMYHOCTh W HAacTpauBaeTCsl Ha CO3UAATENbHBINA Mpo-
mecc. YenoBek BBIMOIHSIET paboTy, MOTyYaeT YIOBOJb-
CTBHE, TPYA M COCTOSTHHE CBOOOIBI — 3TO HEOOXOANMBIE

SR TENYRN i ﬁ -
Ha ¢oHe dBepecta, Mmanau, lopa Kana-Matrap (5644 m).
C EneHowi BacunbesHol Cacoposoii. 2011

TEOCUCTEMBI MEPEXOAHbIX 30H, 2022, 6(4)

KOMITOHEHTHI pa3BUTHA. UenoBeKy KoM(OpPTHO, KOT/Ia OH
CO311aeT HOBYIO (hOpMyY, HOBOE TBOPEHHE, KOTOPOE €Ille
HUKOMY HE yIaBajoch co3arh. Sl CUUTAar0, 4TO TECHS PO-
JIWIIach B IEPBOOBITHBIE BPEMEHA, KOT/Ia BOJYbH, a 3aTeM
U 4YeJIOBEUECKHEe CTau BBIPaXKald CBOE HACTPOEHHUE 3BY-
KOBBIM WJTU IIECEHHBIM TBOPYECTBOM. A TIOTOM YXKe, Clie-
oM 3a necHer, nossuaock CJIOBO. Hano oTBakuThCst
U Pa3BUTH ATy TEMY, KOTOpasi, 10 MOEMY MHEHHIO, OYeHb
MePCIIeKTUBHA.

O uem s He cnpocuna eac, a 6vi xomenu Ovl
pacckazamu?

Mue xorenoch Obl Ha3BaTh UMEHa JIONEH, KOTO-
pbIe OCTaBMJIM OONBINOW clien B Moel >ku3HHU. [lopsmok
MepedrciIcHus 51 Oyay MCIIOIh30BaTh XPOHOIOTHIECKHUH,
[0 Mepe TOSBICHUS JItofield Ha MOeM ropusoHTte. B oc-
HOBHOM 3TO JIFO[H, JOCTUTILINE 3HAYUTEIIbHBIX pe3ysbTa-
TOB B HAayKe M B CHOPTE M OCTABHUBIIHNE Iocie ceds 3a-
METHBIN cnenl B cBoeil obnactu. Anexcanap biemryHos,
QNBIMHUCT, (UUK-HHKECHEP, COOHMpareib PEIKOCTEH,
n3 Opeccor; Urops Conopayes, mactep cnoptra CCCP o
aNbIIUHU3MY, IepBasi ckpurka bonbiioro Tearpa; Jleonun
Hdmurpues, mactep cnopra CCCP no anpnuHu3My, 4ieH
)Kiopu KoHkypca uM. [1.1. YaikoBckoro, BOKaJIHUCT U Me-
muk; Urops Tamm, akanemuk, ¢pusnk, Hobenesckuii nay-
pear, anbnuHUCT; Muxaun JIaBpeHTheB, akaJeMUK, opra-
auzarop CO PAH; Esrennit Tamm, mactep ciopra CCCP
[0 aJbNHHU3MY, (U3UK, wWieH-KoppecnonaeHT PAH;
Muxann Xepruanu u BsuecnaB OHHUINEHKO, 3aCITy>KeH-
sele Mactepa criopra CCCP no anpnmuHA3MY, CKaloIa3bl-
BHUPTYO3bI; TOpHONBLKHUKY JIronsur daanees, akaeMIK,
Marematuk, Anpbept lllupses, akameMuk, MaTeMaTHK,
Anekcerd @puamaH, akaieMuK, GU3MK, anbuHUCT, Cep-
reii [onpauH, akanemuk, reo¢pusuk, Aaapeir CnaBHOB,
aKaJIeMUK, MaTeMaTHK, TYpPUCT-BOAHUK. COBCeM HeJTaBHO
yIIeN U3 JKU3HU MOM ONM3KHH YT, €AMHOMBIIIICHHHK,
onuH u3 co3aareneit PODU, unen-koppecnonnent PAH
Opuit Apctok. OT0 0BT YeNOBEK-Mpa3AHUK. UenoBek,
VBIJICUCHHBIN HAYKOW, 03a00YCHHBIA COXPAaHEHHUEM HAYKH
B Poccuu u Bepsiuii B XOpOIINX JIOAEH.

Sl GnaromapeH 3TUM JIOASM M MHOTUM JPYTHM,
BCTPEYEHHBIM Ha XU3HEHHOM IIyTH, HE UMEIOLIUM 3Ba-
HUH U CTETIEHEH, HO OCTaBUBIINM IITyOOKHIA Clie/ B MOCH
JKU3HU.

BosbmyM >KM3HEHHBIM BE3€HHEM CUYHUTAIO0 TO, YTO
MOEH JKEHOM M CIYTHUKOM XH3HU crana Enena Bacu-
nreBHa CacopoBa, MO JPYT, KOJUIeTa ¥ CIIOABHKHHUK BO
BCEX OCHOBHBIX J€JlaX U CBEpLICHUSAX. Mbl HallUIX IpyT
JpyTa 1 BeIOpasn cBoi coto3 B 1959 roay. C tex mop Bce
Halld JIOPOTH, YBJICUCHHUS, TOPOBOCXOXKICHUS U TOPHO-
JBDKHBIE CIYCKH, HAay4YHbIE WCKaHHS, CTaTbH U MOHO-
rpadun, SKCIICANINH, IECHA U CTUXH, IyTCIICCTBUS 1O
pa3HBIM CTpaHaM M TOCTOsHHas J000Bh Kk CaxanuHy
u Kypunam ctamu oOmumm 1es1oM 1 00IIUM EHCTBHEM.

Huzknit mOKIOH XOPOIIIHM JTFOASIM, IETAIOIIIM CBOE
neno, u orpoMHoe cniacubo Caxanunnam, Kypunsaanam
1 J[anbHEeBOCTOYHHKAM 33 OCBOSHHE 3€MJIM HaIIeH.

3a npusTHOCTH! (MOJapeHHBIA MHE TOCT OE3BIMSH-
HOTO KpecTbsiHMHA U3 cena borocnosckoe Biaaumup-
CKOH 00yacTH).

Hnumepsvro noocomosuna I D. Huzsesa.
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[eognHamunyeckne GNSS HabnooeHus
Ha KypurbCkux octpoBax

H. @. Bacunenxo', A. C. Ilpoimkos™, /[. U. @ponos™'
*E-mail: a.prytkov@imgg.ru

' Uncemumym mopcroi 2eonocuu u 2eopusuxu JBO PAH, FOxcno-Caxanunck, Poccust
*@usuro-mexnuyeckutl uncmumym umenu A.@. Hogpe PAH, Canxm-Ilemepbype, Poccust

Pedbepat. B 2006 1. Ha Bcem mpoTskenun Kypuiabckolt ocTpoBHO#M jayru, ot Snonun no Kamuarku, pa3BepHyTa
ceThb reonuHamuueckux GNSS-nabnronenuit. B cocraB cetu Bouwin 11 MyHKTOB HENpepbIBHOW U MEPHOIUYECKOMN
peructpannu. B paboTte nmpruBeneHs! cBeACHUI 00 OPTaHU3alNN CETH U €€ COCTOSHUM B HacTosmee Bpems. Co3nanne
cetn GNSS-HabnrofeHUIT 1210 OOMIMPHBIM MaTepuai Jjsl U3y4YEeHUs] COBPEMEHHBIX I'€OJUHAMHYECKUX MPOIECCOB
B Kypunbsckom cermenre 30HHI cyOmykimn Ceepoamepukanckoit (Oxorckoit) m TWxookeaHCKOW JIHUTOC(EpPHBIX
IUTUT. BrIMosTHEHHBIE HAOTIOACHHS TO3BOIMIIN MOMYyYUTh MIEPBHIC CBEACHNUSA O COBPEMEHHOM reoMHaMMKE PErroHa.
B pabore mpencrasieH 0030p pe3ynbTaTOB MPEANIECTBYIOMINX JIET, MOJTYYEHHBIX aBTOPAMH COBMECTHO C JPYTHMH
ucciegoBarensiMu. Ha ocHOBe HHCTpYMEHTaIbHBIX JAHHBIX TOCTPOEHBI MOJIENIN 09aroB KPYMHEHIINX CeHCMUUECKUX
coOprTuit: mymuera Cumymupckux 3emieTpsceHuit 2006 . Mw 8.3 u 2007 . Mw 8.1 u mry0okooKyCHOTO
Oxotomopckoro 3emuerpsiceHus 2013 r. Mw 8.3. Ha HauanpbHOM »3Tame MOCTCEHCMHYECKOro Mmpoiiecca B
SMUIEHTPaIbHON 30He CUMYIIUPCKUX 3EMIICTPSCEHUH BBISBICHA 3aBUCUMOCTH BSI3KOCTH acTEHOC(HEPhI OT CKOPOCTH
HaOJII01aeMOTO0 TTOCTCEHCMHUYECKOTO CMEIleH s 3eMHOM MToBepXHOCTH. [lomyueHHbIe paHee pe3yNbTaThl JONOITHEHbBI
HOBBIMH JIaHHBIMH 00 W3MEHEHHM TEOAMHAMHYECKOW OOCTaHOBKM B 30HE CyOAMyKuuu. lcciemoBaHa nnHaMuKa
MEPEXOTHOTO 3aTYyXAaoIIero MOCTCeHCMHUECKOro IMpolecca B LEHTPATbHOW YacTH OCTPOBHOM Iyru. Pemakcarus
HaNnpspKeHWH B 3€MHOM KOpe Ha pa3iWYHBIX CTaJusAX 3TOrO MpOIEcca MOIa SBIATHCS TPUITEPOM MOIIHBIX
BYJKaHUYECKUX M3BEpKeHUH, mponsomenmux B 2009-2019 rr. Ha nenTpanbubix Kypunsckux octpoax. Ha ocHoBe
MOZEIMPOBAHHS COBPEMEHHOTO MEXaHNIECKOTO CHEIUICHHS JIUTOCHEPHBIX IIIUT YTOYHEH CEHCMUYECKHI TTOTEHIHAI
Pas3INYHBIX cerMeHTOB KypHitbCKoii 30HBI CyOAYKIMH, 4TO B COBOKYITHOCTH C JPYTMMHU METOJIaMH CIIOCOOCTBYeT Oojiee
TOYHOH OIIEHKE CeHCMIYecKoi omacHOCTH peruoHa. [Iponomkenne GNSS-nabmroneHnit Ha Kypuibckux ocTpoBax B
JlaJIbHEHIIIeM TT03BOJIMT JAETAIBHO UCCIIEJ0BAaTh XapaKTepHble 0COOEHHOCTH COBPEMEHHON Ie0IHAMUKN PErnoHa.

KnroueBble cnoBa: COBPCMCHHAs rcOAMHaMUKa, GNSS-Ha6JIIOIICHI/IH, 3EMJICTPACCHUEC, MOACITINPOBAHUC

Geodynamic GNSS observations
on the Kuril Islands

Nikolay F. Vasilenko', Alexander S. Prytkov™', Dmitry I. Frolov*!
"E-mail: a.prytkov@imgg.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
offe Physical-Technical Institute, RAS, Saint Petersburg, Russia

Abstract. The network of geodynamic GNSS observations was deployed in 2006 throughout the Kuril island arc
from Japan to Kamchatka. The network includes 11 stations of continuous and periodic registration. The article
provides information on the organization of the network and its current status. The creation of the GNSS network
provided extensive material for studying the modern geodynamic processes in the Kuril segment of the subduction
zone of the North American (Okhotsk) and Pacific lithospheric plates. The performed observations made it possible
to obtain the first information on the modern geodynamics of the region. The article presents an overview of the
results of the previous years obtained by the authors together with other researchers. The source models of the
largest seismic events are constructed on the basis of the instrumental data: the 2006 Mw 8.3 and 2007 Mw 8.1
Simushir earthquake doublet and the 2013 Mw 8.3 deep-focus Okhotsk earthquake. At the initial stage of the post-
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geodynamics of the region.

Jna yumuposanusa: Bacunenko H.D., IlpritkoB A.C., ®po-
noB JI.U. Teonunamnueckne GNSS Habnmronenns Ha Kypuibckux
octpoBax. [ eocucmemvl nepexoonvix 301, 2022, 1. 6, Ne 4, ¢. 287—
302. https://doi.org/10.30730/gtrz.2022.6.4.287-294.295-302;
https://www.elibrary.ru/rlpzkk

BBepeHune

Kypuno-Kamuarckast 30Ha CcyOmyKuuu SBIsi-
eTcs OIHMM W3 Haubosee CEWCMOAKTHBHBIX peru-
OHOB CEBEPO-BOCTOYHOUN yacTtu EBpaszum, rue
CKOPOCTB TOIOABUTAHUS THUXOOKEAaHCKOM JTUTOChEp-
Hoi twmmTel TON CeBepoamepukaHckyro (Oxort-
CKyI0) nmoctrraer 8 cm/roi. BzammoneiicTBue -
TOC(HEPHBIX TUTUT COMPOBOXKIACTCS TEKTOHUIECKHU-
MU JieOpMAIUSIMH, KOTOPBIE MPOSIBISIFOTCS KaK
Ha IPaHUILIC TUTUT, TaK U B €€ OKPECTHOCTSIX. 31ECh
MIPOUCXOAAT Hambojee KpymHbIe (C MarHUTYIOM
Oosee §), B TOM YHCie IyHAMHUTCHHBIE M TITyOOKHE
(6onee 600 kM) 3eMIICTPSICCHUSI.

B 1970-x rogax Ha o. llIukoraH, Onuxaii-
eM K 30H€ CyOayKIuu, ObLI CO3/aH TeoanHa-
MHYECKUU TOJUTOH MJI M3Yy4YEHUS] COBPEMEH-
HBIX JBHKEHHI 3€MHOW MMOBEPXHOCTHU U MOUCKA
IIPEIBECTHUKOB CWIIBHBIX 3emiieTpsiceHui. Ilep-
BbI€ BBICOKOTOYHBIE CBETOJATbHOMEpPHbBIE W3-
MEpEHUsl CTOPOH IIAHOBOM CEeTH U3 4 MyHKTOB
ObiTu BhIONTHEHBI B 1973 1. B mocnenyromue
rofibl T€OAe3NUECcKasi CeTh JOMOJHAIACh HOBBI-
MU MYHKTaMU HaOJIOJEHUM, KOHTPOIUPYIOUIU-
MU pa3pbIBHbIE HapyLIEHUS CEBEPO-BOCTOUHOM
gacTtu ocTpoBa [1]. Jlna u3ydyeHus BepTUKAIb-
HBIX ABVIKEHUN OBLITU CO3/IaHbI IBA HUBEIIHMPHBIX
npodwuns I kmacca (BAOIb U MONIEPEK OCTPOBA)
npoTsbkeHHOCTh0 11 u 14.5 kM cooTBeTCTBEH-
Ho. ITo pesynpraram MOBTOPHBIX HAONIONEHUH,
KOTOpbIE€ BBINOJIHAINUCH 10 1990 I, OLEHEHBI
CKOPOCTH TOPHU30HTAJBHBIX CMEIICHUH B 30HAX
pPa3IoMOB, B OTJAENBHBIX CIydasX yCTaHOBJIEHA
CBA3b TOPU3OHTAIBHBIX U BEPTUKAIBHBIX Jie-
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seismic process in the epicentral zone of the Simushir earthquakes, the dependence of the asthenosphere viscosity
on the observed post-seismic displacement velocity of the Earth’s surface was found. The results obtained earlier
were supplemented by new data on the changes in the geodynamic setting in the subduction zone. The dynamics
of the transient decaying post-seismic process in the central part of the island arc is studied. Stress relaxation in
the Earth’s crust at various stages of this process could be the trigger of powerful volcanic eruptions occurred in
2009-2019 on the central Kuril Islands. The seismic potential of various segments of the Kuril subduction zone has
been clarified on the basis of the modeling of current mechanical coupling of lithospheric plates. It contributes to
a more accurate assessment of the seismic hazard of the region together with other methods. The continuation of
the GNSS observations on the Kuril Islands in the future will allow us to study in detail the features of the modern

Keywords: modern geodynamics, GNSS observations, earthquake, modeling

For citation: Vasilenko N.F., Prytkov A.S., Frolov D.I. Geodynamic
GNSS observations on the Kuril Islands. Geosistemy perehodnykh
zon = Geosystems of Transition Zones, 2022, vol. 6, no. 4, pp. 287—
302. (In Russ. & Engl.). https://doi.org/10.30730/gtrz.2022.6.4.287-
294.295-302; https://www.elibrary.ru/rlpzkk

dopmanuii 3eMHON MOBEPXHOCTU C PETHOHAJIb-
HOM CEMCMUYHOCTHIO [2].

Jlis BBISIBICHHST BO3MOXHBIX KpPyITHOMAC-
mTabHbIX AeopMalnii ceBepO-BOCTOUHOM YaCTH
ocTpoBa B pe3ynbsrare lllukoranckoro 3emuerps-
cenus 4(5).10.1994 . Mw 8.3 BniepBbI€ B peruo-
He OBUIM MCIIOJIb30BaHbl COBPEMEHHBIE CPEJCTBA
criytHukoBoit GPS-reonesun [2]. GPS (Global
Positioning System) u3MepeHus, MPOBEICHHbIE
Ha TE€OJMHAMHUYECKOM IOJIMIOHE IOCie 3eMJe-
TPSICEHMs], TOKAa3aJIH, YTO KaTacTpo(huIeCcKue Ko-
ceficMuueckue cMelieHus OJI0KOB 3eMHON KOPBI,
HapylIallUe LEeJOCTHOCTh TI'€0JOTMYeCKUX
CTPYKTYp OCTpOBa, OTCYTCTBYIOT. B paiione uc-
CJIEZIOBAaHUH MPOSBUIIUCH TOJBKO HEOOJBINNE TO-
pHU3OHTaJbHBIE 1epopMalii, HE TPEBBIILIAOLINE
BeJIM4KHBI 1073,

Coznanue cetu GNSS (Global Navigation
Satellite System) nHaOmroneHuii Ha BCEM IIPO-
ctupanun  Kypunbckoil OCTpOBHOW HOyru, OT
Snonun no KamuaTku, nano oOmupHBIA Mare-
puan s U3y4eHHs] COBPEMEHHBIX I'€OJUHaMU-
YEeCKUX IPOLIeCCOB B 30HE KoHBepreHuuu Cese-
poamepukanckoi (Oxorckoit) u TuxookeaHckon
auTochepHbIX IUMT. B paboTe mnpencraBieHsb
CBeIcHUs. 00 OpraHu3allid CETH U €€ COCTOos-
HUM B HacTtosiee Bpems. O630p OCHOBHBIX pe-
3ynbraTtoB GNSS-nccnenoBanuii, moiay4yeHHbIX B
HOCJIEIHUE TO/Ibl, JOIOJIHEH HOBBIMH JaHHBIMU
00 M3MEHEHUHU TeOJMHAMHYECKO 00CTaHOBKH B
Kypunbckoii 30He cyOIyKIIMH U €€ CBA3U C MOII-
HBIMU BYJKaHUYECKUMHU U3BEPKEHUSIMH Ha IEH-
TpaiabHbIX Kypuiabckux octpoBax.
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OpraHusaumsi U coBpeMeHHoe
COCTOsIHUEe CeTU reognHaMmn4eCcKux
GNSS-HabnoageHnn

Hauano opranuzanuu ceTtu reognmHaMuyec-
KX HaOmoaeHnit Ha KypuibcKkux ocTpoBax MOXk-
HO oTHecTH K 2005 ., korma ObBUTH MPOBEEHBI
MEepPBbIE U3MEPEHUS HA MYHKTE MEPUOAMYECKUX
nabmonenuit VDLN Ha tore o. Ypyn (puc. 1).

B 2006 r. peruonanpHasa cetb GNSS-Ha0-
JoieHui OblTa pa3BepHyTa BAoJb Beel Kypuiib-
CKOM ocTpoBHOM ayru oT Anonun no Kamuatku
Ha npoTsbkeHun okosio 1200 kxm. B ee cocras
BOIIUTM CTAHIIUM HEMPEPBHIBHON pEerHCTpaluu

KUNH, SHIK, ITRP u PRMH, pacnonoxxeHHble
Ha TeppuTopuM ceiicMocTaHuuii CaXaalMHCKOTO
¢unuana denepanbHOTO HCCIEAOBATEIHCKOTO
nentpa «EnuHas reodusndeckas ciayxo6a PAH»
(CO UL EI'C PAH) «¥Oxno-Kypunbck», «11u-
koTany, «Kypunsck» u «CeBepo-Kypuibck», a Tak-
e cTaHIus HenpepbiBHBIX HaOmonennit URUP Ha
cesepe 0. YpyIl. B ieHTpasibHOM 4acTH OCTPOBHOM
nyru (Ha HeoOuTaeMbIx octpoBax Keroit, Marya u
Xapumkoran) u 0. [Tapamymmp (Mbic OkeaHCKHIA)
ObUTH 00OPYAOBAaHBI IMMyHKTHI TEPHOJMUYECKON pe-
ructparuu KETO, MATC, KHAR u PRM1 coort-
BETCTBEHHO.
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Puc. 1. Cxema pacnonoxenus GNSS-mynkroB Kypuibsckoit reoquHaMHuecKoit ceTu.

UYepHBIM 1IBETOM 0003HaUYEHBI ITyHKTHI HENPEPHIBHOMH, CHHUM — IIYHKTBI IEPHOANIECKOH perucTpanuu. CTperkaMu H300paXkeHbl MeX-
celiCMUYECKHEe CKOPOCTH ITyHKTOB OTHOCHTENbHO CeBepoaMepHKaHCKOW IUIHTHI. KpacHbIe CTpENKH 0TOOpa)aroT CKOPOCTH MocTCeiic-
MHYECKOH penakcanuu B pesynprate Cumymupcekux 3emierpscenuii 2006-2007 rr. 3a nepuon 2015-2016 rr. CpenHexkBagpaTniecKkue
OLIMOKH ONpe/ieNIeHHs] CKOPOCTEH He NMpeBbILIAtoT 2 MM. MaciuTad cKopocTe oka3aH B BEpXHEH 4acTh pucyHKa. CKOPOCTb CXOKACHUS
nuTOC(EpHBIX IUIHT IOKa3aHa 0enoi cTpenkoid. MexaHn3Mbl 04aroB CHIbHEHIINX ceficCMIUYEeCKUX COOBITHIT pernoHa NpHUBECHBI 10 JJaH-
HbIM USGS (USGS: The United States Geological Survey. URL: https://earthquake.usgs.gov).
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Puc. 2. Ilynkr aBroHoMHo# peructpammd MATC (0. Marya) (a) u
nyHKT HenpepsiBHO# peructparmu SHIK (o. [ukoran) (b).
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B 2007 1. mocne mymnera CAMYIIHPCKAX 3€M-
aerpsicenuit 15.11.2006 . Mw 8.3 u 13.01.2007 r.
Mw 8.1 [3] Ha o. Cumymmp (nepemeex Kocrou-
KO) JIOTIOTHUTENLHO OOOPYIOBaH IyHKT TMEpHO-
muaeckort peructparun KOST. HaGmronenuns Ha
nyHkrax KETO, MATC (puc. 2a) u KHAR, Onu-
XKaWIMX K SNMLEHTpabHOU 30HE, ¢ 2007 . ocy-
[IECTBISIINCH B PeKMME aBTOHOMHOM HEMPEPHIBHOM
peructpainuu, KoTopasi MpoaobKanach I0 CEHTA-
Opsi—nexadps 2016 . B 2017 . atu cranimu nepe-
BE/ICHBl B PEXKUM TEPUOJMUECKON PETHCTPALIUH.

HenpepbiBHast peructpaiivs Ha CTaHIUAIX fora
Kypunsckoit octpoBHoi mayru KUNH, SHIK u
ITRP B 2013 1. ObUIa 1TO TEXHHYECKUM MPHYUHAM
npeKkpaiieHa 1 B0300HoBIeHa Ha cTaniusx KUNH
(0. Kynammp) u ITRP (0. Utypym) B 2017 1. B pam-
kax [leneBoil KOMIUIEKCHOM MPOrpaMMbl HAyYHBIX
uccnenoanuii JIBO PAH «CoBpemennas reomau-
HAMFWKA, aKTUBHBIE T€OCTPYKTYpPBHI U MPHUPOIHBIC
onacHoctH [lansHero Bocroka Poccun» [4]. Cran-
st SHIK (0. lIlukoraH) BOoCCTaHOBJIEHA TOJBKO B
2022 r. (puc. 2b). CoBpeMEHHOE COCTOSIHUE T€O -
Hamuueckoit GNSS-cetu mpuBeneHo Ha puc. 1.

CraHuuy HEMpepbIBHOW peructpaiuu 000-
pynoBanbl GNSS-npuemuankamu Trimble NetRS ¢
anteHHamu Zephyr Geodetic mmm Trimble NetRS ¢
anteHHamu Zephyr Geodetic model 2 (puc. 2). Ha-
OmrofeHust ocyuiecTBisitoTest ¢ 1-30-cekyHIHOM
JUCKPETHOCTBIO JIaHHBIX U MAacKOM BO3BBIILICHHUS
CIyTHUKOB OT 5°. [lepuonnyeckre n3MepeHus Bhl-
NoJHsI0TCA TeMu ke Tunamu GNSS-npuemMHHKOB
U aHTeHH. [Ipog0mKUTEIPHOCTh TAKUX U3MEPEHHIA
OOBIYHO COCTaBIISIET HE MEHee 3 CyT Ha KaXJIOM
MyHKTE HaOmoneHui. [[ins MUHUMU3aMU Ce30H-
HOTO BIUSIHHUS HA TOYHOCTH TO3HUIIMOHHUPOBAHHS
BCE TOJIEBbIE PaOOTHI MPOBOASATCS B JIETHE-OCEH-
HUW TIEPHOJL.

O6paboTKa JaHHBIX OCYIIECTBISAETCS C HC-
NOJIb30BAaHUEM NPOTPaAaMMHOTO oOecredeHus
Bernese [5] u GAMIT/GLOBK [6]. s cBsizu
cereii ¢ oomesemHou cuctemoit koopaunar ITRF
(International Terrestrial Reference Frame) [7]
B ©)KEJHEBHBIC PEIICHHS BKIIFOUAIOTCS CTaHIIUU
mexayHaponHoit 1GS-cetu (International GNSS
Service), UMerOmMMKE IIUTEIBHYIO BPEMEHHYIO
crabunbHOCTh. [Ipu 3TOM HMCmonb3ytores ¢u-
HaJbHBIE OpPOUTHI CIyTHUKOB, MPEACTaBICH-
Heie IGS, mapameTpsl OpUEHTAlUU BpPAIICHUS
3emau [ERS (International Earth Rotation and
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Reference Systems Service), Tabnuibpl 3aBUCH-
MOCTe# (ha30BBIX IIEHTPOB aHTCHH, TAPaMETPOB
Connua u JIyHbl 1 pyrue Marepualibl, peKOMEH-
noBanHbie MexayHaponuor GNSS-ciyxOoit
(IGS: International GNSS Service. URL: https://

igs.org/).
Pe3ynkrathl UCCcrieaqoBaHum

Mooenu mexanuzmoe ouazoeé cunbHeuMux
3emMIempACceHuil pezuoHa

B nocnennue roast B Kypuiio-Kamuarckom
PEruoHe MPOU3OLIEN P CUIBHEUIINX CEUCMU-
yeckux coObITHil. Ha ocHOBe 3ahukcupoBaHHBIX
MHCTPYMEHTAJIbHBIX JAHHBIX O KOCEHCMHUYECKUX
CMEILIEHUAX 3€MHOI MOBEPXHOCTHU BBINOIHEHO
MOJIEJIMPOBAHHUE MX OYArOB.

Cumywupckue zemnempsicenus 15.11.2006 e.
Mw8.3 u 13.01.2007 2. Mw 8.1 — xpynHeuiiue
ceficMuuecKkue COOBITHS MOCIEAHET0 BPEMEHHU B
Kypuiibckoii ceficMmorenHoi 30He. OHU TPOU3011I-
U BocTouHee 0. Cumymup BOJIM3H TITyOOKOBOII-
HOTO jkesi00a Ha rryouHe okono 12 km (puc. 1).
B 10arocpodyHoM CeMCMOIOTHYECKOM IIPOTHO3€E
C.A. ®epnorosa [8] aTOT paiioH ObIT 0003HAYCH
KaK OJIHO U3 MECT BO3MOXKHBIX 3€MJIETPSICEHUH C
M > 7.7. 3anneck yHaMHu Ha LEHTpaJbHbIX Ky-
PUIBCKHUX OCTPOBAx OT 3TUX 3E€MJIETPSICEHUN J10-
cturain 20 m [9].

Kycouno-omHOpoIHBIE AUCITOKAIIMOHHBIE MO-
nemn CHUMYIIMPCKUAX 3€MIIETPSICEHUI TIOCTPOCHBI
Ha OCHOBE MHBEPCUH TOPU3OHTAIBHBIX KOCEHCMU-
yeckux cmemeHnii GNSS-cranmmii Kypuibckoit
reOAMHAMUYECKOM CETU U CTaHIMI MexayHapoI-
HOM GNSS-ciyx0bI, pacnionoxeHHbIX B HOxHO-
Caxanuncke u IlerponaBnoscke-Kamuarckom [3].
3emnerpsicerne 2006 1. (o TUITY ceHCMOANCIOKA-
IIUH — TTOJIOTUHA HAJIBUT TOJ YoM ~16°) mpoun3o-
IIUIO B 30HE KOHTAKTa JTUTOCHEepHBIX TUIUAT. OOTIuii
pasmMep cericMopa3spbiBa cocTaBui 230 KM 110 mpo-
ctupanuto u 150 km no nageHuto. MakcuMasnbHbIE
MOJIEJTbHBIE CMEIIEHUS TOCTUTaloT 6—12 M B 10Xk-
HBIX TIPUTIOBEPXHOCTHBIX CyOpa3phiBax, OMM3KHUX K
TUIOLEHTPY.

3emnerpsicenne 2007 r. (cOpoc Mo IIOCKO-
CTH, KPYTO NaJarolell Ha FOr0-BOCTOK MO YIJIOM
59°) mpouzonuio B pailoHe m3rnba TuxookeaH-
CKOM nuTochepHOi MIKUTHL. BenuuuHbl MOIETh-
HBIX CMENICHUH MaKCUMaJbHBI (10 8 M) BOIM3H
THIOIEHTPAa B IOKHOM (parMeHTe IUIOCKOCTH
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ceiicMopasphiBa. YUYacTKM HauOONBIIETO CKOJIb-
KEHHsI 000UX 3eMJIETPACEHUN MPUMBIKAIOT IPYT
K JIpyry U MO3BOJISIIOT Mpeanojararb, 4YTo cooObl-
tue 2007 1. cBsA3aHO C mepepachpeieieHueM Ha-
npsbkeHui nocie 3emnerpsicenus 2006 .

Oxomomopckoe 3emnempscenue 24.05.2013 .
Mw 8.3 — penkoe cuibHOE TITyOOKO(DOKYyCHOE
ceficMuueckoe COOBbITHE, 3apPETUCTPUPOBAHHOE B
OxoTckoM MoOpe BOJIM3U 3alaJHOTO MOOEpeXbs
n-oBa Kamyarka Ha miyomne 610 km (puc. 1).
3eMJIeTpsICEHHE COMPOBOXKAAIOCH cepuel ad-
TEPILIOKOB, YTO HETUIHYHO JJISi TAKUX COOBITHH.
KoceiicMuueckne cMeleHus: 36MHOM MOBEPXHO-
ctu 3apeructpupoBanbl GNSS-cTanuusamu He-
NPEPBIBHBIX HAOMIOICHUI BCErO peruoHa Ha pac-
crostHuax a0 1000 kM ot snuneHTpa. BniepBrie B
MHPOBOM IPAKTUKE HA OCHOBE KOCEHCMHMUYECKUX
CMEILEHNH MOCTPOEHA UCIOKALMOHHAST MOJEINb
DTyOOKO(OKYCHOTO 3eMJIETPSACEHUs] B YNPYroM
MOJYTPOCTPAHCTBE C YYE€TOM CHEPUYHOCTH H
cinoucrocty 3emuu [10]. Tun moaBuXKHU B oYa-
re — MoJoruid cOpoc 3amagHOro MajgeHHsS TOX
ymioM 11°, makcumanbHas noasuxkka — 7 M. Ilo-
rpyxatomasicss THXxookeaHcKas IIUTa MO TONIIH-
He Obu1a pazopsana Ha 50 kM.

THapawywupcroe 3emnempsicenue 25.03.2020 e.
Mw 7.5 npounszounio B 200 KM K IOro-BOCTOKY OT
OJHOMMEHHOTO OCTPOBa B MOTPY’KalolIeics okea-
HUYECKOW TUIUTE MO BHEIIIHUM CKJIIOHOM IITyOOKO-
BOJHOTO *keJo0a Ha mryoune ~60 kM (puc. 1). OHo
sSBIWIIOCH cuibHemmM ¢ 1900 1. celicMuueckum
COOBITHEM KaK JUIsl BHEUIHETO CKJIOHA MPOTSHKEH-
HOCTBIO 0K0JI0 800 KM, Tak M JuIs IPUJIETAIOIIEH K
SMULEHTPY TpexcoTkuiaoMeTpoBoil Kypuno-Kam-
yaTcko 30HBI cyOaykimu. IlpocTpaHcTBeHHOE
pacnpezenenue adhTEPIIOKOB U MOJEIN KOHEUHBIX
MpsIMOYTOJIBHBIX Auciokauui (finite fault) He mo-
3BOJIWJIM CAAETIATh BBIOOP B MOJIb3Yy MPUOPUTETHOM
IJIOCKOCTH ceficMopaspeiBa. CpaBHEHUE MOJEIb-
HBIX U U3MEPEHHBIX KOCEWCMUYECKUX TOPU30H-
TaJIbHBIX CMELICHUI Ha ONvKalien K SUIEeHTPY
GNSS-craniuun PRMH no3Bonuino ogHO3HaYHO
YCTaHOBUTbH JEHCTBYIOLIYIO IUIOCKOCTh CEMCMO-
paszpsiBa [11]. B ouare 3emieTpsiceHust peannso-
BaJINCh HaNpsOKEHUS CyOropH30HTaJIbHOIO CXKa-
THSI, OPUEHTUPOBAHHBIE BKPECT TEKTOHUYECKUX
CTPYKTYp ceiicMOo(OKaIbHON 30HbI, TUI MOBHXK-
KM — B30pOC MO IUIOCKOCTH FOT0-3araHoro mpo-
CTHpaHUs C MaJICHUEM Ha ceBepo-3amal.
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Ilocmceiicmuueckasn penaxcayus é INUYEH-
mpanvuoit 30ne oynaema Cumyuwiupckux
3emaempaceHul

B nentpanpHoit yactu Kypuiabckoit oCcTpoB-
HOM nyru mocine aymiera CHUMyHIMPCKHX 3€M-
nerpsacennit 2006 . Mw 8.3 n 2007 . Mw 8.1
HaOmoanach OOIIMpPHAs 30HA 3aTyXaloIIHX
MIOCTCEMCMUYECKUX CMEIICHUM 3€MHOM MOBEpX-
HocTH. HenpepoiBubie GNSS-u3mepenus no3so-
JIWIIA U3Yy4YUTh JUHAMHUKY IEPEXOIHOTO IIpolLecca,
00yCJIOBJIEHHOTO BA3KOYIIPYrOM penakcanueil Ha-
MpsDKEHUH B acTeHoc(epe U OLIEHUTh €ro JJu-
TesbHOCTh nepuonoM ~10 ner [12]. Ha Hauasnb-
HOM 3Talle MOCTCEHCMUYECKUE TOPU3OHTAIIBHBIE
CMEILECHMS, HalpaBlIEHHbIE B CTOPOHY IIyOOKO-
BOJTHOTO KeJ00a, U MOCTCEMCMUYECKHH MoIbeM
IIPOSBIISUIACH Ha NpocTupanuu 450 kM (0T ceBepa
0. Ypyn a0 o. XapuMmkoTaH). [opu30oHTaIbHBIC
CKOPOCTH B ONMM)KaWIIMX OKPECTHOCTAX SIUIIEH-
TpasbHOU 30HBI nocturanu 90 Mm/Tom, eXeros-
HO yMeHbmiascb Ha ~30 % (puc. 3). K 2012 .
MOCTCEHCMUYECKHE CMEIEHUsI 3€MHOU MOBEpX-
HOCTHU TNPAKTHUYECKHA 3aKOHYUIINCH HA ITyHKTE
URUP (o. Ypyn), a x 2014 r. — Ha myHKTax
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Puc. 3. Bpemennsie cepun koopaunat GNSS-cranmuun KETO
(0. Keroit). BepTukanbHbIMU JTHHUSIMEH 0003Ha4YeHbI AaThl CH-
mymupckux 2006-2007 rr. u Oxotomopckoro 2013 r. 3emie-
TPSACEHUH.
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KHAR (0. Xapumkoran) u KOST (0. Cumymmp).
B 2015-2016 rr. 3aryxaromuii nocrceiicMuyec-
KU TIpoIecc co ckopocThio ~10 mm/ron Habmro-
nancs tonpko Ha nyHktax KETO (o. Kertoit) u
MATC (0. Marya) (puc. 1).

Bsi3kocTh acreHOC(hephl — hyHAaMEHTAIBHOE,
HO MaJjio U3y4eHHOE CBOWCTBO 3emiu. Moaenupo-
BaHME MEPEXOIHOTO MPOLIECCa B AMULEHTPATBHOM
30He aymieTa CUMYIIMPCKUX 3€MIIETPSCEHUH To-
3BOJIWJIO BBISIBUTH 3aBHCHMOCTH MaKCBEJUIOBCKOM
BSI3KOCTU acTeHOC(Epbl OT CKOPOCTH HalIronae-
MOT'0 MTOCTCEHCMHYECKOTO JABMKEHUSI 36MHOM MO-
BEPXHOCTH: BSI3KOCTh aCTeHOCHEphl YBEINYHUIACH
B ~5 pa3 ot 2-10" Ila-c B mepBsIii Toj HaOMIOMIE-
Huii (2008) 1o 1-10"® [MTa-c B 2011 . [12].

ActeHocdepHass BSI3KOCTh, JTOCTUTAIOIIASL
BenmunHbl ~1-10" Tla-c, nposBisiiack B TeUeHHUE
HECKOJIBKUX JCCATWUIETUM TIOCIIE€ CHJIbHEUIINX
(Mw ~ 9) MeXIUIMTOBBIX 3eMiIeTpsiceHul XX B.:
Yunmiickoro 3emierpsicenus 1960 r. u Ansckun-
ckoro 3emyierpsicenus 1964 r. [13, 14]. Onnako Ha
tore Kamuarku u ceBepHbix Kypuibckux octpoBax
ocTcericMuueckue cMelenus nocie Kamuarcko-
ro 3emierpsicenust 1952 r. cmycrs 50 siet He 3apuk-
cupoBansbl [3, 15], 4TO MOXET CBHIETEIHLCTBOBATH
0 Oonee HU3KOM JONTOBPEMEHHOM BA3KOCTH acTe-
Hocdepsl B Kypuno-Kamuarckoii 30He CyOyKIuu
10 CPAaBHEHHIO C IPYTUMU peruoHamu. KoHKpeTHO
OLICHUTH €€ BEJIMYMHY MOXHO OyHeT MpOBEICHU-
em nocnenyromux GNSS-nabnronenuii B AuIieH-
TpajabHOU 30He CUMYIIMPCKUX 3EMIIETPSICEHUIA.

K 30He nposiBieHus: NOCTCEHCMUYECKOTO TPOo-
necca npuypodeHsl cuibHeimue (¢ 1990 1) Byn-
KaHN4YeCKHe u3BeprkeHus Ha KypuibCkux ocTpo-
Bax. B urone 2009 1. (mocine 33 et moKost ¥ CITyCTS
2.5 ropa nocie CUMYIIMPCKUX 3EMIIETPSACEHUN B
NepUoJ] UHTEHCHBHOTO Tpoliecca peaKkcaliy Ha-
NPSOKEHUI) MPOU30LITIO0 MOIIHOE AKCIJIO3UBHO-
a¢hdy3uBHOE U3BepKeHue BiK. [Ink CappryeBa Ha
0. Marya (Volcanic Explosivity Index (VEI) = 4)
[16]. ABTOHOMHOW CTaHLIMEW HENMPEPHIBHBIX Ha-
omonennit MATC, pacrionoxeHHOM Ha OCTPOBE B
7 KM K IOTO-BOCTOKY OT BYJIKaHa, 3a()UKCHPOBAHO
CMeEIlIeHHE 3¢MHOM MOBEPXHOCTHU B TCUCHUE AaKTUB-
HOM (a3l u3BepkeHus. CTaHIMs CMeCTUIach Ha
~30 MM B CTOpPOHY Kparepa ByJKaHa U OIlyCTHJIACh
Ha ~40 MM.

B nos16pe 2012 1., mocne 30-neTHero nepuona
nokosi, Ha BIK. CHoy (0. Huproi — ror 1eHTpaib-
HbIX Kyprin) Hayanocs mobounoe 3¢ ¢dy3uBHOE U3-
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Bep)keHHe. AKTUBHas (haza M3BEpKEHUS MPOIOJI-
’kanach B TeueHue uerbipex jet (VEI = 3) [16] B
MIEPHOJT 3aBEPLICHUS PENIaKCALUU HaNpsHKEeHUH B
ATOM pailoHe.

Mornoe (VEI = 4) u BHe3anmHoOe SKCIUIO3UB-
HOE W3BEp)KEHUE BYyJIKaHa Ha 0. Paiikoke (leH-
TpanbHbie Kypwuibl) Hauanock B utone 2019 r. mo-
cie 95 net moxkost [17]. OHO MPOU30IILIO HA CTATUH
IIOJTHOT'O 3aTyXaHUsl NOCTCEHCMHUYECKOIO IpoLec-
ca B 31Ol 4yactu KypuibCkoll OCTPOBHOH IyTH.
MokHO monarath, 4YTO peiaKcalus HarpspkeHUH B
36MHOM KOpE Ha Pa3IuYHbIX CTAAUAX OCTCENCMU-
YECKOro Mnpoliecca B SNUIEHTpaIbHON 30He CuMy-
IIMPCKUX 3€MJIETPSICEHUM OKa3alach TPUITEPOM
MOIIIHBIX BYJIKAHMYECKUX H3BEP)KEHUN HaA IICH-
TpanbHbIX Kypuibckux octpoBax.

Cospemennwlii ceiicmuueckuii oepuyum 6
30He cyOoyKyuu

AHanu3 MexceHCMHUYeCcKuX (OYMILIEHHBIX
OT BIMSHUA 3eMIeTpsiceHnii) ckopocteir GNSS-
cTaHuMi ceBepa U rora Kypuiabckoil ocTpoBHOM
JTyTH TIO3BOJIUJI BBIIIOJIHUTH MOJIEIMPOBAHUE CO-
BpeMeHHoro cuernseHuss Tuxookeanckoil u Ce-
BepoamepukaHckoil (OX0Tckoi) nuTochepHbIX
IJTUT B YCIOBUSAX MEXAaHUYECKU COMKHYTOU 30HbI
WX KOHTaKTa W OIEHUTh AUHAMUKY HAKOTLICHUS
HanpsoKeHU B 30He cyOnykiuu. B HacTosmiee
BpeMs HMHTEHCHBHOE HakoIUieHue nedopmaru-
OHHBIX HAMpPSHKEHHI TPOUCXOAUT B IOKHOW H
ceBepHOU yacTsax Kypuibckoit 30HBI CyOyKIIHH
(puc. 4). B paitone o. lllukoran mupuHa 30HBI
KOHTaKTa JUTOC(EpHbIX IUIMT (MO MAaJECHUIO)
nocturaet 183 kM, Ha nynkre PRMH (o. ITapa-
mytup) — 104 kM [18]. 3HaUUMOT0 HAKOIIJICHUS
YIPYTUX HAMPSHKEHUN B LIEHTPAJIbHOM CETMEHTE
30HBI cyOnykuuu (OT ceBepa 0. Ypyi 1o o. Xa-
puMKoTaH) nocie CHMYHIMPCKUX 3emileTpsce-
HHUH HE OTMEYEHO.

Ha ocHOBE KyMyJIITUBHOTO CMEILEHUS MEXK-
IUIMTOBBIX 3emileTpsacenuii ¢ Mw > 7.0 3a nepu-
on ¢ 1990 r. BeIsiBIEHBI 001aCTH COBPEMEHHOTO
celicmuueckoro nedumnura B Kypuiabckoil 30He
cyonykmuu [18]. Jlebunut ceiicMu4Ieckoro cme-
IEHUS BETUYUHON OT 3 110 8.8 M (OTHOCHUTEINb-
HO CKOPOCTH CXOXJCHHS JIUTOC(EPHBIX IIJIUT)
HaONmoaeTcsd Ha JABYX MPOTSHDKEHHBIX YYacT-
Kax: OT BOCTOYHOH YacTU 0. XOKKauIo [0 ce-
Bepa o. Kynamup (~200 km), u ot 0. OHekoTaH
no rora m-oBa Kamuarka (~250 xm). B monaro-
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Puc. 4. Bpemennsie cepun koopauaar GNSS-cranmun PRMH
(0. [Tapamymnp). BepTukanbHbIMU TUHUSIMHU 0003HAYCHBI JAThI
Cumympekux 2006-2007 rr. u Oxoromopckoro 2013 r. 3em-
JIETpsACEHUN.

CPOYHOM CEMCMHYECKOM IPOTHO3E€ Ha MEPUOJ]
2019-2024 rr. cymmapHasi BEpOsSITHOCTb BO3HHUK-
HOBEHUS CEMCMHYECKUX COOBITHI C MATHUTYIOM
M > 7.7 B 3TUX CErMEHTax, COOTBECTCTBEHHO,
coctasisier 8.9 u 12.5 % [19]. IIpu 3Tom cneny-
€T OTMETUTH, 4To [lapamymupckoe 3emnerpsce-
Hue 25.03.2020 r. Mw 7.5, npou3soleiiee moji
BHEIIHUM CKJIIOHOM TJTyOOKOBOJHOTO Xeyo0a,
YBEJIIMYMBAET BEPOSATHOCTH OyAyIIEero CHIIbHEH-
IET0 3eMJIETPSICEHHS B CeBEpHOM cerMenTe [11].

3aknroyeHue

Opranuzanys ceTd HENPEpPhIBHBIX U IMEpH-
ognueckux GNSS-nabmonenuit Ha Kypunbckux
OCTpOBax Jaja OOIIMPHBIN MaTepuan A u3yde-
HUS COBPEMEHHBIX I'€OIMHAMUYECKUX TIPOLIECCOB
B Kypumibckoil 30He cyOnykuuu. BeinonHeHHbie
HaOMIONCHUST TO3BOJIMIIM TIONYYUTh PsJI HOBBIX
CBE/ICHUI O COBPEMEHHOM re0JMHAMHKE PETHOHA:

® TIOCTPOEHBI MOJENIN KPYIHENIINX celicMUYe-

CKUX COOBITHI, KOTOpbIE JIETVIH B OCHOBY HC-

CIIEZIOBAaHMSI MEXAaHU3MOB M TEKTOHUYECKOU

MIPUPOJIBI UX OYAroB, a TAK)Ke OLIEHKHU reoMe-

TPUUYECKUX [TAPAMETPOB CENCMOPA3PHIBOB;
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* M3y4eHAa JMHAMHUKa [IEPEXOJHOrO0 3aTyXaromle-
ro nporecca, 00yCcIOBIEHHOTO BI3KOYIPYToi
penakcanyell HanpspKeHUH B AIUICHTPANb-
HOM 30He CHUMYIIMPCKUX 3€MIIETPACEHUN
2006—2007 rT., ¥ BRISIBIICHA 3aBUCUMOCTD BSI3-
KOCTH acTeHOC(ephl OT CKOPOCTH HabroIae-
MOTO ITOCTCEMCMHYECKOTO ABMKCHUS 3€MHOM
IIOBEPXHOCTH;

® penakcanys HalpsHKEHUH B 3€MHOM KOpe Ha
pasNIUYHbIX CTAAMAX JUIMTEIBLHOIO MOCTCEHC-
MHYECKOTO Tporiecca nocie CHMyIUpPCKUX
3eMJIETPSICEHU MOXKET SIBJISITHCS TPUTTEPOM
MOIIIHBIX BYJKaHUYECKUX HW3BEPKEHUH Ha
LEHTpaIbHBIX KypHiIbCKHX OCTpOBaXx;

® OIIEHKA CEHCMUYECKOro MOTeHIIMaNa pasiiny-
HBIX Y4acTKOB KypuiibCkoii 30HBI CYyOyKIIUH
Ha OCHOBE MOJEIHPOBAHHSA COBPEMEHHOIO
MEXaHMYECKOTO KOHTAKTA JIUTOC(EPHBIX TUIHT,
B COBOKYITHOCTHU C JIPyTUMHU METOAAMH, CIIO-
coOcTByeT OoJiee TOYHOM OlIeHKe celicMuydec-
KOM OIaCHOCTH PETHOHA.
GNSS-nabmonenust Ha Kypuibckux octpo-

Bax B JaJIbHEUIIEM MO3BOJIAT AETAIBHO HCCIEN0-

BaTb XapaKTEpHbIE OCOOEHHOCTH COBPEMEHHOM

reoIMHaMUKH PETHOHA.
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Abstract. The network of geodynamic GNSS observations was deployed in 2006 throughout the Kuril island arc
from Japan to Kamchatka. The network includes 11 stations of continuous and periodic registration. The article
provides information on the organization of the network and its current status. The creation of the GNSS network
provided extensive material for studying the modern geodynamic processes in the Kuril segment of the subduction
zone of the North American (Okhotsk) and Pacific lithospheric plates. The performed observations made it possible
to obtain the first information on the modern geodynamics of the region. The article presents an overview of the
results of the previous years obtained by the authors together with other researchers. The source models of the
largest seismic events are constructed on the basis of the instrumental data: the 2006 Mw 8.3 and 2007 Mw 8.1
Simushir earthquake doublet and the 2013 Mw 8.3 deep-focus Okhotsk earthquake. At the initial stage of the post-
seismic process in the epicentral zone of the Simushir earthquakes, the dependence of the asthenosphere viscosity
on the observed post-seismic displacement velocity of the Earth’s surface was found. The results obtained earlier
were supplemented by new data on the changes in the geodynamic setting in the subduction zone. The dynamics
of the transient decaying post-seismic process in the central part of the island arc is studied. Stress relaxation in
the Earth’s crust at various stages of this process could be the trigger of powerful volcanic eruptions occurred in
2009-2019 on the central Kuril Islands. The seismic potential of various segments of the Kuril subduction zone has
been clarified on the basis of the modeling of current mechanical coupling of lithospheric plates. It contributes to
a more accurate assessment of the seismic hazard of the region together with other methods. The continuation of
the GNSS observations on the Kuril Islands in the future will allow us to study in detail the features of the modern
geodynamics of the region.
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Introduction

The Kuril-Kamchatka subduction zone is
one of the most seismically active regions in the
northeastern part of Eurasia, where the rate of
subduction of the Pacific lithospheric plate beneath
the North American (Okhotsk) plate reaches
8 cm/year. The interaction of lithospheric plates is
accompanied by tectonic strains, which manifest
themselves both at the plate boundary and in its
surroundings. The largest earthquakes (with a
magnitude of more than 8), including tsunamigenic
and deep (more than 600 km) ones, occur here.

In the 1970s, a geodynamic testing site was
created on Shikotan Island, which is closest to

the subduction zone, in order to study recent
movements of the Earth’s surface and search for
precursors of strong earthquakes. The first high-
accuracy optical distance measurements of the
sides of the horizontal network of 4 points were
made in 1973. In subsequent years, the geodetic
network was supplemented by new observation
points that control discontinuities in the north-
eastern part of the island [1]. Two leveling profiles
of II class (along and across the island) with a length
of 11 and 14.5 km, respectively, were created for
studying the vertical movements. According to the
results of repeat observations, which were carried
out before 1990, the velocities of horizontal

Translation of the article published in the present issue of the Journal: Bacunenxo H.®., IIpsitkoB A.C., @posnos I.1. ['connnamuueckue GNSS Habio-
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displacements in fault zones were estimated, and,
in some cases, the relation between horizontal
and vertical strains of the Earth’s surface and
regional seismicity was established [2].

Modern GPS geodesy tools were used for the
first time in the region [2] to reveal possible large-
scale strains of the northeastern part of the island
as a result of the October 4 (5), 1994 Mw 8.3
Shikotan earthquake. GPS (Global Positioning
System) measurements, which was carried out
at the geodynamic site after the earthquake,
showed that there were no catastrophic coseismic
displacements of the crustal blocks breaking the
integrity of the geological structures of the island.
Only small horizontal strains not exceeding 10~
have manifested in the study area.

The creation of a GNSS (Global Navigation
Satellite System) observation network along
the entire Kuril island arc, from Japan to
Kamchatka, provided extensive material for
studying modern geodynamic processes in the
zone of convergence of the North American
(Okhotsk) and Pacific lithospheric plates. The
paper presents information on the organization
of the network and its current status. The review
of the main results of GNSS studies obtained
in recent years is supplemented with new data
on changes in the geodynamic setting in the
Kuril subduction zone and its relationship with
powerful volcanic eruptions in the central Kuril
Islands.

Organization and current state of
the geodynamic GNSS observa-
tion network

The beginning of organization of the geody-
namic observation network on the Kuril Islands
can be attributed to 2005, when the first mea-
surements were carried out at the VDLN point
of periodic observations in the south of Iturup
Island (Fig. 1).

In 2006, a regional GNSS observation net-
work was deployed along the entire Kuril island
arc from Japan to Kamchatka for about 1200 km.
It includes continuous recording stations KUNH,
SHIK, ITRP and PRMH, located on the territory
of the seismic stations of the Sakhalin Branch of
the Federal Research Center “United Geophysi-
cal Survey of the Russian Academy of Sciences”
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(SB FRC UGS RAS) “Yuzhno-Kurilsk”, “Shi-
kotan”, “Kurilsk” and “Severo-Kurilsk”, as well
as the URUP station of continuous observations
in the north of Urup Island. The periodic regis-
tration points KETO, MATC, KHAR and PRM1
were equipped in the central part of the island
arc (on the uninhabited islands of Ketoi, Matua
and Kharimkotan) and Paramushir Island (Cape
Oceansky), respectively.

In 2007, KOST periodic registration point
was additionally equipped after the doublet of
the Simushir earthquakes on November 15,
2006, Mw 8.3 and January 13, 2007, Mw 8.1
[3] on Simushir Island (Kostochko isthmus).
Since 2007, observations at the KETO, MATC
(Fig. 2a) and KHAR points closest to the epi-
central zone have been carried out in the mode
of autonomous continuous recording, which
continued until September—December, 2016.
In 2017, these stations were switched to the pe-
riodic recording mode.

The continuous recording at the KUNH,
SHIK, and ITRP stations in the south of the Ku-
ril island arc in 2013 was terminated for tech-
nical reasons and resumed at the KUNH (Ku-
nashir Island) and ITRP (Iturup Island) stations
in 2017 as a part of the Targeted Comprehensive
Research Program of FEB RAS “Modern geody-
namics, active geological structures and natural
hazards of the Russian Far East” [4]. The SHIK
station (Shikotan Island) was restored only in
2022 (Fig. 2b). The current state of the geody-
namic GNSS network is shown in Fig. 1.

Continuous recording stations are equipped
with Trimble NetRS GNSS receivers with Zephyr
Geodetic antennas or Trimble NetR5 ones with
Zephyr Geodetic model 2 antennas (Fig. 2). Ob-
servations are carried out with 1-30 s data dis-
creteness and satellite elevation mask from 5°.
Periodic measurements are made by the GNSS
receivers and antennas of the same types. Such
measurement duration is usually at least three
days at each observation point. All field works
are carried out in the summer-autumn period in
order to minimize the seasonal impact on the po-
sitioning accuracy.

Data processing is carried out using the Ber-
nese [5] and GAMIT/GLOBK [6] software. The
stations of the international IGS network (Inter-
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national GNSS Service) with long-term temporal Study results
stability are included in daily solutions to con- .
nect the networks with the ITRF (International Models of the focal me.ch amsms.of
Terrestrial Reference Frame) global reference strongest earthquakes in the region
A number of strong seismic events have oc-

system [7]. In this case, the final satellite orbits : - e
provided by IGS, IERS (International Earth Ro- curred in the Kur}l-Kamcha‘Fka region in recent
tation and Reference Systems Service) orien- years. The modeh'ng of their SOUrces was per-
. . formed on the basis of the recorded instrumental
tation parameters of the Earth rotation, tables data on coseismic displacements of the Earth’s
of dependences of antenna phase centers, Sun surface
and Moon parameters and other materials rec- Th'e November 15, 2006 Mw 8.3 and Janu-
ommended by the International GNSS Service ary 13, 2007 Mw 8.1 Simushir earthquakes
(IGS: International GNSS Service. URL: https:// gre the largest recent seismic events in the Ku-
igs.org/) are used. ril seismogenic zone. They occurred the east of
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Fig. 1. Layout of the GNSS points of the Kuril geodynamic network.
Continuous points are highlighted in black, and periodic points are highlighted in blue. The arrows represent the interseismic velocities of

the points relative to the North American Plate. The red arrows show the velocities of post-seismic relaxation as a result of the 2006-2007
Simushir earthquakes for the period of 2015-2016. The RMS errors of the velocities do not exceed 2 mm. The velocity scale is shown in the
upper part of the figure. The convergence velocity of the lithospheric plates is shown with a white arrow. The focal mechanisms of the stron-
gest seismic events in the region are taken from the USGS (USGS: The United States Geological Survey. URL: https://earthquake.usgs.gov).
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Fig. 2. The MATC point (Matua Island) of autonomous
registration (a) and the SHIK point (Shikotan Island) of
continuous registration (b).
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Simushir Island near a deep-water trench at a
depth of about 12 km (Fig. 1). In the long-term
seismological forecast by S.A. Fedotov [8], this
area was marked as one of the places of possible
earthquakes with M > 7.7. The tsunami runup on
the central Kuril Islands caused by these earth-
quakes reached 20 m [9].

Piecewise homogeneous dislocation models
of the Simushir earthquakes are built on the basis
of the inversion of horizontal coseismic displace-
ments of the GNSS stations of the Kuril geody-
namic network and the stations of the International
GNSS service located in Yuzhno-Sakhalinsk and
Petropavlovsk-Kamchatsky [3]. The earthquake of
2006 (low-angle overthrust at an angle of ~16° by
the type of seismodislocations) occurred in the con-
tact zone of the lithospheric plates. The total size
of the seismic rupture was 230 km along the strike
and 150 km along the dip. The maximum model
displacements reached 612 m in the southern
near-surface subfaults close to the hypocenter.

The earthquake of 2007 (a fault along the
plane dipping steeply to the southeast at an angle
of 59°) occurred in the area of the bend of the Pa-
cific lithospheric plate. The values of the model
displacements are maximum (up to 8§ m) near the
hypocenter in the southern fragment of the plane
of seismic rupture. The areas of maximum slip
of both earthquakes are adjacent to each other
and allow us to suggest that the event of 2007 is
associated with the stress redistribution after the
2006 earthquake.

The May 24, 2013 Mw 8.3 Okhotsk earth-
quake is a strong deep-focus seismic event re-
corded near the western coast of the Kamchatka
Peninsula at a depth of 610 km (Fig. 1). The
earthquake was accompanied by the aftershock
sequence, that is not character for such events.
Coseismic displacements of the Earth’s surface
were recorded by the continuous observation
GNSS stations of the entire region at distances
up to 1000 km from the epicenter. For the first
time in the world practice, a dislocation model
of a deep-focus earthquake in an elastic half-
space was constructed on the basis of coseismic
displacements, taking into account the spheri-
city and layering of the Earth [10]. The type of
movement in the source is a low-angle westward
dipping fault at an angle of 11°, the maximum
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movement is 7 m. The subducting Pacific Plate was
ruptured in thickness by 50 km.

The March 25, 2020 Mw7.5 Paramushir
earthquake has occurred 200 km southeast of the
island of the same name in a subducting oceanic
plate beneath the outer slope of a deep-water trench
at a depth of ~60 km (Fig. 1). It was the strongest
seismic event since 1900 both for the outer slope
with a length of about 800 km and for the 300 km
Kuril-Kamchatka subduction zone adjacent to the
epicenter. The spatial distribution of aftershocks
and finite fault models did not allow us to make a
choice in favor of the priority plane of the seismic
rupture. A comparison of the model and measured
coseismic horizontal displacements at the PRMH
GNSS station closest to the epicenter made it pos-
sible to uniquely identify the active plane of the
seismic rupture [11]. Subhorizontal compression
stresses, oriented transverse to the tectonic struc-
tures of the seismic focal zone, were realized in
the earthquake source, the type of movement was
a reverse fault along the plane, that has a southwest
strike with a northwest dip.

Post-seismic relaxation in the epicentral
zone of the Simushir earthquake doublet

A wide zone of damped post-seismic displace-
ments of the Earth’s surface was observed in the
central part of the Kuril island arc, after the 2006
Mw 8.3 and 2007 Mw 8.1 Simushir earthquake
doublet. Continuous GNSS measurements made it
possible to study the dynamics of the transient pro-
cess caused by viscoelastic stress relaxation in the
asthenosphere and estimate its duration by a period
of ~10 years [12]. At the initial stage, post-seismic
horizontal displacements directed towards the deep-
sea trench and post-seismic uplift were manifested
along a strike of 450 km (from the north of Urup
Island to Kharimkotan Island). Horizontal veloci-
ties in the immediate surroundings of the epicen-
tral zone reached 90 mm/yr, decreasing annually by
~30% (Fig. 3). Post-seismic displacements of the
Earth’s surface had almost ended at the URUP point
(Urup Island) by 2012, and at the KHAR (Kharim-
kotan Island) and KOST (Simushir Island) points
by 2014. A decaying post-seismic process with a
velocity of ~10 mm/yr was observed in 2015-2016
only at the KETO (Ketoi Island) and MATC (Matua
Island) points (Fig. 1).
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The viscosity of the asthenosphere is a fun-
damental but understudied property of the Earth.
Modeling of the transient process in the epicentral
zone of the Simushir earthquake doublet made it
possible to reveal the dependence of the Maxwell’s
viscosity of the asthenosphere on the velocity of the
observed post-seismic movement of the Earth’s sur-
face: the viscosity of the asthenosphere increased
by ~5 times from 2-10'7 Pa-s in the first year of ob-
servations (2008) to 1-10"® Pa-s in 2011 [12].

The asthenosphere viscosity, reaching
~1-10" Pa-s, manifested itself over several decades
after the strongest (Mw ~ 9) interplate earthquakes
of the 20th century: the 1960 Chilean earthquake
and the 1964 Alaskan earthquake [13, 14]. Howe-
ver, in the south of Kamchatka and the northern
Kuril Islands, post-seismic displacements after the
1952 Kamchatka earthquake were not recorded
50 years later [3, 15], which may indicate a lower
long-term viscosity of the asthenosphere in the Kuril-
Kamchatka subduction zone compared to other re-
gions. It will be possible to clearly estimate its value
by carrying out the future GNSS observations in the
epicentral zone of the Simushir earthquakes.
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Fig. 3. Time series of coordinates of the KETO GNSS station
(Ketoy Island). Vertical lines indicate the dates of the 2006—

2007 Simushir and 2013 Okhotsk earthquakes.
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The strongest (since 1990) volcanic erup-
tions on the Kuril islands arc confined to the
zone of manifestation of the post-seismic pro-
cess. A powerful explosive-effusive eruption of
Sarychev Peak volcano has occurred on Matua
Island (Volcanic Explosivity Index (VEI) = 4)
[16] in June 2009 (after 33 years of dormancy
and 2.5 years after the Simushir earthquakes
during the period of intense stress relaxation
process). The MATC autonomous station of
continuous observations, located on the island
7 km southeast of the volcano, has recorded the
displacement of the Earth’s surface during the
active phase of the eruption. The station shifted
by ~30 mm towards the volcano crater and sank
by ~40 mm.

An incidental effusive eruption began in
November 2012, after a 30-year dormancy pe-
riod, on Snow volcano (Chirpoi Island — the
south of the central Kurils). The active phase of
the eruption continued for four years (VEI = 3)
[16] during the completion of stress relaxation
in this area.

A powerful (VEI = 4) and sudden explosive
volcanic eruption on Raikoke Island (the central

Longitude

Displacement, mm

=100

2b07 : 20‘09 ! 20]11 20113 ! 20‘15 201‘7 years
Fig. 4. Time series of coordinates of the PRMH (Paramushir
Island) GNSS station. Vertical lines indicate the dates of the

2006-2007 Simushir and 2013 Okhotsk earthquakes.
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Kurils) began in June 2019 after 95 years of dor-
mancy [17]. It occurred at the stage of complete
decay of the post-seismic process in this part of
the Kuril island arc. Stress relaxation in the Earth’s
crust at various stages of the post-seismic process
in the epicentral zone of the Simushir earthquakes
can be assumed to be the trigger for powerful vol-
canic eruptions in the central Kuril Islands.

Current seismic deficit in the
subduction zone

Analysis of the interseismic (free from
earthquake influence) velocities of the GNSS
stations in the north and south of the Kuril is-
land arc allowed simulating the current coupling
of the Pacific and North American (Okhotsk)
lithospheric plates under the conditions of a
mechanically joint zone of their contact and as-
sessing the dynamics of stress accumulation in
the subduction zone. At present, an intense accu-
mulation of deformational stresses occurs in the
southern and northern parts of the Kuril subduc-
tion zone (Fig. 4). The width of the contact zone
of the lithospheric plates (along the dip) reaches
183 km in the area of Shikotan, and it is 104 km
at the PRMH point (Paramushir Island) [18].
Significant accumulation of elastic stresses in the
central segment of the subduction zone (from the
north of Urup Island to Kharimkotan Island) was
not observed after the Simushir earthquakes.

The areas of current seismic deficit in the Ku-
ril subduction zone have been identified based on
the cumulative displacement of interplate earth-
quakes with Mw > 7.0 for the period since 1990
[18]. The deficit of seismic displacement ranging
from 3 to 8.8 m (relative to the velocity of the
lithospheric plate convergence) is observed in two
extended areas: from the eastern part of Hokkaido
Island to the north of Kunashir Island (~ 200 km),
and from Onekotan Island to the south of the Ka-
mchatka Peninsula (~250 km). In the long-term
seismic prediction for the period from 2019 to
2024, the total probability of occurrence of seis-
mic events with magnitude M > 7.7 in these seg-
ments is 8.9 and 12.5%, respectively [19]. At the
same time, it should be noted that the March 25,
2020 Mw 7.5 Paramushir earthquake, which has
occurred beneath the outer slope of the deep-water
trench, increases the probability of a future strong
earthquake in the northern segment [11].
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Conclusion

The organization of a network of continu-
ous and periodic GNSS observations on the Kuril
Islands provided extensive material for studying
modern geodynamic processes in the Kuril sub-
duction zone. The performed observations made
it possible to obtain some new information about
the modern geodynamics of the region:

e models of the strongest seismic events, which
formed the basis for studying the mechanisms
and tectonic nature of their sources, were built,
as well as the geometric parameters of seismic
ruptures were estimated;

¢ the dynamics of the transient decaying process
caused by viscoelastic stress relaxation in the
epicentral zone of the 2006-2007 Simushir
earthquakes was studied, and the dependence
of the asthenosphere viscosity on the velocity
of the observed post-seismic movement of the
Earth’s surface was found;

e stress relaxation in the Earth’s crust at various
stages of a long-term post-seismic process
after the Simushir earthquakes can be a trigger
for powerful volcanic eruptions in the central
Kuril Islands;

e cstimate of the seismic potential of various
sections of the Kuril subduction zone based on
the modeling of modern mechanical contact
of the lithospheric plates, together with other
methods, contributes to a more accurate as-
sessment of the seismic hazard of the region.
In the future, the GNSS observations on the

Kuril Islands will make it possible to study in de-
tail the features of the modern geodynamics of the
region.

References

1. Zakharov VK., Vasilenko N.F., Naumov N.V. 1982.
Horizontal deformation of the earth surface on Sakhalin and
Shicotan islands. Tikhookeanskaya geologiya, (1): 119—-122.
(In Russ.).

2. Laverov N.P. (ed.) 1995. [The 1994 Shikotan earthquake:
epicentral observations and earthquake source]: Informat-
sionno-analiticheskiy byulleten’ FSSN. Moscow: JIPE RAS,
136 p. (In Russ.).

3. Steblov G.M., Kogan M.G., Levin B.V., Vasilenko N.F.,
Prytkov A.S., Frolov D.I. 2008. Spatially linked asperities
of the 20062007 great Kuril earthquakes revealed by GPS.
Geophysical Research Letters, 35(22): L22306. http://dx.doi.
org/10.1029/2008GL035572

4. Bykov V.G., Shestakov N.V., Gerasimenko M.D., Soro-
kin A.A., Konovalov A.V., Prytkov A.S., Vasilenko N.F,,

GEOPHYSICS. SEISMOLOGY 301

10.

11.

13.

14.

16.

Safonov D.A., Kolomiets A.G., Serov M.A., Pupaten-
ko V.V., Korolev S.P., Verkhoturov A.L., Zhizherin V.S.,
Ryabinkin K.S. 2020. Unified observation network for
geodynamic monitoring in FEB RAS: formation, 10 years
of development and major achievements. Vestnik of Far
Eastern Branch of Russian Academy of Sciences, 211(3):
5-24. (In Russ.). https://doi.org/10.37102/08697698.2020.
211.3.001

Dach R., Lutz S., Walser P., Fridez P. 2015. Bernese GNSS
Software Version 5.2: User manual. Astronomical Inst.,
University of Bern: Bern Open Publ., 862 p. https://doi.
org/10.7892/boris. 72297

King R.W., Bock Y. 2006. Documentation for the GAMIT
GPS software analysis version 10.3. Massachusetts Inst. of
Technology (MIT), 182 p.

Altamimi Z., Collilieux X., Métivier L. 2011. ITRF2008:
an improved solution of the international terrestrial refe-
rence frame. J. of Geodesy, 85(8): 457—473. https://doi.
org/10.1007/s00190-011-0444-4.

Fedotov S.A., Solomatin A.V., Chernyshev S.D. 2007.
A long-term earthquake forecast for the Kuril-Kamchatka
island arc for the period 20062011 and a successful forecast
of the Ms = 8.2 Middle Kuril earthquake of November 15,
2006. J. of Volcanology and Seismology, 1(3): 143-163.

Bourgeois J., Pinegina T., Razhigaeva N., Kaistrenko V.,
Levin B.V., Maclnnes B., Kravchunovskaya E. 2007. Tsu-
nami run up in the middle Kuril Islands from the great earth-
quake of 15 Nov 2006. In: EosTrans. American Geophysical
Union, Fall. Meet. Suppl., 88(52): Abstract S51C-02.

Steblov G.M., Ekstrom G., Kogan M.G., Freymueller J.T.,
Titkov N.N., Vasilenko N.F., Nettles M., Gabsatarov Yu.V.,
Prytkov A.S., Frolov D.I.,, Kondratyev M.N. 2014. First
geodetic observations of a deep earthquake: the 2013 Sea
of Okhotsk Mw 8.3 event. Geophysical Research Letters,
41(11): 3826-3832. https://doi.org/10.1002/2014GL060003

Prytkov A.S., Vasilenko N.F. 2022. The March 25, 2020 Mw
7.5 Paramushir earthquake and its impact on recent geody-
namics of the adjacent section of the Kuril-Kamchatka sub-
duction zone. Geodynamics & Tectonophysics, 13(3): 0641.
(In Russ.). https://doi.org/10.5800/GT-2022-13-3-0641

Kogan M.G., Vasilenko N.F., Frolov D.I., Freymueller J.T.,
Steblov G.M., Prytkov A.S., Ekstrom G. 2013. Rapid
post-seismic relaxation after the great 20062007 Kuril
earthquakes from GPS observations in 2007-2011. J. of
Geophysical Research: Solid Earth, 118(7): 3691-3706.
https://doi.org/10.1002/jgrb.50245

HuY., Wang K., He J., Klotz J., Khazaradze G. 2004. Three-
dimensional viscoelastic finite element model for post-seis-
mic deformation of the great 1960 Chile earthquake. J. of’
Geophysical Research: Solid Earth, 109(B12): B12403.
https://doi.org/10.1029/2004JB003163

Suito H., Freymueller J.T. 2009. A viscoelastic and afterslip
postseismic deformation model for the 1964 Alaska earth-
quake. J. of Geophysical Research: Solid Earth, 114(B11):
B11404. https://doi.org/10.1029/2008JB005954.

. Biirgmann R., Kogan M.G., Steblov G.M., Hilley G., Le-

vin V.E., Apel E. 2005. Interseismic coupling and asperity
distribution along the Kamchatka subduction zone. J. of Geo-
physical Research: Solid Earth, 110(B07): B07405. https:/
doi.org/10.1029/2005JB003648

Rybin A.V., Chibisova M.V,, Degterev A.V. 2018. Monitoring
of volcanic activity in the Kurile Islands: 15 years of work

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)


http://dx.doi.org/10.1029/2008GL035572
http://dx.doi.org/10.1029/2008GL035572
https://doi.org/10.37102/08697698.2020.211.3.001
https://doi.org/10.37102/08697698.2020.211.3.001
https://doi.org/10.7892/boris.72297
https://doi.org/10.7892/boris.72297
https://doi.org/10.1007/s00190-011-0444-4
https://doi.org/10.1007/s00190-011-0444-4
https://doi.org/10.1002/2014GL060003
https://doi.org/10.5800/GT-2022-13-3-0641
https://doi.org/10.1002/jgrb.50245
https://doi.org/10.1029/2004JB003163
https://doi.org/10.1029/2008JB005954
https://doi.org/10.1029/2005JB003648

Geodynamic GNSS observations on the Kuril Islands

SVERT group. Geosistemy perehodnykh zon = Geosystems
of Transition Zones, 2(3): 259-266. (In Russ.).

17. Degterev A.V., Chibisova M.V. 2019. The eruption of Rai-
koke volcano in June of 2019 (Raikoke Island, Central Ku-
ril Islands). Geosistemy perehodnykh zon = Geosystems
of Transition Zones, 3(3): 304-309. (In Russ.). https://doi.
org/10.30730/2541-8912.2019.3.3.304-309

18. Levin B.W., Prytkov A.S., Vasilenko N.F., Frolov D.I. 2020.
The contemporary seismic deficit in the Kuril-Kamchatka

06 aBTOpax

Bacunenko Hukonaii ®exopouu (https://orcid.org/0000-0003-
1591-9071), kanAuAAT TEXHUYECKUX HAyK, BEAYIIHIA HAYYHBIA CO-
TpynHUK, MHCTHTYT MOpCcKo# reonoruu u reogusuxu IBO PAH,
IOxH0-CaxanuHck, n.vasilenko@imgg.ru

IpeiTkoB Anexcanap Cepreesnu (https://orcid.org/0000-0003-
4488-1682), xanaumar (GpU3NKO-MaTeMaTHYSCKUX HayK, BELYIUWit
Hay4YHBIH COTPYIHHK, HCTHTYT MODPCKO#l T€0JIOrHH U re0hH3UKK
JBO PAH, FOxHo-CaxanuHck, a.prytkov@imgg.ru

®posoB JAmutpuii Uropesuu (https://orcid.org/0000-0002-
7262-0386), kanauaaT GU3MKO-MAaTEMaTHIECKUX HAyK, CTap-
1M Hay4HbI COTPYNHUK, DU3UKO-TEXHUUECKUN UHCTUTYT UMEHHU
A.®. Nobde PAH, Cankr-TletepOypr; ¢ 01.06.2022 o 30.11.2022
CTapIlUii Hay4YHbIN cOTpYITHUK MHCTUTYTa MOPCKOM Ieooruu 1 reo-
¢uzuxu [IBO PAH, I0xH0-Caxanunck, dm.frolov@mail.ioffe.ru

Iloctynuna B penakiuio 16.11.2022
ITocne peuensupoBanus 25.11.2022
[punsra k myomukarwm 01.12.2022

GEOPHYSICS. SEISMOLOGY

subduction zone. Doklady Earth Sciences, 491(2): 277-281.
https://doi.org/10.1134/S1028334X20040108

19. Fedotov S.A., Solomatin A.V. 2019. Long-term earthquake
prediction (LTEP) for the Kuril-Kamchatka island arc,
June 2019 to May 2024; properties of preceding seismic-
ity from January 2017 to May 2019: The development and
practical application of the LTEP method. J. of Volcanology
and Seismology, 13(6): 349-362. https://doi.org/10.1134/
S0742046319060022

About Authors

Vasilenko, Nikolay F. (https://orcid.org/0000-0003-1591-9071),
Cand. Sci. (Engineering), Lead Researcher, Institute of Marine
Geology and Geophysics of the Far Eastern Branch of RAS,
Yuzhno-Sakhalinsk, n.vasilenko@imgg.ru

Prytkov, Alexander S. (https://orcid.org/0000-0003-4488-1682),
Cand. Sci. (Physics and Mathematics), Lead Researcher, Institute
of Marine Geology and Geophysics of the Far Eastern Branch of
RAS, Yuzhno-Sakhalinsk, a.prytkov@imgg.ru

Frolov, Dmitry I. (https://orcid.org/0000-0002-7262-0386),
Cand. Sci. (Physics and Mathematics), Senior Researcher,
Ioffe Physical-Technical Institute, RAS, Saint Petersburg; from
01.06.2022 to 30.11.2022 Senior Researcher of the Institute of
Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk,
dm.frolov@mail.ioffe.ru

Received 16 November 2022
Revised 25 November 2022
Accepted 1 December 2022

302 GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)


https://doi.org/10.30730/2541-8912.2019.3.3.304-309
https://doi.org/10.30730/2541-8912.2019.3.3.304-309
https://doi.org/10.1134/S1028334X20040108
https://doi.org/10.1134/S0742046319060022
https://doi.org/10.1134/S0742046319060022
mailto:n.vasilenko@imgg.ru
mailto:a.prytkov@imgg.ru
mailto:dm.frolov@mail.ioffe.ru
https://orcid.org/0000-0003-1591-9071
mailto:n.vasilenko@imgg.ru
https://orcid.org/0000-0003-4488-1682
mailto:a.prytkov@imgg.ru
https://orcid.org/0000-0002-7262-0386
mailto:dm.frolov@mail.ioffe.ru

FEOMH®OPMATUKA. [EOTEKTOHUKA N FEOQUHAMUKA. [TAIEOrEOrPA®USA

TEOCUCTEMbI MEPEXOAHbLIX 30H, 2022, 6(4)

© AsTop 2022 . OTKpbITbIA JOCTYM.

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

YK 551.248.2,551.89

© The Author 2022. Open access.

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

https://doi.org/10.30730/gtrz.2022.6.4.303-315.316-327

https://www.elibrary.ru/pylmpf

MogenupoBaHne HanpsKeHHO-A4eOPMNPOBAHHOIO COCTOSHUS
3eMHoM Kopbl 0. CaxanuH: BNnsiHUE rmapon3octasnm

P. @. byneakos
E-mail: r.bulgakov@imgg.ru

Hncmumym mopcrou eeonoeuu u eeopusuxu JJBO PAH, IOxcno-Caxanunck, Poccus

Pecbepat. B pabore npeanpuHsaTa MONbITKA OTBETUTh HA BOIPOC O POJIM BKJIAJa THAPOU30CTA3UHU B HAPSHKEHHO-
JIe(OpPMUPOBAHHOE COCTOSIHUE 3eMHOW Kopbl 0. CaxanuH. OneHKa BKJIaJa THMIPOM30CTa3HH BBIMOJHSIACH ITyTeM
MOZEIMPOBAaHHSI METOIIOM KOHEUHBIX dneMeHToB. CeTka-Mell Juis pacyera ObUIa IMOCTPOEHA C HCIOJIb30BaHHEM
pCaNBHBIX 3HAYCHWH TITYOWHBI MOBEPXHOCTH T'paHUIBI Moxo U Tomorpaduu 3eMHON moBepxHOCTH 0. CaxXaiwH ¢
MPUJIETAIONIMMU 1IeNnb()OBbIME ydacTkaMu. [Ipu pacdyere yuuthiBaiachk LlenTpanbao-CaxanuHCKas pa3IoMHas 30Ha.
MonenupoBairch OTAeFHO TOPU30HTAIBHBIE CMEIeHHs B pe3yabrare nedopMalii 1 TOPU30HTAIbHBIE CMELICHUS
COBMECTHO C BepTHKalbHbIMH. CpaBHEHHE pe3yJIbTaTOB MOJCIMPOBAHUS HAMPSKCHHO-IAC(HOPMUPOBAHHOTO
COCTOSIHHSI C yYETOM TOPH3OHTAJIbHBIX CMEIICHWH M B KOMOWHAIIMKA C BEPTUKAIBHBIMH CMEIICHUSAMHU CO BCelt
OYEBHUIHOCTBIO [IEMOHCTPHPYET 3aMETHBIM BKIAJ THAPOU30CTA3MU B HAMPSDKCHHO-AS()OPMHUPOBAHHOE COCTOSIHUE
3eMHOM KOpBI paiioHa 0. CaxaiuH.

KntoueBble cnoBa: ruapon3ocTasus, HalpsHkeHne, e opMaIiii, BepTUKAIbHBIE IBIKEHHS, pa3ioM, Elmer, meton
KOHEYHBIX JIEMEHTOB

Modeling of the stress-strain condition of the Earth’s crust
of Sakhalin Island: impact of hydroisostasy

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

Abstract. The paper attempts to answer the question about the role of contribution of the hydroisostasy to the
stress-strain state of the Earth’s crust on the Island of Sakhalin. The hydroisostasy contribution was estimated by
simulation by means of finite element method. The mesh grid for the calculation was constructed using the real
values of the depth of the Moho discontinuity surface and the topography of Sakhalin Island with adjacent shelf
areas. The calculation took into account the Central Sakhalin fault zone. Lateral displacements as a result of strain
and lateral displacements combined with vertical ones were simulated separately. Comparison of the results of the
stress-strain state simulation, taking lateral displacements and their combination with vertical ones into account,
clearly demonstrates the significance of the hydroisostasy contribution to the stress-strain state of the Earth’s crust
in the Sakhalin region.

Keywords: hydroisostasy, stress, strains, vertical movements, fault, Elmer, finite element method
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BBepeHue

B cepennne XX B. ObIJIO YCTaHOBJIECHO, YTO
MOCJIeNEeIHUKOBasl TpaHCTpeccus, 0COOEHHO Ha
3aBepIlaoIIeM JTane, HauuHass ¢ 6 ThIC. JeT
Ha3aJ, UMeja HEOJMHAKOBBIM CIIEHApuil U He-
PaBHOMEPHYIO CKOPOCTh HACTYIUICHHS MOpPS B
pa3nuyHbIX palioHax MmupoBoro okeana. bazo-
BBIMHU paccMmarpuBaiuch cueHapun @. Illenap-
na u P. @eitpopumxka. llenapn [1] mpennonaran
IIJIABHOE MOBBIIIEHUE YPOBHS MOPSsi, KOTOpPOE, MO
ACUMITOTE, JOCTHUIJIO COBPEMEHHOIO YPOBHS,
HO HUKOTJa He mpeBblmano ero. Ero onmoneHt
@eiipbpux [2] mpennoku1 albTepHATUBHOE
MIPEACTABIEHHUE O XOJE€ TPAHCIPECCUU — C OCLIUJI-
nauusamu. [lo @eitpOpumxky, ypoBeHb MupoBo-
ro okeana 5.0 u 3.7 ThIC. JI.H. IPEBBICUII COBpE-
MEHHBIN Ha 3—4 M, a Jajnee mocie psjaa MEJIKUX
ocumwisiuuit 2.3 u 1.2 ThIC. JI.LH. aMIUTUTYAOU
+1.5 M BepHyJicd K ypOBHIO OJIM3KOMY COBpe-
MEHHOMY.

Pemenue pans oOcCyxagaeMoro mpoOTHBO-
peuusi MpeIOKUI KOJIJIEKTUB HCCleqoBaTene
J. Clark et al. [3]. Onu pa3paboranu mMonenb C
y4€TOM H3MEHEHHUH T'paBUTAMOHHOTO TOJS B
pe3yibpTaTe nepepacrpeneseHuss mMacc Jplaa u
BOJbl HA MOBEPXHOCTU 3E€MJIM NpPHU YHIPYTHX U
BSI3KO-YIIPYTUX PEOJIOTHYECKUX CBOMCTBAX 3€M-
HOM KOpbI M1 MAaHTUHHBIX ciioeB. [Ipu pacuere B
MOJZIEIM BBIYUCIIANIACH pa3HHUIA MEX]Y BOIHOM
MOBEPXHOCTHIO MOPSI U TBEPJ0M MOBEPXHOCTHIO
MOPCKOIO JIHa JJi 3aJJaHHOT0 MOMEHTa Bpeme-
HU. B nmanpHeimeM pacdeT Moiydus Ha3BaHUE
«pellIeHue ypaBHEHUS MOPS».

OTH aBTOpPBI TaKXkKe BBIACIIIN Ha MOBEPX-
HOCTH 3€MJIHM 30HBI CO CXOXHMH CIICHAPUIMHU
X0/la TOCIHEJIeAHUKOBOH TPAHCTPECCUH, T.C.
30HBI, B KOTOPBIX YPOBEHb MOPS MPEBBIIIAI CO-
BPEMEHHBIN, 30HBI, B KOTOPBIX YPOBEHb MOPs
MOHU3MUIICA, U JIp. Becero Obu1o BhIZEIEHO 6 30H.
B nmanpreimeM, Ha OCHOBE 3TOW PabOTHI, YHC-
JIEGHHO€ MOJEIUPOBAHUE X0/1a TOCIIEIEAHUKOBOM
TPaHCTPECCUU COBEPUIEHCTBOBAIOCK. [losiBHIICS
TEPMUH THUIPOU30CTA3Ms, OBUIA OTKPBHITHI Ta-
KHe SIBJICHHS, Kak ocean siphoning («mepekady-
Ka» okeaHa), continental levering (momHsTHE
KOHTHUHEHTA) [4].

CaxanuH, SBJISISICH OCTPOBOM M pacrioyiara-
SCh BHE 30H I'PaBUTALIMOHHOTO BO3/IEHCTBUS Macc
MOKpOBHBIX JieqHUKOB (far field zone), He moaBep-
rajcsi BAUSHUIO NIALMOU30CTa3uu, HO HE MOT M3-
0exaTh THAPOU30CTATUIECKUX BO3ICHCTBHIA.
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Haubonee n3ydeHHbII MHTEpBal BpEMEHH,
Ha KOTOPOM ITPOU30IIJI0 U3MEHEHHE YPOBHs Mu-
poBOro okeaHa amruTyaoud B 120 m, — 310 10O-
cinennue 20 Thic. JeT. B 3TOT mepuon mocne mo-
CIIEIHETO MaKCHUMyMa IOKPOBHOTO OJIECHEHUS
(Banpaiickoe Ha Pycckoii mnargopme, Biopm B
3araJHOEBPOIEHCKOM peruoHe, BuCKOHCHH B
CeB. Amepuke, Capranckoe B Cubupu), npu Ko-
TOPOM B JIEIHUKax 3amep3 00beM BOJbl, DKBU-
BAJICHTHBIM TOHWKEHUIO ypoBHS Mops Ha 100—
120 M, HayaOCh TastHUE MOKPOBHBIX JIETHUKOB U
nornoyiHeHue MupoBoro okeaHa BOJOM C MOBBILIE-
HUEM YPOBHS MOpEH U OKEaHOB JI0 COBPEMEHHOTO.

SIBneHue ruApon30CcTa3sun U3y4aeTcs MeTo-
JaMH YUCIICHHOTO MojenupoBanus [4—7].

B nannoif paGore mpeanpuHATa MOMBITKA
nccaea0Barh BiIusHUE 3 Pexra ruIpon30CcTa3uu
Ha COBPEMEHHbIE AedopMallii 3€MHOIl KOpBI U
noJisl HanmpsbKeHU Ha Tepputopun CaxalvHa U
NPUJIETAIOIIKX aKBATOPUH MTPU HATUYUU ITTyOUH-
Horo paszioMa. [lons Hanps KeHUN WILTIOCTPUPY-
1orcs kodhurmentom Jlone—Hanan.

B nHacTosimiee BpeMs npoioiKaoTcs uccie-
JIOBaHUA 10 YTOYHEHHIO O0beMa MOCTYIUICHHS
BOABI B MHpOBOM OKeaH 3a Bpems Hocienen-
HUKOBOW TpaHcrpeccuu. Hampumep, nocnensss
sBcTatudeckas kpusasi [CE-7G NA (VM7), co-
BMECTHO C MapaMeTpaMH BA3KOCTHOW MOJENIH
MaHTHH, YTOUHEHA U MpeaiokeHa B padote [8].
OTa neTanu3upoBaHHas KpUBasl X0Aa TpaHCIpec-
CHUHU XapaKTepu3yeT HarpyKeHHE MOBEPXHOCTH
nHa MUpoBOro okeaHa, HO /1JIsl OLIEHKU pearupo-
BaHMS Ha 3TO 3€MHOW KOPBI 1 MAHTUHHOIO CJIOS
HEOOXOMMO TMPOAHATU3UPOBATH TOJIHBIM UK
Harpy>KeHus—pasrpyxxeHus. YToObsl mOTy4YUThH
MIOJIHBIM LIMKJ, HAMU MOJENMPOBAJIOCh CHaJyaia
HarpykeHue MpUJIeTaoMMNX aKBATOPUH CI0EM
BOJIBI C yBeJIMUEHUEM ryOuHs! 10 120 M Ha npo-
TsokeHUH 20 ThIC. JIET, 3aT€EM Ha TPOTSIKEHUU CIIe-
ayromux 20 ThIC. JIeT pa3rpyXeHue 10 TTyOUHBI
0 M. Tak Kak IeTanbHBIN X0 U3MEHEHHUI YPOBHS
MupoBoro okeaHa sl PEbIIyIIUX 310X B Ta-
KO JK€ CTETEeHH JIeTaIbHOCTH, KaK JUIsl 9BCTaTH-
yeckoit kpuBoit ICE-7G _NA (VM?7), He ycTaHOB-
JIeH, TO Harpy>KeHHE U pa3rpyKeHHe BHIMOTHSIIH
10 JIMHEWHOMY 3akoHy. T.e. MoxenupoBasach
cuTyauusi, OIu3Kas K MEXIJIETHUKOBOM TpaHC-
IPECCUH, NEPEXOMALIEH B PETPECCHI0 MOpS —
3a00p BO/ABI M3 OKEaHa B IOKPOBHBIE JIETHUKH.
«YpaBHEHHE MOps» IPU 3TOM HE PEIMIAIOCH.
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OctpoB CaxanuH, pacmojiarasch Ha CTBHIKE
Amypckoii n OXOTOMOpPCKOM TEKTOHMUYECKUX
IUTUT, B CyOMEpHUIMOHAJIbHOM HalpaBlIeHUH pac-
cekaeTcs pa3JioMHOU 30HOMU [9—15], koTOpas re-
HEpHUPYET OCHOBHYIO CEHICMUYECKYIO aKTUBHOCTb.

Ha BceM mpoTsbKeHHH pa3IOMHOM 30HBI 00-
Hapy’KeHbl aKTUBHBIE pa3iioMsl [9, 11, 16].

NMocTpoeHne moaenu

Ha ocnoBe mannbpix O6atumerpuu Topex
(https://topex.ucsd.edu/cgi-bin/get data.cgi) u
rpanuibl Moxo u3 06as3el gaHHbix Crust 2.0
(https://igppweb.ucsd.edu/~gabi/crust2.html),
ajanTupoBaHHbIX It OXOTOMOPCKOTO permo-
Ha [17], 6puta moctpoeHa 3D-cetka (mesh) mns
pacuera METOAOM KOHEYHbIX ayieMeHTOB (MKD).
Jis MmonenupoBanus 6b11 BBIOpaH yyacTok Oxo-
TOMOPCKOTO peruoHa B IHpeaenax KOOpAHWHAT
139-147° B.n. u 45-55° c.u. (puc. 1). IToctpo-
€HUe CEeTKH (pHcC. 2) BBIIOJHAIOCH B IPOrPaMM-
HBIX TaKeTaX C OTKPBITBIM KOJAOM U OTKPBITHIM
noctynom Salome (https://salome-platform.org/)
u FreeCad (https://www.freecadweb.org/). baru-
MeTpHusi U rpanunia Moxo ObulM B3SITHI B ITPOEK-
uuu UTM-54 na WGS-84. Certka npeacraBiisieT
coboii mapasutenenunen co croponamu 5 000 u
10 500 kM, ryounoit 430 kM. B nenTpanbHOi
YacTH CETKU — IMOBEPXHOCTH, MOCTPOCHHBIE Ha
OCHOBE JIaHHBIX O OaTMMETPUH U TOBEPXHOCTH
rpaHuibl Moxo. BepxHuii cioil B 3TOM 4acTu,
MoIIHOCTBIO OT 10 110 40 kM, —3eMHas Kopa, HUX-
HUuM cioil 10 mryOuHbl 430 kM — clloil BepxHei
maHTHU. Pa3perienue rpuaa mudpoBoi Monenu
MOBEPXHOCTEH, MO KOTOPOH CTpOMJIaCh CeTKa-
Mer, B3aT0 50 kM. M30bITOUHBII 00bEM TOCTPO-
€H 10 CTOpOHAaM Mapa’luielienuIe/a HeHTpaIbHOM
YacTW Uil YCTPAHEHHs BIMSHHUS B3auMOJICH-
CTBHS C OOKOBBIMHM TpaHHMIiaMu Moxaenu. llen-
TpaJibHas YacTh NapajulesenuIeaa NpeacTaBaseT
co00l IPSIMOYTOJIBHBIM y4acTOK CO CTOPOHAMH
500x1050 xm (puc. 2). MonenupoBanue B AaH-
HOM CJIy4yae UMeeT HEKOTOPYIO aHaJIOTuIo ¢ pabo-
tamu [18, 19], B KOTOpBIX MOJIEAMPOBAIUCH MO
HaIlpsSDKEHUH B 3€MHOM KOpe ABCTPaJIMIICKOrO
KOHTMHEHTA, CO37JaBa€Mble JIaBJIEHUEM CO CTOPO-
HbI OKPY’KaIOIIUX JIUTOC(HEPHBIX TUIUT.

IIpu MopemupoBaHUM U3MEHEHUM YPOBHs
MOpSI B 3IIOXH CMEHBI JIEAHUKOBUN MEKJIETHUKO-
BbSIMH OOBIYHO PACCUMUTHIBACTCS W3MEHEHHE Ha-
IPY3KH B pe3ysbTare nepepacipeaeneHus JeI0BbIX
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MTOKPOBOB U BOABI MUPOBOTO OKEaHa Ha 3€MHYIO
KOPY M MaHTHUIO JI0 siipa. YYeT BCEe MaHTUMHOMN
TOJILM HEOOXOAMM B Clly4ae ONUCAHUS MaHTHH-
HBIX CJIO€B B BHUJIE BSI3KO-yNPYroro marepualna,
Toraa B AedopManuy BOBJIEKAaeTCs MaHTUA Ha
BCIO TNIYOMHY J10 HI)KHETO MAaHTHUITHOTO CIIOSI.

55°.m.
139°B.11.

55°.m.
147°B.11.

 45%..
147°8.1.

45°.11.
139°e.1.

Puc. 1. Cuctema pasnomon Caxanusa B uHTepnperaruu A.1. Ko-
)KypuHa [11]. [OpH30HTaNBHBIMU IITPUXaMH ITOKAa3aHO MOJIOXKE-
HUE PETMOHAIBLHON NPaBOCIBUIOBOM 30HBI. Ha Bpe3kax crnpasa —
MIPUHLUINATIBHBIC MOJEIH MOIEPEYHOTO CEYESHUsI 30HbI B Pa3HBIX
yactax noausatus ocrposa: CC — Ceepo-Caxanunckuii, 3C — 3a-
nagHo-Caxamuackuid, LIC — ILenrpansHo-CaxanuHCKUN CerMeH-
Tol 30HbI. Ha Bpeske crieBa BBepXy — cxeMa KyIHCHOTO Pacroo-
JKEHHsI CerMEeHTOB B30pocoBoii LleHTpanbHo-CaxaarMHCKOH 30HbI.
Pucynok 3ammcTtBOBaH U3 aBTOpedepara auccepranuu A.M. Ko-
KypuHa [11].
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B namewm ciyuae, Korja 1eabi0 MOJEITHUPOBAHUS
SIBIISIETCS BIMSIHUE pa3jioMa Ha SBOJIOIUIO YIIPY-
rOi 36MHOM KOpBI, MAaHTHsI TOXKE OIHCHIBAETCS
KaK ynpyrui marepual, Tak 4To HET HeoOXo1u-
MOCTH YYMUTBIBaTh AepopMalIiy Ha BCIO IITyOUHY
U yIOpOXKaTh YUCICHHBIA pacueT. [IoaTtomy mo-
JIeNb JUIS pacyeTa MOCTPOCHA TOJIBKO Ha TTyOu-
HY BEpXHEH MaHTHUH, KOTOpas, 1Mo JaHHbIM [20],
HaxoauTcs Ha rryoune okono 400 km. Tak yTo
Obuta npuHsATa n1youHa 430 kM.

B Salome ana renepupoBaHUs CETKU HC-
nons3oBaica ainroputm NETGEN 1D-2D-3D
reaepatopa cetok-mem NETGEN (https://
github.com/NGSolve/netgen). DnemMeHTH LIS
CEeTKM OBUIM COCTaBIEHbl U3 KBaJAPaTUYHBIX
TeTpa’apoB (quadratic tetrahedrals). CeTka co-

nepxut 2504 y3na u 13 743 snementa. st co-
KpaIIeHHs] MAITHHHOTO BPEMEHH CYeTa pa3Mephl
3JIEMEHTOB CETKH YBEJIWYEHbI OT LIEHTpa K Kpa-
M U B II1yOUHY.

Mopenb ceTku BKIOYaeT 2 cios (cM. Tad-
TUIY).

Crnoil «3emHast Kopa» COCTaBJIEH M3 JIBYyX
OTJIEJIBHBIX TEJ, KOTOPbIE Pa3/esIoTCs MJI0CKO-
CTSIMHU «pa3JIOMHOU 30HEI. KoHurypamus pas-
JIOMHOW 30HBbI, PEICTaBICHHAsA HA pUC. 1, B34Ta
u3 pa6otsl [11, puc. 17]. Yron HakiI0Ha MIOCKO-
cTu «paznoma» 80° ¢ mageHUeM Ha 3amnaj. Yrou
HaksioHa B 80° ObUT BEIOpaH COTMIACHO OIEHKAM,
caenanHbiM A.M. CyBOpoBBIM aJi YIJIOB Ha-
KJIOHA ITYOMHHBIX pa3iomoB [23]. OH BblaensET
JBa THNa MTyOWHHBIX Pa3jIOMOB, MEPBbIE — 3TO

Puc. 2. Cerka-Men, NOCTPOEHHAs M pacyeTa HalpsHKeHHO-1e(pOPMUPOBAHHOTO COCTOSIHUS IIPU HAJIMYMU PA3IOMHOHN 30HBI Ha 0. Ca-
XaJIMH MOJI BO3/ICHCTBHEM JIBIKEHUSI 3eMHON KOopbl OXO0TOMOPCKOH T, CTpenKkaMy YepHOTO LIBETa YKa3aHbl HAIPaBJICHUS JABIKEHUS
MOBEPXHOCTEH (¢ BOCTOYHOH CTOPOHBI KPACHOTO 1IBETA, C CEBEPHOH CTOPOHBI CKpbITa). [10 yCI0BUAM MOJIEIUPOBAHHS IBHKEHHUS BIIOJIb
CTpenok npoposkanuck 40 Thic. et ¢ ammuTyn0i 80 M ¢ BocToka u ceepa. Jlist UMUTaLMK BIUSHUA dQdeKTa THIPON30CTa3uH Ha I10-
BEPXHOCTH KPBUIbEB Pa3jioMa Ha ydacTkax Hinke 0 M MOAEIHPOBAINCH CMEILEHHS 0 BepTHKay BHU3 20 ThIC. JIET ¢ aMIutuTynoi 10 M u

3areM BBepX 20 ThIC. JIeT ¢ aMIIUTyRoi 10 M.

Tabauna. XapakTepucTuKy 3eMHON KOPBI M MAHTHH, IIPUHSTHIE B paboTe JJIs TOCTPOCHUST MOJEIIH

I'paBuTamnus
Cioit Mo1HOCTb €104, HJ'IOTH03CTL, Koaddurment Moz[yJIL1 1cz[BI/Ira, e
KM KI/M ITyaccona x10" ITa p
TIAICHU), M/C
3eMHas Kopa 30-38 3233.6 0.49 0.45 9.987630567
BepxHusasa manTus 430 3367.12 0.49 1.9941 9.939356456
Ipumeuanue. 3HaueHNs B3ATH OCPEAHEHHO U3 pador [21, 22].
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IyrooOpa3Hble, XapaKTepHble, Hampumep, I
ME30KallHO30MCKHUX PAa3JIOMOB KPYIHBIX CTPYK-
Typ, Takux Kak I[lamup u I'mmanaun, umeromme
ymisl HakinoHa 40-60°, m BTOpbBIE — 3TO pas-
JIOMBI MEHBIIIETO MacmTaba u OoJee MPSIMOIHU-
HeliHble, ¢ yrioM HakioHa 80-90°, Hanpumep
mTyOMHHBIN pa3iioM coceacTByromero ¢ Oxoro-
Mopckoii mnToit Cuxor3-Anuns. B Gonee mo3a-
HUX paboTax [24] HET KOHKPETHOU OIICHKH yTia
HakIoHa XoKKailno-CaxaauHCKONW CUCTEMbl Ha-
pyLIEHUH, HO W HEeT yKa3aHuW Ha Ooiiee moJio-
I'Uil yrosl HakjaoHa cucTteMbl. OLleHKa HAaKJIOHA B
75—85° AnpenoBCKOTro pasyioMa, B FO)KHOW YacTH
[TenTpanbHo-CaxaJIMHCKON pa3JIOMHOM 30HBI,
MCII0JIb30BaHa TaK)Ke MPHU MOCTPOECHUU reoMexa-
HUYECKON MOJIEIN aKTUBHOTO pas3jioMa 0XKHOTO
Caxanuna [25].

Crnenyetr oroBOpUTHCS, YTO MOAEIb IOCTPO-
€Ha Kak yIpyroe Teino, 6e3 yueTa BSI3KOCTHBIX Xa-
PaKTEPUCTUK MAHTUIHOTO CJIOSI.

Pacuer

Pacuer npoBenieH B MporpaMMHOM TaKeTe ¢
OTKPBITBIM KOJIOM U B cBOOOIHOM jaoctyre Elmer
(https://www.csc.fi/web/elmer). Moxenuposa-
HUE BBITIOJIHSUIOCH B PEKUME TCUCHUS BPEMCHH
(transient), BpemenHoit mar — 1000 net. Ilmo-
CKOCTh, OTpaHWYHMBAIONIAs TPaBOE, BOCTOYHOE
KPBLJIO CJI0SI «36MHOM KOPBI» C BOCTOYHOM CTOPO-
HbI, 0003HAaYeHHAsA HA PUC. 2 KPACHBIM IIBETOM,
cMelaiack Ha paccrosinue 80 M 3a IPOMEKYTOK
BpemMeHu 40 ThIC. J€T B HaNpaBJICHUHU, YKa3aH-
HOM CTpeiKkoi, Ha 3anaja. CUHXPOHHO C JIBHXKe-
HUEM IUIOCKOCTH B HAINPAaBJICHUU C BOCTOKA Ha
3anaj MIOCKOCTh, OTPAaHUYMBAIOIIAS BOCTOUHOE
KPBLJIO pa3jioMa C CEBEPHOI CTOPOHBI, JBUTAIIACH
Ha 0T C TaKo# ke ckopocThio (puc. 2). Tak kak
00BEKT MOJEIH TpPEACTaBIsAeT coboil He abco-
JIIOTHO XKECTKOE TEJI0, a UMEET PEOJOTHYEeCKUe
CBOICTBA, CXOJHBIE C 3€MHON KOpOW, a TaKxke
nedopmupyeTcs He Ha TIAAKOW MOBEPXHOCTH, a
Ha MOBEPXHOCTH, MTOBTOPAIOIIEH rpaHuily Moxo,
TO HET BO3MOXHOCTHU OIMCHIBaTh MPOLECC KaK
CMEIIIEHUE JKECTKOTO, HelaehOpMUPYEeMOro BOC-
TOYHOTO KpbLIA U MPUXOJUTCS TOBOPUTH O HE-
KOTOPOM CYMMapHOM BEKTOpE IMEepeMEIICHUN B
BOCTOYHOM Kpbuie. CyMMapHbIi BEKTOp mepe-
MEIIEHUN Moydymiicss o ymioMm 45° u ckopo-
CTBIO OKOJIO 2.8 MM/T0f, 4TO COBIIAJAET C OIEH-
KON COBPEMEHHBIX CKOPOCTEH TOPHU30HTATBHBIX
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CMEIIIeHNI 3eMHOW moBepXHOCTH Ha CaxanuHe
[0 pe3yjbTaTaM Ieofe3UYeCKUX H3MEPEHUU
[26, 27].

VYuuteiBasi, 4TO aMIIUTYIbl BEPTUKAIbHBIX
NBWKEHUHN, OLIEHEHHbIE M0 Mayeoreorpaguye-
CKUM PEKOHCTPYKIUSAM CIIEZIOB IPEBHUX Oepero-
BBIX JIMHUM Ha MoOepexbsix 0. CaxaauH B IEPUO
MIOCJIEJIEHUKOBON TPAaHCTPECCUU U TOJIOLEHE,
He npeBbimaoT 10 M [28], nus uMuTanuu Ha-
TPYXEHUSI B pe3yJbTaTe JIeTHUKOBBIX—MEXKIIE-
HUKOBBIX DPETPECCHUBHBIX W TPAHCTPECCHUBHBIX
M3MEHEHUN ypoBHA MHpOBOro oOkeaHa OBbLIO
MPUHATO, YTO «3€MHasi MOBEPXHOCTBHY», pacIio-
JIO)KEHHAsT HW)XXE COBPEMEHHOIO YPOBHS MODS
(T.e. MOpPCKOE JAHO MPU OTCYTCTBUH BO3ACHCTBUA
Ha CyXOIyTHYIO 4acTb OCTpPOBa), IIpeTepIeBala
MAaKCHMaJIbHbIE CMEIICHUA ¢ aMIUIUTYynou 10 m
B HampaBJI€HUM CBEpPXY BHU3 Ha MNPOTKEHUHU
20 TBIC. JIET ¥ B HAPaBJICHUU CHU3Y BBEPX B IO-
cienytoniue 20 TbIC. JET.

AMIUTUTY]a «CYXOMYTHON» TOBEPXHOCTH
0. Caxanuu Morya npereprneBaTh BEPTUKAJIbHbBIE
nedopmali 3a CYET PEOJIOTMUECKUX CBOWCTB
3eMHOH KOPBI, KOTOpasi u3rubanach, cienys cMme-
LIEHUSM TTOBEPXHOCTH JHA MPHJIETAIOIINX aKBa-
TOPUM, U BO3JAEHCTBUS 3a CUET «IIEPETEKaHUI»
MAaHTHUMHOTO BEIIECTBa M3-10J] aKBaTOPHUH, HC-
MBITHIBAIOIINX BEPTUKAJIBHOE HArpy>KeHHE, MO
cywy. ITpu sToM no amrmiuTyne ABUKEHUIN 00-
mas nepopmanusa cymu CaxanuHa, MO OXKHUIa-
HUSIM, He NpeBbICUT 10 M.

AHaJIOTMYHAas OLEHKAa TMOTrPYXEHHs  IO-
BEepXHOCTH JHa B —10 M Obula moslydeHa mHpu
3D-mopenupoBanuu 3pdexra TUIpPOu30CTa3UH
C BA3KO-YINIPYroi peojiorueil Matepuana MaHTHH
g OXOTcKoro Mopsl npu Harpy:xeHun 120-me-
TPOBBIM CJIOEM BOHI [29].

[Ipn MonenupoBaHUM HCIIONIB30BAJICS MpPEN-
YCMOTPEHHBI B IPOrpaMMHOM I[aKeTe Marema-
TUYECKUN UHCTPYMEHTAPUH.

Pemienne cuctemMbl JMHEHHBIX YypaBHE-
HUK AedopMalii BBIMOIHIOCH UTEPAUSIMHU
0000IIIEHHOTO METO/a COMPSIKEHHBIX HEBSA30K
(GCR) mnocne mnpuMeHeHHs HpenoOyciaBiIu-
Bareneil HemosHOW (QakTopusanuu Kpwuioa
(ILU2) B monyne Finite Elasticity (koHeuHas
nedpopmanms). st 1ECKpeTH3alu BO BpeMe-
HU ucnonb3oBaics metoq BDF (dbopmyna 06-
paTHOM auddepeHnnanu) BTOPOro Mopsijka,
000OIEHHBIE METOJ MHHHMAaJIbHBIX HEBI30K
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(http://www.nic.funet.fi/pub/sci/physics/elmer/
doc/ElmerSolverManual.pdf).

Bce cTOpoHBI MoOmenM B HIDKHEM CJIO€,
BKJIFOUAsi CTOPOHBI HUKHETO CJ0s, COCTaBISIO-
IIMe TPAHUIy BEPXHETO CJIOS «3EMHOW KOPBI»,
OBLITM 3aKpeIUIeHbl Kak HemoaBuxkHBIE. [Ipemen
CXOAMMOCTH UTepanuii 011 yctanosmeH 107,

KonTakTHOE B3aMMOIEWUCTBUE IUIOCKOCTEU
B «Pa3JIOMHOH 30HE» MOACIHUPOBAJIOCH C MOMO-
b0 mortar-metona. Mortar-mMeTo1 — YUCIICHHBIH
METOJ JUCKPETHU3AIMH HETPEPHIBHBIX (YHKIIHIA
st perieHust U epeHalbHbIX YpaBHEHUI
C YAaCTHBIMH IPOW3BOIHBIMH. METOI HCITOJIB3Y-
eTcsl Ui JTUCKPETU3allMU HEeTepeCeKaIIMNXCs
MoT9acTell 0OIIEro Tea MOJCIH CETKH-MEeI JIs
CTBIKOBKH HECOTJIACOBAHHBIX CETOK, B JIaHHOM
clIydae MPEACTABISIONUX COOOH KPBUIbS pas-
noma (https://www.nic.funet.fi/pub/sci/physics/
elmer/doc/ElmerModelsManual.pdf).

Pe3ynkrathbl

Nnmoctpanyuu Ha puc. 3 HaAISIAHO JI€MOH-
CTPUPYIOT pa3iuuus B 3HaYCHUAX JedopMariuii
[P BO3JEHCTBUM BEPTHKAJIBHBIX CMEIICHUN M
P HMX OTCYTCTBUU. PUCYHOK MIUIIOCTpPHUpYET
pacueTHble TOPU30HTAJIbHBIE CMEILIEHUS B UHTEP-
Basbl Bpemenu 10, 20 u 40 Teic. neT npu OTCYT-
CTBUU BO3ACHCTBUSA BEPTUKAIBHBIX CMEIICHUH
«MOPCKOTO JJHa» MPUJIETAIOLIUX aKBaTOPUI U ro-
PU30HTAJIBHBIE CMEILIEHHUS 34 T€ K€ BPEMEHHBIE
MHTEpBAJIbl, HO B KOMOMHALIUU C BO3JEHCTBHEM
BEPTUKAIBHBIX CMEUIEHUN «MOPCKOTO JIHAa», C
ammuMTygo 10 M B HanpaBiI€HUM BHHU3, HHXKE
ormeTtku 0 M, Ha npoTskeHnu 20 ThIC. J€T U 3a-
TeM Cc aMIUIMTy0il 10 M B HampaBleHMM BBEpPX
eme 20 ThIC. J€T.

Tengenuun B neOpMUPOBAHUM HIIITIO-
CTpUpYIOTCS Ha rpadukax puc. 4 — U3MEHEHUs
3HAQUCHUN aMIUIMTYJ NEPEMEILECHUH, CHATBIX Ha
KOHKPETHBIX MOBEpXHOCTAX 0. CaxanuH 1o obe
CTOPOHBI PA3JIOMHOM 30HBI. MeCTONOIIOKEHUS
TOYEK yKa3aHbl TOYKAMH PO30BOTO U 3EJIEHOTO
nBera Ha puc. 3 u 5. PaccrossHue mexnay Tod-

kamu 100 km. Ha puc. 4 a noka3aHbl CMEILICHUS
TOYKHA OTHOCHUTEJILHO CHUCTEMbI KOOPAUHAT MOJle-
JIU B pe3yJibTare MOCTYNaTeIbHOr0 TOPU30HTAIb-
Horo nBwkeHUs (XY) OOKOBBIX IMOBEPXHOCTEH
CJIOSl «3€MHOM KOPBI» B CyMMapHOM FOTO-3amaj-
HOM HAIIPaBJICHUU U HEMOABU)KHOTO TMOJOKEHUS
OOKOBBIX IOBEPXHOCTEH C 3amaJHOW W HOKHOU
CTOPOHBI CJIOSI «36MHOM KOpbD». I'paduk nemMon-
CTPUPYET CMEILIEHUS B MECTE, YKa3aHHOM 3eJle-
HOM TOYKOH Ha puc. 3. MakcuManbHble TOPU30H-
TaJbHbIE CMEUICHUS B pe3yibTare JaedopManuu
3a 40 toIc. MeT mocturau —0.43 M, MaKCUMalbHEIC
BEpPTHUKAJIbHbIE CMELEHUs cocTaBuiau —0.27 M.

I'paduk 4 b mokaspIBaeT CMEIICHUS B Me-
CTe, YKa3aHHOM PO30BOM Toukoil Ha puc. 3. Mak-
CUMaJIbHbIE TOPU30HTAJIbHBIE CMEILEHUS B pe-
3ynbrate Aedopmannu 3a 40 ThIC. JIET JOCTUTIN
—6.0 M, a MakCUMaJIbHbIE BEPTUKAJIbHBIE CMEIIIe-
Hust — +1.0 m.

3aMeTHO OTJIMYHBIA OT OMHMCAHHOTO Xapak-
TE€p CMEIIEHUH TOro K€ MecTa JEMOHCTpUPYET
rpaduk Ha puc. 4 ¢, rae K ropu30HTAIBHO-TIO-
CTymareabHbIM JedopmarusiM J100aBICHBI Bep-
TUKaJlbHBIE JeQopMalud — MOJIOBUHY BpEMEHU
B HaIlpaBJIEHUU BHU3 U BTOPYIO TOJOBHHY B Ha-
npaBieHuu BBepx (XYZ). I'paduk mokasbiBaeT
TOPU3OHTAJbHBIE CMEUICHHsS] B pE3ylIbTare Je-
dbopmaruu 10 —4 M Ha TpoTsbKeHUU 20 ThIC. JeT
U 3aT€M Ha NpoTshkeHUH eie 20 ThIC. JIeT — BO3-
BpaT TOYKH, HO HE 1O Ha4aJIbHOM OTMETKH B 0 M,
a TOJIBKO JI0 OTMETKH OKo0JI0 —1 M. BepTukanbHele
cMeleHus gocturaioT —10 M 1 Bo3BpanaroTcs Ha
HYJIEBBIE OTMETKH.

Ha puc. 4 d BugHO, 4TO Ha BOCTOYHOM KPBI-
JIe pa3JIOMHOM 30HBI B yCJIOBUSIX KOMOMHHUPOBaH-
HOTO BO3JIEHCTBHUS TOPU30HTAJIBHBIX M BEPTH-
KaJIbHbIX cMmelneHnit (XYZ) B MecTe, yka3aHHOM
TOYKOM PO30BOIO 1IBETA, FTOPU3OHTAJIBHBIE IIEpe-
MeleHus: Aocturaior —10 M U BO3BpalarTCs
Ha —9 M aMIUIMTYZbl cMelleHuil. BepTukanbHbie
cMmenleHus pocruraror —10 M, mocie 4ero Bo3-
Bpamarorca Ha 0 M.

Puc. 3. Paccuurannsie TOPHU30HTAJIbHBIC CMCUICHUS: CJIEBA — 0e3 yu€Ta BJIUSHUA BEPTUKAJIIbHBIX CMeU.[eHPIﬁ, CIipaBa — C YYETOM BIIMAHUSA

BEPTUKAJIBHBIX CMEIICHUH.

(a) 3HaueCHHSI TOPU3OHTAIBHOTO BEKTOpa cMeleHus (ikana Later disp, B MeTpax) B pe3y/bTrare ABHKCHHS OOKOBBIX IMOBEPXHOCTEH €
BOCTOYHOM U ceBepHO# cTopoHs! 3a 10 ThIc. neT; (b) To ke, Ho 3a 20 ThIC. JeT; (c) To e, Ho 3a 40 Thic. net. [llkana cmemmennit 1 Bcex

BPEMEHHBIX HHTEPBAJIOB YKa3aHa eIfHAas IS yI00CTBa CPAaBHEHNSI.
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Puc. 4. Cmemenus ropusontansHbie (Lat disp) u Bepruxansusie (Vert disp) (B MeTpax) Ha nporspkenuu 40 ThIC. JIeT:

(a) u (b) — mpu BO3EHCTBUN FOPH30HTATIBHBIX CMEICHHH, Ha 3aI1a/THOM KpPbLIE pa3JIOMHOI 30HBI B MeCTe, 0003HAYEHHOM 3€JICHOH
TOYKOH (@), ¥ Ha BOCTOYHOM KpbLIe Pa3JIOMHOHN 30HBI B MecTe, 0003HaueHHOM p030BOH TOUKOH (b).

(c) u (d) — mpu Bo3AEHCTBUY TOPU3OHTAIBHBIX CMELIEHHI B KOMOMHAIMHY C BEPTUKAIBGHBIMY Ha 3aI1alHOM KpPBUIE PAa3JIOMHON 30HBI B
MeCTe, 0003HAUCHHOM 3€JICHON TOYKOM (C), M Ha BOCTOYHOM KPBLIE Pa3IOMHOM 30HBI B MECTE, 0003HAUCHHOM PO30BO# TOuKoit (d).

MecToronoxeHus TOYeK, Ha KOTOPBIX CHATHI 3HAYCHUs, YKa3aHbl TOUKAMH 3€JICHOTO M PO30BOTO IBETa Ha PUCYHKaX 3 U 5.

AHaNIU3 HAMPSHKEHHOTO COCTOSHUS 36MHOM
Kopsl 0. CaxanuH psiJ aBTOPOB WLTIOCTPUPYIOT
pacupenencauem kodpdunuenta Jlone—Haman
[13, 14, 30].

[To pesynbraram aHainu3a MOJIEH Hamps-
KEHUM, pa3BUBAIOIIUXCS BO BPEMEHU MPHU MO-
NeTMpoBaHUU JnedopMaluii, HAMU TAKXKE BHI-
noinHeH pacuer kodddunuenta Jloge—Hanau
(puc. 5u 6).

Ha puc. 5 a moka3ano pacnpenenenue Ko-
s dunmenta Jlome—Hamam nns ciydasi TOJNIBKO
MOCTYIAaTENbHBIX TOPU30HTANBHBIX JAedopma-
ui, 0e3 KOMOWHUPOBAHUS C BEPTHKAJIbHBIMHU.
Pe3ynbrat, B 001IeM, HHTYUTUBHO OXHAAEM —
Ha IPOTSHKCHUU BCETO PACYETHOTO OTPE3Ka Bpe-
MeHHM 3HadeHus kodpoununenta Jlome—Hanau
COXPaHSUIHCh MOCTOSSHHBIMH. JTO BUJHO W Ha
rpadukax puc. 6 a, b, KOTopble HITIOCTPUPYIOT
3HaueHus1 kodddunuenta Jlone—Hanau B TOY-
Kax Ha npotspkeHuu 40 ThIC. JeT.

Ha puc. 5 b, ¢, d aemoHcTpUpyIOTCS U3-
MEHEHHs B paclpeqencHuu KodhdunueHTta
Jlone—Hanau miist BpemeHHbix otpeskoB 20, 33
u 40 ThIC. JIET IPU YCIOBUHU BO3JEUCTBUS BEP-
THKAJbHBIX CMCIICHUH.
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I'padux Ha puc. 6 ¢ MOKa3bIBACT CIOKHOE
TIOBEJICHUE TTOJIsI HANIPSKCHUS Ha 3a11aJHOM KPbI-
Jie pa3IoOMHOM 30HBI (3eeHas TOYkKa Ha puc. 3
u 5). [Ipu HarpyxeHun — oOcTaHOBKa OJM3Ka K
CIBUTY, TOCJE 3alycKa pasTpyXKeHHS B BEpPTH-
KaJbHOM HaINpaBJIEHUU 3HAYCHUS KOAPPUIIUCH-
Ta BapbUPYIOT OT CKATHS K PACTSHKEHHIO.

I'paduk Ha puc. 6 d wiTrFOCTPUPYET HEM3MEH-
HoCcTh Kod(hduumenta Jlome—Hamam mis orpeska
BpeMeHnu 20 ThIC. JIET Ha BOCTOYHOM KPBLJIE Pa3IoM-
HOU 30HBI (pO30Basi TOUKa Ha puC. 3 U 5), a 3areMm,
KOTJIa BEPTUKAJIbHBIE 1e(hOpMALI MEHSIOT 3HAaK Ha
TIPOTUBOTIOJIOXKHBIA, 3HAUYCHUST KOI(PUIIMCHTa Ha-
YUHAIOT MEHATHCS OT CKATUS K PACTSDKEHHIO.

Crnenyer OTOBOPHUTBHCS, YTO TpauKH Ha
puc. 6 WLTIOCTPUPYIOT IBOIIONKIO0 KOAhDUILIHEH-
Ta MCKIIOYUTEIHHO B JIBYX TOYKAX, TOTAA KaKk Ha
BCEM TPOCTPAHCTBE MOJEIH TPEICTABICHBI BCE
BO3MOKHBIE TEOJAMHAMHYECKUE BapHaHTHI: CKa-
THSI, YUCTOTO C/IBUTA, PACTSDKEHMS, @ HA HEKOTO-
PBIX YYacTKax OHHU JaXXe CMEHSIOT JpPYyT JApyTa.
[TosTomy rpaduku 3HadeHni Ha puc. 6 He Xapak-
TEpU3YIOT BCE I0JIE HAPSHKEHUH 10 MOJEINH, HO
CBHUJICTEICTBYIOT O 3aBUCHMOCTH HANPSHKEHHOTO
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Puc. 5. 3nayenus kodpduunenta Jlone—Hanau: (a) npu ropu3oHTaIBHOM CMELICHUH, 0€3 BO3ACHCTBHS BEPTHKAJIBHBIX IBIKCHUII,
(b) TO XK€, ¢ yueToM BO3ICHCTBHS BEPTHKAIBLHOTO ABMKEHNUS ¢ aMITUTY0# 10 M B TeueHue 20 ThIc. JieT; (¢) TO ke, UTO 1 Ha puc. b, mocie
33 ThIC. IET BEPTUKAILHOTO JBIKEHHS, U3 HUX C aMIUIMTYA0i 10 M B HanpapieHHH BHU3 B npojomkeHne 20 ThIC. JIET U C aMILIUTY0H
10 M B HampaBlieHUH BBepX ocTaBiueecs Bpems; (d) To ke, 4To U Ha puc. b, mocie 40 ThIC. J€T BEPTUKAIBHOTO BO3JCHUCTBUS, U3 HHUX C
amruTynoi 10 M B HampaBIeHHH BHU3 B NpoaoibkeHue 20 ThIC. JIET ¥ ¢ aMIUIUTyAoi 10 M B HampaBieHUH BBEPX OCTaBILIEECS BPEMsL.
KpacHble TMHUY Ha PHCYHKE — ITIOCKOCTH Pa3pe30B, IOKa3aHHBIX Ha puc. 7.

COCTOSTHUSI CPEJIBI OT BEPTUKAIBHBIX Ae(opmanui,
BBI3BaHHBIX A(h(HEKTOM THIPOU30CTA3UM.

O6cyxaeHune

[To oueHkam, MOTYYEHHBIM B BBICOKOCEMHC-
MUYHBIX pETHOHAX, TAKUX KaK SIMOHCKHE OCTPOBa,
n-oB KaMuarka, WHTE€pBajg MOBTOPSIEMOCTH CHJIIb-
HBIX 3eMJIETPSICEHUI MOXKeT Jocturarb 9—20 ThiC.
net [31-33]. s o. CaxanuH UMEIOTCS NIpeaBapu-
TEJbHBIE OLICHKM BO3pAacTa CHUJIbHBIX MaJIEOCEiC-
Muueckux coobiTnid. Ha pasznome Llentpansao-Ca-
XQJIMHCKOW 30HBI BO3pacT MOCIEIHUX MOIABUKEK

GEOINFORMATICS. GEOTECTONICS AND GEODYNAMICS

ouieHuBaercs B 3.7 ThIC. 1.H., B CeBepo-Caxanus-
CKOM 30H€ — B 4-5 ThIC. JI.H. [9, 11, 34]. YuuTsiBas,
4yTO0 HauboJsee N3yYeHHbIN HHTEpBaJ BpeMEHH, Ha
KOTOPOM ITPOMCXOJWIO TOBBIIIEHNE YPOBHA Mu-
poBoro okeana Ha 100-120 m, a ciemoBareibHO,
¥ U3MEHEHHE Harpy3Kd BOJHOTO CTOJ0a Ha MOp-
cKkoe JHO, — 3T0 20 THIC. JIET, MOXXKHO BHICTb, YTO
MOBTOPSIEMOCTh  3€MJIETPSICEHUI BIIOJIHE COpa3-
MEpHa JUTUTEIBHOCTH TOCTENeIHUKOBOM TpaHC-
I'PECCHH.

Jpyrum nokasareneM ceiCMUYECKON aKTHB-
HOCTH Pa3JIOMOB sIBJIsiETCS slip rate — cpeaHsis CKo-
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Puc. 6. U3amenenus xoaddunuenta Jlone—Hanau (BepTukaibHast OCb):
(a) u (b) — mpH rOPU3OHTANBHBIX JBHKCHUAX MOBEPXHOCTH O€3 BO3CHCTBHS BEPTUKAIBHBIX IBHKCHUI Ha 3alaJHOM KPbUIC Pa3-
JIOMHOH 30HBI B MECTE, YKA3aHHOM TOYKOW 3€JICHOTO IBeTa (a), U Ha BOCTOYHOM KPBUIC PA3JIOMHOU 30HBI B MECTE, YKa3aHHOM TOYKOM

po3ogoro ngeta (b).

(¢) u (d) — npu BO3IEHCTBUU BEPTHKAIBHBIX JABUKEHUI MMOBEPXHOCTH B PE3yJIbTaTe UMUTALMK T'MAPOM30CTA3UM HA 3arlaHOM
KpbLIE Pa3JIOMHOM 30HbI B MECTE, YKa3aHHOM TOUYKOM 3€JIEHOTO 1[BETa (C), U Ha BOCTOYHOM KPbLIE Pa3JIOMHOM 30HBI B MECTE, YKA3aHHOM

TOYKO# po3oBoro 1Bera (d).

MecTtonosoxeHus TOYECK, Ha KOTOPBIX CHATBI 3HAYCHU S, YKa3aHbl TOUKaMH 3€JICHOTO U PO30BOI'0 LIBETA HA PUCYHKaAX 3us.

pocTh cMmeleHus o paziomy [35, 36]. Slip rate
paccuuThIBaeTCA Kak CyMMapHasi aMIUTUTya CMe-
IIEHUH 110 pa3JIioMy 3a BpeMs, B KOTOPOE CMellle-
HUS TPOUCXOJUIN TIO TMaIe0CEUCMOIOTHIECKIM
JAHHBIM, U B pE3YJIbTaTe MOJy4aeTCs CPEIHSISI
CKOPOCTh CMEIIICHHS TI0 Pa3jioMy 3a HECKOJIBKO
TBICSY WM JaXKe NEeCATKOB ThICAY JIeT. MeXxaHuka
JBIDKEHUHN 10 pa3jioMaM JeTajbHO PacCMOTpEHa
B MoHorpadusx [37, 38].

OueBHAHO, YTO CEHMCMHMYCCKAas aKTHUBHOCTH
pa3ioMOB, UMEIOUIUX Pa3HbIE CPETHUE CKOPOCTHU
CMEIIEeHUHN, pa3NiiyHa, YTO BBIpAXKAETCA B pas-
JUYUSX MarHUTY/ 3eMJICTPSCCHUH U MHTEPBAJIOB
MOBTOpsieMOCTU. B JaHHOM ciydae 4uCIEHHOE
MOJICJIMPOBAHUE [IJISI PEOJIOTHUYECKUX U TeoMe-
TPUYECKHUX YCIIOBHM, CXOXKHUX C 3¢MHON KOpOH U
BEPXHHUM CIIOEM MaHTHH CaXalMHCKOTO OJIOKa,
MOKa3bIBACT OUEBHIHYIO PA3HHIY B CMEIICHUSIX
Ha KpbUTbsxX LlenTpanpHo-CaxannHCckoi pa3ioMm-
HOM 30HBI (puc. 3 u 4) npyU CpaBHEHUU TOPU30H-
TQJIbHBIX BO3JECHUCTBUHA C TOPU3OHTAIBHBIMU B
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KOMOMHAIINH C BEPTHKAJIbHBIMHU, UMUTHPYIOIIH-
MU BKJIaJl TUAPOU30CTA3UH.

[TomyueHHble B pe3ynbTaTe YUCIEHHOTO MO-
nenupoBaHus JedopManuu Ha IUIOCKOCTH pas-
aoma (puc. 7 a, b), KOTopsle, 1O CyTH, SBISIOTCS
aMIUIUTYIOM CMELIEHUW [0 Pa3ioMy, 3aMETHO
pasznuuarorcs. Ecian cMmelienus Ha pasiioMe Npu
TOPU30OHTAJILHBIX BO3JEHCTBUAX (puc. 7 a) B
KOHKPETHOM MECTE COCTAaBJISIIOT HECKOJIBKO CaH-
TUMETPOB, TO B CIy4ae KOMOMHUPOBAHHOTO BO3-
nerctBus (puc. 7 b) amMIuMTyna CMEIIeHHH J10-
CTUTaeT HECKOIbKUX METPOB.

CelicMOTEKTOHNYECKAs! aKTUBHOCTB, B CBOIO
ouepe/lb, BIUSET Ha BEPTUKAIbHBIC IBUKCHUS B
OeperoBoii 30He, Kak 3TO MPOU30IILI0, HAIPUMED,
BO Bpemsi HeBenbckoro 3emuerpsacenus 2007 r.
[39], uepe3 usrubanue aepopMUpyeMOl yIpy-
roil 3eMHOM KOPBI PU CEHCMUYECKUX COOBITUSX.
Jedopmaruu, BeI3bIBAIONINE CMEILIEHUS HA pa3-
JoMe, He OTPAaHWYUBAIOTCS TEPPUTOPHEI Hero-
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- 3.0e+00

displacement Z

Puc. 7. Bug pa3pe3oB Moenun, IEMOHCTPUPYIOIINX BepTHKanbHble cMenienus (displacement Z), B TOM 4KCIie Ha MIIOCKOCTH Pa3jioMa,
B pe3ynbrare 20 ThIC. JIET TOPU30HTATIBHBIX BO3ICUCTBHH (a); KOMOMHHPOBAHHBIX TOPH30HTAIBHBIX H BEPTHKAIbHBIX Bo3aeHcTBHH (b).
MecTomnonoxeHue MIOCKOCTeH pa3pesa MoKa3aHO KpacHeIMHU THHUSAMHU Ha puc. 5 d. CTpenka 1 yka3slBaeT Ha INIOCKOCThH Pa3ioMa,

cTpenka 2 — Ha rpaHuiy Moxo.

CPEICTBEHHO y pa3yioMa, a IPOUCXOAAT Ha OOJIb-
IIOM PAcCTOSIHUM, JOCTHUrasi OeperoBod 30HBI.
[Tono6ubIe nedopMaluy ONPEAETSIOT FBOIIOLHIO
penbeda npuOpexKHOM 30HbI, B IIpejiesiax KOTOpoi
OOBIYHO PACHOJNIOKEHBI OCHOBHBIE XO3SIHICTBEH-
Hble HHQPACTPYKTYPHI.

OneHku mousis HampspKeHUH mo ko3dduuu-
ety Jlone—Hanau nns o. CaxanuH, BBINOJIHEH-
HblE 10 pe3y/lbTaTaM aHajiu3a COBPEMEHHBIX
3emiieTpsacenui [13, 14, 30], muroctpupyrot
«MTHOBEHHYIO», B T€0JIOTMYECKOM CMBICIIE, T€0-
JTMHAMHYECKYI0 0OCTaHOBKY B 36MHOU KOpe. DTO
IIO3BOJIIET OLIEHUTh XapaKTep reOAMHAMHUYECKOU
00CTaHOBKM B HacTosimuii MoMeHT. [Ipu pacuete
xe Kod(hduimenTa mo pesyabTaraM MOJCITHPO-
BaHUSl UMEETCS BO3MOYKHOCTH MOIYYHUTH LIEJIbIN
CIIEKTp U3MEHEHHUH T0JIs HANIPSIKEHUN BO BpeMe-
HU. B Hamewm ciydae Nojry4eHo NpOCTPaHCTBEH-
HOE pacrpe/ielieHne 3HaueHU koapduiineHTa ue-
pe3 kaxapie 1 ThIC. neT Ha npoTsbkeHuu 40 ThIC.
JIET B PA3JIMYHBIX AMHAMUYECKHUX YCIOBUSAX — IO-
PU30HTAJIBHOTO CYKaTHsl, TOPU3OHTAJIBHOIO CKa-
TUSl B KOMOMHALIMU C BEPTUKAJIBHBIM. JTO M03BO-
JISI€T CPAaBHUBATH I10JI1 HAIIPSKEHHOTO COCTOSTHUS
B 3aBUCHMOCTH OT BJIUSIHHS BHEIIHUX (PaKTOPOB,
HaIlpuMep U3MEHEHHI ypoBHS MHpOBOro okeaHa
IIPY CMEHE JIEAHUKOBBIX MEPUOJOB MEXKIICTHUKO-
BbSIMH, U OLICHUTD BIMSHUE TAaHHBIX (PAaKTOPOB Ha
pacrpeneneHre nojs HanpsokeHu. Pucynku 5 u
6 HaIAHO IEMOHCTPUPYIOT PAa3IMUUE B pacIpe-
JICJIEHUN U TMHAMUKE T10JIs1 HAaIpsDKEHUS B 3aBU-
CUMOCTH OT KOMOMHALIMU BO3AECHCTBUS BHEIIHUX
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¢dakTopoB Ha OJOK 3eMHOU KOphl U MAaHTUHHOTO
CJ10s1 U3y4aeMOU TEPPUTOPHUH.

3HaueHUs1 HAUOOJIBIIIETO U3 TVIABHBIX HAIPS-
KEHUM, G,, MEHAIOTCSA B UHTEPBAJIE OT HECKOJIb-
KHX JIECATKOB JI0 HeCKONbKUX Thicsad MIla, uto
HE MPOTUBOPEUYUT 3HAYEHUSM, MOJYyUYCHHBIM Ha
tokHOoU vactu llenTpanbHo-CaxalnmHCKOTO pas-
noma (LICP) B pabote [25], XOTs M0 F0KHOM YacTH
[ICP ucnonp3oBanack 6onee neTaau3upoBaHHAS
MOJIeNIb C 00JIee HU3KUMHU PEOJIOTUYECKUMH Ta-
pamerpamu. Takass CXOAMMOCTh HE3aBUCHMBIX
pe3yAbTaTOB CBUIETEIBCTBYET O XOPOLIEM MO/I0-
OWM MOJIeNIeH peallbHBIM yCIIOBHSIM.

Koapdbunuent Jlone—Hamanm wmimoctpu-
pyeT CMeHy IreOJJUHAMUYECKON 0OCTAaHOBKH MPHU
W3MEHCHUHU HaIpaBJIeHUs] BO3JAEUCTBUSA CO CTO-
ponsl BHemHHuX (aktopoB. [lepectpoiika momns
HaIpsKEHUS! MPOUCXOUT MPU CMEHE Hampasiie-
HHUSI BEPTUKAJIBHBIX BO3JCHCTBUI, UMUTHPYIO-
[IUX TUAPOU30CTA3HUIO.

OtaenbHOTO W3ydeHHs] TpedyeT paccMmo-
TPEHHE METacTaOWJIBHOTO COCTOSHHUS pasjioMma,
KOTJ]a «CaM MOMEHT JAMHAaMHUYECKOTO CpbIBa BO
MHOTOM CJTy4aeH U MOXKET OMpeAesaThCs BHEII-
HHMHU IO OTHOILIEHUIO K 04aroBOM 30HE, MOPOH
JIOBOJILHO CJIa0BIMU BO3ACUCTBUSAMH... IcTOUHU-
KaMU TaKUX KPaTKo- U CPEAHECPOUHBIX JIOKAIb-
HBIX (IyKTyalnuii HampsH>KEHHOTO COCTOSHUS
MOTYT OBITH Je(hOpMaIlMOHHBIE TTPOLIECCHI B CO-
CeIHUX 00JIACTAX, BO3JICHCTBUE 3eMJIICTPSICCHHIA,
MPUIMBBI U OKEaHWYECKash Harpyska, MarmaTu-
YECKHWE MHTPY3UHU, aHTPOIOTE€HHAs] aKTHBHOCTh
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B BHUJE HAIOJHEHUs PE3epByapoB, FOPHBIX pa-
00T, MH)KEKIUU U OTKAYKU (PIIOHI0B, KPYIHBIX
B3PBIBOB, a TaK)K€ CE30HHbIE (AKTOPHI, TaKHe
KaK CHeropas Harpyska, U3BMEHEHHE YPOBHS BO-
noxpaHuiuil U T.1.» [38, c. 260]. B aTom cmbIc-
Jie THAPOM30CTa3usl B pe3ysbTaTe H3MEHEHHS
ypoBHsi okeaHa Ha 100—120 M Ha mpoTsKEHUH
20 ThIC. JIET SABIAETCS YK€ HE «CIIa0bIM», a CKO-
pee «CUIBHBIM» BO3JEHCTBUEM B POJIM TPUITE-
pa ceiicMuueckux coObITUi. Pesynbprarsl pac-
yeta kodpdunmenta Jlone-Hanau (puc. 5 u 6)
HalISIIHO JE€MOHCTPUPYIOT PEe3KOe H3MEHEHME
reoJJMHaMUYEeCKON CUTyallul IPU UMUTALUU d-
(dexTa TUIPOU30CTA3UH, UTO HE MOXKET He IpHU-
BECTH K JUHAMUYECKOMY CPBIBY I10 Pa3jIoMy.

K coxanenuto, B 1aHHOH paboTe HE yaanoch
MIPUMEHUTh ONMCAHNE MAHTUWHBIX CJIOEB B BUJIE
BSI3KO-3JJaCTUYHOTO MaTepualia, 4To MO3BOJIUIIO
OBl yuyecTb BpPEMEHHbIE 3aJEPKKU peaKCaluu
MOCJ€ ChEeMa BEPTUKAJIBHBIX CKUMAIOMIMX Je-
dbopmanmii. Ho npencraBnenne BepxHEro MaH-
TUHHOTO CJI0sI KaK yNpyroro Marepuania mo3Bo-
JIUJIO OMPENEIUTh TEHJIEHIIUU B paclpeaeIeHuu
HaMpsKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUSL B
3€MHOU KOpE.

B Hacrosiee BpeMsi HET KOHCEHCyca Cpeau
uccienoBareie 0 MPOXOKIECHUN MEKILUIUTOBOM
rpaHulbl MeXIy AMypckoil 1 OXOTOMOPCKOM
IUTUTaMH B FO’KHOM yacTu CaxanuHa, IOATOMY B
MoJieH OblIa MPUHITa KOMIPOMHUCCHAS TTO3UIIUS
Pa3IOMHOI 30HbBI, B KOHQUTYpALIUU KaK Obl MEX-
Iy JBYMS IOJIOKEHUSIMH.

BbiBoAabI

YucneHHOE MOJAETUPOBAaHUE, BBIMOJIHEHHOE
JUIsE MOP(OJIOTUYECKUX U PEOJIOTUYECKHUX YCIIO-
BUI, CXOXKUX C CaXaJMHCKUMH, MPOJIEMOHCTPU-
pOBAJIO CIIEAYIOLIUE PA3IUYUS MOAEIUPYEMBIX
00CTaHOBOK FOPU3OHTAIBHOIO CHKAaTUSI U KOMOU-
HUPOBAHUSI TOPU3OHTAIBHOIO CXKATHsI C MEHSIO-
LIMMHCS] BO BPEMEHU Ha MPOTHUBOIOJIOXKHbBIE BEp-
TUKaJIbHBIMU BO31€HCTBUSMU:

* aMIUTUTYAbl CMEIIEHUI 3aMETHO Pa3IudHbI
JUTSL IBYX MOJIEIMPYEMBIX CIIy4aes;

* MOJSl HaNpsDKEHUH pPa3iInyvaroTcss MO aM-
IUTUTY/I€ TPU TOPU3OHTAIBHOM CXKATUU U
KOMOMHHMPOBAHUU FOPU30HTAIBHOIO U BEp-
TUKAJIBHOTO C)KAaTHs, HO COXPAHSIOTCS He-
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W3MEHHBIMH B IEPHOJ] OOCTAHOBKH CHKATHS;

* M3MEHEHHUs B HANpPaBJIE€HUH BEPTUKAIBHOIO
BO3JIEHCTBUSI TMPU COXPAHEHUHM TOPHU30H-
TaJIbHOTO IPUBOJAT K U3MEHEHUSIM B TUHA-
MHUYECKOH 00CTaHOBKE;

* pasnuuus B AepopMaluaX Ha KPbUIbSAX pas-
JIOMHOM 30HBI, a TaK)Ke Ha CaMOM IIOCKO-
CTH pazjioMa IPeICTaBISIOT COO0H aHAIOT !
MPUHATHIX B MAJEOCEHCMOJIOTHH CPEIHUX
CKOpocTel cMelleHuid mo pasnomy (slip
rate) U MpeanojaraloT pasziudyue cercMmo-
aKTUBHOCTH Ha pa3jioMe B YKa3aHHBIX JBYX
YCIIOBHUSIX;

* IS METAacTaOMILHOTO COCTOSIHUS pa3jioMma
MpeAnoaraeTcss IMHAMUYECKUN CPBIB MPHU
W3MEHEHUH Mo HanpspkeHui. [lockonbky
B pe3yJbTaTe BBHINOJIHEHHOTO MOJEINPOBa-
HUSA SIBHBIM 00pa30M MOJYyY€HO U3MEHEHUE
HaIpsKEHHOTO COCTOSHUS, TO HENb3sl UC-
KJIIOYaTh JJIs BEPTUKAJIBHBIX Jedopmaruit
BCJIEAICTBUE THUIPOU30CTa3UM POJU TPUT-
repa IMHaMUYECKUX CPBIBOB Ha pa3jioMax.
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Abstract. The paper attempts to answer the question about the role of contribution of the hydroisostasy to the stress-
strain state of the Earth’s crust on the Island of Sakhalin. The hydroisostasy contribution was estimated by simulation
by means of finite element method. The mesh grid for the calculation was constructed using the real values of the depth
of the Moho discontinuity surface and the topography of Sakhalin Island with adjacent shelf areas. The calculation
took into account the Central Sakhalin fault zone. Lateral displacements as a result of strain and lateral displacements
combined with vertical ones were simulated separately. Comparison of the results of the stress-strain state simulation,
taking lateral displacements and their combination with vertical ones into account, clearly demonstrates the significance
of the hydroisostasy contribution to the stress-strain state of the Earth’s crust in the Sakhalin region.
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Introduction

In the middle of the XX century, it was founded,
that the postglacial transgression, especially at the
ending stage, later than 6 ka ago, had different
scenarios and uneven rate of sea advance in
various areas of the World Ocean. F. Shepard and
R. Fairbridge scenarios were considered as basic.
Shepard [1] assumed a gradual rise of sea level to
reach the present meaning by the asymptote, but
never exceeded it. His opponent, Fairbridge [2]
proposed an alternative conception of oscillations
presence in the transgression course. According to
Fairbridge, the World Ocean level has exceeded the
present one by 3—4 m 5.0 and 3.7 ka ago, and then
returned to the meaning close to the present after
a series of small oscillations with an amplitude of
+1.5m 2.3 and 1.2 ka ago.

The solution for the discussed contradiction
was offered by the J. Clark et al. [3]. They developed
a model taking into account the changes in gravity

field resulting from redistribution of ice and
water masses on the Earth’s surface at elastic and
viscous-elastic rheological properties of the Earth’s
crust and mantle layers. The model calculated the
difference between the sea surface and solid seabed
for a given time moment. Later, this calculation
was called ““solution of the sea level equation”.

These authors also identified six zones with
similar scenarios of the postglacial transgression
on the Earth’s surface, i.e. the zones where the
sea level had exceeded the present one, the zones,
in which it had decreased, etc. Six zones were
identified in total. Further, the numerical simulation
of the postglacial transgression was improved on
the base of this work. The term hydroisostasy was
introduced, such phenomena as ocean siphoning
(“transfer” of the ocean), continental levering (rise
of the continent) [4] were discovered.

Sakhalin, which is an island and situates outside
the zones of gravity impact of ice sheet masses (far

Translation of the article published in the present issue of the Journal: P.®. Bynrakos. MoaenupoBanue HampspKeHHO-Ae()OPMUPOBAHHOIO COCTOSIHHS
3eMHO# Kops! 0. CaxaliH: BIUSHHE TuApousocTasun. Iranslation by G.S. Kachesova.
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field zone), was not affected by the glacioisostasy,
but could not avoid the hydroisostasy impacts.

The most studied time interval, at which the
change in the level of the World Ocean with an
amplitude of 120 m occurred, is the last 20 ka.
Melting of ice sheet and the World Ocean recharge
with water along increase of sea and ocean level
up to the present began during this period after the
last maximum of glaciation (the Valdai Glaciation
on the Russian Platform, the Wiirm in the West
European region, the Wisconsin in the North
America, the Sartan in Siberia), when the volume
of water, equivalent to a decrease in sea level by
100-120 m, was frozen in glaciers.

The phenomenon of hydroisostasy is studied
by the numerical simulation methods [4-7].

This work attempts to study the influence of
hydroisostasy effect on modern crustal strains and
stress fields in the territory of Sakhalin and adjacent
waters in the presence of a deep fault. Stress fields
are illustrated by the Lode—Nadai coefficient.

At present, studies are underway to clarify the
volume of water contribution to the World Ocean
during the postglacial transgression. For example,
the last eustatic curve ICE-7G_NA (VM?7) together
with the parameters of the model of mantle
viscosity, was clarified and proposed in the work
[8]. This detailed transgression curve characterizes
loading of the surface of the World Ocean floor, but
the full cycle of loading and unloading should to be
analyzed for assessing the response of the Earth’s
crust and mantle layer. We first simulated loading of
adjacent waters with a layer of water with increase
in a depth to 120 m for 20 ka, then unloading to a
depth of 0 m over the next 20 ka. Since the detailed
course of the changes in the World Ocean level for
the previous epochs was not identified in the same
degree of detail as for the eustatic curve ICE-7G
NA (VM?7), loading and unloading were performed
according to linear law. L.e. the situation similar to
the interglacial transgression turning into the sea
regression (water intake from ocean to ice sheets)
was simulated. “Sea level equation” was not solved
in this case.

Sakhalin Island located at the junction of the
Amur and Okhotsk Sea tectonic plates is divided in
a submeridional direction by a fault zone [9-15],
which generates the main seismic activity.

Active faults were found throughout the fault
zone [9, 11, 16].
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Model construction

Based on the data of Topex bathymetry (https://
topex.ucsd.edu/cgi-bin/get data.cgi) and Moho
discontinuity from the Crust 2.0 database (https://
igppweb.ucsd.edu/~gabi/crust2.html), adapted for
the Sea of Okhotsk region [17], the 3D mesh was
constructed for finite element calculation (FEM).

55%.1.
139°8.1.

55°.11.
147°8.11.

- 45%m.
147°8.1.

Fig. 1. The Sakhalin fault system in interpretation by A. Kozhurin
[11]. The horizontal dashes show the position of the regional dextral
strike-slip zone. On the right insets there are the principal models
of the cross-section of the zone in different parts of the island
uplift: CC — North Sakhalin, 3C — West Sakhalin, LIC — Central
Sakhalin segments of the zone. The left inset shows a diagram of
the echelon arrangement of the segments of the Central Sakhalin
reverse fault zone. Figure is borrowed from A.I. Kozhurin’s
dissertation abstract [11].
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An area of the Sea of Okhotsk region
within the coordinates of 139-147° E and 45-55°N
was chosen for simulation (Fig. 1). Mesh grid
construction (Fig. 2) was performed in an
open-source and open-access Salome (https://
salome-platform.org/) and FreeCad (https://
www.freecadweb.org/) software packages.
Bathymetry and Moho discontinuity were taken
in a projection of UTM-54 on WFS-84. The
mesh grid is a parallelepiped with sides of 5 000
and 10 500 km, and a depth of 430 km. In the
central part of the grid, there are surfaces built
on the basis of the data of bathymetry and Moho
discontinuity surface. The upper layer in this
part with a thickness from 10 to 40 km is the
Earth’s crust, and the lower one down to a depth
of 430 km is a layer of the upper mantle. The
grid resolution for the surface digital model, on
which the mesh grid was constructed was taken
50 km. The excess volume was built on the sides
of the parallelepiped of the central part in order
to eliminate the influence of interaction with
the model’s side boundaries. The central part
of the parallelepiped is a rectangular area with
sides 500%1050 km (Fig. 2). The simulation here
is somewhat analogous to the works [18, 19],

in which the stress fields, created by pressure
from the surrounding lithospheric plates, were
simulated in the Earth’s crust of the Australian
continent.

The change in loading on the Earth’s crust
and mantle down to the core resulting from
redistribution ofice sheets and waters of the World
Ocean is usually calculated when simulating the
sealevel changes during the epochs of changeover
of the glacial periods by the interglacial ones.
It is necessary to take into account the entire
mantle thickness in the case of describing the
mantle layers in the form of viscoelastic material.
In our case, when the simulation aims to influence
of the fault on the evolution of the elastic Earth’s
crust, the mantle is also described in the form
of elastic material, so there is no need to take
into account the strains over the entire depth and
increase the cost of calculation. Therefore, the
model for calculation was built only for a depth
of the upper mantle, which, according to the data
[20], is at a depth about of 400 km. Due to this
the depth of 430 km was taken.

Salome used the NETGEN 1D-2D-3D
algorithm of the NETGEN mesh grid generator
(https://github.com/NGSolve/netgen) to gene-

Fig. 2. Mesh grid built to calculate the stress-strain state with the fault zone on Sakhalin Island under the impact of the movement of the
Earth’s crust of the Sea of Okhotsk plate. Black arrows indicate the direction of movement of the surfaces (red on the east side, hidden on
the north side). According to the simulation conditions, the movements along the arrows have continued for 40 ka with an amplitude of
80 meters from the east and north. Vertical displacements, which occurred with an amplitude of 10 meters in the downward direction for
20 ka and then, 10 meters in the upward direction for 20 ka, were simulated on the surface of the fault wings in the areas below 0 meters
in altitude in order to simulate the influence of the hydroisostasy effect.
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rate the mesh grid. The mesh grid elements were
composed of quadratic tetrahedrals. The mesh
grid contains 2504 nodes and 13 743 elements.
The dimensions of the mesh grid elements were

increased from the center to the edges and in depth
in order to reduce the computation time.

The mesh grid model includes two layers
(see the table).

Table. Earth’s crust and mantle characteristics taken in the work to build a model

Laver Layer thickness, Density, Poisson’s Shear modulus, Gravity (gravitational

Y km kg/m? ratio x10! Pa acceleration), m/s?
Earth’s crust 30-38 3233.6 0.49 0.45 9.987630567
Upper mantle 430 3367.12 0.49 1.9941 9.939356456

Note. The values were taken on average from the works [21, 22].

The “Earth’s crust” layer is composed of
two separate bodies, which are separated by the
planes of the “fault zone”. Fault zone configuration
represented in Fig. 1 is borrowed from the work
[11, Fig. 17]. The angle of inclination of the “fault”
plane is 80° with a dip towards the west. The angle
of inclination of 80° was chosen according to the
estimates made by A.l. Suvorov for the angles of
inclination of deep faults [23]. He identifies two
types of deep faults, the first ones are arcuate, that
are typical, for example, for the Meso-Ceinozoic
faults of large structures, such as Pamir and
Himalayas with the angles of inclination of 40-60°,
and the second ones are the faults of a lesser scale
and more rectilinear with the angle of inclination
of 80-90°, for example, a deep fault of the Sikhote-
Alin adjacent to the Okhotsk Sea plate. There is
no any certain estimate of the angle of inclination
of the Hokkaido-Sakhalin fault system in later
works [24], but there is no indication of the flatter
inclination angle of the system either. An estimate
of the inclination of 75-85° of the Aprelovka fault
in the southern part of the Central Sakhalin fault
zone was also used in building a geomechanical
model of the active fault in southern Sakhalin [25].

It should be noted that the model was built
as an elastic solid, without taking into account
the viscous characteristics of the mantle layer.

Calculation

The calculation was performed in open-
source and open-access software package Elmer
(https://www.csc.fi/web/elmer). Simulation was
carried out in the transient mode with a timestep
size of 1 000 years. The plane bounding the
right, eastern wing of the “Earth’s crust” layer

GEOINFORMATICS. GEOTECTONICS AND GEODYNAMICS

319

from the east side, highlighted in red in Fig. 2,
was being shifted westward to a distance of
80 km for a time period of 40 ka in the direction
indicated with the arrow. Synchronously with
the plane movement from east to west, the
plane bounding the eastern wing of the fault
on the north side moved south at the same rate
(Fig. 2). Since the object of the model is not a
rigid body, but has rheological properties similar
to the Earth’s crust, and also is deformed not on
a smooth surface, but on a surface, that repeats
the Moho discontinuity, it is not possible to
describe the process as a displacement of the
rigid, nondeformable eastern wing, and we have
to talk about some sum displacement vector in
the eastern wing. Sum displacement vector was
obtained at an angle of 45° and with a rate of
2.8 mm/year, which coincides with the estimate
of the current rates of horizontal displacements
of the Earth’s surface in Sakhalin according to
the results of geodetic measurements [26, 27].

Taking into account that the amplitudes
of vertical movements estimated from palaeo-
geographic reconstructions of traces of the ancient
coastlines on the coasts of Sakhalin Island during
the period of the postglacial transgression and the
Holocene do not exceed 10 m [28], it was assumed
that the “Earth’s surface” located below modern
sea level (i.e. the seabed without impact on the
onshore of the island) has undergone maximum
displacements with an amplitude of 10 m in a
top-down direction for 20 ka and in a bottom-up
direction for the next 20 ka in order to simulate
the loading resulting from glacial-interglacial
regressive and transgressive changes in the level
of the World Ocean.
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Amplitude of the “onshore” surface of Sa-
khalin Island could undergo vertical deforma-
tions due to rheological properties of the Earth’s
crust, which bent following the displacements of
the seabed surface of adjacent waters, and im-
pact due to the “flow” of the mantle substance
from beneath the water areas subject to the ver-
tical loading under the land. At the same time,
the general strain of the land of Sakhalin Island
is expected to not exceed 10 m in amplitude of
movement.

A similar estimate of the seabed surface
downwarping of —10 m was obtained from 3D
simulation of the hydroisostasy effect with vis-
cous-elastic rheology of the mantle material for
the Sea of Okhotsk at loading of 120 m layer of
water [29].

Mathematical tools provided in the software
package was used in the simulation.

The system of linear equations of strain was
solved by iterations of the generalized conjugate
residuals method (GCR) after applying the pre-
conditioners for Krylov’s incomplete factorization
(ILU2) in the Finite Elasticity module (finite de-
formation). For discretization in time, the second-
order BDF (backward differentiation formula)
method, the generalized minimal residuals method
were used. (http://www.nic.funet.fi/pub/sci/phys-
ics/elmer/doc/ElmerSolverManual.pdf).

All sides of the model in the bottom layer
including the sides of the bottom layer, that make
up the boundary of the top layer of the “Earth’s
crust”, were fixed. Iteration convergence limit
was set 1077

The contact interaction of the planes in the
“fault zone” was simulated by means of the mor-
tar method. Mortar method is a numerical meth-
od for discretization of continuous functions to
solve partial differential equations. The method
is used to discretize the disjoint subparts of com-
mon body of the model mesh grid in order to
join inconsistent grids, which are the fault wings
in this case (https://www.nic.funet.fi/pub/sci/
physics/elmer/doc/ElmerModelsManual.pdf).

Fig. 3. Calculated lateral displacements without taking into
account the influence of vertical displacements: (a) values of the
lateral displacement vector (Later disp. scale, in meters) as a result
of the movement of the lateral surfaces from the east and north
sides for 10 ka; (b) the same, but for 20 ka; (c) the same, but for
40 ka. The displacement scale for all time intervals is the same for
ease of comparison.
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Results

[llustrations in Figures 3 and 4 clearly
demonstrate the differences in the values of
displacements under the impact of vertical
displacements and without them. Fig. 3 illustrates
the calculated lateral strains in the time intervals
of 10, 20 and 40 ka without the impact of vertical
displacements of the “seabed” of the adjacent
water areas. Fig. 4 shows the lateral displacements
over the same time intervals, but in combination
with the impact of vertical displacements of the
“seabed” with an amplitude of 10 m downwards,
below the mark of 0 m, for 20 ka and then with an
amplitude of 10 m upwards for another 20 ka.

Trends in strain are illustrated in the graphs of
Fig. 5 — changes in the values of the displacement
amplitudes taken on certain surfaces of Sakhalin
Island on both sides of the fault zone. Point locations
are indicated with pink and green dots in Fig. 3, 4
and 6. The distance between the points is 100 km.

Fig. 5a shows the displacements of the point
relative to the coordinate system of the model
resulting from the forward horizontal movement
(XY) of the lateral surfaces of the “Earth’s crust”
layer in the total southwest direction and the
stationary position of the lateral surfaces on the
western and southern sides of the “Earth’s crust”
layer. The graph shows displacements at the
location indicated with the green dot in Figures
3 and 4. The maximum lateral displacements as
a result of strain over 40 ka reached —0.43 m, the
maximum vertical displacements were —0.27 m.

The graph in Fig. 5 b shows displacements at
the location indicated with the pink dot in Figures
3 and 4. The maximum lateral displacements as a
result of strain over 40 ka reached —6.0 m, while the
maximum vertical displacements reached +1.0 m.

The graph in Fig. 5 ¢, where the vertical dis-
placements are added to the lateral translational
strains for half the time in the downward direc-
tion and the second half in the upward direction
(XYZ), demonstrates the markedly different dis-
placement character from the described above.

Later Disp

Fig. 4. Calculated lateral displacements taking into account
the impact of vertical displacements: (a) values of the lateral
displacement vector (Later disp. scale, in meters) as a result of
the movement of the lateral surfaces from the east and north sides
for 10 ka; (b) the same, but for 20 ka; c) the same, but for 40 ka.
The displacement scale for all time intervals is the same for ease
of comparison.
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Fig. 5. Horizontal (Lat disp) and vertical (Vert disp) displacements (in meters) over 40 ka:

(a) and (b) — under the impact of lateral displacements, on the western wing of the fault zone at the point indicated with the green
dot (a); and on the eastern wing of the fault zone at the point indicated with the pink dot (b).

(c) and (d) — under the impact of lateral displacements combined with the vertical ones on the western wing of the fault zone at the
point indicated with a green dot (c); and on the eastern wing of the fault zone at the point indicated with a pink dot (d).

Locations of the points, where the values have been taken are indicated with pink and green dots in Figures 3, 4 and 6.

The graph shows the lateral displacements as
a result of strain up to -4 m over 20 ka and then
the return of the point over another 20 ka, however
not to the initial mark of 0 m, but only to a mark
of about —1 m. Vertical displacements reach —10 m
and return to zero marks.

Fig. 5 d shows that the lateral displacements
reach —10 m and return to —9 m of the displacement
amplitude on the eastern wing of the fault zone, under
conditions of the combined action of the lateral and
vertical displacements (XYZ), in the place indicated
with the pink dot. Vertical displacements reach
—10 m, after which they return to 0 m.

Analysis of the stress state of the Earth’s crust
of Sakhalin Island is illustrated by a number of
authors with the distribution of the Lode—Nadai
coefficient [13, 14, 30].

We also calculated the Lode—Nadai coefficient
(Fig. 6 and 7) based on the results of the analysis
of the stress fields developing in time during the
simulation of strains.

Fig. 6 a shows the distribution of the Lode—
Nadai coefficient for the case of only translational
lateral strains, without combination with the
vertical ones. The result, in general, is intuitively
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expected —the values of the Lode—Nadai coefficient
remained constant throughout the entire period of
calculation. One can also see this in the graphs in
Fig. 7 a, b, which illustrate the values of the Lode—
Nadai coefficient at points over 40 ka.

Fig. 6 b, ¢, d show changes in the distribution
of the Lode—Nadai coefficient for the time intervals
of 20, 33, and 40 ka under the influence of vertical
displacements.

The graph in Fig. 7 ¢ shows the complicated
behavior of the stress field on the western wing of
the fault zone (green dot in Figures 3, 4, 6). The
setting is close to shear under loading; and the
values of the coefficient vary from compression to
extension after the start of unloading in the vertical
direction.

The graph in Fig. 7 d illustrates the invariance
of the Lode—Nadai coefficient for a time interval of
20 ka on the eastern wing of the fault zone (pink
dot in Figures 3, 4, 6), and then, when vertical
strains change sign to the opposite, the values of
the coefficient begin to change from compression
to extension.

It should be noted that the graphs in Fig. 7
illustrate the evolution of the coefficient exclusi-
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Fig. 6. Values of the Lode—Nadai coefficient: (a) for lateral displacement over 40 ka, without the impact of vertical movements; (b)
the same, taking into account the impact of vertical movement with an amplitude of 10 meters over a period of 20 ka; (c) the same
as in (b), after 33 ka of vertical movement, of which with an amplitude of 10 m in the downward direction for 20 ka and with an
amplitude of 10 m in the upward direction for the time remaining; (d) the same as in (b), after 40 ka of vertical movement, of which
with an amplitude of 10 m in the downward direction for 20 ka and with an amplitude of 10 m in the upward direction for the time
remaining. Red lines are the planes of the cross-sections shown in Fig. 8.

vely at two points, while all possible geodynamic
options are presented throughout the model space:
compression, pure shear, extension, and they even
replace each other in some areas. Therefore, the
graphs of values in Fig. 7 do not characterize the
entire stress field according to the model, but tes-
tify to the dependence of the stress state of the me-
dium on vertical strains caused by the hydroisos-
tasy effect.

Discussion

According to the estimates obtained in highly
seismic regions, such as the Japanese archipelago
and the Kamchatka Peninsula, the recurrence in-
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terval of strong earthquakes can reach 9-20 ka
[31-33]. In the case of Sakhalin Island, there
are preliminary estimates of the age of strong
palaecoseismic events. The age of the last slips
on the fault of the Central Sakhalin zone is es-
timated at 3.7 ka, and at 4-5 ka in the North
Sakhalin zone [9, 11, 34]. Taking into account
that the most studied time interval during which
the World Ocean level increase by 100-120 m
and, consequently, loading of the water column
on the seabed changed, is 20 ka, it can be seen
that the earthquake recurrence is quite com-
mensurate with the duration of the postglacial
transgression.
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(a) and (b) — for horizontal movements of the surface without the impact of vertical movements on the western wing of the fault
zone at the point indicated with the green dot (a), and on the eastern wing of the fault zone at the point indicated with the pink dot (b).

(c) and (d) — under the impact of vertical movements of the surface as a result of hydroisostasy simulation on the western wing
of the fault zone at the point indicated with the green dot (c), and on the eastern wing of the fault zone at the point indicated with the

pink dot (d).

Locations of the points, where the values have been taken are indicated with pink and green dots in Figures 3, 4 and 6.

Another indicator of the seismic activ-
ity of faults is the slip rate, that is the average
displacement rate along the fault [35, 36]. The
slip rate is calculated as the total amplitude of
displacements along the fault during the time
in which the displacements occurred according
to the palaeoseismological data, and as a result,
the average displacement rate along the fault
over several thousand or even tens of thousands
of years is obtained. The mechanics of fracture
movements are discussed in detail in mono-
graphs [37, 38].

It is obvious, that the seismic activity of the
faults with different mean displacement rates is dif-
ferent, which is expressed in differences in earth-
quake magnitudes and recurrence intervals. In this
case, numerical simulation for rheological and geo-
metric conditions similar to the Earth’s crust and
upper mantle layer of the Sakhalin block shows an
obvious difference in displacements on the wings
of the Central Sakhalin fault zone (Figures 3, 4 and
5) when comparing horizontal impacts with hori-
zontal in combinations with vertical ones simulat-
ing the hydroisostasy contribution.
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The strains on the fault plane obtained result-
ing from the numerical simulation (Fig. 8 a, b),
which, in fact, are the amplitude of displace-
ments along the fault, differ markedly. If the
displacements on the fault under horizontal im-
pacts (Fig. 8 a) in a certain place are several cen-
timeters, then in the case of a combined impact
(Fig. 8 b) the displacement amplitude reaches
several meters.

Seismotectonic activity, in turn, affects the
vertical movements in the coastal zone, as it has
happened, for example, during the 2007 Nevelsk
earthquake [39], through bending of the deform-
able elastic Earth’s crust during seismic events.
The strains that cause displacements on the fault
are not limited to the area immediately near the
fault, but occur at a great distance, reaching the
coastal zone. Such strains determine the evolution
of the coastal zone relief, within which the main
economic infrastructures are usually located.

Estimates of the stress field by the Lode—
Nadai coefficient for Sakhalin, performed by
the results of the analysis of modern earth-
quakes [13, 14, 30], illustrate the «instanty», in
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Fig. 8. View of the model sections showing vertical displacements (displacement Z) including on the fault plane, as a result of 20 ka
of horizontal impacts (a); combined horizontal and vertical impacts (b). The location of the cross-section planes is shown with the red
lines in Fig. 6 d. Arrow 1 points to the fault plane, arrow 2 points to the Moho discontinuity.

the geological sense, geodynamic setting in the
Earth’s crust. This allows us to assess the nature
of the geodynamic setting at the moment. It is
possible to obtain a whole range of changes in
the stress field over time, when calculating the
coefficient according to the simulation results.
In our case, we obtained the spatial distribution
of the coefficient values every 1 ka over 40 ka
under various dynamic conditions — horizontal
compression, horizontal compression in combi-
nation with vertical one. This makes it possible
to compare the stress state fields depending on
the influence of external factors, for example,
changes in the level of the World Ocean when
the change of glacial periods with interglacial
ones, and to evaluate the influence of these fac-
tors on the stress field distribution. Figures 6
and 7 clearly demonstrate the difference in the
distribution and dynamics of the stress field
depending on the combination of the impact
of external factors on the block of the Earth’s
crust and the mantle layer of the study area.

The values of 6, the largest of the principal
stresses vary in the range from several tens to
several thousand MPa, which does not contradict
the values obtained in the southern part of the
Central Sakhalin fault (CSF) in [25], although a
more detailed model with lower rheological pa-
rameters was used for the southern part of the
CSF. Such convergence of independent results
testifies to a good similarity of the models to real
conditions.

The Lode—Nadai coefficient illustrates the
change in the geodynamic setting when the di-
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rection of impact from external factors chan-
ges. The rearrangement of the stress field occurs
when changing the direction of vertical impacts
simulating the hydroisostasy.

The metastable state of the fault, when “the
very moment of the dynamic disruption is largely
random and can be determined by external rela-
tive to the focal zone, sometimes quite weak im-
pacts... The sources of such short- and medium-
term local fluctuations of the stress state can be
strain processes in neighboring areas, earthquake
impacts, tides and ocean loading, magmatic in-
trusions, anthropogenic activity in the form of
reservoir filling, mining, injection and pumping
of fluids, large explosions, as well as seasonal
factors such as snow loading, changing reservoir
levels, etc.” [38, p. 260]. In this sense, the hy-
droisostasy resulting from a change in the ocean
level by 100-120 m over 20 ka is no longer a
“weak”, but rather a “strong” impact in the role
of trigger seismic events. The results of calcu-
lation of the Lode—Nadai coefficient (Figures 6
and 7) clearly demonstrate a sharp change in
the geodynamic setting when simulating the hy-
droisostasy effect, which can lead to the dynamic
disruption along the fault.

Unfortunately, it has not been possible to
apply in this work the description of the mantle
layers in the form of viscoelastic material, which
would allow taking into account the time delays
in relaxation after the removal of vertical com-
pressive strains. But the representation of the up-
per mantle layer as elastic material made it pos-
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sible to determine the trends in the distribution
of the stress-strain state in the Earth’s crust.

At present, there is no consensus among re-
searchers on the location of the interplate bound-
ary between the Amur and Sea of Okhotsk plates
in the southern part of Sakhalin, hence, a com-
promise position of the fault zone was taken in
the model, in a configuration, as it were, between
two positions.

Conclusion

Numerical simulation carried out for mor-
phological and rheological settings similar to
those of Sakhalin showed the following differ-
ences between the simulated settings of horizon-
tal compression and the combination of horizontal
compression with time-varying vertical impacts:

 displacement amplitudes are noticeably dif-
ferent for two simulated cases;

+ stress fields differ in amplitude under hori-
zontal compression and combination of
horizontal and vertical compression, but re-
main invariant during the period of setting
of compression;

* changes in the direction of the vertical im-
pact on retention of the horizontal one lead
to changes in the dynamic setting;

 differences in deformations on the wings of
the fault zone, as well as on the fault plane
itself, are analogues of the average dis-
placement rates along the fault (slip rate)
accepted in palaeoseismology and expect
a difference in seismic activity on the fault
under these two conditions;

* The dynamic disruption is assumed for the
metastable state of the fault when the stress
field changes. Since, a change in the stress
state was clearly obtained as a result of the
performed simulation, the role of the trig-
ger of the dynamic disruptions on the faults
cannot be excluded for vertical displace-
ments due to the hydroisostasy.
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JKCMNS03MBHasA akTUBHOCTb ByrikaHa Ynkypayku
B ssHBape—okTa6pe 2022 .
(0. Mapamywwmp, CeBepHble Kypunbckne octpoBsa)
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Hrnemumym mopcrou eeonoeuu u eeogpusuxu JJBO PAH, FOxcno-Caxanunck, Poccus

PedepaTt. Bynkan Unkypaduku, pacrioioKeHHBII B Foro-3anaaHoii yactu o. [lapamytmp (CeBephbie Kypunbckue octposa)
¢ sTHBap# 10 OKTAOPH 2022 T. HAXOMUIICS B COCTOSHUM HOBBIIIEHHO!N aKTUBHOCTH. 110 CITyTHUKOBBIM TaHHBIM H PE3yIIbTa-
TaM BU3YyaJIbHBIX HaOIIoAeHHH ObLIO 3a()MKCHPOBAHO 5 SMW30/0B IKCIUIO3UBHOW aKTUBHOCTH, IPOJIOIKHUTEIBHOCTD
Ka)XJIOTO U3 KOTOPBIX cocTaBisuia oT 2 go 8 aueit: 30 ssaBaps — 3 despains, 23—24 utonst, 30 mrons — 1 uroins, 21 aBrycra —
2 centsa0pst, 13-20 oktsa0ps. Ilo cBoemy xapakTepy M HPONOIDKHTEIBHOCTH BCE HAOMIOAABIIMECS COOBITHS ObLIM
AHAJIOTWYHBI MPEABIIYINM HU3BEPKEHISIM BYJIKAaHA, CPeIH KOTOPHIX Mpeolnafany crabble U yMEPEeHHbBIC M3BEPKESHUS
BYJIKAHCKOTO THIIA: HAOIOIAINCh KaK eJMHIYHBIC BRIOPOCHI, TAK U CEPUH KCIUIO3UH Ha BBICOTY 2—5 KM H.y.M., a TaKXke
TIEPHOJIBI OTHOCUTEITLHO CTAOMIBLHON SMUCCHU TIETUIO-Ta30BOM CMECH Pa3IMYHON MHTEHCUBHOCTH. [lerumoBbie nmutei¢b
1 o0Jaka pacrpoCTPaHsIINCh IPEUMYIIECTBEHHO B BOCTOYHOM, FOXXHOM, FOTO-BOCTOYHOM, CEBEPO-BOCTOUYHOM U IOTO-
3aI1aJIHOM HalpaBIeHUsX, KX IPOTHKEHHOCTD (15 okTsa6pst 2022 1) qocturana 790 kM, a rromians 25 408 km?,

KnroueBble crnoBa: CesepHble Kypribckue ocTpoBa, BylkaH, Ynkypauku, [Tlapamyimp, ByIKaHHYECKUHA TIene, 13-
BEpXKEHHE, CITyTHIKOBHIC JaHHbIC

The explosive activity of Chikurachki volcano
in January—October 2022
(Paramushir Island, Northern Kuriles)

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

Abstract. Chikurachki volcano located in the southern part of Paramushir Island (Northern Kuriles) was in a state of
increased activity from January to October 2022. According to satellite data and the results of visual observations, at
least 5 episodes of explosive activity, lasting from 2 to 8 days: January 30 — February 03, June 23-24, June 30 — 01 July,
August 21 — September 02, October 13—-20 were recorded. All observed events were similar to previous volcanic eruptions
in their nature and duration, among which weak and moderate vulcanian eruptions prevailed: both single emissions and
series of explosions to a height of 2—5 km a.s.l., as well as periods of relatively calm ash and gas mixture emission of various
intensity were observed. Ash plumes and clouds spread mainly in the east, south, southeast, northeast and southwest direc-
tions, their length reached 790 km, and the area was 25 408 km? (15 October, 2022).

Keywords: Northern Kuril Islands, volcano, Chikurachki, Paramushir, eruption, volcanic ash, satellite data

JAna yumuposanusn: [errepes A.B., Unbucosa M.B. Okcmuno-  For citation: Degterev A.V., Chibisova M.V. The explosive activity
3UBHass aKTUBHOCTHb ByikaHa UYwmkypauku B siHBape—okTsa6pe  of Chikurachki volcano in January—October 2022 (Paramushir Island,
2022 r. (o. [Napamymup, CeBepubie Kypunbckue octpoBa).  Northern Kuriles). Geosistemy perehodnykh zon = Geosystems of
Teocucmemvr nepexoomnvix 30n, 2022, T. 6, Ne 4, c. 328-338.  Transition Zones, 2022, vol. 6, no. 4, pp. 328-338. (In Russ., abstr. in
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OKcnnosnBHas akTMBHOCTb ByfikaHa Yukypayku B siHBape—okTsabpe 2022 r. (o. MNapamywmp, CeBepHbie Kypunbckme ocTpoBa)

BnarogapHocTu

Pabora BeImoNHEHA B cooTBeTcTBHH ¢ TwiaHoM HUP mabopa-
TOPHH BYJIKAHOJOTMM M ByJKaHoomacHoctn WHcTHTyTa MOp-
ckoii reonorun u reopmuku JJBO PAH (Ne 121030100168,
pyk. A.B. Jlerrepe).

ABtopsl npusHatenbHbl Enene KoncrantunosHe ['opanbko
W WIEHaM 3KuIaxa dKcnequuoHHoro cynHa «lron Ladyy,
a taxoke Cepreto 3axaposuay Cmupnosy (UI'M CO PAH),
Pagasnmro Brmagumuposuuy XKapxosy (MMI'ul' JIBO PAH)
3a HH(OPMAITIIO O COCTOSTHUH BynkaHa Ynkypauku B 2022 1.
ABTOpBI BBIpaXXAIOT OJarofapHOCTh PELEH3CHTaM 3a KOH-
CTPYKTHBHbBIE 3aMEYaHHUS.

BBepneHue

Bynkan Yukypauku (abc. Boic. 1816 M), siB-
JISIOUIUICS OTHUM U3 CaMbIX aKTHBHBIX BYJIKAaHOB
Kypuiibckoil OCTpOBHOM 1yTH, PpacroiOXeH B ce-
BEpHOI OKOHeuHocTH Xp. KapnuHckoro, Tpaccu-
pYyIOLLEro 1KHYI0 yacTb 0. [lapamymmp (puc. 1).
Ero nazBaHue B allHCKOM TONOHHMHUKE NEPEBO-
JUTCSl KaK «UCIAaYKaHHOE YEPHBIM», «UCHayKaH-
HOE meruioM» [1], 4TO COOTHOCHUTCSI C BBICOKOM
AKTUBHOCTBIO U BHEIIHUM BHJIOM 3TOTO BYJIKaHa.

[lepBBie cBEEHUS O IE€OJIOTUUYECKOM CTpoOe-
HUU ByikaHa Obutn monyueHsl [.C. [opiikoBeiM
[2], KOTOpBIM YCTAaHOBUJI, UTO €T0 MOCTPOMKA CO-
CTOUT M3 JIPEBHETO JABOBOI'O OCHOBAHMS, IpE.-
MIOJIOKUTENIBHO, IIJIEMCTOIIEHOBOTO BO3pacTa H
MEPEKPHIBAIOLIETO €r0 MOJIOAOr0 CTpPaTOBYJIKA-
Ha, CJOXEHHOI0 MPEUMYIIECTBEHHO MHUPOKJIIa-
CTHYECKUM MaTepuajoM. Ha BepiimHe Monomoii
MIOCTPOMKHN, MMEIOIIEH BHUJ IPaBWIBHOIO YycCe-
YEeHHOI'0 KOHyCa, HE pacuJI€HEHHOIO 3pO3ueil,
pacmooXKeH HernyO0oKuid, Oton11e00pa3HbIi
Kkparep nuameTpom ~480 M (puc. 1), OTKpBITHIi
Ha I0ro-BOCTOK. Ero monocTh 3amojHeHa JaBoii
MOIIHOTO u3BepkeHus 1986 r, mipiboBas moO-
BEPXHOCTh KOTOPOH IOKPBITa MHOTOYHMCIICHHbI-
MU TpelmuHamu. B roro-zanaaHoil yactu kparepa
HaxoAuTcs KosonueoopasHas Ookka [3] (puc. 1),
ABJISIONIASICSL [IEHTPOM MOCJIEAHUX HU3BEPIKEHUI
BIK. YuKypayku. BelecTBeHHBI COCTaB IIpo-
JIYKTOB BYJIKaHa MPEJICTABICH MPEUMYIIECTBEHHO
YMEpEHHO-KaJIMEeBBIMU 0a3aibTaMu, CyIIeCTBEHHO
MEHbIIIE pacIPOCTPaHEHbl aH1e3u0a3anbTel [3—6].

Ero u3BepkeHMs, MO JaHHBIM JIETOMHUCHBIX
MCTOYHMKOB, U3BECTHBI € cepenuHbl XIX B.: 1853—
1859, 1958, 1961, 1964, 1973, 1986, 2002, 2003,
2005, 2007 (2 cobbrTus), 2008, 2015, 2016 . [4,
6—-13]. Cpenun HuX mpeobranaal OTHOCHUTEIHHO
cnabwie (VEI 1-2) BynkaHcK#e 1 CTPOMOOIMAHCKHE
U3BEepKEHUS; 1BaxAbl, B 1853 u 1986 rr., numenun
MECTO MOIIIHBIE UIMHUAHCKUE COOBITUS — UCKITIO-
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YUTEIBHO PENIKOE SIBICHUE IS BYJIKaHA, IPOIYIIU-
PYIOIIEro TIaBHBIM 00pa3oM MarMmbl 0a3aibTOBO-
ro cocrasa [3]. BeicoTa 3pynTUBHOM KOJIOHHBI BO
BpeMsl ATUX U3BEpKEHUM cocTaBisuia 13—-14 kwm, a
MOIIHOCTb (TONIIMHA) Te(PPBI HA PACCTOSTHUU 7 KM
oT kparepa aocturaia 1.2 M [3]. DKCrIo3UBHBIE
W3BEP)KEHMs TUIMHUAHCKOIO TUMA XOTS CpaBHU-
TENBbHO penku (10 JaHHBIM [3], MHTEpBAT MEXIY
Humu coctasisier 100-200 ser), HO XapaKTepHBI
JUI1 COBPEMEHHOIO 3Tala 3pYNTHBHON HMCTOPHH
BIK. Ynkypauku [3, 5], mOATOMY MOXKHO MpPEArNo-
JaraTb, 4YTO OHU BO3MOYKHBI B OyTyIlIEM.

bmwkaiimnit HaceneHHbll MyHKT — . CeBepo-
Kypmibck (2691 wen., 01.01.2021 r.) — HaxonuT-
csi B 60 KM K ceBepo-3amagy OT BIK. UMKypauku
(puc. 1), mosTOMY PUCKHU JUIS KUTENeH u uHppa-
CTPYKTYpBI TOpOJia CBS3aHbI JIUIIb C MEIUIONagaMH
IUIMHUAHCKUX W3BEPKEHUM (MpU HampaBlIeHUH
BETpa Ha BOCTOK), KOTOPbIE MOT'YT OKa3bIBaTh TOK-
CHYECKOE BO3/ICHCTBUE, HAPYIIaTh PabOTy CHCTEM
BOJIOCHA0OXKEHUS, JHEProoOeCreYeHus, TEeIeKOM-
MyHuKaiuil u np. [14, 15]. Cepbe3Hoil onacHOCTH
IIPU U3BEP)KEHUM IOJBEPIralOTCS TYPUCTBI, OXOT-
HUKH, pbIOAaKH TPUOPEKHOTO JIOBA, TOCEIIAONTHE
OKPECTHOCTH BYyJIKaHa WM Oa3HpyIOIIMecs B He-
MOCPENICTBEHHOM Onu3octu ot Hero. Kpome Toro,
SPYNTUBHBIE TY4YH, HaIPY>KEHHbIE BYIIKAHUYECKUM
IIEIUIOM, HECYT ONACHOCTh JUIsl aBUATPaHCIIOPTa,
OCYILECTBIISAIOLIET0 TMepeBo3ku BOMM3M o. Ilapa-
Mywup. Hactosmas pabora npogomKaeT UK Imy-
OnMKaLWi B KypHaje, MOCBAIICHHBIX OMHCAHUIO
TEKyIleH BYJIKAHUYECKOM aKTUBHOCTH Ha Kypuiib-
CKUX OCTpPOBax.

B 2022 r. Bik. YuKypaukyu HaXoQuicsl B CO-
CTOSIHUM TIOBBIIIEHHOW AaKTMBHOCTH: IOCIIE W3-
Bep)KCHHsI BylKaHa B stHBape—¢eBpane 2022 1.
(cM. Halry cTaTbio B IEPBOM HOMEPE 3TOTO XKYyp-
Hauia 3a 2022 1.) 3aMKCUPOBAHO €111e YeThIpe aHa-
JIOTUYHBIX COOBITHS, IEPBBIE CBEJCHUS O KOTOPBIX
MIPEJCTABIIEHBI B HACTOSIILIEM COOOIIEHUH.
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Puc. 1. I'eorpaduueckoe nonoxenue Bik. Yukypadku B cucreme Kypnibckoit ocTpoBHOM 1yru. TpeyroabHHKaMHu OTMEUEHBI JIeHCTBYIO-
mye Bynkassl 0. [Tapamymmp. Mcrions3zoBans! cirytHHKOBBIe cHUMKY U3 [IC «Google Earthy.

Fig. 1. Geographical position of Chikurachki volcano (Paramushir Island) in the system of the Kuril island arc. Active volcanoes are
marked with triangles. Satellite images from the GIS «Google Earth» were used.

W3-3a ynaneHHOCTH U TPYAHOAOCTYITHOCTH
ByJKaHa, OTCYTCTBUS HA3eMHBIX MyHKTOB KOH-
TPOJST BYJIKAHMYECKOH AESITeNbHOCTH (ceicMo-
CTaHIIMI, HAKIIOHOMEPOB, ip-BUEOKAMep U T.1.)
HaOJIIOIeHue 3a €ro aKTHUBHOCTBIO OCYIIECT-
BJISJIOCH HA OCHOBE JAHHBIX AUCTAHIMOHHOTO
30HIUPOBAHUS: HAMU HCIIOJIH30BAJIUCH KOCMHU-
YeCKHEe CHUMKHU CPEIHET0 U HH3KOTO paspele-
Hus NOAA-18/19 (AVHRR/POES), Terra wu
Aqua (MODIS), SuomiNPP u JPSS-1 (VIIRS)
n Himawari-8 mo pa3sHoctu uH(ppakpacHbIX Ka-
HanoB 10-12 mMkm (4-5 xananet AVHRR, 31-32
kananmel MODIS, 14-15 kananer Himawari-8,
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VIIRS), o6pabarbiBaeMble MH(OPMaMOHHBI-
mu cucteMamu «BEI'A-Science» [16] u «Jluc-
TAQHIIMOHHBII MOHHTOPHHT ByJKaHOB KamMyarku
u Kypmn» VolSatView [17, 18]. Kpome Toro,
NPUBJICKATUCH CBEJCHHUS, NMPEIOCTABICHHBIC
OYEeBUIIAMH, BKIOYaromue ¢GoTo- U BUAEOMa-
Tepuabl, ONMUcaTelIbHbIE JaHHBIE. B pabote
WCIOJIb30BaHBI JaHHbIE 110 AKTUBHOCTH BJIK. Yu-
Kypauku, mnomydeHHele VAAC (Volcanic Ash
Advisory Center) Toxno, KVERT (Kamchatka
Volcanic Eruption Response Team), a Taxxe aB-
topckue Marepuansl SVERT (Sakhalin Volcanic
Eruption Response Team).
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OKcnnosnBHas akTMBHOCTb ByfikaHa Yukypayku B siHBape—okTsabpe 2022 r. (o. MNapamywmp, CeBepHbie Kypunbckme ocTpoBa)

Pe3ynbraTthl HabnoaeHUn

B 2022 1. ¢ Bak. Yukypauku ObUTO CBsi3a-
HO 5 3MM30/10B 3KCIUIO3UBHOM aKTUBHOCTH IPO-
JOJKUTENIBHOCTBIO OT 2 10 8 JHEeH, Kaxabli 13
KOTOPBIX COCTOSIJI U3 CEPUH MEIJIOBBIX BBHIOPO-
COB BYJIKAHCKOTO THUIIa Ha BBICOTY 2—5 KM H.Y.M.
(puc. 2). Kpome Toro, umenu mMecto u Ooiee
MeJIKHEe COOBITHS (710 2 KM H.y.M.), OHH PeTyJsip-
HO (uKcHUpyroTCcs 1o AaHHBIM cepBuca NOAA/
CIMSS Volcanic Cloud Monitoring (https://
volcano.ssec.wisc.edu/): ¢ okTa0ps o cepenu-
HY HOSIOpsI OBUTO 3aUKCUPOBAHO MOPSAIKA IIe-
CTU TakuxX BbIOpocoB. Ha mcnonb3yembix HaMu
CIIyTHUKOBBIX CHUMKAaxX 3TH COOBITHUS AHArHoO-
CTUPOBAHBI HE OBUIM M3-3a UX HEOOJBIION BBI-
COTBI, OTCYTCTBHSI WU cJa00il KOHUEHTpaLUU
TMernJa; pe3yabTaToB BU3YalbHBIX HAONIONCHU,
CIICJIaHHBIX OYEBULIAMU, HAUTH HE yaanocs. 11o
ATOW MPHUYWHE MX ONHUCAHHE B HACTOSIIEM CO-
OOIIEHNH MBI HE TIPUBOJUM.

30 sneapa — 3 qespans 2022 2. Ilepssiii
AMH30/] aKTHBHOCTH BIK. YHMKypayku, MpPOH30-
meamui B ssuBape 2022 1., onMcaH B yIOMSIHYTOH
BBIIIE IMyOIHMKALMU aBTOPOB B XKypHAJE, O3TOMY
B pPaMKax HACTOSIIETO COOOIEHUs TPUBEIEM €ro
KpaTKUE XapaKTepUCTHKU.

[TepBrie cBeaeHMs 00 akTUBU3AIMH BIK. Yu-
Kypauku B siHBape 2022 . mocTynwid OT oye-
BUIIEB U OblTH omyOnukoBansl B CMU (https://
www.sakhalin.kp.ru/online/ news/4602438/).

w ~
1 1

o

Beicota BbIOpOCOB, KM
T

T T T T T T T T
I n m v vV VI VI VIl OX IX X X XI
Mecsn

Puc. 2. XpoHoi0rus SKCII03UBHOM aKTHBHOCTH BIK. YHKypay-
k1 B 2022 1. (TTI0Ka3aHO pacmpeiesicHne BEIOPOCOB U HX BBICOTHI),
no panHeIM VAAC Toxwmo [https://ds.data.jma.go.jp/svd/vaac/
data/vaac_list.html], KVERT [http://www.kscnet.ru/ivs/kvert/],
SVERT [http://www.imgg.ru/ru/svert/reports].

Fig. 2. Chronology of the explosive activity of Chikurachki
volcano in 2022 (distribution of emissions and their heights are
shown), according to VAAC Tokyo [https://ds.data.jma.go.jp/
svd/vaac/data/vaac_list.html], KVERT [http://www.kscnet.ru/
ivs/kvert/], SVERT [http://www.imgg.ru/ru/svert/reports].

VoLcaNoLoGY

OdunuanbHoe coobiieHWe O Hayaje H3Bep-
KeHUs BIK. YHKypauyku omyOIMKOBaHO TpyI-
noit KVERT: 31 suBaps 2022 r. 8 01:00 UTC
(3mece u panee npusogutcs Bpems no UTC,
Coordinated Universal Time — BcemupHoe Ko-
OpJMHUPOBAHHOE BpeMs) ObliIa 3aperucTpupo-
BaHa WHTEHCHBHAas Mapora3oBasi aKTUBHOCTH
ByJKaHa W TO03K€ BBISABICH Huleiidp ¢ mpume-
ceto menna (http://www.kscnet.ru/ivs/kvert/
van/?n=2022-10). Bcero B nmepuox ¢ 30 sHBa-
pa o 3 ¢despans 2022 1. Ha Bak. Yukypauku
3a(UKCUPOBAHO & Mapora3oBbIX U MEIMJIOBBIX
BBIOPOCOB Ha BBICOTY 2.5—5 KM H.y.M. (puc. 2),
NPOUCXOIUBIINX Ha (pOHE MOCTOSHHOTO HH-
TEHCUBHOTO BBIHOCA IMapora3oBOoid CMECH C
MEPUOJUYECKUM IOCTYIUIEHUEM NEIIOBOTO
Marepuaina. [lermmossie meids 1 o0naka pac-
MPOCTPAHSINCH IPEUMYILIECTBEHHO B IOT0-3a-
MaJHOM, 3alaJHOM, I0)KHOM M OT0-BOCTOYHOM
HampaBieHusx 10 250 kM OT BynkaHa (37ecCh
U Jlajieeé UCIOJb3yeTCsd a’pOHABHUTAIMOHHOE
o0o3HaueHHe HalpaBleHUs BeTpa). Makcu-
MallbHas IUIOIAAb MEIIoBOTo muieiida oTrme-
yeHa 2 despans — 9460 kM’ 30HOW HHTEH-
CHUBHOTO memionaaa Ha o. Ilapamymup cran
CEKTOp K IOro-10ro-BOCTOKY OT ByJIKaHa ILIO-
maneo ~310 kKM%, 3HAYATENBHBIX METJIONAA0B
Ha Tepputopuu . Cesepo-Kypunbck He Habumt0-
JaJI0Ch.

23-24 uwnua 2022 e. Jlnem 21 wuroHd, 3a
TpU JHS IO Hayajla OYepEeHOTO H3BEPIKEHMS,
coTpyaHuku MHcTHTyTa HedTera3oBoi reomno-
ruu u reopusukun CO PAH (r. HoBocubupck),
MPOBOAMBIINE Treopuznueckue paboThl B IEH-
TpaibHOU yacTu Xp. BepHanckoro (puc. 1), ot-
MeJajad Napora3oByl0 AaKTUBHOCTbH BIK. UHKy-
payky — CIOKOMHOE BBbIJCICHHUE MaporazoBoil
CMECH M3 BEPIIMHHOIO KpaTepa Ha OTHOCHUTEIIb-
HO HeOodbpLIyI0 BbICOTY. 23 uioHs B 20:00 UTC
VAAC Tokno mo CHyTHUKOBBIM JaHHBIM 3a-
(GUKCUpOBaJI Hayauao CIEAYIOIIETO 3KCIIO3UB-
HOTO U3BEpKEHUA BIK UMKypauku: Ha CHUMKax
Himawari-8 Obu1 maeHTHQUIIUPOBAH TEIIIO-
BbIIl BBIOpOC Ha BbICOTY 4—4.5 KM H.y.M., IO-
CJle Yero HayajoChb HMHTEHCHBHOE BBIJIEJICHUE
MeIUI0-ra30Boil cMecH 0e3 AMCKPETHBIX BBHIOPO-
coB. K 22:00 UTC cdopmupoBacsi nenioBbli
nuied mpoTsKEHHOCTHIO 48 KM U IUIOIIA/bIO
386 KM?, TSIHYIIUICS B IOTr0-BOCTOYHOM HaIpaB-
nennu. IIpumepHo uepe3 aBa uyaca, B ~00:00

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)



BynkaHonorus

TEOCUCTEMBI MEPEXOAHbLIX 30H, 2022, 6(4)

UTC (puc. 3 a), moctynaromuiiii u3 xxepJa mnerio-
BBI{ MaTepual Hauajl MEHSTh HaIlpaBJICHHE, pac-
MPOCTPAHSSACH CHAa4Yalla Ha BOCTOK, a MO3XKe Ha
BOCTOK-ceBepo-BOCTOK. [Ipu 3Tom panee cdop-
MHUPOBABIIASCS 9aCTh 3PYNTUBHOTO NuTeida mpo-
JoJIKaja MepeMeIaThCs Ha For0-BOCTOK MPUOIH-

BJIK. YnKypauku

IEIJIOBOE 00IaKO

BIIK. UUKypauKu

0. Iapamy1uup

MEIIOBOE 00IaK0

~

;\/j 0. Onexoran

Puc. 3. IlemmoBele o6maka Bnk. UnKypadyky Ha CIIyTHHKOBBIX cHEMKax: (a) 00:12 UTC,

sutenbHo 10 03:00 UTC cnemyromero mHs,
MOCJe YEero SpYNTHUBHOE 00IAKO MUTPHPOBAIIO
B OCHOBHOM B BOCTOYHOM HampaBJIeHUU. Mak-
CHMaJjbHas IUIOIIAAb IEIJIOBOr0 00JIaKa IO CO-
crogauio Ha 07:10 UTC 24 mions cocraBisia
16 638 xkm? (o manusiM Himawari-8), cpeanss
CKOPOCTh €T0 TepeMeIIeHUsI
oneHuBaiacb B 34-37 kM/4
(puc. 3 b).

IIpumepHO B 23TO XK€
BpeMsi aKTMBHOCTH BIK. Yu-
Kypauku HaOmojanu pa-
OOTHUKH, HAXONHWBIIHUECS B
pailioHe OBIBIIMX MOCEIKOB
[llenuxoBo u IloaropHeii, a
Takke HOBOCHOUPCKHE Teo-
JIOTH C BEPIIUHBI BIK. DOEKO
(puc. 1), pacrionoKeHHOTO B
54 kM k ceBepo-BoCTOKy. Ha
CHENaHHbIX UMH (HOTOCHHUM-
Kax 3amevyariieHa cjaadas dKc-
IUIO3UBHASA JICATEIILHOCTD,
MPOSIBJISBIIASACS B OTHOCH-
TEJIIBHO CIIOKOMHOM TIO-
CTYIUIEHHH  TEMI0-ra30BoMn
cMecd Ha BbICOTY ~1 KM
Han kparepom (puc. 4). Ilo
CIIyTHUKOBBIM JIaHHBIM TIO-
CTYyIUICHHE Marepuaia oOT-
caexuBainmoch g0 09:20
UTC 24 wuroHs, moclie 4ero
(uKCHpOBANIOCHh TPOABUKE-
HHUE paHee CPOpMUPOBAH-
HOTO JpPYITHUBHOTO OOIaKa
1m0 750 KM B IOTO-BOCTOYHOM
HaIpaBJICHUH.

30uronn— 1 uonn 2022 e.
Ilocne miecTumHEBHOTO IIE-
pepbiBa, B T€YEHUE KOTOPOTO
oTMeuajaach HWHTCHCHBHAS
nmaporazoBasi aKTUBHOCTb,
BIK. Yukypauku BO300HO-
BWJI DJKCIUIO3MBHYIO aKTHB-
HoCTh: 30 mroHss B 01:00 UTC

0. Hapamymivp

m-oB Kamuatka

24.06.2022, Terra MODIS, xanansr 1-2, (b) 07:10 UTC, 24.06.2022, Himawari-8, kaHaJIbI

14-15. XKenrtoMy 1BETY COOTBETCTBYIOT YYaCTKH MaKCHMAIBHOW KOHIIEHTPAIIMX TETIIOBBIX
JacTHL. VICIons30BaHbl JaHHBIE MHPOPMAIHOHHEIX cepBHCOB «VolSatView» m «BEIA-

Science.

Fig. 3. Ash clouds of Chikurachki volcano on satellite images: (a) 00:12 UTC, 06.24.2022,
Terra MODIS, channels 1-2, (b) 07:10 UTC, 06.24.2022, Himawari-8, channels 14-15.
The yellow color corresponds to the areas of maximum concentration of ash particles. The
data of information services «VolSatView» and « VEGA-Science» were used.
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MIPOM30ILE] OAMHOYHBINA IIe-
TUIOBBIN BBIOPOC YMEpEeHHOM
cuibl Ha BBICOTY 4-4.5 KM
H.y.M., 3apETUCTPUPOBAHHBIN
VAAC Tokno 1o cryTHHKO-
BbIM JaHHBEIM Himawari-8.
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[lenioBoe obnako cHayana nepe-
MEIIaIoch B IOr0-3aMajHoM, a
3aTeM B  3alaj-loro-3amagHoM
HanpasieHud Ha 180 kM ot Byn-
kaHa. 30 uiOHsA B palioHE BYJIKa-
Ha OblIa OTMEYEHa TepMallbHas
agomanus. Ilo mamaeiM KVERT,
U3BEpIKEHUE TPOJ0JIKAIOCH
mo 00:30 UTC 1 mromst 2022 1.
(http://www.kscnet.ru/ivs/kvert/
van/n=2022-61). Hukakux mpu-
3HAKOB aKTUBHOCTH B TOCIEIYIO-
IIM€ JHU UIOJIS 3aMEUYEHO He ObLIO.

B Hauane asrycra 2022 r.
B paiione xp. KapnunHckoro
(puc. 1), B 10rO-3amAJAHON Ya-
ctu o. [Tapamymmp, npoxoausia
pabora poccuiicko 0Oenopycckoit
HAy4YHO-HUCCIIEA0BATEIBCKOM IKC-
NEeNIINUY, B KOTOPOU IPUHUMATN
ydactue coTpyaHuku MHcTuTyTa
MOPCKOI TeoslorTud U reodusu-
ku JIBO PAH (r. FOxno-Caxa-
JIMHCK), BHITIOJTHUBIIINE BU3YyaJIbHBIE HAOMIOICHHS
3a aKTUBHOCTHIO BJIK. YMKypauku W INpenocTa-
BUBIIIME HAM CBEJICHHS. 2 aBTyCTa HMH OTMEUCHA
CIIOKOWHAs Mapora3oBasi SMUCCHUSI — MOJHUMAB-
mUicAa U3 OOKKHU OeNblii cTOJI0 JOCTHUrajil BEI-
cotel ~300 M Hag KPOMKOM Kparepa. 5 aBrycra
YYaCTHUKU JKCHEAWIINN HaXOAWIUCh Ha Mmo0e-
pexbe OyxThl KpalleHMHHHKOBA, OTKyAa Nepu-
OJIMYECKH, TMPU OTCYTCTBUHU OOJAYHOCTH, UM
OTKpPBIBAJICA BUJ Ha BEPUIMHY BIK. YUKypauku.
OHU OTMETHIIH, YTO XapaKTep aKTUBHOCTU BYJ-
KaHa MOMEHSUICS, BBIHOC M3 KpaTepa mpuoOpen
KOpUYHEBATO-CEPhIi OTTEHOK, CBHIIETEIHCTBY-
IOIMKA O MOCTYIUIEHWH MNeria. Beicota momb-
eMa IMemnjo-ra3oBoro mieida cocTaBasia
250-300 m. Cyns mo Bcemy, mogoOHBIE HE3Ha-
YUTENbHbIC AKTUBH3allMM BYJIKaHa, COIMPOBO-
KIaeMble IMOCTYIUICHHEM IeIUla, MPOUCXOTUIN
B 2022 1. peryaspHo.

21 aseycma — 2 cenmsaops 2022 2. CBenenus
0 Hauaje 3TOro 3MHU30a aKTUBHOCTH BIK. YHKy-
pauKH MOJIyYEHbI OT 3KHUMa)Ka HKCHEIULMOHHOTO
cynHa (sixtel) «Iron Lady», BBIMOJHSBILEro Ha-
YYHO-HCCIIEI0BAaTENbCKUE PadOThI 10 H3YYEHUIO
Mopckux Miekonutaromux Ha CeepHbix Kypu-
nax B aBrycte 2022 1. 21 aBrycra sixTa nMpoxoausia
BJI0JIb OXOTOMOPCKOTO 1odepexbst 0. [Tapamymmp,

VoLcANOLOGY

Puc. 4. Dxcro3uBHast akTUBHOCTh BIK. Uukypauku 24 mrons 2022 r., 16:56 no xam-
yarckomy Bpemenu (04:56 UTC), Bua ¢ ceBepo-BOCTOKA (CHUMOK CIETaH C BEpPIINHBI
BiK. D6ek0). @omo C.3. CmupHnosa

Fig. 4. Explosive activity of Chikurachki volcano 04:56 UTC, June 24, 2022 (Kam-
chatka time 16:56, June 24), view from the northeast (the image was taken from the top
of Ebeko volcano). Photo by S.Z. Smirnov

cleysl B IOro-3alajHoM HalpaBleHuHM K o. Ma-
kanpymu. B mepuon mexay 16:30 u 18:00 1 o
kamuarckoMy BpemeHu (4:30-6:00 UTC), korma
AXTa HaXOJUJIach IIPUMEPHO Ha TpaBep3e BIK. Yu-
KypayKH, YICHbI KHUIAXKa YCIIbIIIAIN HETPOMKHIA
XJIONIOK, IIOCJI€ Yero YBUAEIH KIyObl IeIa Haj
BYJIKAHOM — HEOOJbIION MEIUIOBBIM BBIOpOC, 3a
KOTOPBIM IOCIIE0BaNA cllabasi ByJIKaHCKasl aKTUB-
HOCTb. [lerno-ra3oBblii nuieiig uMen cepblii BET
U IOAHUMAJICS HAa OTHOCUTEIBHO HEOOIBILIYIO
BbIcOTy (~200-250 M Haj KparepoM), B BO3-
JlyXe OUIyIIAJCs CIaOblii  CEPHUCTBIM  3arax.
B nocnenyromue nHu, 22-25 aBrycra, 3KCILIO-
3MBHAsl JEATENBbHOCTb BIK. UMKypauku, IO HH-
¢dopmarun KVERT, npopomkuiack: Ha CIIyTHH-
KOBBIX CHUMKax I€pHOJUYECKU HaOII0JAIUCh
SpYNTUBHBIE 00IaKa 1 nersoBkle ek sl [http:/
www.kscnet.ru/ivs/kvert/van/?n=34-2022]. HUx
BBICOTA COCTaBJIsIa ~2 KM H.Y.M., a IPOTSDKEH-
HOCTh 20 KM (B BOCTOUYHOM HAmIpaBJIEHUU OT BYJI-
kaHa). Kpome Toro, B Teuenue 25-26 aBrycra B
paiioHe Kparepa OTMedallCh T€PMaJIbHBIE AHO-
MaJIHH.

26 aBrycTa Ha MPOTSHDKCHUH BCETO JHS Yiie-
Hbl ’Kkunaxa saxtol «lron Lady», BbimonHsBuiue
IUTaHOBBIE PaboThl Ha 0. MakaHpymIH, pacro-
J0xkeHHOM B 90 KM K 1oro-zamajay oT BIK. Yuky-
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padKu, HaOIIOMANN «IBIMSIIHIT» BYJKaH: TPOUC-
XOJIUJIO HEeTPephIBHOE, 0€3 3aMETHBIX MPU3HAKOB
YCHJICHHS WM TIOSIBJICHUsI 0OJiee CHIIBHBIX BBI-
OpocoB, BBIIENCHUE IMEIJIOBOIO MaTepuaia Ha
BbicoTy Topsinka 300 M Ham kparepom. [lemen
oOpa3oBbiBan mUICH(], pacmpocTpaHSBIIUICS B
I0KHOM HampasieHuu (puc. 5). B Houb ¢ 26 Ha
27 aBrycra 3KMMNaXXeM SIXThI, CTOSABIIEH B palloHe
oyxtel KpamenunnukoBa, B 10 kM k 3amamy oT
Kpatepa BIK. UWKypayku, KaKuxX-1u0O MpHU3Ha-

Puc. 5. Dxcrnno3uBHas akTUBHOCTH BIK. Ynkypauku 26 aBrycra 2022 ., 17:49 no xam-

yarckomy Bpemenu (05:49 UTC). @omo E.K. ['opanvko

Fig. 5. Explosive activity of Chikurachki volkano 05:49 UTC, August 26, 2022 (Kam-

chatka time 17:49, August 26). Photo by E.K. Goranko

Puc. 6. Oxcrmo3uBHast akTUBHOCTH BIK. Ynkypaukn 27 aBrycra 2022 ., 08:42 mo xam-
garckomy Bpemenn (20:42 UTC, 26 asrycra). @omo E.K. Iopanvro

Fig. 6. Explosive activity of Chikurachki volkano 20:42 UTC, August 26, 2022 (Kam-

chatka time 08:42, August 27). Photo by E.K. Goranko
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KOB €r0 aKTUBHOCTHU (CBEUCHHE, IITyM) 3aMEUEHO
He ObLIO.

Ha crnenyrommii nens, 27 aBrycra, mpH mpo-
XOXKJCHUH Cy[IHAa BIOJb OXOTOMOPCKON CTOPOHBI
[Mapamymmpa wieHbl 5KHUMa)ka IMOMYTHO BHOBb
HaOMromanu 3a paboTarolMM BYJIKAaHOM. OKC-
IUIO3MBHAsA  JAESTEIbHOCTh XapaKTepH30Bajach
WHTCHCUBHBIM BBIICTICHHEM TIeTia, KITyOsiero-
Csl HaJl KparepoM M 00pa3yroliero npoTsKeHHBIN
uueiid (puc. 6). Ero 1ser, o cioBam o4eBUIIICB,
3aMETHO U3MEHWICS — C IPEuMy-
iecTBeHHo ceporo (21, 26 aBry-
CTa) 0 KOPUIHEBO-CEPOTO (THEM
27 aBrycta). Bo Bpems nepexona
AXTa ToMaja Moj Mervionaj, mna-
nyba U Bce CYIOBBIC HAICTPOMi-
KU, HMEIOUINE TOPU30HTAJIbHBIC
MOBEPXHOCTH, OBUIM 3achIaHbl
TOHKHUM KOPUYHEBATO-CEPHIM
nenjaoM (MakCHMalbHBIN pa3-
Mep yactuip — 1.5-2.5 mm). Bee
3TO BpEMsl B BO3AYXE OLLYIIAJCS
CEepPHHUCTBIN 3amax. 3a HECKOJIKO
4acoB HAOMIONEHUI pacxoj BbI-
HOCUMOM MEIUIO-Ta30BOM CMeCH
3aMETHO HE HM3MEHSJICS, OTIENb-
HbI€ B3pBIBBI HE OTMEYAJHCh.
B mocnenyromue AHE 1O CHyT-
HUKOBBIM JJaHHBIM HUKaKHX MpHU-
3HAKOB AaKTUBHOCTH HE pETH-
CTPUPOBAJIOCh.

2 centsiops B 04:30 UTC
Ha CIyTHHUKOBBIX cHuUMKax Hi-
mawari-8 JUarHOCTUPOBAH Tie-
TUIOBBIN BBIOPOC Ha BBICOTY 3 KM
H.Y.M., [IUIeH¢ OT KOTOPOro mMpo-
CTHpaJICS B IOT0-IOr0-3aragHoM
HampaBieHn# Ha 50 KM OT ByJKa-
Ha. [locne 3Toro HUKaKUX MPOsIB-
JIEHUH 3KCIUIO3UBHOM aKTUBHOCTH
3aMe4eHO He ObLTO0. 4 CEHTSIOPS Ha
BYyJIKaHE OTMeJasiach ciabas tep-
MaJibHasi aHOMAaJIHUSI.

13-20 oxmsaobpsa 2022 2. Tlo-
clefiHee, MO COCTOSHUIO Ha KO-
Her okTsOps 2022 r., u3Bepike-
HUE BIK. YUKypaukyl Ha4daaoch
13 okta6ps B 15:58 UTC: mo
nanaeiM SVERT, Ha cnyTHuKO-
BbIX cHUMKax Aqua MODIS 6bu1
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UACHTU(DUIIMPOBAH CIIAOBIIA
TIETUIOBBIN BHIOPOC HA BBICO-
Ty ~2 kM H.y.M. CBsI3aHHBII
C HUM TeIJIOBBIM 1HuIeH(
pacripoctpansuica Ha 10 km
B BOCTOK-IOTO-BOCTOYHOM
HanpaeineHun. Ha cnemyro-
nmi JIelb, 14 okTa0ps, 1o
CIIYTHUKOBOM HMH(pOpMAaImu
Suomi NPP (VIIRS) 3a¢uk-
CHpOBaHa »JKCIUIO3USI aHa-
JoruyHoM cuibl: B 15:40
UTC wnaGmonancs BBIOPOC
Ha BBICOTY ~2 KM H.y.M.,
yIQJICHHE TIETUIOBOrO M-
da, mnepeMemaBiierocs B
BOCTOK-CEBEPO-BOCTOYHOM
HANpaBIEHUHU, COCTABUIIO
10-15 xm. 15 okT0pst SKC-
MJIO3WBHAsT AaKTUBHOCTH
BJIK. YMKypauKku yCHIWIAChH
(mannpre  Himawari-8): B
10:50 UTC ormeuen cna-
ObIli TEIMJIOBBIA BBIOpPOC
(~2 KM H.y.M., yaaJIcHue
nuieiipa Ha 10-15 kM B
BOCTOK-IOI'0-BOCTOYHOM Ha-
MpaBlIeHUH), COyCTA 3 d,
B 14:00 UTC, mnpowmsomen
clenyromui, 0oiee CHlb-
HBIM B3pPBIB C BBIOpPOCOM
neria Ha BbICOTY 4.5-5 K,
MocJie 4ero Havayiach (aza
WHTCHCUBHOMN JKCILIO3UB-
HOW aKTUBHOCTH C HEMPEPHIB-
HBIM TOCTYIUICHHEM TETUIO-
BOIO MaTepuaia Ha BBICOTY
~5 kM H.yM. [lo cHumKam
Himawari-8, BBITOJIHEHHBIM
B MH(paKpacHOM JTHAra3oHe,
B pailoHE BYyJIKAHA OTMEYa-
Jach TepMasbHAs aHOMAJIHSL.
B Takom pexumMe ByikaH mpopaboTait 6oiee CyToK.

[lennoBelii  1uteil¢ mnepeMernancs Ha BOC-
TOK-IOTO-BOCTOK, a 3aT€M H3MEHWJ HalpaBlIeHUE
Y Ha4aJl paclpoCTPAHATHCS B FOTO-BOCTOYHOM Ha-
npasnenuu (~790 km ot Bynkana). [To cocrosauio
Ha 08:03 UTC (NOAA-19) obmas miomaap Ie-
wioBoro obmaka cocrapiusia 25 408 km?.  Ilo-
CTyIUIEHHE Marepuaia (PUKCHPOBAIOCH MpUMEp-

(a)

«BETA-Science».

were used.

VoLcANOLOGY

BIK.-Anan
X

ECBAK, }Bn(ypa}lw
Ry

335

m-oB KamyaTka

0. [Tapamyiiup

00! MaKaprmn'\

&

METIIOBBIN umem])t 5

TCTUIOBBIN HuIeH(

Puc. 7. OpynTusHble nuieidsl BynkanoB Unkypauku (0. [Tapamymup) u Anmanz (0. Ataacosa)
B 01:50 UTC, 16.10.2022 na crmytHnKoBbIX cHUMKax Suomi NPP (VIIRS): (a) pasuuma xaHa-
10B 14-15 mxwm, (b) BuauMeni auana3on. Mcrnons3oBaHbl JaHHbIE HH)OPMaINOHHOTO CEpPBHCA

Fig. 7. Eruption plumes of Chikurachki (Paramushir Island) and Alaid (Atlasov Island) vol-
canoes at 01:50 UTC, October 16, 2022 on Suomi NPP (VIIRS) satellite images: (a) channel
difference 14—15 um, (b) visible range. The data of the “VEGA-Science” information service

HO 710 15:30 UTC 16 oxts16ps, Takxke oTMeyaiach
crmabasi TepManbHas aHoManusi. B 3To ke Bpems,
CHUHXPOHHO C BIJIK. YUKYypauku, U3BEprajics BIIK.
Anaun (0. AtnacoBa), pacnoioKeHHbIH B 50 kM
ceBepHee. Ha cmyTHukoBoM cHuMke Himawari-8
ot 16.10.2022, 01:50 UTC orueTinBO BUIHBI UX
NeMJIoBble LUICH(BI, MpOTArMBaroIIMecs napa-

JIENBHO JIpyT Apyry (puc. 7).
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20 oxtsi0ps B 17:10 u 23:00 UTC 3aperu-
CTPUPOBAHO JBa IOCIEIHUX cIa0bIX Maporaso-
BBIX BBIOpOCA C MPHUMECHIO MEMJIa Ha BBICOTY JI0
2 kM H.y.M. lneidsr OT HUX NPOTATUBAIHUCH HA
30 kM B ceBEpO-BOCTOYHOM HalpaBiieHuu. B mo-
CIIEQYIOIINE JTHU HA BYJIKAHE OTMEYallach yMe-
pEeHHas Mapora3oBasi akTUBHOCTb.

3aknroyeHue

[To cCnyTHUKOBBIM JaHHBIM, JOMOJHEH-
HBIM pe3yJbTaTaMU BHU3YaJIbHBIX HaOIOICHUH,
Ha BIK. UMKypauku 3a mepuoj ¢ sHBaps MO OK-
Ts0pp 2022 1. OBLIO 3aUKCUPOBAHO 5 SMU30/I0B
9KCIUIO3MBHON aKTUBHOCTH, MPOAOJKHUTEIb-
HOCTb KaXKJOTO M3 KOTOPBIX BapbHUpOBaJla OT
2 no 8 nueit: 30 suBapsi—3 gpenpaist, 23—-24 urons,
30 uronst — 1 wmrons, 21 aBrycra — 2 ceHTAO0ps,
13-20 oxts6ps. [lo cBoemy xapakrepy u Mpo-
JOJDKUTEIIBHOCTH BCE HAOJIOIABIINECS COOBITHS
OBLIIM aHAJOTUYHBI MPEABIAYIIUM U3BEPKEHUIM
BynkaHa B 2008, 2015, 2016 rr. u 60NBIIMHCTBY
c1a0bIX U YMEPEHHbIX BYJIKAHCKUX H3BEPIKEHUM
BIK. YUKypauky, NIpPOUCXOIUBIIUX B HCTOpH-
yeckoe Bpems. HaOmroganuch kak eIMHUYHBIE
BBIOPOCHI, TaK M CEPUU SKCIUIO3UNA Ha BBICOTY
2—5 KM H.y.M., a TaKXe IEepHUOAbl OTHOCUTEIBHO
CIIOKOMHOW 3MHMCCHM MEIJIO-Ta30BOM CMECH pa3-
JUYHOU MHTEeHCUBHOCTHU. [lemoBeie meidsl u
o0Jlaka pacHpoOCTPAHIUCH MPEUMYIIECTBEHHO
B BOCTOYHOM, I0KHOM, FOIO-BOCTOYHOM, CEBEPO-
BOCTOYHOM M IOT0-3alla/lHOM HalpaBJICHUSAX, UX
MPOTSHKEHHOCTh focturana 790 kM, a mioniaab
25 408 xm? (15 okTsi0ps 2022 1.).

Bynkan Uukypauku OAWH U3 CAMBIX aKTHB-
HBIX BYyJIKaHOB KypuibCcKOH OCTpPOBHOH AyrH.
XapakTepHble JUIsi HEro IUIMHUAHCKHE H3Bep-
KEHHUsI J1eJIal0T MOHUTOPUHI €ro aKTUBHOCTH
BOXXHOM 3aJadyeii, TaK KakK TICIIOBBIC OOJIaKa
MIPEICTABISAIOT PUCK AJI1 AaBUALIMM, HACEIECHUS U
nH(ppacTpyKTyphl ocTpoBa. B HacTosiee Bpems
CIIyTHMKOBBIE JaHHbBIE B 3HAUUTEIBHOU Mepe I10-
KpBIBAlOT OCHOBHBIE MOTPEOHOCTH MOHUTOPHUH-
ra, KOTOpbIi C MCIOJIb30BAaHUEM BO3MOXKHOCTEH
nHpopmannonneix cucrem «BEI'A-Science» wu
«VolSatView» crtan 6onee ynoOHbIM U 3 dek-
TUBHBIM. B TO ke BpeMsi orpaHuueHus, CBsI3aH-
HbI€ C TOTOAHBIMU YCJIOBHSIMH, pa3peliaroiiei
CIIOCOOHOCTBIO CHHUMKOB M HEBO3MOXKHOCTBIO
peanu3alnny IpOrHO3HbIX OLIEHOK, YKa3bIBalOT HA
HE0OXOIMMOCTh OpraHu3ali Ha3eMHbIX Teodu-
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3UYECKUX HaOMIOACHHUI ¢ BO3MOXHOCTBIO PEru-
CTpalluu U Tepefadyu akTyalbHOH HHGOpMaIUH
O COCTOSIHMM ByJIKaHa. He TepsAroT cBOEH akry-
AIbHOCTH U Pe3yJbTaThl BU3YyaJbHBIX HaOIIONE-
HUU, BBIITOJIHEHHBIX CIy4YaiHBIMU OYEBHJILIAMM.
HX ycTHBIE CBHAETENIBCTBA, COIPOBOXKIAEMBIE
¢doTo- U BUIEOMAaTEpUATAMH, COJIEPKAT BaXKHbIE
JieTany, MO3BOJISIOIINE COCTaBUThH OoJiee MoJ-
HYI0 KapTHHY H3BEpKEHUS W JIONOJIHWUTH JaH-
HBIC, TOJy4YEHHBIE METONAMHU IUCTAHIMOHHOIO
30HIUPOBAHHUS.
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Kopa accumumnsaumoHHbIx noberos KyctapHuka cnnpen boeepa
(Spiraea beauverdiana S.K. Schneid.): CTPyKTypHblEe N3MEHEHUS
B YCNOBUAX BYFIKAHOMEHHOro cTpecca

Ha OXHbIX KypunbCKknx ocTpoBax 1 rnosnyoctpose Kamyatka

E. O. Bayepuonosa®, A.B. Konanuna, .M Bracosa
*E-mail: katya.vatserionova.85@mail.ru
Hnemumym mopcxoi eeonoeuu u eeogpusuxu /JBO PAH, FOxcno-Caxanunck, Poccus

PechepaTt. B paboTe npoBeneH aHain3 KOPhI OXHONETHUX aCCHMUIIILMOHHBIX OOEroB KycTapHHKa ciiipen bosepa
(Spiraea beauverdiana S.K. Schneid. cem. Rosaceae Juss.), mpouspacraroiieil B CTPECCOBBIX YCIOBHSIX ByJIKaHHYE-
CKOW U MOCTBYNKaHWYeCKON akTUBHOCTH Ha Kypmnbckux o-Bax (Kyrammup, Utypym) u m-oBe Kamuarka. Coueranue
HETaTHBHBIX JKOJIOTHYECKHX (DaKTOPOB B yCJOBHUSX (yMapojbHOI, Ta30ruaApoTepMalIbHOM aKTUBHOCTH U Ha IH-
POKJIACTHYECKUX OTIOKCHHAX B BYJIKAHOTEHHBIX JaHAMA(TaX BBHI3BIBAECT HApyIICHHE B AEATEIBHOCTH JaTepaib-
HBIX MEPUCTEM CTEOJIsT — (peyuioreHa U CoCyaucToro kaMOus. B cTpeccoBBIX yCIIOBHSX 3TH MEPUCTEMbI B TEUCHUE
BETeTAI[IOHHOTO CE30Ha MOTYT HAXOOUTHCA B COCTOSIHUM (YHKIMOHAJIBHOW aKTUBHOCTH, MMEIOIIEH MOCTOSHHBIN
WIN TPEPBIBUCTBIA XapakTep, JU00 B COCTOSHMHM BPEMEHHOTO IOKos. B pe3ynbraTre KOMOMHAIMI pa3iu4YHbIX BU-
J10B (DyHKIIMOHATBHOIN aKTHBHOCTH MEPUCTEM B aCCHMIUIALIMOHHBIX ITOOETAX U B OTAEIBHBIX X y4acTKax y CIUpEn
bosepa ¢opmupyercsi pazHas aHaToMu4eckas CTPYKTypa Kopbl. [10 COBOKYIHOCTH CTPYKTYpPHO-(YHKIHOHAIBHBIX
MIPU3HAKOB BBIJIEJIEHO 3 THIIA AaHATOMUYECKOM OpraHM3alliy OHOJIETHEH KOpHI y criuper boBepa n3 BylIKaHHYECKHX
MECTOOOUTAaHUI. DTH NPU3HAKN BU3YAIU3UPYIOTCSI METOAAMHU CBETOBOH MUKPOCKOIIMHU B BU/I€ KOHTPACTHBIX aHATO-
MHYECKHX MaTTepHOB. CTPyKTYpHBIE H3MEHEHUS OHOJIETHEH KOPBI, cQOPMUPOBAHHBIE B PE3yNbTaTe HECTAOMIBHOM
JIeSITeIILHOCTH (PeJIJIOTeHa U COCYIUCTOrO KaMOUs MO/ BIMSIHUEM BYJIKAHHUECKOTO CTPECCa, MbI I10JIAraeM, sIBIISIFOTCS
aJaNTHBHBIMH.

KnroueBble crnoBa: ¢dosma, mepugepMa, aHOMAIIMHU, KOpa, aCCUMIJIAIIMOHHbIC TIO0CTH, APEBECHBIC PACTEHUS, T'a-
30THAPOTEPMBI, CONb(AaTapsl, IJIAKOBBIC OIS, ByJKaHUYECKAas aKTHBHOCTD

Bark of assimilation shoots of the Beauverd spirea shrub
(Spiraea beauverdiana S.K. Schneid.): structural changes
under the conditions of volcanic stress

in the South Kuril Islands and the Kamchatka Peninsula

Ekaterina O. Vatserionova*, Anna V. Kopanina, Inna I. Vlasova
*E-mail: katya.vatserionova.85@mail.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The article analyzes the bark of annual assimilation shoots of the Beauverd spirea shrub (Spiraea beauverdi-
ana S.K. Schneid., Rosaceae Juss.) growing under the stressful conditions of volcanic and post-volcanic activity in the
Kuril Islands (Kunashir, Iturup) and the Kamchatka Peninsula. The combination of negative environmental factors under
the conditions of fumarolic, gas-hydrothermal activity and on pyroclastic deposits in volcanogenic landscapes causes
disturbance in the activity of the lateral meristems of the stem — phellogen and vascular cambium. Under the conditions
of volcanic stress, the functional activity of these meristems can be both constant and intermittent during the growing
season, or may be completely absent (temporary dormancy of meristems). As a result of combinations of different func-
tional activity of meristems in assimilation shoots and in their individual sections, different anatomical structures of the
cortex can form in S. beauverdiana. Based on the totality of structural and functional features, we identified three types
of anatomical organization of the one-year-old cortex in S. beauverdiana from volcanic habitats, which are visualized
by light microscopy in the form of contrasting anatomical patterns. We believe the structural changes in the one-year-old
crust, formed as a result of the unstable activity of the phellogen and vascular cambium under the influence of volcanic
stress, to be adaptive.
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Kopa accummnnsiymoHHbix noberos KyctapHuka crivpev bosepa (Spiraea beauverdiana S.K. Schneid.)
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BnaropgapHocTy 1 hmHaHCUpOBaHue

Pabora BbINOJHEHA B paMKax TOCYIapCTBEHHOTO 3aJlaHUs
Wucrutyra Mopckoi reomormn u reodusuxku JIBO PAH
(Ne 121022500177-6).

BBepeHue

W3BectHO, uTo Ha Kypuibckux ocTtpoBax
n KaMuaTke BynkaHu3M — BeaylIuil GpakTop Au-
HaMHUKH TPUPOJHBIX 3KkocucteM. OH ompeaens-
€T 0COOCHHOCTH JUTOC(Ephl, HAMPABICHHOCTD,
CKOPOCTh M JHMHAMHKY pelibeooOpa3yronmx
MPOLECCOB, OKA3bIBACT BIUSHUE HA T€OXUMUYE-
CKHE IMPOIIECChl, Ha COCTaB U MPO3PAYHOCTH aT-
Moc@depsbl, a TaK)Ke BBICTYNAET B KAUECTBE OJIHO-
rO U3 OCHOBHBIX ()aKTOPOB MOYBOOOPA30BaHUS
[1, 2]. CoBpemeHHasi AEATEIBHOCTh BYJKAaHOB
OYeHb pa3HOOOpa3Ha, a ee BO3/ICHCTBHE Ha pac-
TUTEJIBHOCTh 3aBUCUT OT THUIA SPYNTUBHOU JIesi-
TEJIbHOCTH BYJIKAaHOB M MX akTUBHOCTH [3]. IIpu
3¢ (hy3UBHBIX U3BEPIKEHUSX, COMPOBOXKIAFOTIINAX-
Cs U3JUSHUSIMU JIABOBBIX IMOTOKOB, TPOUCXOAUT
MOJIHO€ YHUUTOXKEHHUE PACTUTEIHLHOCTH, a TaKXKe
HAauMHAETCS CYLECTBEHHOE U JTTUTEIbHOE U3Me-
HEHUE YCJIOBUN MECTOOOMTaHUS sl PacTeHHI.
[1poaomKUTEILHOCTh BOCCTAHOBUTENIBHBIX CYK-
LIECCUU Ha JaBOBBIX MoJiAX — cBeime 1500 ner
[4, 5]. Ilpu SKCIUIO3MBHBIX H3BEPKEHUSIX HA
MMOBEPXHOCTh BBHINAJAIOT 3HAUUTEIbHbIE O00bB-
€Mbl IUPOKJIACTUYECKOIO MaTepuana — IMeM3bl,
Teppsl win nutaka. [lupokinacTuueckue MOTOKH
dbopMHpYIOTCS U3 pacKaJIeHHBIX KaMEHHO-Ips-
3€BbIX BSI3KMX JIaBUH U Ta30B. Pesynbraramu
9TUX BO3JIEUCTBUII MOTYT OBITh: IMOJHOE WIH
YaCTUYHOE YHUYTOKEHHE PACTUTEIBHOIO IIO0-
KpoBa Ha OOMIMPHBIX TUIOMIAASIX, 3allbUICHHE
U MOBPEXJICHHE HA/I3€MHBIX YacTed pacTeHUH,
B YaCTHOCTHU ACCUMWISILIUOHHOTO amrapara, aj-
paTbHON MUPOKIACTHKON, MOTpeOeHUE OTIEeNb-
HBIX SIPYCOB WMJIM LIEJIBIX YYaCTKOB (PUTOLIEHO30B
MUPOKJIACTUYECKUM MaTepuaioM, H3MEHEHHE
yCIOBHM cpenpl, (PU3NYECKUX M XUMHUYECKUX
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CBOWCTB MecTtoobuTanuit [6]. TIpomoimkurenns-
HOCTh BOCCTAHOBUTEIBHBIX CYKIECCHH Ha TH-
POKJIACTUYECKUX OTJIOKEHHUSX COCTABIISIET HE
MeHee 150-200 net [4]. OgHuM U3 NPOABICHUI
MOCTBYJIKaHUYECKON aKTUBHOCTH SIBISIETCS TaK-
xe (hymaponpHas (conbdarapHas) ¥ TUAPOTEP-
MallbHas JaesTeabHOCTh. CMEHBI U (OpMHUPOBa-
HUE PACTUTENILHOCTH IO/ BIUSHUEM coybdaTap
3aBUCAT OT dapUUECKUX YCIOBUN, N3MEHEHHBIX
NeATEeNIbHOCTBIO colibaTap, OT YCTOWYHMBOCTH
OTJIeJbHBIX BUJOB PACTEHUN K TOKCUYHBIM razam
(X70pHUCTBI U (GTOPUCTHIH BOIOPOJ, CEPOBOIO-
PO, CEpHUCTBHIN Ta3 U T.1.), @ TAKXKE OT 0COOEH-
HOCTH MUKPOKJIMMATa B 30HE HX IPOSBICHUS.
Oxkono akTUBHBIX cosbdaTap MPOSBISETCS CIie-
upuuecKas MUKPO30HAIBHOCTh B Pa3MEIICHUH
PaCTUTENBHBIX TPYNIUPOBOK, OOYCIOBICHHAS
pa3IUYHON YCTOWYHMBOCTBHIO BHUJIOB K BO3JEH-
CTBUIO Ta30B M CBOCOOpA3HBIM MUKPOKIUMATH-
YECKUM yclIoBHsM [1].

Macutabsl mopaxeHus: paCTUTEIBHOTO T0-
KpPOBa U TE€MIIbl €r0 MOCJIEAYIOUIEr0 BOCCTAaHOB-
JIEHUsI TPHU BYJIKAHUYECKOM M TOCTBYJKaHUYE-
CKOW aKTUBHOCTHU 3aBUCST HE TOJIBKO OT 00beMa
U3BEP>KEHHBIX TOPOJI, MOLTHOCTU U TUIIA U3BEP-
KEHHUS, XUMHYECKOTO U TPaHYJIOMETPUUYECKOTO
COCTaBa MPOJAYKTOB HW3BEPKEHUS, Pa3MEIICHUS
OTJIOKEHHOTO U TEPEOTVIOKEHHOTO BYJIKaHUYE-
CKOTO MaTepuasa, HO TaKXKe U OT COCTaBa Mpeod-
JJIA0IIEeH PAaCTUTEIIBHOCTH B 30HE U3BEPIKEHHUS,
€€ 30HAJbHOTO U BBICOTHO-IMOSICHOTO MOJIOXe-
HUus [6]. BausiHue ByJIKaHUYECKOM NEATENbHO-
CTH CrOCOOCTBYET (OPMHPOBAHUIO PA3IMUHBIX
aJaniTUBHBIX MEXAaHU3MOB, 00€CIEYNBAIOIIUX
npucrocoOiIeHne )KU3HEHHBIX MPOIECCOB pacTe-
HUN K 9TUM yCIIOBHSIM OOWTaHHUS, a TAK)KE BHE-
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JIIpEHUI0 B OMOTEOIEHO3bl HOBBIX BHUIOB, Oojee
MPUCTIOCOOTIEHHBIX K CYIIECTBOBAHHUIO B CTpEC-
coBoii oocranoBke [1, 3].

B coBpeMeHHOI Hay4yHOU JIUTEpaAType 3Ha-
YUTEJIHHOE YUCIO padOT MOCBSIIEHO U3YUYEHUIO
CTPYKTYPHOU peakiu IpeBECUHBI Ha JIEHCTBHE
CTPECCOBBIX MpUPOIHBIX (pakTopoB. Hampumep,
BIUsIHUE (PU3HOIOTUYCCKOM 3acyxu Ha Juniperus
communis L. [7], Chukrasia tabularis A. Juss.
[8], Betula pendula Roth., Populus nigra L.,
Quercus robur L., Acer platanoides L. [9, 10],
BIIMSIHUE JKCTPEMAJIBHOW 3acyxu Ha Moringa
peregrina Forssk. [11], BnusiHuEe HUZKHX TEM-
neparyp B IIMPOTHOM TMpenene leca Ha Larix
gmelinii Rupr., Larix cajanderi Mayr., Pinus
sylvestris L. u Picea obovata Ledeb. [12, 13].
3apyOesKHbIe UCCIIeI0BAHUS MMOCIEHUX JI€CATH-
JIETUI TOKA3bIBAIOT, YTO MOCJEICTBUS BYJIKaHU-
YEeCKOU JesTeIbHOCTU OTPAKAIOTCS HA CTPYKTY-
pe IpPEeBECHHBI XBOWHBIX M MOKPBITOCEMCHHBIX.
CTpyKTypHBIE MapKephl BYJIKaHUYECKOTO CTpec-
ca ObLIM HalIeHbl Y APEBECHBIX PACTeHUM, MPO-
M3pACTAOIINX HA Pa3IUYHBIX ByJIKaHax: y Pinus
montezumae Lamb., Pinus hartwegii Lindl. na
Bik. [lomokarenetns [14, 15]; Fagus sylvati-
ca L. u Acer pseudoplatanus L. B nmannmad-
TaxX BYJKaHUYECKOro komruiekca Besysuii [16];
Pinus hartwegii L. na Bnk. Canta-Mapus [17].
F.H. Schweingruber [18] 060061m1um, 9T0 CTPYyK-
TypHbIE W3MEHEHHs JIPEBECHHBI B PE3yNbTaTe
BO3JICHCTBHS BYJIKAaHOB BBIPAXKECHBI B (DOPMHPO-
BaHWH y3KHX TOIWYHBIX KOJEI, Y3KOH MO3IHEeH
JPEBECUHBI, JIOKHBIX TOAMYHBIX KOJIEll, YMEHb-
[ICHUU TONIIMHBI KIETOYHBIX CTEHOK M yBEJH-
YEHUU J0JIU MapeHXUMBI B TTO3JHEN ApEeBECUHE.

OnHako BIMSHHIO CTPECCOBBIX (DaKTOpOB
Cpelbl U BYJIKAaHUYECKOW NEATENbHOCTU Ha KOpY
U €€ pa3BUTHE y JAPEBECHBIX PACTEHUH yIeleHO
CpaBHHUTENHHO Mano BHUMaHus. Kopa npesec-
HBIX PACTCHHM SBISCTCS CIOXHBIM OOBEKTOM
JUIsL U3y4YEeHHs] BO MHOTHX OTHOUICHMSIX, M Ipe-
JKIEe BCEr0 METOIUYECKH, MOATOMY B O0IACTH
JKOJIOTUYECKOW aHATOMHMHM KOPBI CBEIEHUW O €€
CTPYKTYPHBIX MEPECTPONKAX IMOJT BIUSHUEM BYJI-
KaHWYEeCKOW aKTHBHOCTH TOpa30 MEHbILE, YeM
B kcuytotromuu [19-21]. HeGonpioe Koau4ecTBO
COBPEMEHHBIX HCCIIEIOBAHUN MOCBAIICHO CTPYK-
TypPHOH pEaKIMU KOpbl JPEBECHBIX PACTECHUH
Ha TIOCNIEACTBUS OT Pa3IMYHBIX CTPECCOTCHHBIX
(bakTOpOB Cpenbl, HApUMEp MOXKapoB, y Pinus
sylvestris L. [22]; BunoB Quercus v Pinus [23, 24];
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Carya tomentosa Willd. Quercus alba L., Quercus
velutina Lam., Acer rubrum L., Fagus grandifolia
Ehrh., Liriodendron tulipifera L. [25]; Quercus
chrysolepis Liebm., Quercus garryana Douglas.,
Quercus kelloggii Newberry, Acer macrophyllum
Pursh. [26].

[locnennue paboThl MO BIMSHHUIO CTpEC-
COBBIX YCJIOBUU BYJIKaHMYECKHX JIaHAMA(PTOB
Kypuibckux octpoBoB M mn-oBa Kamuyarka Ha
JPEBECHBIE PACTEHHUs TO3BOJIMIIA BBISIBUTH Ie-
JIBI KOMILUIEKC CTPYKTYPHBIX aJalTaluid KOpBI:
y Betula ermanii Cham. B ycnoBusix HOxHo-
CaxanuHckoro rpsizeBoro BynkaHa (o. Caxa-
TuH), conbdaTapHOro MOJA W Ta30TUIPOTEPM
BIK. bapanckoro (0. Utypyn) [27-29]; y Spiraea
beauverdiana B ycnoBusix LlenTpanbHOTO BOC-
TOYHOTO COJIb(haTapHOTO MOJIs KaJIbJIephl BIK. [ 0-
noBHuHa (0. Kynammp) [30-32]; y Hydrangea
paniculata Siebold. na Bik. Menaeneena (0. Ky-
Hamup) B yciaoBuax CTonOOBCKHUX THIpOTEp-
MalbHBIX HCTOYHUKOB [33], y Toxicodendron
orientale Greene. B ycinoBusix BepxuemokTop-
CKHMX Tra3oruApOoTEPMAJIbHBIX HCTOYHUKOB [34],
y mpeacraBuTenen cemencra Ericaceae Juss.,
MIPOU3PACTAIOLIUX B YCIOBUSAX MHKpOJaHmIad-
TOB ByJIKaHa [35]; y pa3iu4HbIX KyCTapHUKOB
Y KYCTapHUYKOB B YCIIOBUSIX KaJibJiephl BIK. Kcy-
nau (r-oB Kamuarka). B 3Tux skonoruueckux yc-
JIOBHSIX OTMEUEHO (hOPMHUPOBAHUE KYCTapHHKO-
Bol akomop(del B. Ermanii [36, 37]. U3yuenue
CTPYKTYPHBIX IEPECTPOEK KOpBI MpPEACTaBIIs-
€T MHTEpecC JIs BbISBIEHUS 3aKOHOMEPHOCTEH
dbopMupoBaHUs aJaNTAIIMOHHBIX CIIOCOOHOCTEH
pacTeHui B CTPECCOBBIX YCIOBHIX, B TOM YUCIIE
aHTPOIIOTEHHOT'O U TEXHOTEHHOTO MPOUCXOXKIe-
HUA. OTa 0COOEHHOCThH /1a€T BO3MOXXHOCTb MO-
HUTOPWHTA M WHIWKAIIUW THHAMUKA H3MCHCHUS
reosyiorudyeckou cpeast [28, 37].

Cpenu npeBeCHBIX pAaCTeHHI 0COOBIN UHTE-
pec A U3y4YEeHHSI CTPYKTYPBI KOPBI U €€ PeaKIIuu
Ha YCIJIOBUSI OKpY>Karollel cpeibl MPeACTaBISIOT
BH/JIbI, UMEIONINE MIMPOKYIO IKOJIOTHYECKYIO Ba-
JICHTHOCTb, XKU3HEHHAsI (DOpPMa KOTOPHIX MOXKET
TpaHC(HOPMHUPOBATHCS MO ABICHUEM TPUPOI-
Horo cTpecca. OHUM U3 TAaKUX BHUJIOB SIBISIETCS
Spiraea beauverdiana. C xu3HeHHOU dopMoOi
KyCTapHHK OHa MPUYypOYECHA K TOPHBIM Jiecam,
a KaK IPHU3EMUCTBIA KyCTApHUYEK YCIEHIHO 00-
KUBaeT CyOalbNUIICKUM W anbIUNCKUN Mosca
BBICOKOTOPHI MPUMOPCKHUX M MPHUOKEAHHUECKUX
tepputopuii  CeBepo-Boctounoir Aszum [38].
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OtmMmeueHno, uto S. beauverdiana >K0I0ruYeCcKU
CBsi3aHA C aKTUBHOM reoJMHAMHYECKON 00cCTa-
HOBKOM Ha Kypunbsckux ocrpoBax u n-ose Kam-
yarka [39].

Ilenpro HACTOAIIETO UCCICAOBAHMS SIBISCTCS
W3yYEHUE CTPYKTYPHBIX 0COOEHHOCTEHN KOpHI ac-
CUMIIALIMOHHBIX 1100eroB S. beauverdiana, npo-
M3pACTAIONICH B KOHTPACTHBIX HSKOJIOTHYECKUX
YCIOBHSIX Ha aKTHBHBIX ByJkaHax KyHnammpa
u Urypyna (Kypunsckue o-Ba) u n-oBa Kamuarka.
B nccnenoBanHbix MecTooOUTaHMIX criupen bo-
Bepa CTPECCOBBIE yCIOBHUS 00YCIOBIEHBI Pa3HO-
00pa3HbIMU TPOSBICHUSMH BYJIKAHUYECKOUW H
MTOCTBYJIKaHUUYECKOH aKTUBHOCTH (JTAaBOBBIE TTOTO-
KW, MAPOKIACTUYCCKUE OTIOKEHUS, coibdarap-
HBIE TI0JI51, Ta30TUAPOTEPMATBHBIC NCTOUHUKH ).

MaTepManbl n Mmetoabl

Spiraea beauverdiana (Rosaceae Juss.) —Ty-
CTOBETBUCTHIN KycTapHUK 70 30 (60) cM BbICO-
TOW, C ONYNICHHBIMH WJIA TOJBIMH ITOOETaMH.
JIucThs DIIUNTUYECKHE WU TPOJOJITOBATO-
oBajbHble, Menkue (1-3 cm nnuHOM), ropogya-
TO- WJIM MUJIBYATO-3y0uaThie MPEUMYIIECTBEHHO
B BepxHel nonoBuHe. COIBETHS IIUTKOBU/IHEIE,
oT 1 10 6 cM B nuaMeTpe, rycTble, C HIKHUMH
ocsiMu 10 3 cM anuHON. OcH COLBETHH U IiBe-
TOHOXKEK BCETJIa CEepOBaThle OT I'yCTOro OapxaTu-
croro onymeHus. [{Betku ot 4 10 7 MM B aua-
MeTpe, Oenble, MHOTrIA po3oBarbie. JIMCTOBKH
2.5-3 MM B auamertpe, nymucteie [40, 41].

S. beauverdiana MmUPOKO pacHpoCTpaHe-
Ha B Bocrounoit Cubupu, Ha lansaem Bocro-
ke (puc. 1), SAnonuun, CeBepHoit Amepuke [41].
CeBepHas TrpaHdIla €€ apeana IPOXOAUT B ap-
kTudyeckux mupotax [42]. Ha Kypummax ona
npouspacTaeT Ha octpoBax — Kynammp, Uty-
pyn, Ypyn, Ilapamymup, lymmy (bonbmas
Kypunbckas rpsiga), Tandunbesa, FOpwuii, 3eme-
HbIl, [lononckoro (Manas Kypuibckas rpsga).
B rpanunax coero apeana nHa Kamuarke u Ky-
PUIIbCKUX OcTpoBax S. beauverdiana nOBOJIBHO
MaccoBO BCTpedaercss B JaHamadrax, TpaHC-
(hOpMHPOBAHHBIX COBPEMEHHOW BYJIKaHUYECKOM
nearensHocThi0. Ha Caxamune S. beauverdiana
MIPOU3PACTAET IO BCEMY OCTPOBY, HO IIPEUMYyTIIe-
CTBEHHO B CPEJHEH ero 4acTu BBICOKO B ropax
[40, 41].

Mecrtooburtanus S. beauverdiana — TopHbBIC
Jeca W PEIKONEeChs, KyCTapHUYKOBBIE TYHIPBI,

EcoLoGY. GEOECOLOGY

CKallbl, KAMEHUCTBIE CKIIOHBI U OCBHINH, IIIAKO-
BBIC TIOJISI, 3apOCIIH OJIbXOBHHKA M KEIPOBOTO
CTJIAaHHMKA, OMYIIKH KaMEHHO-Oepe30BBIX, MUX-
TOBO-EJIOBBIX M €JIOBBIX JIECOB, KyCTapHUYKOBO-
OCOKOBO-MOXOBBIE 00J0Ta, 3apOCIH KyCTapHH-
KOB 10 CKJIOHAM MOPCKHUX M NPUPEYHBIX Teppac,
CBIPBIE OCOKOBO-BEHHHKOBBIE JTyTa, BBIXOJBI XO-
JIOJHBIX KJTIOUEH Ha KaMEHHCTBIX MPUMOPCKUX
CKJIOHAX, HUBAJIbHbIC JIy)KalKH B TOpax M 1eo-
HUCTO-TJIMHUCTHIE CKIIOHBI 10 1600 M Haxg yp. M.
[43, 44].

Marepuan nnas ucclieJoBaHUS Mbl COOH-
paiy B XOJle TMOJIEBBIX PAOOT M HIKCHEAMIIHIMA
71a00paTOPUH IKOJIOTUH PACTEHUN U T€0IKOIOT U
UMI'ul' IBO PAH na octpoBax Kynamwup
u Utypyn n n-ose Kamuarka ¢ 2007 no 2019 .
Oo6pasuest S. beauverdiana coOpaHbl B pa3TUIHBIX
JaHAIaQTHRIX YCIOBUAX [pHc. 2, 3; Tabm. 2-3].

Ha o. Kynamup mecramu coopa S. beauverd-
iana 6w1M conb(darapHble MO ByIKaHOB [ 010B-
HUHA 1 MeHJeneeBa ¢ maporazoBsIMU BeIOpoOcCa-
MH. DTH TIOJI XapaKTePHU3YIOTCS OMpeIeICHHBIM
arpecCMBHBIM XUMHUYECKUM COCTaBOM IIOYB
U TPHU3EMHBIX CciioeB atmocdepsl (puc. 2 e, 3 a;
Tabm. 1, 2) [45, 46], mOPTOMY OHU TPAKTUYECKHU
JMIIEeHBI pacTuTenbHOCTH (puc. 2 f, 3 b; Tadm. 3).
OO6pa3mbl oToOpaHbl Takke B 1 KM OT conbdarap-
HOTO TI0JISI BHYTPH Kajbaepsl [ onoBHUHA. 3aMeT-
HOTO BJIMSIHUS BYJIKAHUYECKOW JESATETHHOCTH Ha
PacCTUTENBLHOCTH B ’TOM MECTOOOUTAHUU HET, MO-
9TOMY €ro MOXXHO Ha3BaTh TUIIUYHBIM IS UCCIIe-
nyemoro Buaa (puc. 2 g, h; ta6mn. 1, 3).

Ha o. Utypyn o6pasusl S. beauverdiana co-
Oupaiy B cpelHEM KOMIUIEKCE JJaBOBOTO TIOTOKa,
c(hOpMUPOBAHHOIO TOCIEAHUM H3BEPKEHUEM
BIK. KynpsiBeiif, 1 y mogHoxus BIK. bapaHcko-
ro. Ha Bnk. KyapsBbelli Ha pacTeHus BIHSAIOT
BBIOPOCHI ¢ (pyMaposr BepxHEro KoMmruiekca [46,
47], a TaxKe KHCIOTHBIE HOXKAU W TyMaHbI
(puc. 2 a, b; Tabmn. 1, 2). A B yCIOBUSIX TTOTHOXKHUS
BiIK. bapanckoro mectooburanue cnupeu bose-
pa mpuypodeHo K OOpTaM OCHIIH BYJKaHUYECKO-
T'O CKJIOHA, MPEICTABIIEHHON KPYIHBIMU BallyHa-
MU U TJIBIOAMH, MEKy KOTOPBIMH Y/IEPKHBACTCS
KyCTapHHKOBasi pacTUTEIbHOCTD (Tabmn. 3). Pac-
TUTEIBHOCTH 3/1€Ch MMPAKTUYECKU HE UCTIBHITHIBA-
€T TIOBPEXKJIAIOMIETO BIIUSHUSA BYJIKAaHUYECKUX
MPOSIBIICHU, MMO3TOMY JaHHOE MECTOOOUTaHHE
XapakTepHu3yeTcs Kak OJM3Koe K THIIMYHOMY ISt
ucciemxyemoro Buja (puc. 2 c, d).
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Hamn-oBe Kamuarka o6pasiiel S. beauverdiana
coOpaHbl B paiioHe TapsAIUX ra30ruIpoTepMab-
HBIX HMCTOYHUKOB «J/lauHbie» BiIK. MyTHOBCKO-
ro u B kanpjaepe Bik. Kcymau. Mecrooburanue
S. beauverdiana 0xono ra3zoruApPOTEPMAIBHBIX
MCTOYHHUKOB CYIIECTBEHHO OTJIMYAETCS OT OKpY-
JKAIOIINX TEPPUTOPUI IO MUKPOKIMUMATY, TeMIIe-
paTypHOMY pEXHMY TOYB, T€OXUMUYCCKUM Xa-
pakrepuctukam [48, 49] (puc. 3 ¢; Tabm. 1, 2, 3).
B kanpaepe Bik. Kcynau mectom cOopa pactenuit
ObUT IOKHBIM CKJIOH TOCTPOMKM BHYTPH Kajb-
nepHoro Bik. [IITioGens u Ha Oepery p. Termmasi.
3nech nocneaHee uszBepxkeHue 1907 r. BeIHECTO
Ha MMOBEPXHOCTH OOJbIINE 0OBEMBI PHIXJIBIX BYII-
KaHUYECKUX MPOIYKTOB — MEIUia, MecKa, MeM3HI,
maka [50] (puc. 3 e, g; tabm. 1, 2). Ha stux
IOBCHWJIBHBIX TETIOBO-IIIAKOBBIX OTIOKEHUSIX

B 2016 1. yxe copMupoBainuch pacTUTEIbHBIC
cool1IecTsa €O 3HAUUTENBHBIM y4YacTHEM IIH-
OHEPHBIX BUJOB U HEKOTOPBIX KYCTapHHUYKOB,
B ToM umcie S. beauverdiana (puc. 3 f, h; Tadmn. 3).

O6pa3upl S. beauverdiana nist CTPYKTYpHOTO
aHaJIM3a, YIUTHIBAS OIBIT MHOTOJICTHUX ITOJICBBIX
pabot [51], cobpaHbl B MAaKCUMAJILHOM TIPUOITH-
KCHHH K MCTOYHHUKAM BYJIKAHHYECKHX IPOSIBIIC-
Huid. Mecrooburtanus S. beauverdiana obcneno-
BaJi TI0 PEKOMEHAAIMSIM MPU Te000TaHUUYECKUX
uccaenoBanmsx [52, 53]. B kaxaom mecTooOu-
TaHUU OJHOJIETHHE moberu S. beauverdiana or-
Oupanu ¢ MOOEroB BETBIEHUS OT TpeX 0coOeil.
Oukcanuio 00pasloB crenel A aHaTOMUYe-
CKOTO aHaJIM3a MPOBOJWIH B ICHb cOOpa B CMecH
70%-ro0 3TUIOBOIO COUPTA U INHLIEpUHA. AHAIU3
00pa3IoB KOPBI BBINMOJHSIN Ha OOOPYIOBAHHH

AkyTex
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Puc. 1. Apean S. beauverdiana na JanpaeM Boctoke Poccuu mo [41]. [lyHkTHpHON KpacHO# THHKEH 0003HaueHBI rpaHUIb [{ambHEBO-
CTOYHOTO (hefepalibHOro OKpyra. KpacHeIMH TpeyroibHHKaMH 0003HA4YEHbI HecleayeMble MecToobuTanus S. beauverdiana.

Fig. 1. Habitat of S. beauverdiana in the Russian Far East accordi
The red triangles indicate the studied habitats of S. beauverdiana.
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ng to [41]. The dotted red line marks the borders of the Far East.
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Puc. 2. S. beauverdiana B uccnenyeMbix MecrooOuTaHmMsXx Ha ocTpoBax Urtypynm m Kynammp. Cnesa (a, ¢, e, g) nmanamad-
ThI HCCIEIyeMbIX ydacTkoB, crpaBa (b, d, f, h) pactenus ¢ 3Tux yuactkoB. (a) — JaHAMA(THI JTABOBOrO MOTOKa BIK. KyapsBblii,
(b) — S. beauverdiana B HECOMKHYTBIX LIMKIIEBO-KACCHOIICEBO-KAMHEIOMKOBBIX IPYIIHUPOBKaX B 3TOM paioHe; (c) — maHamad-
ThI TOAHOXKUSL BIK. BapaHckoro, (d) — S. beauverdiana B 6aMOy4KOBO-KyCTapHUKOBOM PacTHTEIBHOM co00IIecTBe; (€) — mangmad-
ThI Oepera 03. Kumsiuee kanbaepst Bik. [onosuuHa, (f) — S. beauverdiana B pa3pexeHHBIX TPaBsIHO-KYCTapPHHKOBBIX IPYIITHPOBKAX;
(g) — nanmmadTe! KanpAepsl BIK. [onoBHIHA, THO Kanbaepsl, (h) —S. beauverdiana B 6amOyuHHKe KePOBOCTIAHHKOBO-KYCTaPHHKOBOM.
@omo a, b— A.B. [leemspesa; ¢, d— A.B. Konanunoii, e, f, g, h — A.1. Tanscrkux

Fig. 2. S. beauverdiana in the studied habitats on the islands of Iturup and Kunashir. On the left (a, c, e, g) there are the landscapes
of the studied areas, on the right (b, d, f, h) — the plants from these areas. (a) — landscapes of the lava flow of Kudryavy volcano,
(b) — S. beauverdiana in the open Empetrum—Cassiope—Saxifraga groups in this area; (c) — landscapes at the foot of Baransky volcano,
(d) — S. beauverdiana in a sasa sp. shrub plant community; (e) — landscapes of the lake shore of Lake Kipyashchee of the Golovnin
volcano caldera, (f) — S. beauverdiana in sparse herbaceous-shrub communities in the area of Lake Kipyashchee; (g) — landscapes
of the Golovnin volcano caldera, the bottom of the caldera, (h) — S. beauverdiana in the pinus pumila-shrub sasa sp. in this area.
Photo a, b — by A.V. Degtyarev; ¢, d— by A.V. Kopanina, e, f, g, h— by A.I Talskikh
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Puc. 3. S. beauverdiana B uccnenyeMbix MecTooOuTaHusIX Ha 0. Kynammp u nm-oBe Kamuarka. Cresa (a, ¢, e, g) manamadTsl Uccieny-
eMbIX yJacTkoB; crpasa (b, d, f, h) pacrenus ¢ stux ydactkos. (a) — nangmadrsr CeBepo-Boctounoro conbdarapHoro mosst Bik. Men-
neneesa, (b) — S. beauverdiana B xenpoOBOCTIAHUKOBO-0aMOYyYHHKOBOM PACTHTEIEHOM COOOIIECTBE B IAHHOM paiioHe; (¢) — nanamad-
ThI HCTOUYHHUKOB «Jlaunbie» BiK. MyTHOBCKUH, (d) — S. beauverdiana B MBKOBO-pOIOICHIPOBO-CITUPEIHHOM PACTUTEIEHOM COOOIIECTBE;
(e) — nanmmadTel yerbs p. Tertas B kanpaepe Bik. Keynay, (f) — S. beauverdiana B GunomoneeBo-ocTpoio0YHHKOBOM PACTUTEITEHOM
coobmrectse; (g) — manmmadTel Bik. LITro6ens B kanpaepe k. Keynaa, h — S. beauverdiana B MBKOBO-pOIOJICHAPOBOM OCTPOJIOAOYHH-
KOBO-MaiHHKOBOM pacTHTEIBHOM coolmectBe. Bee pomo A.B. Konanunoii

Fig. 3. S. beauverdiana in the studied habitats on Kunashir Island and the Kamchatka Peninsula. On the left (a, c, e, g) there are the
landscapes of the studied areas; on the right (b, d, f, h) — the plants from these areas. (a) — landscapes of the North-Eastern solfataric
field of Mendeleev volcano, (b) — S. beauverdiana in Pinus pumila—Sasa sp. plant community in this area; (c) — landscapes of Dachnye
springs of Mutnovsky volcano, (d) — S. beauverdiana in a Salix—Rhododendron— Spiraea plant community; (e) — landscapes of the mouth
of the Teplaya River, the Ksudach volcano caldera, (f) — S. beauverdiana in a Phyllodoce—Oxytropis plant community; (g) — landscapes
of Shtyubel volcano in the Ksudach volcano caldera, (h) — S. beauverdiana in the Salix—Rhododendron Oxytropis—Maianthemum plant
community. A/l photos by A.V. Kopanina
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1a00paTOPUH IKOJIOTUH PACTCHUN M F€03KOJIOTUU
NMI'ul' IBO PAH mMeTronamu cBETOBOI MHKpO- _ wx |m = 38
ckonuu [51]. JIns WM3roTOBIEHUS MOMEPEUHbIX, _% s § %ﬁ é. o % Eﬂ
paJHaIbHBIX M TAHTCHTAIBHBIX MUKPOCPE30BCTe- o |82 - & o §§ g 5g¢
oneit TomuuHON 10-25 MKM HCIIONB30BANM CaH- & = §M S| Z5EEE g 5 B
et Mukporom HM 430c ¢ samopakusarommm = E’ - g@ 7|3 éég 55 g8
cromakoM (Thermo Scientific, CIITA). Okpamm- & SEQ |5 gg E 28 g ég
BaJIM MUKPOCPE3bl PETPECCHBHBIM METOJIOM C HC- 5 o JES |2 6 =5 02825
MOJIb30BaHNEM ca)paHUHA U HUIBCKOTO CHUHETO, é Ed —
¢ TOCTIeTyIoTIel OTMBIBKO# B PACTBOPAX STUIOBO- 5 2 ’E e g = 2
ro CHMpTa BO3pacTaomelt konentparuu (ot 50 £ 8 2 £) 3 [i Z 8
10 96 %) ¥ 3aKIIOYMTENBHBIM 00€3BOKUBAHUEM = = | E | = o EE3'g
B KapOOKCHIONE M KCHIONE MO0 METONMYecKnM < 5 | & g - = K 5 &
pexomenmamusiM [54]. IloctosiHHBIE Tpenaparsbl é ‘2 = [%j % % % §t§ % =9
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Scope.Al, Carl Zeiss. : 5| = S g & & 555 E
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BEPUTENBHOUN BEepOITHOCTH 95 %) (Tabm. 4). g 2 5» g7 3 E@
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CBEJICHUS O CTPYKTYpe KOPBI JPYTHX BUIOB poja E 2 3|2 2 g =2 EEIEY:
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humilis Pojark., Spiraea japonica L., Spiraea
salicifolia L. [56, 57].

TkaneBblii coctaB kopwl S. beauverdiana
CYIIIECTBEHHO MEHSETCS B TE€UEHHE NEepBOTO Be-
TeTalMOHHOTO CE30Ha 3a CYET CMEHBI IEepPBHY-
HOTO CTPOCHHUSI KOPbl Ha BTOPUYHOE B TEPBOM
MIOJIOBUHE CE30HA B Pe3yNbTaTe 3aJI0KEeHHsS U Jie-
STETbHOCTH BTOPUYHBIX MepHUCTEeM — (hessioreHa
U COCYOHCTOro KaMmOus. 3anokeHue (QeuioreHa
y S. beauverdiana mpoucXoauT B TIIyOOKHX CIIO-
SIX KOPBI, U BCE TKaHU, PACTIOIIOKEHHBIE KHAPYKH
OT HEro, OTMHPAIOT, TaK KaKk OH 00pa3zyeT Hempo-
HUIAEMYIO (eIiemy.

B KoHIle MepBOro BEreTalMoOHHOTO CE30HA
TKaHU KOpHI S. beauverdiana (3nmaepma; KOpTEKC,
BKJTFOYAFOIIMIA KOJUIEHXUMY, OCHOBHYIO TTapEHXH-
My U 3HIOAEPMY), PACIOJIOKEHHBIE KHAPYKH OT
MEPUICPMbI, MTOYTH TIOJTHOCTHIO OTMHUPAIOT U Jie-
(dopMupyIOTCS,, HO HE CIYLIMBAIOTCS C IOBEPX-
HOoCcTH cTeOns (puc. 4 a). DHIoAepMa TaKKe Jie-
dhopmupyetcs nocine cyoepunuzaiuu demiemsr. K
KOHILy JIeTa BCsl Hapy’KHas 4acTh CTeOJIsI OTMUPAET
710 SHIOJIEPMBI, KOTOpasi HaYMHAET (HYHKIIMOHUPO-
BaTh Kak MOKpOBHas TKaHb. [lepunepma u ee Ha-
pyXHast 9acTh — (hesieMa JUIMTEIBHOE BpeMs MpHU-
KPBITa SHIOACPMON U JIUIIH K CEPEMHE HITH JIaXKe
K KOHILy CJEIYIOIIET0 BEreTallMOHHOIO ce30Ha (Ha
BTOPOM T0Jl POCTa), MOCJE ONaJACHUs SHIO0IEPMBI,
HAYMHAET BBITIONHATH (PYHKIMIO MOKPOBHOW TKa-
HU. BHEmHsAsA 4acTte MOJOI0M KOpBI — 3NUAEpMa,
SHJIOAIEpPMA WITH, TIO3XKE, TIEpUIepMa — BBITIOTHSIET
POJIb 3alIMThl BHYTPEHHUX TKaHEH OT abmoTuue-
CKUX 1 OMOTHYECKUX CTPECCOB. BHYyTpEHHSISI 4acTh
Kopbl S. beauverdiana npencrapnena GpaosmMoi, Ko-
TOpast OCYIIECTBISIET TPAHCTIOPT ACCHMMUIIATOB, HX
3amac ¥ CHHTE3 BTOPHYHBIX METaOOJIHTOB.

B koHIle BereTanMoHHOTO ce30Ha B cTebie
S. beauverdiana no HampaBleHUIO OT mnepude-
PHH K LIGHTPY B KOPE pacroyiaratoTcs cleayromue
TKaHH: 1e()OpMUpPOBaHHAS dIHIEPMA; AePOpMu-
POBaHHBIM KOPTEKC, BKJIIOUAIOIIUN KOJUICHXHMY,
OCHOBHYIO MTAPEHXUMY U SHJIOJIEPMY; IIepuaepma,
BKJIIOYAIOLIAst OHOCIIONHYIO (enemy, destoren
u 1-2-cnoinyto gemnonepmy; nporodaosma, mpo-
TO(IIOAMHBIE BOJIOKHA M CKJIEPEUIBI; METa(IIod-
Ma 1 BropuyHas (iaosma (puc. 4 a).

B kope oHONeTHUX aCCUMUTISIITUOHHBIX CTe-
oneit S. beauverdiana B pa3nU4HbIX ByJIKaHUYE-
CKUX JaHmadTax HaOMOAAOTCS PA3IUYHBIC OT-
KJIIOHCHHS OT THUIMYHOW aHATOMUU. AHAIH3UPYS
9TH OTKJIOHEHWS, MBI BBISIBUJIN 3 THIA aHATOMH-
YeCKOW OpraHu3alliy KOpbl OHOJIETHUX CTeOMNeH.
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I Ty CBOWCTBEHHO PAaBHOMEPHOE 3aJI0XKE-
HUe (etoreHa, KOTopslid popMHUpYET nepuiep-
My IO BCEH OKpYKHOCTH OJHOJIETHEro CTeOIs
(puc. 4 a, b). Takoii TUII aHATOMUYECKOTO CTPO-
eHusl Mbl oOHapyxuiu Ha o. UTypyn y o6pasios
C JJaBOBOTO MOTOKA BIK. KynpsBbid, y HOAHOXKHUS
CeBepo-3alaJHOT0 CKJIIOHa BIK. bapaHckoro,
a Ha 0. Kynamup y 06pa3iioB, coOpaHHBIX BHYTPH
KanpAepbl BIK. [0J0BHMHA (IHO KajbAepsl), Ha
conb(arapHoM 1oje BIK. MeHaeneeBa. DTOT THI
AHaTOMMYECKOM OpraHu3aliy KOpbl XapaKTepeH
JUIsl OfiHONIETHUX crebnelt S. beauverdiana ¢ tu-
MMUYHOW AaHATOMUEH.

II Tunm xapakrepusyercss HaJW4HEM 30H
HeCHeUU(PUYECKOT0 aHOMAJIBHOTO CTPOECHUS
TKaHEel KOpbl. DTUM 30HAM CBOWCTBEHHA WH-
TEHCUBHAas CKiIepudukanus u aunaramus ¢io-
SMHOI MapeHXUMBbl, a IJIaBHas 0COOEHHOCTb —
aHOMAaJIbHasl JEATEeIbHOCTh (eyioreHa, B
pe3ysibTaTe KOTOPOM 32 HECKOJIBKO HEENb BEre-
Tanuu HOPMHUPYIOTCS MHOTOCIOMHBIE (eriemMa
u ¢emnoaepma (puc. 4 ¢, d), B OTIIMYHE OT «TH-
MMUYHOTO» CTPOEHUS, Korna ¢essieMa COCTOUT
u3 1 cros kneTok, a ¢penmoaepma u3 1-2 cioes.
OTH 30HBI HOCST JIOKAJIbHBIN XapakTep U depe-
IyIOTCs B cTeblie ¢ yyacTKaMU OOBIYHOTO CTPO-
eHus. brarogaps 5ToMy aHOManbHbBIE 30HBI OT-
YETJIIMBO Pa3JIMYUMbl HA MUKpPOCpE3ax MOJIOAOU
kopbl. K aTOoMy Tumy otHocsTcst 006pasisl ¢ Oe-
pera o3. Kunsiiiee B kanpaepe Bik. [010BHMHA,
o. Kynammup. Ha conbdarapuom mose Bik. MeH-
JleJIeeBa U Ha UCTOYHUKAX «/lauHbre» BiIK. MyT-
HOBCKHUI 30HBI HECITeM(UIECKOTO aHOMAIbHO-
rO0 CTPOCHHUS TKaHEH KOpbI ObLIM 0OHAPYKEHBI
B OoJiee B3poCiHbIX cTeOnax (2 u Oosee Jer).
BnepBbie 3TH 30HBI BO BHYTPEHHEH CTPYKType
KOphl y S. beauverdiana Mbl BBIABIIIM Ha COJb-
(aTapHOM MoJie Kanbaepsl BiIK. [onoBHuHa [31,
32] ¥ npeanoaoXKuian, YTO HAIUYUE aHOMAJUM
B Kope — Hauboiiee ApKoe MPOsBICHUE ajanTa-
LA JPEBECHBIX PAaCTEHUN K 3KCTPEMaJIbHBIM
YCIIOBUSIM Cpelbl. 30HBI HecTenu(UIeCKOro
AHOMAaJIbHOTO CTPOEHHUSI MOTYT 00pPa30BBIBATHCS
B mepuaepMe uiau 0osee rIyOOKUX CIIOSX — BO
BTOpuuHOM diosme [30, 31, 58].

B xope III Tuna nepuaepma OTCyTCTBYET, T.€.
(ensoreH He 3aKiI1aJbIBAeTCs B IEPBBII BEreTalu-
oHHbIN niepuon (puc. 4 e, ). Takue ocobeHHOCTH
MbI 00HapYX WK B o0pas3ax ¢ JJaBOBOTO MOTOKa
BiK. KynpsBeiii, kanbaepbl Bik. Kcymau (yctbe
p. Ternas u Bak. lITi00ens) U Ha MCTOYHUKAX
«/launbie» BIK. MyTHOBCKUM.
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Puc. 4. Tunsl aHATOMUYECKOTO CTPOCHHUS TKaHEH KOPBI OHONETHETO cTedns S. beauverdiana: a, b — I tun (0Opasisl ¢ TaBOBOTO MOTOKA
Bik. KynpsiBsiit); ¢, d — II tun (06pasis! ¢ kanbaepst Bik. [onoBauna, 6eper 03. Kumsiuee); e, f — 111 tum (06pasipl ¢ 1aBOBOTO MOTOKA
Bik. KyapsiBerit). (a, ¢, €) — kopa oxHonerHero crebus; (b, d, f) — BHemHsst gacts kopbl. O6o3HaueHus: K — xopa, KO — kopreke, D — snu-
nepma, KOJI — komenxuma, OIT — ocHoBHas napenxuma, OH — sunoaepma, I1E — nepunepma, AD — anomansHas demiema, ADx — ano-
manbHas pemutonepma, CkI' — ckiepennbie rpymnisl, B — Bonokna, BO — Bropuunast ¢mosma. Kpacuast myHKTHpHAS JTUHUS — (EIUTOTeH;
CHHSIS CIUIOIHAS JIMHUS — COCYAUCTBIN KaMOHH.

Fig. 4. Types of the anatomical structure of the bark tissues of the annual stem of S. beauverdiana: a, b — 1 type (samples from the lava
flow of Kudryavy volcano); ¢, d — II type (samples from the Golovnin volcano caldera, the shore of Lake Kipyashcheye); e, f— III type
(samples from the lava flow of Kudryavy volcano). (a, ¢, €) — bark of an annual stem; (b, d, f) — outer part of the bark. Abbreviations:
K — bark; KO — cortex; D — epidermis; KOJI — collenchyma; OIT — main parenchyma; OH — endoderm; I1E — periderm; A® — abnormal
phellem; A®x — abnormal phelloderm; CxI” — sclereids group; B — fibers; Bd — secondary phloem; red dotted line — phellogen; solid blue
line — vascular cambium.
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Jpyrux xapakTepHbIX OTIMYUM JUISl KaKIO-
ro TUINA aHATOMHYECKOTO CTPOEHHUS OTHOJETHEH
KOpBI HE BbIsBIEHO. VIHTEHCUBHOCTD cKiepudu-
Kallid MEepBUYHON (UI0AMBI pa3Has y pacTeHH
pa3HBIX MECTOOOHWTaHMI, HO Hauboee OHa BbI-
paskeHa y 00pa3loB ¢ MOIHOXKHS BIK. bapaHcko-
ro (I Tum) u ¢ maBoBoro moroka BiK. KympsBbrit
(IIT Tum). F'oguuuselid npupoct ¢Gosmsl, chopmu-
POBaHHBIN COCYIHUCTBIM KamOueM, SKCTpeMalib-
HO Y3KHH y 00pa3ioB ¢ KajapAepbl BIK. Kcymad
U KCTPEMATILHO HIMPOKHH y 00pa3lioB C JIABOBO-
ro NMOoToKa BIK. KyapsBbIi, IpU 9TOM Yy HUX OAUH
III T aHATOMHYECKOTO CTPOEHUSI KOPHI.

B nmanmmadrax momHoxus BIK. bapancko-
ro ¥ Kaybaepsl BiIK. [010BHMHA (IHO KaybJepbl)
HET CYIIECTBEHHOTO BYJIKAHUYECKOTO BO3JEH-
CTBUSI Ha pacTUTENBbHOCTH (Tabn. 2, 3). Ha cra-
PBIX BYJIIKAHUYECKHX OTIOKEHHSIX YXKe cPopMu-
poBaJiCs TUIOTHBIN PAaCTUTENBHBIN MOKPOB, B TOM
gucne ¢ yuactueMm S. beauverdiana (puc. 2 ¢, g;
Tabn. 3). B a3Tux MecrooOMTaHUSAX pacTeHHs 3a-
HUMAIOT OOJbIIKE MPOCTPAHCTBA, (POPMHUPYIOT
KpYIHBIE TSTHA W KypTUHBL 31€Ch PacCTCHHS
001ajal0T MOJHOW KU3HEHHOCTbIO, OHU LBETYT
U BETETHPYIOT, BUANMBIX TOBPEXKJACHUN Ha IHU-
cThsix HeT (puc. 2 d, h; Tabn. 3). Dxonoruueckue
(hakTopel OOMTAaHUS B ITUX pallOHAX MO3BOJISIOT
PAcCTEHUIO0 HAXOAMTHCSA IPAKTUYECKH B CBOEM
HKOJIOTUYECKOM ONTUMYyME. DTH MECTOOOUTAHHUS
S. beauverdiana MOXHO OXapaKTepU30BaTh KaK
TUTIUYHBIE JUIS HcclieayeMoro Buaa (tabm. 2).
CpenHuii KOMILIEKC JIaBOBOTO MOTOKA BIIK. Kynpsi-
BbII TOXKeE OJIM30K K THITMYHOMY MECTOOOUTAaHHUIO,
TaKk KakK 37€Ch NPU CHETOTASIHHUSIX MPOUCXOIUT
CHOC JIOTIOJTHUTEIBHBIX PACTUTENIBHBIX OCTaT-
KOB, Ha OCHOBE KOTOPBIX (OpMHpYyeTCs IMOYBa,
7€ IPeBECHBIC PACTEHUS 3aKPEIUISIOTCS U MOTYT
HOPMAaJILHO TIpou3pacTtarh (Taom. 2, 3).

Ha conbdarapnom mnone Bink. MeHneneeBa
B pe3yJIbTaTe JEHUCTBUS CEPOBOJOPOJA U CEPHU-
CTBIX Ta30B MOPOABI BUIOM3MEHEHBI U o0orarie-
Hbl CynbpuaaMu MeTaiaoB (Tabna. 2), mosTomy
JAaHHOE MECTOOOUTaHME HE SABJseTcs Onaronpu-
SATHBIM IS TIPOU3PACTaHUs JIPEBECHBIX pacTe-
HHM, B TOM uucie S. beauverdiana.

CTaTUCTUYECKUI aHAJINU3 CTPYKTYPHBIX TO-
Ka3aTesel KOpbl OMHOJICTHUX cTeOnmen S. beau-
verdiana, chopmupoBaHHO# 1o | Tuny (Tabm. 4),
MOKa3aJ OOIIHOCTh KOJIMYECTBEHHBIX MPU3HAKOB
KOpBI ATOTO TUMa. B 3TOM Tume HeT sKcTpeMab-
HO MaJIbIX 3HAYEHHUH IMIUPUHBI KOPBI U (DIOIMEL.
[upuna xopwl y S. beauverdiana ¢ MOAHOXKUS

EcoLoGY. GEOECOLOGY

BJIK. bapanckoro Ha 19 % Oosbiie, yem y o0Opas-
OB C KalpJepbl BiIK. [0J0BHMHA (JHO Kalbje-
pbl). DTa pa3HHIAa CO3JAETCS 3a CUET yBeJINYe-
HUS MIAPUHBI CKIIEPEHXUMHOTO KoJbIia. [llupuna
BTOPUYHOU (PIIOAMBI Y 0OOpa3OB C TMOIHOXKHUS
BJIK. bapanckoro (I Tvn) u 1Ha Kanpaepsl BiIK. [o-
noBuuHa (I Tum) umeer OGnuskue 3HaueHUs. BoI-
HIernepevyrcieHHble TKaHW B ATHX MECTOOOHuTa-
HUSX HE UMEIOT IKCTPEMAIIbHO MAJIbIX 3HAYCHHM.
[upuHa KOpbl ¥ HIMPUHA BTOPUYHOUN (HI0SMBI
y 00pa3ioB ¢ conbdarapHOro mois BIK. MeHnne-
neesa (I Tun) umeroT OnM3KKUE 3HAYCHUS C 00pa3-
[aMU C KaJbAepbl BIK. | 0JI0BHUHA (JHO KaJbJe-
pbl) ¥ MeHbIIe Ha 16 % mupuHBl KOpEl 00pa31oB
C IONHOXUA BIK. bapaHckoro. IllupruHa KOpBI
y 00pasiioB ¢ JIaBOBOTO TMOTOKa BIK. KyapsiBbrit
(I u III Tumbl) MeHbIIE, YeM y 00pa3oB C MOJ-
Hokus BiIK. bapaunckoro (I tum), Ha 11 % u 60b-
1I€ 110 CPaBHEHUIO ¢ 00pa3liamMu C JHA KaJlbJephl
BiK. [onoBuuna (I tum) Ha 9 %. [llupuna BTO-
PUYHOH (II03MBI 00pa3lOB C JIABOBOTO IOTOKA
BiK. Kynpsissiii (I u I1I Tumer) 6onbie, uem y pac-
TeHUH ¢ | TUIIOM KOpBI U3 BCEX MECTOOOUTAHUH,
Ha 20-22 % 3a cyeT KpyInHBIX KJIETOK BTOPUYHOM
(b105MBI ((ITOIMHOM TAPEHXUMBI ).

KonudecTBeHHbIE MMOKA3aTeNd KOPBI OIHO-
netHero ctebns S. beauverdiana, chopmupo-
BaHHOW 1o II Tumy (Tabm. 4), oOHapy>KHWBarOT
aHOMaJIbHBIE 3HAYEHHMS, T.€. B TaKOH Kope popmu-
PYIOTCSI 30HBI HECHEIM(PUUIECKOIO aHOMAIbHOTO
cTpoeHus TkaHei kopsl. Kopa atoro tumna Bctpe-
4aeTcs B aCCUMIUIALMOHHBIX Toberax S. beau-
verdiana TOJIBKO B OJJHOM MECTOOOMTaHMM — Ha
Oepery o3. Kurmisimiee kanpaepsl BIK. [onoBHUHA.
IuprHa KOpHI B aHOMAJILHOW 30HE Y ATUX 00pa3-
110B Oosbine Ha 25 %, yeM y 00pasIoB ¢ MOIHO-
xwus BiK. bapanckoro (I Tum), u Ha 39 % Gonbiie,
4yeM y 00pas1oB C KajbAepsl BIK. [ 010BHUHA (JIHO
kanpaepsl) (I Tum). DTH yBeNMWYeHUS MIUPUHBI
KOPBI MPOUCXOIAT 32 CUeT OOJIBIIETro YHcia Cio-
eB (emremsl 1 ¢enonepMbl B aHOMaJIBHON 30HE
(puc. 4 ¢). Hlupuna BTOpu4HOM (H103MBI y 00pas-
0B ¢ Oepera o03. Kursiee kanbaeps! Bik. [onos-
HuHa (Il Tum) mensie, yeM y 0OpasloB C MOJ-
HOXUs BIK. bapanckoro (I Tum) u qHa Kaabaepsl
BJK. [onoBuuna (I Tumn), B cpennem Ha 17 %.

CrpeccoBble (hakTOpbl, BKJIIOYas KHUCIIOT-
HBIE JIOKIU U TyMaHbl, KOTOpbIe (pOopMHUPYIOTCS
Ha Oepery o3. Kumnsmee (tabm. 1, 2), co3maror
KpaifHe HeOJIaronpusTHBIE YCIOBUS IS TPOM3-
pacTaHusi JPEBECHBIX PACTEHUH, B TOM YHCIE
S. beauverdiana.
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CrarucTuyeckuil aHalIu3 CTPYKTYPHBIX
roKasaresiell KOpbl OJTHOJICTHUX cTeOnel S. beau-
verdiana, copmupoBannoii o 111 tuny (Tadm. 4),
MOKa3aJl OOIIHOCTh KOJHMYECTBEHHBIX MPU3HAKOB
KOpBI 3TOTO THMA. B 3TOM TuIlEe y HEKOTOPBIX 00-
pa3loB €CTh SKCTPEMAIBHO MaJlble 3HAYSHHUSI 1IH-
PHHBI KOpbI ¥ Grio3Mel. [lupuna Kopsl y 00pa3Los
¢ kanpaepsl BiK. Kcynau, Bik. Lltro6ens, u uc-
ToYyHUKOB «/launbie» Bik. MyTtHoBckuit (III Tim)
MEHbIIIe, YeM y 0o0pa3loB ¢ moaHoxusi Bik. ba-
panckoro (I tum), Ha 30-37 % 3a cuer oTCyT-
CTBHSI TIEPUICPMBI. A IMIMPUHA KOPBI 00Pa3IIOB €
kanbaepsl BiIK. Keynay, 6eper p. Teruas (111 tum),
MEHBIIIEe TI0 CPaBHEHHIO C 00pa3laMu ¢ MOAHOKHUS
BiK. bapanckoro Ha 11 %. Hecmotps Ha To uto y
pactenuit ¢ 6epera p. Ternas Takke OTCYTCTBYET
nepuiepMa, CTeleHb YMEHbILIEHUS ITUPUHBI KOPBI
3[IECh HIKE 3a CYET TOTO, YTO KIIETKHU KOpTeKca
ele He 1e(hOpMUPOBAHBI, B OTIMYUE OT 00Pa31I0B
¢ kanpaepsl BiK. Kcynau, Biuk. Lltro6ens, u uc-
TouyHUKOB «Jlaunbie» Biak. MyTtHoBckuit (111 Tum),
Y KOTOPBIX KJIETKH KOPTEKCa y>KE CMSITHI.

3HaueHus LIMPUHBI KOPBI Y 00pa31ioB ¢ Kallb-
nepsl BIK. Keynau (Bik. L Tio6emns u 6eper p. Te-
mias) (III tum) u ¢ xampaepsl BiIK. ['0lOBHMHA
(mro xampaepsl) (I Tum) Omu3ku. A y oOpasioB
C MCTOYHHUKOB «JlauHble» BIK. MyTHOBCKHIA
(III Tvrr) MO CpaBHEHUIO ¢ 0Opa3LAMH C KallbAEPHI
BiK. [0J0BHMHA (JIHO KajbAephl) MIKPUHA KOPBI
MeHblIe Ha 23 %.

HauOonpiume 3Ha4eHus HUPHUHBI KOPBI y 00-
pasuoB ¢ JaBoBoro mnortoka BiK. Kynpsssiii (I
u III tunsr) — B 1.6-2.2 pa3a Bblie, yeM y 00-
pasoB ¢ Bik. Kcymau (Bnk. IITroGens, Geper
p. Temnas) u uctounukoB «Jlaunsie» Bik. MyT-
HoBckuit (III tum), u B 1.5-1.7 pa3a BeIie, uem
y 00pa3loB ¢ NOAHOXHUS BIK. bapaHckoro u aHa
Kanbaepsl BIK. [omoBHuHA (I THIT). DTO 00BICHS-
eTcst 0OIBIIUM IPUPOCTOM BTOPUUIHOH (PI0IMBI U
Hene(hOpMUPOBAHHOM MAPEHXUMBI KOPTEKCA.

Mupuna BropuyHOW (103MBI  00pa3LOB
¢ kanpaepsl BiIk. Kcymau (k. IlTroGens, O6eper
p. Temnas) u uctounukoB «Jlaunsie» Bik. MyT-
HoBckuit (III Tum) B 1.5-2.0 pa3za mensbIue, 4em y
00pa31oB ¢ MOAHOXKHUA BIK. bapaHckoro u xaib-
nepsl BIK. [omoBHuHa (mHO Kampaepsl) (I Tum),
u B 1.9-2.5 paza MeHbl1€e, 4eM B 00pa3Lax c JaBo-
Boro notoka Bik. Kynpsssiii (I u I1I Tunsr), 3a cuer
MEHBIIIETO YHCJIa CII0EB BTOPUYHOM (PII03MBI.

3HAYUTENbHO JPEHUPOBAHHBIE MMHUPOKIA-
CTHYECKHUE OTJIOKEHHUS B Kaiblepe BIK. Kcynau

EcoLOGY. GEOECOLOGY

(Bnk. LTr00enst u Oeper p. Temnasi) U y4yacTKu ¢
KHCJION ¥ CHJIbHOKHCIION peakiueil B cyocTparax
pa3nuyHOi OOBOJHEHHOCTH (HMCTOYHUKHU «Jlau-
HeIe») (Tabn. 1, 2) co3maroT HeOIarompusTHHIC
YCIIOBHSI JIJISl IPOM3PACTaHHS IPEBECHBIX pacTe-
HUU.

B ycnoBusix naBoBoro motoka Bik. Kymps-
BBIi y ocoOeit S. beauverdiana wnabmonmaercs
¢opmupoBanue nyx tunos (I m II) crpykry-
pBl KOpbI OJHONETHUX MoberoB. dopmupoBaHue
JBYX THIIOB KOpBI 3/1€Ch MPOUCXOIHUT, BO3MOXK-
HO, B CBSI3U C IpepbIBaHHEM paloThl (eyutoreHa
Ha OTJENBHBIX CTEOJSAX, YTO MOXET CBHJIETEIb-
CTBOBATh O JIOKAJIbHOM CTPECCOI€HHOM 3(eKTe,
Harpumep, pu KOHIIEHTPALUU KUCIOTHBIX Ocal-
KOB B IIPOIECCE UCTIAPEHUS C aCCUMUIALIMOHHOM
MOBEPXHOCTU MOJIOABIX T00EroB S. beauverdiana.

CrpyKTypHBIE 0COOEHHOCTH B Kope S. beau-
verdiana B ycnoBusx o03. Kumsimiee kanbaepsl
BJIK. [OJIOBHWHA CBHIETENBCTBYIOT O HEKOTOPOM
CXOJICTBE 30H HECTenUu(pUIECKOTO aHOMAIBHOTO
CTPOEHUSI C aHOMaJIMel JAPEBECHHBI, CBA3aHHOM
C CUHJPOMOM SIMYaTOCTH CTeOIIs, KOTOopast BCTpe-
qaercst y Betula pendula var. carelica (Merckl.)
[30, 31, 58]. SImyaTocTh CTEOISI MOXET OBITH
BbI3BaHA KaK OMOTHMYECKUMHU (akTopaMu — 3a-
paKE€HHEM HEKOTOPHIMH BHpPYCaMU WU TpyIl-
ol BHPYCOB (TIEPEHOCUTCS HACEKOMBIMH, IIO-
BPSKIAOIIUME TI00CTH, WIH TepenaeTcs IpH
NPUBUBKAX), TaK M ONPENIEICHHBIM COYETaHUEM
abuotnueckux Qaxropos [59, 60]. Kpome Toro,
B YCJOBHUSIX 3aCylNUIMBOrO KiuMarta Hipkaero
[ToBOKBST y OMHOJETHUX CTEONIe HEKOTOPHIX
BUJIOB Oepe3 ObLIO OTMEUEHO yBEIUUEHHUE IUpU-
HBI KOPBI 3a CUET aKTUBHOTO HapacTaHus (Qesuie-
MbI [61]. B otmaune ot 6epes, y S. beauverdiana
B HOpMe He o0pa3yeTrcs MHOTOCIIONHas ¢eiema,
HO B YCJIOBUSIX KpaiHero crpecca B MUKpOJIaH]I-
madrax conbdarapHbIX mojei oHa MOXeT (op-
MHUPOBATHCS KaK aHOMAJIbHAsI CTPYKTYpA.

AHanmM3upys CTPYKTYPHYIO PEaKIHI0 KO-
pBl  OIHOJETHUX ACCHUMWJISLIMOHHBIX I00OEroB
Ha BYJIKaHUYECKHUI CTpecc Y pa3HbIX BHJIOB Jpe-
BECHBIX PACTEHHUH, MMEIOIINX pa3IHyHbIe KU3-
HEHHBIE (OPMBI — JIEPEBbs, KyCTaAPHHUKH, KyCTap-
HUYKH U JMaHbl, Mbl 00OpaTuIM BHUMaHHUE Ha ee
pa3HOHANpPABIEHHOCTb. B OnHONETHHX CTEOISIX
Toxicodendron orientale Greene B yCIOBHSAX
BepxHemoKTOpCKHUX TPy TEPMATBHBIX HCTOYHH-
KOB BJIK. MeHzieneeBa MPOUCXOAUT YMEHbILIEHUE
IIMPUHBI KOPbI, a B OHOJETHUX cTeOsIx Betula
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Kopa accummnnsiymoHHbix noberos KyctapHuka crivpev bosepa (Spiraea beauverdiana S.K. Schneid.)

ermanii B ycioBusax HOxnHo-CaxanuHCKOro rps-
3eBoro ByikaHa (0. CaxanuH), CTap03aBoJCKOIO
conb(arapHOro mosis ¥ BOJIM3M TMIPOTEPMAIb-
HbIX [0omy0ObIX 03ep BiK. bapanckoro (0. Utypym)
IIMPUHA KOPBI OIM3Ka K TUITMYHBIM MOKa3aTessiM
[34, 62]. B ycnoBusx ruJipoTepMagbHbIX UCTOY-
HUKOB BJIK. MeHenieeBa B OMHOJICTHUX CTEOJISX
npeacrasuteneit Ericaceae (Menziesia pentandra
Maxim., Vaccinium hirtum Thunb., Gaultheria
miqueliana Takeda., Vaccinium praestans Lamb.)
HaOmMrofaeTcsl yBearMueHHe MIMPUHBI KOphl. B yc-
JIOBUSAX T€PM NEPBUYHBIC TKAHU KOPHI B OJTHOJIET-
HUX W MaJOJICTHUX CTEONISIX, BKJIIOYAsl JHJEp-
My, JOJBIIE COXPAHAIOT CBOE (PYHKIIMOHAIBHOE
3HaueHue [57]. BnepBeie 3T0T 3 dexT pazHOHa-
MIPaBJIEHHOCTH CTPYKTYpPHOI'O OTBETA HA BYJIKAHU-
YECKUH CTpecc Mbl BBIABWIM Yy B. ermanii [63].
MBpI osaraem, 4To 3T0oT 3 (HEKT CBUAETENbCTBYET
0 BBICOKOH TIaCTUYHOCTH KOPBI aCCUMMIISIIOH-
HBIX M00eroB. Bo3MOXXHO, OH CBOMCTBEH TOJILKO
BUJaM, OOJaNAIONIMM ITUPOKOH IKOJIOTHYECKOM
BAJICHTHOCTBIO, UMEIOIIUM OOLIMPHBIA ILIMPOT-
HBI{ AMana3oH pacrnpocTpaHeHus. /s mposepku
BBICKa3aHHOTO MPEINOI0KEHUS] HEOOXOIUMBI 0~
MIOJTHUTENIbHBIE HCCIIEAOBAaHMUS Ha IIMPOKOM BHU-
JI0OBOM MarepHale.

Ms1 momaraeM, 4YTO pa3HOOOpaswe THUIIOB
aHATOMUYECKOTO CTPOEHUS OJHOJETHHUX acCH-
MWIALMOHHBIX 100eroB S. beauverdiana cBs3a-
HO C HapylICHUEM JAEATENbHOCTH JIaTepalbHBIX
MepucteMm cTedns — QeutoreHa U KaMOHs 1oA
JaBICHHEM HeOIaronpuaTHBIX (aKTOPOB BYII-
KaHWYecKux JaHamadroB. DyHKIHOHAIBHAS
aKTHBHOCTh THX MEPHUCTEM B YCIIOBHSIX BYJIKa-
HUYECKOTO CTpecca MOXKET HOCUTh KaK IOCTOSH-
HBIH, TaK M MPEPBIBUCTBIA XapakTep B TEUEHHE
BEreTaliOHHOTIO CE30Ha, a MOKET BOOOIIIE OTCYT-
CTBOBATb, KOT/Ia 3TH MEPUCTEMBI IEPEXOIAT K BbI-
HYX/ICHHOMY BPEMEHHOMY NOKOI0. B cocTosHuM
BBIHY)KJICHHOTO BPEMEHHOTO TIOKOSI B BETeTalld-
OHHBII Ce30H (PEeJUIOreH M COCYIUCTBIH KaMOMii
HE NPOM3BOIAT (PIO3MY U MEpUIepMy, YTO IpU-
BOIUT K (OPMHUPOBAHHUIO HKCTPEMANIBHO Y3KUX
U HEpaBHOMEPHBIX TOJMYHBIX MPUPOCTOB ITUX
TKaHei. Takum 00pa3om, B mpeenax J1axe 0JHO-
r0 9KCTPEMAIBHOTO MECTOOOMTAHUS MOXKHO 00-
HApPY>KUTh CTPYKTYPY KOPBI IBYX THIIOB.

CoueraHue pas3IMYHBIX  SKOJIOTHYECKHUX
(akTOpOB — BBICOKHE TEMIIEpaTypbl B KOPHEBOM
30HE, BBICOKAas KOHIEHTPALUS pPacTBOPHUMBIX
COJIEM B KHUCJIOW Cpele, pEeAKO3EMEbHBIX dJIe-
MEHTOB U TSDKEJIBIX METAJIOB B MTOYBE HA COJIb-
(daTapHBIX TOJAX W Ta30THAPOTEPMAIBHBIX HC-

EcoLoGY. GEOECOLOGY

354

TOYHUKAX, & TAK)KE BBICOKAsI MHCOJISALIMS, HU3KAsI
BJIAarOEMKOCTh MUPOKIACTUICCKOTO YeXJia B €T0
HECTaOUIBFHOCTD Ha IIJIAKOBBIX MOJISIX BHI3BIBAET
y ZIpeBecHbIX pacTeHuil u S. beauverdiana co-
cTosiHre (U3HOJIOTUYECKOHN 3acyxu. B atux yc-
JOBUSIX YPE3BBIYAMHON OTPAaHUYEHHOCTH BCEX
aHA0OMMYECKUX TMPOIECCOB, W TPEKIE BCETO
¢dboTocHHTE3a, B ACCUMWISIMOHHBIX Mo0erax
CO3ACTCs OCTPBIA ACPUIUT TIIACTUICCKOTO Ma-
Tepuana. Bce MepucteMsl: U QeIoreH u cocy-
TUCTBIA KaMOUN — SBIIAIOTCSA aKTHUBHBIMHU 30HA-
MU TIOTJIOIICHUS TUTATCIILHBIX BEMIECTB, KaK Op-
TaHUYEeCKHX, TAaK U MUHEPAJIbHBIX, & TAK)KE BOJIBI
[64]. B ycnoBusx orpaHudeHUs] CHAOXKEHUS ITH-
MU BEIIECTBAMH MEPUCTEMbI aCCUMILISIIHOHHBIX
MoOeroB KpaitHe HeCcTaOMJIbHO pPaboOTaroT, YTO
IPUBOJIUT K 00pa30BaHUIO aHOMAJTHHBIX TKAHEH
B KOpE U CTPYKTYPHBIM U3MEHEHUSM NIEPHUICPMBI
u ¢GuodMbl [65], a TakKe K pa3IudHbIM CTPYK-
TYpPHBIM OTKJIOHEHUSIM, OTMHCAHHBIM B HAaCTOS-
IIEM UCCJIEeI0BaHUU.

3akntoyeHue

HccnenoBansl  CTPYKTypHbBIE OCOOEHHO-
CTH KOPBI OJTHOJICTHHX aCCHUMMIISIITUOHHBIX TO-
o6eroB S. beauverdiana, mpouspacTarouieii B
KOHTPACTHBIX HKOJOTMUYECKUX YCIOBUAX B yC-
JOBUSAX (yMapoibHOHM, Ta30TUIPOTEPMATbHOM
aKTUBHOCTH U Ha NMUPOKIACTUYECKHUX OTIOXKe-
HUSAX B BYJIKAaHOTCHHBIX JaHAIMA(TaX FOKHBIX
KypuibCcKux octpoBoB Kynamupa u Utypyna u
n-oBa Kamuarka.

BroIsiBIIeHB! pa3nu4Hble OTKIOHEHHS OT TH-
UYHOW aHATOMUM B CTPYKTypHOW OpraHusa-
UM TKaHEH KOpPhl aCCUMMJISIIMOHHBIX MOOETOB
S. beauverdiana, KOTOpBIE BBINOJIHAIOT OCHOBHYIO
(YHKLIMOHAJIBHYIO Harpy3Ky yIJIE€pOIHOIO NUTa-
HUS, OJNIMKHETO M JTAIIbHEr0 TPaHCIOpTa yIJepo-
7a, 3aIUThl BHYTPEHHEH Cpeibl Tena pacTeHus OT
BHEIIHUX a0MOTHYECKUX U OMOTUYECKUX BO3JICH-
cTBUi. [10 COBOKYITHOCTHU CTPYKTYPHO-(PyHKIIHO-
HaJIbHBIX IIPU3HAKOB BbIIETICHBI 3 THIIA aHATOMU-
YEeCKOI OpraHu3aluy KOpbl OTHOJETHUX CTEOMNei
S. beauverdiana non NaBlIeHNUEM BYJIKaHUYECKOTO
cTpecca, KOTOpbIe, KaK MBI IOJaraem, SBISIOT-
cs aJanTalMOHHBIMHU. Pa3Hble aHaToOMHUYecKue
CTPYKTYPbI KOPbI CKJIa/IbIBAIOTCS B 3TUX YCJIOBU-
X B pe3ylbTare pa3InYHbIX KOMOMHAUuUi pabo-
ThI (eJuToreHa U COCYAMCTOro KamOwusi, GyHKITU-
OHaJbHAS AKTUBHOCTH KOTOPBIX MOXXET HOCHUTH
KaK MOCTOSIHHBIN, TaK U MPEPHIBUCTHIA XapakTep
WK OBITh B COCTOSIHUU BBIHYKIECHHOIO BPEMEH-
HOTO TOKOsi. MBI IIOJ1araem, 4To CTPyKTYpHBIE OT-

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)



Okonorus. FEoakonorus

EOCUCTEMbI MEPEXOAHbIX 30H, 2022, 6(4)

KJIOHEHUSI KOPBI OTHOJIETHETO CTEOISI MOTYT OBITH

HUCIIOJIB30BAHbI B KAYE€CTBEC AJUATrHOCTUKHN (I)I/ISI/IO-

JIOTUYCCKOI'0 COCTOSIHUA APCBCCHOTO pPACTCHUA

B TOT WJI UHOH IEpHUOJ pa3sBUTHUA UK B TOM HJIN

WHOM MECTOOOUTAHUHU.

B 3aBuCHMOCTH OT UTHTEHCHUBHOCTH JaBJICHUSA
HeOIaronpusATHEIX (PAKTOPOB CPEAbI MPOUCXOAT
N3MCHCHUA CI)I/I3I/IOJ'IOFI/I"ICCKI/IX IIpOLCCCOB, IMPOTEC-
KaOIIHUX B KOpE CTEOIs IPEBECHBIX PACTCHUM, YTO
HaxXOUT OTPaXCHUE B CTPYKTYPHOM H3MEHEHUU
9TOr0 TKAaHCBOI'O KOMIUICKCA: YBCIMYCHUH HIIN
YMEHBUICHUY IIUPHUHBI KOPbl ¥ LIMPHUHBI IIPUPO-
CTa BTOPUYHOM (y103MBbI OiHONIETHETO cTedms. 13-
YYCHHE CTPYKTYpPBI OMHOJIETHETO cTeOms S. beau-
verdiana B pa3lIM4YHbIX SKCTPEMAIbHBIX YCIOBUSIX
MO3BOJISIET HAM CJIENIaTh BHIBOJ O (DOPMHPOBAHUH
CJIO’KHOI'O PAa3sHOHAIIPABJICHHOI'O ITpOLICCCa aaarl-
TalluUn y APCBCCHBIX paCTeHHﬁ, B TOM 4MCJI€ B BUIC
HeCHCI_[I/I(bI/I‘ICCKI/IX AdHOMAJIbHBIX 30H.
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OcoBeHHOCTM CTPYKTYPHOIO OTKIMKA KOpbl N APEBECUHDI

bepesbl nnockonucTHou (Betula platyphylla, Betulaceae)

B NaHAawagTax MopckmMx nobepexunn, MarmaTnyeckmx

N rpsizeBbIx ByNnkaHoB CaxanuHa n KypunbCkux 0OCTPOBOB

A. U. Tanvckux* A. B. Konanuna, . U. Baacosa
*E-mail: anastasiya_talsk@mail.ru

Hncmumym mopckoii 2eonocuu u ceopusuxu JJBO PAH, IOxcno-Caxanunck, Poccus

Pedepat. bepesa mnockonucthas (Betula platyphylla) onxa u3 ocHOBHBIX Jiecoobpasytomux nopoa B Cesepo-Boc-
touHoit Asmu. Ha Jlamsaem BocToke Poccnn oHa popMupyeT 4ncThie u pa3sHOOOpa3HBIe CMEIIaHHEIe JIeca. biaromaps
BBICOKOH BCXOXKECTH M TEMIIAM POCTA, HEIPUXOTIIUBOCTH, YyCTOHYMUBOCTH K BETPY, 3aCyX€, HU3KUM U BBICOKUM TEMIIEpa-
Typam Oepesa III0CKOJIMCTHAS JOMUHHPYET MOCIE CIUIONIHBIX PyOOK, M0XKapoB, Ha MUPOKIACTHUCCKUX BYJTKaHNIECKUX
OTJIOKEHHSX, a B JaJbHEHIIEM Co31aeT OIaronpuaATHBIE yCIOBHS IJIs1 BOCCTAHOBIICHHS 30HAIBHBIX XBOWHBIX JIECOB.
B Hacrosieit paboTe n3ydeHbl NOMYINSAIMU Oepe3bl UIOCKOIMCTHON B Pa3iMUHBIX YCIOBHSX CPEAHETOPHBIX MAaCCH-
BOB, MOPCKHX T0OEpEeXNUil, aKTUBHBIX MAarMaTHYeCKUX U IPS3EBBIX BYJIKAaHOB fora CaxannHa u KypHibCKUX OCTPOBOB.
B xaxxnom MectooOuTanuu ¢ 15 nepeBbeB U3MEPEHBI BO3PACT U BBICOTA JIEPEBBEB, ONPE/ICICHB MAKPO- 1 MUKPOIIPU3-
HaKH KOPBI M IPEBECHHBI CTBOJIOB T10 CKOJIaM, KEPHAM U CriviiaM. Pe3ysbTarsl neciejoBaHus OKa3alu, 4To Ui Oepe3bl
TUTOCKOJIMCTHOM MO/ A€HCTBUEM IPUPOIHOTO CTpecca XapakTepHO (pOpMHPOBaHHE HU3KOPOCIOr0 MHOTOCTBOJIBHOTO
JiepeBa Co 3HaYNTEIbHBIMU ITOBPEKACHUSIMU U JeopMalsIMA KPOHBI, HICKPUBJICHHBIMH SKCIEHTPHYHBIMH CTBOJIAMHU
U CTPYKTYPHBIMH NPUKOPHEBBIMHM aHOMAaJIMSIMU — KallaMd M cyBelsiMH. Ha oXoToMopckoM moGepexbe U B YCIOBH-
SIX TPs3eBOro BynkaHa Ha CaxainHe BBIBICHA CTPYKTYPHasl peakunusi KOpbl M APEBECHHBI Oepe3bl INIOCKOIMCTHOMH,
CBOWCTBEHHAss MHOTUM JIPEBECHBIM PACTCHUSM B HKCTPEMAJIBHBIX MECTOOOHTAHHSX, — YMECHBIICHUE IIUPUHBI KOPBI
U €€ eXErOJHOTO IPHPOCTa y CTAPOBO3PACTHBIX JEPEBHEB. B yCIOBHUIX ra30rnaApoTepMalIbHBIX TPOSIBICHUN Marma-
TUYECKUX BYJIKAaHOB 'OJMYHBIA MPUPOCT KOPBI YBEIUUUBAETCS 10 2.7 pa3a MO CPaBHEHHIO C HOPMOH, YTO, BEPOSITHO,
CBSI3aHO C MOJIOABIM Bo3pacToM nepeBbeB (10-20 mner). [lomydueHHbIe HAMU JTaHHBIE JOMOJHUTEIHHO 000CHOBBIBAIOT
aJIaNTUBHYIO 3HAUUMOCTB XHU3HEHHOM CTpaTreruu Oepe3bl IMIIOCKOIMCTHOW KakK OBICTPOPACTYIIEro JPEBECHOTO BHIA
U TIOKa3bIBAIOT, YTO LIMPHHA KOPBI IPEBECHBIX PACTEHUH M BETMUUHA €€ €KErOHOTO ITPUPOCTa MOTYT CIIYKHUTh (PyHK-
LMOHAJILHBIMHU TI0Ka3aTelsIMH, XapaKTepU3yOUIMMH IIPUPOIHBIE CUCTEMBI JIAaHJIIAQTOB ¢ Pa3JIMYHON CTENEHBIO Ha-
MIPSKEHHOCTH 9KOJIOTUUECKUX (PaKTOPOB.

KnroueBble cnoBa: Betula platyphylla, sxu3znennas gopma, Kopa, MIUPUHA KOPBI, CKOPOCTh MIPUPOCTA, CTPYKTYP-
HBIC aHOMAJIMH, Kambl, cobdaTapbl, ByIKaHUYECKasi aKTHBHOCTD, IPA3EBOM BYJIKaH

Features of the structural response of the bark and wood
of birch (Betula platyphylla, Betulaceae) in the landscapes
of sea coasts, magmatic and mud volcanoes

of Sakhalin and the Kuril Islands

Anatasiya I. Talskih*, Anna V. Kopanina, Inna 1. Vlasova
*E-mail: anastasiya_talsk@mail.ru

Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. Betula platyphylla is one of the main forest-forming species in Northeast Asia. In the Russian Far East, it
forms birch and diverse mixed forests. Due to high germinative ability and growth rates, unpretentiousness, resistance
to wind, drought, low and high temperatures, Betula platyphylla dominates after clear-cutting, fires and on pyroclastic
deposits of volcanoes, and further forms favorable conditions for the restoration of zone coniferous forests. This paper
studies the populations of Betula platyphylla under the various conditions of mid-mountain massifs, sea shores, ac-
tive magmatic and mud volcanoes in the south of Sakhalin and Kuril Islands. Tree age and height were measured and
macro- and micro-characteristics of the bark and wood of stems were identified in each habitat from 15 trees using the
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cleavages, cores and sections. The results of the study have shown that Betula platyphylla under the impact of natural
stress is characterized by the formation of a low-growing multi-stemmed tree with significant damage and deformation
of the crown, twisted eccentric stems and structural basal anomalies — woodknobs and gnarls. The structural reaction of
the bark and wood of the Betula platyphylla, character for many woody plants adapted to extreme habitats, which mani-
fests itself in a decrease in the bark thickness and its growth rate in mature trees was revealed on the Okhotsk coast and
under the conditions of the mud volcano on Sakhalin. Under the conditions of gas-hydrothermal springs of magmatic
volcanoes, the bark thickness growth rate increases up to 2.7 times compared to the norm, which is probably associated
with the young age of trees (1020 years). The data we have obtained additionally substantiate the adaptive significance
of the life strategy of the Betula platyphylla as a fast-growing tree species and show that the bark thickness of woody
plants and its growth rate can be the plant functional traits that characterize the natural landscape systems with varying
degrees of intensity of ecological factors.

Keywords: Betula platyphylla, life-form, bark, bark thickness, growth rate, structural anomaly, woodknob, solfatara,

volcanic activity, mud volcano

Jna yumuposanua: Tansckux AWM., Komanuna A.B., Braco-
Ba 1.1. OcoGeHHOCTH CTPYKTYPHOTO OTKJIMKA KOPBI U JPEBECHUHbI
Oepe3bl WIOCKOMUCTHOM (Betula platyphylla, Betulaceae) B nmann-
marax MOPCKHX TMOOEPEXHid, MarMaTHYECKUX W TPSI3EBBIX BYII-
kanoB CaxanunHa u Kypuiibckux ocTpoBoB. [eocucmemsi nepe-
X00HwIx 30H, 2022, 1. 6, Ne 4, c. 360-379. https://doi.org/10.30730/
gtrz.2022.6.4.360-379; https://www.elibrary.ru/saghjo

BnarogapHocTu U puHaHcupoBaHue

PaboTa BbIMOMHEHA B paMKax TOCYIApCTBEHHOTO 3aJaHuUs
Wuctutyta Mopckoi reonoruu u reodusuxku JIBO PAH
(Ne 121022500177-6).

ABTOpPBI BBIPAXKAIOT OJIar0JapHOCTH PEICH3CHTAM 3a BHUMA-
TEJILHOE MPOYTEHUE PYKOIUCH, COBETHI U LIEHHBIC 3aMEUaHHUSI.

BBepeHue

bepesza mnockonuctHas (Betula platyphylla
Sukaczev) sBisieTcss BaXHBIM XO35HCTBEHHBIM
necooOpasyronm BujoM Ha JlampHem Bocrtoke
Poccun. DToT BuA 3HaUMM Kak ObICTpOpacTylas
MopoJia, Jarolasi APEBECUHHOE ChIPhE, a TaKKe
Kak IUIIEBOE U JIEKapCTBEHHOE pacTeHue. bepesa
IJIOCKOJIMCTHAS YCIIEIIHO IPUMEHSETCS B 3alllUT-
HOM JIECOPa3BECHUH, JJISI CO3JJaHUS MOJIC3aIIUT-
HBIX TI0JIOC, JIECHBIX MOJIOC BIOJb TPAHCTIOPTHBIX
nyTel, a TakKe B JIECOMEIHOPATUBHBIX MEJIX
[1, 2]. B HapyLIEHHBIX KOPEHHBIX TAEKHBIX JIECax
OHa Onarojgapsi CBOMM 3KOJOr0-OHOJIOTHYECKUM
0COOEHHOCTSAM (OpPMHUPYET OIArONPUATHYIO Cpe-
JIy 17151 BOCCTAaHOBUTEIIBHBIX MPOIIECCOB XBOWHBIX
nopon [3, 4].

Ha poccuiickom /[laneHem Boctoke mio-
maabp O0epe30BBIX JIECOB COCTaBIseT 9 MIH ra,
[JaBHBIE JecooOpasylomue mopoxsl — Oepesa
MJIOCKOJIUCTHAS, Oepe3a pedpucTas, UiIu KeTast
(B. costata Trautv.), 6epe3a maypckasi, WId yep-
Hast (B. davurica Pall.), 6epe3a kaMeHHas, WIH
Opwmana (B. ermanii Cham.) [5]. Jleca u3 miocko-
JIMCTHOW M KAMEHHOM Oepe3 HaXoAATCsl Ha BTOPOM
Mecte Ha [JaneHem BocToke o 3aHnMaemMon mio-
maad U cocTtaBisaioT 8 % Bceex yiecoB [6]. Hau-
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Oosblliee MPOMBIIITICHHOE 3HaUYeHue Ha [lanbHeM
BocToke umeer Gepesa mockonucTHas, o0pasy-
fomas 0OBIYHO YHUCTBIC Oepe3oBble, MHOTHA Oe-
PE30BO-OCHHOBBIC JIPEBOCTOM KYCTAPHHKOBBIX U
peke TpaBsSIHO-KYCTapHUKOBBIX TUIIOB Jieca, C 3a-
macom 10 200 m*/ra [5].

biaromapss BBICOKOM HKOJIOTMYECKOW ILIA-
CTHYHOCTH B OTHOIIICHUH (PAKTOPOB CPEIIBI U KOH-
KYPEHTHBIM NPEHMYIIECTBaM, Oepe3a y4acTByeT
B COCTaBe MOYTH BCEX TUIIOB Jieca: IIUPOKOIH-
CTBEHHBIX (C KieHOM Acer, nunou Tilia, myoom
Quercus), CMEIIaHHBIX, CBETIOXBOWHBIX (C JH-
CTBEHHMIIEH Larix) U TEMHOXBOHHBIX (C €JbIO
Picea n muxtoit Abies) [4, 7]. bepe3a mmocko-
JUCTHAsl CO3[aeT OJarompusiTHBIA MOJIOT JUIs
MOCEJICHUs TIOJ, HUM COCHBI KeApoBoul (Pinus),
€], TUXTHI, JINCTBEHHUIBI ¥ HEKOTOPBIX TEHE-
BBIHOCITUBBIX JTUCTBECHHBIX TIOPO — JIUTIBI, HIIbMa
(Ulmus), knena, rpaba (Carpinus) u ap. [4]. Ilpu
AQHTPONIOTEHHBIX WM MUPOTCHHBIX CYKIIECCHUSIX
BOCCTaHOBJICHUE 30HATBHBIX XBOWHBIX JIECOB, KaK
MPaBUJIO, OCYILIECTBIAETCS Yepe3 CMEHY Oepesbl
IUIOCKOJMMCTHOW. Yale Bcero mocie BbIPYOOK
WX TIOKapoB Ha BCEW TeppuTOpHHU apeana Oepe-
3a IMJIOCKOJNMCTHAsE o0pa3yeT YHCThIE Hacaxe-
HUS ¢ IpuUMeckio TucTBeHHUIB Kastanepa (Larix
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cajanderi Mayr) [4, 7]. bepesa miockonucTHas
XOTb M SBISETCS CBETOJIIOOMBBIM pACTEHUEM,
HO HE 3aKPEIUISIET 32 COO0H TepPUTOPHH, TPOIICH-
Hble pyOkamu U noxapamiu. [locie cmeHbl XBOH-
HBIMU NTOPOZIAMH B MIEPBOM IOKOJIEHUH 3Ta Oepesa
B COCTaBe HACaKICHUM COXpaHseTCsl B HEOOIbIIOM
koiuecTBe (5—10 %), BBIOMHSIS pOJib CTa0MIIN3a-
TOpa JIECOBOCCTAHOBUTENIBHOM cpejibl [3].

CyKkueccuoHHbIE CMEHBI C ydyacTHeM Oepe-
3bI TNIOCKOJIMCTHOH, B TOM uuciie (OpMHUPYIOLIEH
camocTosTenbHble Jeca, B Ceepo-Bocrounoii
A3MM BO3HUKAIU MO BIUSHUEM BYJKaHUYECKUX
W3BEP>)KEHMM, YHUUTOXKABIINX XBOWHBIE Jeca [7].
Bynkannueckuii nanamad sapisiercs A 6epesbl
IIJIOCKOJIMCTHOM TEPPUTOPUEH 3SKCTPEMAIIbLHOTO
MIPOM3pAcCTaHUsl M AKTUBHOIO OCBOEHHS Haps-
Iy CO CIEeUUATM3UPOBAHHBIMU IKOJIOTMUYECKUMHU
IpyNIaMHM PACTEHUM, B TOM YHUCJIE TMOHEPHBIMHU.
bepeza u npyrue npeBecHble BUIBI INOSBISAIOT-
csi B (UTOIIEHO3aX B MPOIECCE BYIKAHOTCHHBIX
CYKIIeCCHIl Ha cTaauu o0pa3oBaHHs Kcepome-
30UTHBIX COOOLIECTB C Yy4yacTHEM KYyCTapHHU-
KOB [7]. 3HaUUTENBHOE YCIOXKHEHHE CTPYKTYpPBI
COOOILIECTB MTPOUCXOUT, KOI/1a HAUMHAIOT J10MU-
HUPOBaTh JEPEBbsl, B YACTHOCTU JIMCTBEHHHIIA
u Oepesa. [Ipy yBeanueHUM COMKHYTOCTH JApe-
BOCTOSI JIEPEBbSl UTPAIOT BCe OONbLIyIO0 3auu-
KaTOPHYIO POJIb, IO MX IMOJIOTOM (OPMHPYETCS
MTOKPOB U3 JieCHbIX Me30(uToB. Coo0IIeCTBa T10-
JOOHOM CTPYKTYpbl ObUIM OTMEYEHbl Ha JlaBax
1500-neTHero Bo3pacta, rue chOpMHPOBAIUCH
JUCTBEHHUYHBIE PEIKOJIECHS C ydacTHeM Oepe3bl
IJIOCKOJIMCTHOM; TIPY 3TOM Ha JIaBOBBIX IMOTOKAX,
BBIXOZSIIMX HA IOBEPXHOCTb, BCE €ILIE PA3BUTHI
CUHY3MHM SIWINTHBIX JUIIAHHUKOB [8]. B pe3ynb-
Tare MOCTOSIHHOW BYJIKAHWYECKOM JEATEIbHOCTH
CTPYKTypa BBICOTHOM MOSCHOCTH PaCTUTENIbHO-
CTH TOPHBIX BYJIKAHMYECKHX MACCHBOB HEPEIKO
OKa3blBaeTcs HapylieHHoi. K mpumepy, Ha Boc-
TOYHOM cKjJoHe KiroueBckoro ByjkaHa I1-0Ba
KamuaTrka Ha MecTe ropHOTaeXHOIo rosica eno-
BO-JIMCTBEHHUYHBIX JIECOB B HACTOAILEE BPEMs
BBIPAXKEH MOSIC IUTEILHOIPOU3BOIHBIX Oepes-
HSKOB U3 B. platyphylla, TMICTBEHHUYHUKOB W3
L. cajanderi [9].

Crneuunguyeckue CTpeccoBble  YCIOBUS,
CBOMCTBEHHbIC JaHAmAPTaM TpsI3EBbIX U Mar-
MaTHYECKHX BYJIKAaHOB, CIIOCOOCTBYIOT (OpMU-
POBAHUIO y PACTEHUI pPa3IMYHBIX aJalTHBHBIX
MEXaHU3MOB, 00ECHEeUNBAIOLIUX MPHUCIOCoOIIe-
HUE€ MX >XM3HEHHBIX IPOLIECCOB K 3TUM YCIIO-
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BUSAM oOuTanus. JlesTeIbHOCTh BYJIKAaHOB, Kak
MarMaTU4ecKuX, TaK M TPSI3EBBIX, OKa3bIBAET
KOJIOCCAJIbHOE BO3JEHCTBUE HAa PACTUTENb-
HOCTb, B TOM YMCJIE JAPEBECHYIO, UHUIUUPYET
NepBUYHbIE U BTOpUYHBIE cykieccuu [10-14].
Pe3ynabpraTtoM 3KCHI03UBHON AESTEIBHOCTH
BYJKAaHOB MOTYT OBITh MOJTHOE WU YaCTUYHOE
YHUYTOXEHUE PACTUTEIBHOIO IMOKPOBa Ha Tep-
PUTOPHSX PaA3IMUHON IUIOLIAAU, TOBPEXKACHUE
PacCTUTENbHOCTH, U3MEHEHUE (PU3NYECKUX U XU-
MUYECKUX CBOMCTB MecTooOuTanuii [ 15]. CBoii-
CTBa aTMOC(EPHOTO BO3AYyXa U MOICTUIAIOIIETO
cyOcTpara B 30HaX ra3oruipoTepMalibHbIX MPo-
SBJICHUI MO3BOJISIIOT paccMaTpUBaTh ATU 30HBI
KaK MpUpOJHYI0 aboparopuio ais oTdbopa BU-
0B U (opM pacTeHHid, YCTOHIUBBIX K BO3JCH-
CTBHMIO TOKCUYHBIX T'a30B U CBOCOOpPa3HbIM 371a-
¢uyecKUM U MUKPOKIUMATUYECKUM YCIOBHUSIM
[16]. KpynHble rpsi3eBble BYJIKaHbl COCTOSAT W3
OOLIMPHOTO TOJS TIIMHUCTHIX OTJIOKEHUU C He-
CKOJIKMMH TPYTIIaMH HEOOIBIIUX dPYINTHBHBIX
amnmaparoB (TpudOHOB U cajib3), Yepe3 KOTOPhIC
HOPOAYKTHI T'PSI3E€BYJIKAHUYECKON IEeATEIbHOCTH
IOCTOSIHHO BBIOPAchIBAIOTCS HA IOBEPXHOCTb.
Ha otnoxkenusix conounoi Opexyuu, chopMupo-
BaHHOU BYJIKAHOM Ha MPOTSKEHUU HECKOIbKHUX
NECATUIICTUI U, BEPOSTHO, CTOJNIETUH, POopMU-
PYIOTCSL pa3iuyYHbIE IO CTPYKTYPHO-(QDYyHKIH-
OHAJBHBIM XapaKTEPUCTUKAM COOOIIECTBa C
y4acTHEM JIPEBECHBIX PACTEHHI, B TOM YHCIE
Oepe3bl iockonuctHoi [17, 18].

B npenenax cBoero apeasia, B TOM YHUCIIE
Ha o. CaxanuH, Oepe3a MIOCKOJIUCTHAS MPOU3-
pacTaeT Takke Ha MOpPCKHX mobepexbsax [19].
PactuTenbHOCTH B TAKUX MECTOOOUTAHUAX Qop-
MHUpPYETCSl B YCJIOBHSAX 3acojeHHs cybOcrpara
Y BO3JlyXa U MOJI BO3JIEUCTBUEM psila MEXaHUYE-
ckuX (GakTopoB (BeTep, 3aTOILICHHE, HECTAOMITh-
HOCTh T04B). K BEDKHBAHUIO B TaKUX YCJIOBHSIX
IPUCTIOCA0INBAIOTCA JHUIID Tano(uiIbHbIE JTH00
TOJIEPAHTHBIE BUJIbI, YCTOWYUBBIE K 3aCOJICHUIO
cybctpara [20]. Tak kak CaxanuH HaxOIUTCS
1OJ] BJIMSHUEM XOJIOIHBIX BOAHBIX Macc OXOT-
CKOTO MOps, Ha TOOEPEkKbAX PACTHTEIHLHOCTD
MO/IBEpraeTcs JACHCTBUIO CHIIbHBIX YacThIX Be-
TPOB C MOPS, XOJIOAHBIX MOPCKUX TYMaHOB, Taii-
¢yHoB U T.n. Berep Ha moOepexbsiX XOIOAHBIX
MOpe# CyIIeCTBEHHO BIMSET Ha BHEIIHUH OOIUK
JPEBECHOM paCTUTEIbHOCTH, Hapylllas HOpMaib-
HBIM POCT JepEeBBEB, OMpPEAEss HAKJIOH CTBOJIA,
dopmMupyst 0HOOOKOCTh KPOHBI WIIM IUIOCKYIO,
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TaKk Ha3biBaemylo (QuiarooOpasnyio KpoHy [21].
B necax nmepeBbs ¢ MOABETPEHHOM M IITOPMO-
BOM CTOPOHBI UMEIOT B OCHOBHOM HU3KOPOCIYIO,
a HEKOTOPbIE CTENIOIIYIOCS )KU3HEHHYIO (hOopMYy.
B MecTax, MmeHee mOoABEpKEHHBIX BO3ICHCTBUIO
BETPOB U IITOPMOB, (POPMHUPYIOTCS JEpPEBbA
cpenHeit BoicoThI [20].

JK0JI0r0-(PU3HOIOTHIECKOE COCTOSIHUE Jie-
PEBbEB B PA3IMYHBIX  IPUPOJHO-KIUMAaTHYeC-
KUX pailOHaX YCIMEUIHO OIIEHMBAIOT IO JTaHHBIM
0 CTPYKType€ KOpbI U JpeBecuHsl [22-25]. B no-
CJIeJHUE rojibl BHUMAaHUE HCCle0BaTeNel cocpe-
JIOTOYEHO Ha OIIEHKE CTPYKTYPHBIX 0COOEHHOCTEM
KOpBI JIEPEBBHEB, €€ MAKPO- U MUKPOIPU3HAKOB,
MOCKOJIBKY OHa SIBJIIETCSI €IMHCTBEHHBIM Oapbe-
POM MEXKIy PACTEHHEM M OKpPYXKalOLIEH CpeloH,
a TAaKXe BAKHEWIIEH TPAaHCIOPTHOM Marmcrpa-
JBIO ISl CUHTE3UPYEMOTO PacTeHHEM YIJIepoJa.
AKTHBHO HCCIIEAYETCS BIUSHUE PA3IMYHBIX KO-
Joruyeckux (pakropoB (MOXKApHI, 3aCyXH, BIIUS-
HUE 3KCTpEMaJIbHBIX TEMIEPaTyp U T.A.) Ha BHY-
TPEHHIOIO CTPYKTYPY KOPBI IPEBECHBIX pacTEHUI
[26-28]. U3y4daercs CTpyKTypHasi peakLysi KOpbl
JPEBECHBIX PACTEHMI Ha MOCJEICTBUS IOXKapOB,
B CBSI3M C TE€M, UTO OTHOCUTENIbHASI IIUPUHA KOPBI
CYILIECTBEHHO BJIMSIET Ha BBDKUBAHHE JCPEBHEB
1oJ JEHCTBUEM KPUTHUYECKH BBICOKMX TeMIlepa-
Typ [29-34].

Kopa — xommuiekc BBICOKOCIEUATH3UPO-
BaHHBIX KJIETOK M TKaHEH, pacrojararoiuxcs
C BHEIIHEN CTOPOHBI OT KaMOUS U BBIMTOJIHSIOIINX
3alUTHY0, TPOBOASILYIO, ACCUMIIALIMOHHYIO
CHHTETUYECKYI0 M 3amacaromnryto ¢yHkuuu [35].
Kopa cocraBnser 3HauuTenpHyr A0m0 (OT 5
1o 28 %) obmero odbema aepeBa, 3Ta A0S 3a-
BHUCUT HE TOJIBKO OT JAPEBECHOM MOPOJIbl, HO TaK-
KE€ OT BO3pacTa JepeBa W yclioBuil pocta [36].
Pesynprarel HalIMX MCCIEIOBAaHUN KOPBI IPYTroro
Buza Oepesbl — Oepe3bl KAMEHHOW MO3BOJISIOT IO-
BOPUTH O BO3MOYKHOCTH MCIIOJIb30BAaHUS JAHHBIX
0 CTPYKType KOpbI JUIsl OLIEHKH aJalTUBHOIO I0-
TEHI[MaNa W DKOJIOTMYECKOW cTpareruu Oepes
B DKCTPEMabHBIX MecTooOuTanusx [37—40].

Lenbto HacTosIeH pabOTHI SIBIISIETCS H3yde-
HUE CTPYKTYPHBIX OCOOEHHOCTEW KOpBI U Jpe-
BECHHBI, B YaCTHOCTH UX IIUPHUHBI U CKOPOCTH
OpUpoOCTa, B CTBOJIAX Oepesbl IIIOCKOIUCTHOM
Ha Caxanune u KypuiabCkux ocTpoBax B pa3iny-
HBIX 9KOJIOTUYECKUX YCIOBUSX, O0YCIOBICHHBIX
BJIMSTHUEM XOJIOJHOTO MOPSI U COBPEMEHHOM BYII-
KaHUYECKOU AESITEIbHOCTBIO.
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MaTepMan n metToabl uccnenooBaHud
Obvexm uccieoosanus

Bepesa mnockonuctHas, Betula platyphylla,
OTHOCHTCS K ceMeicTBy OepesoBbie (Betulaceae),
pony 6epesa (Betula) [41]. He Bce 60oTanuku npu-
3HAIOT CYUIECTBOBaHME Oepe3bl IMJIOCKOIUCTHOM
Kak otmelpHoro Buma. B wactHoctn, U.1O. Ko-
poraunHckui [42, 43] yTBEp)KIaeT, 4TO TEppH-
TOpHIO a3uarckor yactu Poccun 3aHnMaeTr euH-
CTBEHHBIN BUJ Oepe3bl MoBUCIION Betula pendula
Roth. A.K. CkBopuioB [44] cuuraer HauMeHOBa-
HUe Oepe3a MIOCKOJIUCTHAST CHHOHMMOM HanMe-
HOBaHMsI Oepe3a noBucnas. Kuraiickue yueHble
OTHOCST Oepe3y IUIOCKOIUCTHYIO K OTIEIbHOMY
BUIy, HO B CBS3M C HEYETKMMH Mopdomnoruye-
CKMMHU TpHU3HAKaMU OOBEIUHSIOT MOJA STUM Ha-
3BaHUEM CJICYIONIUE PA3HOBUIAHOCTH WJIU OT-
JeNbHBIC BHIBI: Oepes3a simoHckas (B. japonica
Thunb.), 6epe3a Mmaubwxypckas (B. mandshurica
Nakai) n Oepe3a mexyaHckas (B. szechuanica
(C.Schneid.) C.A. Jansson) [45]. Mb1 npunepxu-
BaeMCsl B JAHHOM CJIy4ae CHCTEMAaTUYECKOH IOo-
sunmu B.A. Henmomyxko [46], koTopasi 000CHO-
BBIBAET CYILIECTBOBAHHE CAMOCTOSITEIbBHOTO BUA
Oepesbl mnockonuctHoit (B. platyphylla Sukac-
zev) Ha poccuiickoM JlanmsHem BocToke.

bepesa miockonucTHas — MEJIKOJIMCTBEHHOE
JIUCTOMAHOE ACPEBO, BBICOTOM 10 18—25 M, ¢ u-
aMETPOM CTBOJIOB 10 60 CM U PBIXJION KPOHOI [2,
4]. CTBON MpsAMOIA, C TIaJIKOM OEmoii, pexe CBeT-
JIO-CEpOH MIJIM pO30BaTO-0€I0M KOPOM, Ha CTAPBIX
CTBOJIaX 0OpasyeTcs TEMHO- WM 4YepHO-cepas,
MIPOAOJIBHO-TPYOOTpeInHOBaTass Kopka. Hmeer
MUPAMHUIATHHYI0 WU OBAJbHYIO (OPMY KPOHBI
C TOHKUMH, PACKUAUCTHIMH, CJIETKa CBUCAIOIIH-
MU WK TOpYaIlUMU BeTBSIMH. JIUCTbS TPEyroib-
HO-SIALIEBUJIHBIC WJIM [IUPOKOSUIIEBUIHBIE TO-
JIbIE C YCEYEHHBIM OCHOBAHUEM, 5—7 CM JJIMHOU
u 3—6 cM mupuHoii [1, 2, 41]. Bun onHOZOMHBIH.
Omnbinsiercss BetpoM. [lmon — miockuit onxHO-
CEeMSIHHBIM NBYKPBUIBIA OpemeKk JiIuHOM oT 1.5
1o 2.5 mMm [41]. PerynsipHoe u oOuIbHOE TUIOO-
Homenue HaunHaercs ¢ 15-30 ner [2]. [Ipenens-
HbII Bo3pacT cocrasisier120-140 ner [2, 4], oT-
JeJbHbIe AepeBbs AoxkuBarot 10 200 et [1].

bepeza miockonucTHas IIUPOKO pacmpo-
ctpaneHa B CeBepo-Bocrounoit A3uu — B Poccun,
B CEBEPO-BOCTOUHBIX paiioHax Kwuras, B MoHro-
mun, CeBepHoii Kopee u SAnonun (puc. 1) [1, 41,
45]. Ha Tepputopun Poccum apean BuUla OXxBa-
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TeiBaeT Bocrounyto Cubupb, a HMEHHO OXKHYIO
yacTb bypsatumn, UnutnHcKyro obnacts, SkyTHIO,
BcTpeuaeTcsi B KpacHOSpCKOM Kpae K BOCTOKY
oT p. Enuceii; Ha Jlansnem Boctoke — IIpuamy-
pre, XabapoBckuii kpaii, MaragaHckyro o0acTs,
tor Uykotku, n-oB Kamuarka, o. Caxamus [1, 7,
47] u roxubie Kypunsckue octposa (Utypym, Ky-
Hamup, [llukoran) [19, 48].

bepe3za miockonucTHas 3acyXOyCTOWYHBa,
MOpPO30CTOHKA U CITOCOOHA XOPOIIIO PACTH B pas-
JMYHBIX YCIIOBUSIX OKpY’KalOUIeW cpeabl, B TOM
yucie 3kcTpeMalbhbix [41]. [IpeanountaeT mMorir-
HbIE CpeJHEYBIIaKHEHHbIE OYBBI. ONTUMAaIbHbIE
MIOYBEHHBIC YCJIOBHS AJIsl HEE — aJUIIOBHAJIbHBIE
cymunku. KopHeBas cucrema Oepesbl IUIOCKO-
JUCTHOM MJIACTUYHA U MOXET MPUCTIOCA0INBATHCS
K pa3JIU4HbIM YCJIOBUSM. B HU3MEHHOCTSX Ha TS-
KEJIBIX CYIIIMHUCTBIX IMOYBax Oepesa MI0CKOIUCT-
Hasi 00pa3yeT MOBEPXHOCTHYIO KOPHEBYIO CHCTe-
MY, BBIZICPKHBasi CE30HHOE TIEpEyBIaKHEHUE [4].

[TpouspacTaeT Gepesa MIOCKOIUCTHAS B J10-
JIMHAX, Ha CKJIOHAX TOp U Ha OEPEeroBBIX MOPCKUX
teppacax [7, 19]: na n-oBe Kamuarka nonanmaer-
ca B ropel 10 500—-600 M Hax yp. M. 10 BEpXHEH
TPaHMIIBI TUCTBEHHUYHBIX peakonecuii [7]; na Ca-
xanuHe u Kypuiabckux ocTpoBax BCTpedaeTcs He
Boine 300-350 M Hag yp. M. B XBOMHO-IIIMPOKO-
JUCTBEHHBIX, IIMPOKOJIUCTBEHHBIX U CMEUIaHHBIX
necax [48]; Ha rore [Ipumopbs mogHUMAaETCs 10
1000 m Hax yp. M., a ceBepHee — He Bbliie 600 M
[49]. B Kurae mpouspacrtaer B IIHPOKOM BBI-
cotHoMm nuanazone 700—4200 m Hag yp. m. [45].
B Monronuu noxomut no ckionam rop no 1000—
1500 m Han yp. M. [50].

Coop mamepuanos, usmepeHus

Marepuan cobpaH B XOIe TOJIEBBIX M JKC-
NEeIUIUOHHBIX paboT, mpoBoguBiuxcs ¢ 2015
no 2020 r. nva Caxanune u KyHnamupe — B naHJ-
madrax Mopckux moodepexuii OXoTcKkoro Mops,
AKTUBHBIX MarMaTMYeCKUX M TPSA3EBBIX BYJKa-
HOB (puc. 1). B xauecTBe 00pa3na U3 TUIHYHBIX
(HOpMaBbHBIX) YCJIOBHH TMpou3pacTaHus Oepesa
TJIOCKOJIMCTHAS ObUTa oTOOpaHa Ha 0. CaxanwH
B Oepe3HsKE OJIbXOBO-UBOBOM BBICOKOTPABHOM
B ceBepo-3anaaHoi yacTu CyCyHalCKON JTOJIMHBI
B MeXaypeube NputokoB p. Cycys — p. Maromen-
ka u p. [lyra, a Takxe B Oepe3HsIKe pa3HOTPAaBHOM
C Y4aCTHEM BBICOKOTPABbS y 3a11aJHOTO TOTHOXKbSI
ropsl bonpmeBuk CycyHnalickoro xpe6ta (puc. 1,
2 a). B mpumopckux nanamadgTax Oepesa Io-
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CKOJICTHAs ONHCaHa B JyOHSIKE BEHMHHUKOBO-BbI-
COKOTPAaBHOM Ha OXOTCKOM HoOepexbe CaxannHa
BOM3M 03. Pycckoe (puc. 1, 2 c); Ha FOxHo-Ca-
xanuHcKkoM rpsizeBoM ByikaHe (FOCI'B) — B Ge-
PE€30BO-0JIbXOBOM ~ 0aMOYy4KOBO-BBICOKOTPABHOM
Jece Ha 0ro-3alajJHoi IpaHHIle COBPEMEHHOIO
SPYNTUBHOTO LIEHTpa ByJKkaHa (puc. 1,2 b) u B Oe-
pe3nsike 6amOy4KoBO-BbICOKOTpaBHOM B 500 M Ha
ceBepo-3amaji OT COBPEMEHHOIO 3PYHNTUBHOTO
LIEHTpa Ha JIeBOM Oepery p. Anar, nputoka p. Cy-
cys. B nmangmadrax MarmMaru4ecKuX BYJIKaHOB
Kypunbckux OCTpOBOB HCCIIEIyeMBbI BHJ OIU-
caH Ha o. Kynamup c kanpaeps! Bik. ['o1oBHHHA
U BIK. Menzeneea. B nmanamadrax kanbaepsl
lonoBHuHa o0Opa3upl Oepe3bl MIIOCKOIUCTHOM
ObuIM COOpaHbl B KEAPOBOCTIIAHMKOBOM Oaryib-
HUKOBO-KYCTapHHUKOBOM cool1iectBe B 60 M Ha
FOro-BocToK OT 03. Kumsmiee u B 150 M ot 1oro-
BOCTOYHOr0 y4dactka LlentpansHoro Bocrounoro
conbaraproro nonus (puc. 1, 2 d), Ha Bak. Men-
JiesieeBa — Ha IpPaHule eJI0BO-IIMXTOBOro 6amOyy-
KOBOTO Jieca Ha Oepery mpaBoro 60pra cpeiHero
TeueHust pyubst Kucnelii BOmm3u Huwxnemenene-
€BCKUX UCTOYHUKOB (puc. 1, 2 e).

B wuccnenyembix cooliiecTBax ¢ ydacTUEM
Oepe3bl TI0CKOIMCTHON 0TOOP 00pa3IioB MPOBEIH
Ha NpoOHBIX Momaaix pasmepom 10x10 M B Ky-
CTapHHUKOBBIX coobrmiecTBax U 20%20 M B JIECHBIX
cooOmiecTBax. B rpanunax npoOHbIX IUI0MIAeH Ha
15 nepeBbsIX ONPEAENSIN CIEAYIOLIE MTPU3HAKK:
KHU3HEHHas (opma, cTerneHb MOBPEXKICHUS KPOHBI,
HaJIMYMe KOPKH U ee MOp(OoIoruuecKas CTPyKTy-
pa, auamerp ctBojoB. OrmpeeneHre KU3HEHHbIX
dbopm nzydaemoro oowbekra rposoauu o M.I. Ce-
pebpsikoBy [51]. BeicoTy nepeBbeB U3MepsiIM IpU
HIOMOIIM JIEKTPOHHOTO BhIcoTOoMepa Haglof, nua-
MeTp CTBOJIOB — MepHoM Buikoil Haglof. Crenenb
HOBPEXJECHUSI KPOH OLIEHMBAIM, BBIYMCIAA MPO-
LIEHT MOBPEXKJICHHBIX CKEJIETHBIX (KPYIHBIX) BET-
BE OT 0OIIIEro Yucia TAKUX BETBEH B KPOHE.

B xaxxmom mecrooOutanum ¢ 15 nepeBbeB
B3sUIU CKOJIBI U KEPHBI CTBOJIOB Ha BbIcoTe 50 cM
oT nouBbl. CKoJibl Opau ¢ KOpOH U JIpeBECUHOM
mmpuHoil 2-2.5 cM. KepHbl cTBOJIOB OTOMpasu
npu noMoIu Bo3pactHoro Oypa Haglof. Taxxke
B Ka)KJIOM MECTOOOMTAaHUM OBLIM CAETaHbI CITUIIBI
CTBOJIOB PAa3HOIO BO3pacTa ¢ 3 MOJENbHbIX JAepe-
BbeB. CIIMIIBI MTOCIIE CYIIIKM B KOMHATHBIX YCIIOBU-
X MOJIMPOBAJIM NUTHM(OBaIBbHON MamMnHKoH. Bee
CKOJIBI CO CTBOJIOB U CIIMJIOB CTBOJIOB (PMKCHPOBa-
7M1 B JIeHb coopa B 96 %-M 3TaHOJIE U NIULIEPUHE
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OcobeHHOCTU CTPYKTYPHOrO OTKIMKa Kopbl U ApeBecuHbl bepesbl nockonuctHou (Betula platyphylla, Betulaceae)

B COOTHOLIEHUN 3:1 M BbIIEpKUBAIU B 3TOUN CMe-
CHU HE MEeHee 2 Mec.

JlabopamopHnuwiii ananuz oopazyos
Memooamu c6emosol MUKPOCKONUU

JlabopartopHbIii aHaTU3 00PA3IIOB BHITIOTHEH
B J1a00paTOpPUM KOJIOTUH PACTEHUN U T€03KOIIO-
rur THCTHTYTa MOPCKOI T€0IOTUN U TeOPU3UKH
JABO PAH. Ha cninnax, ckonax ¥ KepHax CTBOJIOB
B 1a00OpaToOpuu ONpEAEIIsIN BO3PACT U U3MEPSUIIH
UPUHY KOpHI (10 3 mpomepa Ha Kaxkaoe Aepe-
BO) Ha cTepeockonuyeckoM Mukpockone MCII-1

JISUTA TIO PaJNyCy CTBOJIA OT CEpALIeBUHBI 10 KaM-
ous (o 2 mpomMepa Ha Kaxaoe aepeBo). Bo3pact
JIEpPEeBbEB YCTAHABIMBAIM IyTEM TOJCYETa TO-
JTUYHBIX MPUPOCTOB JPEBECUHBI HA CIUJIAX CTBO-
JIOB MOJIENIbHBIX JIEPEBHEB M Ha CTBOJIOBBIX Kep-
HaX, UCIOB3YS CTEPEOCKOMMUECKHI MHUKPOCKOII
MCII-1 (JIOMO, Poccus).

[Tepen M3roToBICHHEM MUKPOCPE30B 00pa3-
1Bl KOPBI CTBOJIOBOM YacCTH BBIIEP>KUBAIIU B BOJE
oT 12 1o 24 4 anda ynaneHus U3 TKaHEW 3TaHona
u mnepuHa. [lonepeunsie, paauaibHble U TaH-
TeHTaJbHbIE Cpe3bl TOMMUHONU 10-25 MKM u3-

(JIOMO, Poccus). lllupuny ApeBEeCHHBI ONPENE- IOTaBIMBAIM Ha caHHOM MuKporome HM 430c
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Puc. 1. Apean Betula platyphylla [7, 19, 41, 45, 47, 48]. Ha cxeme o603Ha4eHBI MecTa cOopa 00pa3uoB: (1) 6epe3HsIK 0JIbXOBO-MBOBBIH
BBICOKOTPABHBIN B ceBepo-3amaqHoil yacTu CyCyHaiCKOH JOIMWHBI B MEKAypeube MpUTokoB p. Cycys — p. Maromenka u p. [lyra (Trmmda-
HBIE ycloBus); (2) Oepe3HsK pa3HOTPaBHBIN B Ipenropbe 3amagHoro ckiiona CycyHaiCcKoro xpedTa, MOTHOXKbe Topbl bonbmeBuk (TH-
MUYHBIE YesioBHs); (3) AyOHSIK BEHHUKOBO-BBICOKOTPABHBII Ha OXOTCKOM MoOepekbe BONMHM3H 03. Pycckoe; (4) Oepe3HsK OIbXOBBI OaM-
Oy4YKOBO-BBICOKOTPABHBIN U Oepe3HsIK 06aMOydKOBO-BBICOKOTpaBHBIN Ha HOxHO-CaxalHHCKOM TPSI3€BOM BYJIKaHE; (5) €IOBO-IIMXTOBBIN
0aMOyUYKOBBIH Jiec B CpeTHEM TeUeHUH py4dbs Kucieiit BOMm3n HimkHeMeHjeneeBCKuX NCTOYHUKOB BIIK. MeHzeneesa; (6) KeaqpoBoCTiIa-
HHUKOBO-0arylIbHIKOBO-KyCTapHHKOBOE COOOIIECTBO BOIM3H I0T0O-BOCTOUHOTO ydacTka LlenTpansHoro Boctounoro consdarapHoro moms
KaJb/iepsl BIK. [0T0BHUHA.

Fig. 1. Natural habitat of Betula platyphylla [7, 19, 41, 45, 47, 48]. The layout shows the sampling sites: (1) birch alder-willow tall-grass
forest in the northwestern part of the Susunai Valley between the tributaries of Susuya River — Magomedka River and Puta River (typical
conditions); (2) birch forest with tall herbs in the foothills of the western slope of the Susunai Range, foothills of Mount Bolshevik (typical
conditions); (3) reed-tall-grass oak forest, on the Okhotsk coast near Russkoye Lake; (4) birch-alder bamboo-tall grass and birch bamboo
forest with tall grass in the landscapes of the Yuzhno-Sakhalinsk mud volcano; (5) spruce-fir bamboo forest in the middle flow of the
Kislyy stream near the Nizhnemendeleevskie springs of Mendeleev volcano; (6) dwarf pine wild rosemary phytocenosis in the vicinity
of the southeastern part of the Central Eastern solfataric field of the caldera of Golovnin volcano.
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¢ 3amopaxkuBaromumM ctoiaukoMm (Thermo Scien-
tific, CILIA). ITonyueHHble Cpe3bl OKpAIIMBAJIH
cappaHMHOM U HWIBCKUM CHHHUM [52], a 3aTem
00€3BOKHMBAJIA U MPOMBIBAJIA B PACTBOpPAx BO3-
pacTalIuX KOHIEHTpaIUi 3TaHosa. 3aKIIIo4uu-
TEJIbHYIO JETHApaTaliio0 MPOBOIUIN B KCHIIONE
U 3aKJII0YaJIM B CHHTETUYECKYI0 MOHTUPYIOLIYIO
cpemy. sl KakIoro MeCTOOOUTAHUS WU3TOTO-
B 20 TTOCTOSIHHBIX MHUKPOIIPENapaToB KOPHI.
[TocTostHHBIE MUKpOMpenapaTsl aHaIU3UPOBa-

U Ha CBETOBOM MHKpockome Axio Scope.Al
(Carl Zeiss, T'epmanus). [Ins xauecTBEHHOTO
U KOJUYECTBEHHOTO aHaIW3a, a Takxke I W3-
TOTOBJIEHUSI MUKpOdoTorpaduii MCroIb30BaIH
nporpammy ZEN 2. TpakToBKy TEpMHHOB KOPBI
BBITIOJTHSAJIU 110 METOJUYECKUM PEKOMEHIAIUIM
International Association of Wood Anatomists
(IAWA) [53]. Kopy B3pociioro aepeBa pasjaens-
10T Ha JIB€ YacCTH — BHYTPEHHIOIO M BHEIIHIOIO,
pasiuyarpuiuecs aHaTOMUYECKUM CTPOEHH-

Puc. 2. Betula platyphylla B pa3nu4HBIX MeCTOOONTAHUAX: (@) Mpearopbe 3anagHoro ckioHa CycyHalHCKOro Xpe0Ta, MOXHOKBE TOPhI
BonbieBuk Ha o. Caxanus; (b) roro-3anaaHas rpaHulia COBPEMEHHOTO 3pynTUBHOTO HeHTpa FOxH0-CaXaanHCKOro rpsi3eBOro ByJlKaHa
Ha 0. CaxanuH; (c) oxoTcKoe rmodepexnse BOMI3H 03. Pycckoe Ha 0. Caxamus; (d) Ha Gepery o3. Kumsimee B 150 M 0T 10ro-BoCTOYHOTO
yuactka LlenTpansaoro Bocrounoro consdaraproro mosns, kansaepa Bik. [onoBHuHA Ha 0. KyHammp; (e) cpentee Tedenue pyuns Kuc-
nb1i BONM3u HuokHEMeH/IeneeBCKUX NCTOYHUKOB, BIK. MeHzeneeBa Ha o. KyHarmp.

Domo: a, d, e — A.U. Tanvckux; b, c — A.B. Konanunoil.

Fig. 2. Betula platyphylla in various habitats: (a) the foothills of the western slope of the Susunai Range, the foothills of Mount Bolshevik
on Sakhalin Island; (b) southwestern boundary of the modern eruptive center of the Yuzhno-Sakhalinsk mud volcano, Sakhalin Island;
(c) the Okhotsk coast near Russkoye Lake, Sakhalin Island; (d) on the shore of Kipyashcheye Lake, 150 m from the southeastern part
of the Central Eastern solfataric field, the caldera of Golovnin volcano, Kunashir Island; (¢) the middle flow of the Kislyy stream near
the Nizhnemendeleevskie springs, Mendeleev volcano, Kunashir Island. Photo: a, d, e — by A.1 Talskih; b, c — by A.V. Kopanina.
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OcobeHHOCTU CTPYKTYPHOrO OTKIMKa Kopbl U ApeBecuHbl bepesbl nockonuctHou (Betula platyphylla, Betulaceae)

eM U (QYHKIUSIMHU. BHYTpeHHssT Kopa BKIIIOYaeT
B ce0s QiosMy, Hapy>KHasl — KOPKY (puTHAOM) (Y
CTapOBO3PACTHBIX JEPEBHEB) MU TOJIBKO MEpH-
JIepMy U KOPTEKC (B Clydae €ro COXpaHEHHsS B
kope) (puc. 3) [35, 53].

Cmamucmuueckas obpabomxa

CrarucTrueckas BEIOOpKa JUIs KaKI0T0 pH-
3HaKa KOpbl cocTaBisuia 45 u3MepeHui, a Juist
IIPU3HAKOB JipeBecuHbl 30 U3MEpEHUN 110 Kax/10-
My MECTOOOUTAHHIO.

CTpyKTypHBIE IOKa3aTeNN KOPbI, APEBECHHBI
U cTeOJIs B TIEJIOM OTIPEICIISUTA UCXOAS U3 CIEy-
FOIIIUX COOTHOIIIEHHH:

CpenHsis BETUYMHA MPUPOCTA KOPHI B TOJ —
mMpruHA KOpbl (MM) / Bo3pacT cTebmns (cTBona),
WM Bo3pacT aepesa (siert) [33, 34];

OTHOCHUTEIIbHAS IIHUPUHA KOPBI — INAPHHA
KOpbI (MM) / BHYTpPEHHHUH quameTp cTedis (Mm)
[33, 34];

CpenHsisi BeJUYMHA MPHUPOCTA JPEBECUHBI B
roJl — HIMPUHA APEBECHHBI (MM) / BO3pAcT CTeOIs
(ctBOMA), MK BO3pacT Aepesa (JeT) [33, 34];

K03 PHUIMEHT IKCIEHTPUIHOCTH CTBOJIOB —
MaKCUMAaJIbHBIN pajnyc cTeOms (MM) / MUHIMAITh-
HBIN paguyc cTebms (mm) [38].

Cratuctuyueckuil aHaJu3 NPOBOIWIM CTaH-
JapTHBIMU MeTonamu [54, 55]. Ans kaxaoro me-
CTOOOWTAHUS TPOBEIN AHAIU3 MPHU3HAKOB KOPBI
U JPEBECHHBI JJI1 pacueTa CpeJHEero 3HaueHus,
TPaHUIBI MATEMATHYECKOTO OXKHIAHUS JIJIS CPel-
Hero 3Ha4YeHus U kod(dduimenta Bapuanuu. [pa-
HUIBI MaTeMAaTUYECKOTO OXHUIAHUS BBIYHUCIISIIH
¢ momoIieio f-pacnpenenenus CreromeHTa (s
JIOBEPUTENIBHOMN BeposTHOCTU 95 %). UT0OHI O11e-
HUTh, €CTh JIM Pa3HUIIA B 3HAUCHUSX TPU3HAKA
B OKCTPEMaJIbHBIX MECTOOOUTAHUSIX U TUITUYHBIX,
MBI OIICHUJIU CpEJIHHE 3HAYEHHS BHIOOPOK MyTeM
CpPaBHCHHSI TPAHUI] MATEMAaTUICCKOTO OXKUJIAHUS
JUIsl cpeAHux. Eciu rpaHuibl MaTeMaTH4ecKoro
OXHUIAHWS HE TEepPeCeKalnCh, TO CUYHUTAIHU, YTO
cpenHue pa3audHbl. TakuM 00pa3oM, MbI CpaBHU-
JU CpeAHHE 3HAYCHHs KaK0ro MpHU3HAKa B JKC-
TPEMAIBHBIX MECTOOOUTAHUSX C TUIUYHBIMU
(cM. TabmuIy).

Pesynbrathbl
unccnegoBaHusA
B Tunmusbeix ycnoBusix Ha tore o. CaxanuH

Betula platyphylla nccnenoBana Hamu B IBYX (H-
TOLIEHO3aX: Oepe3HsIKE OJIbXOBO-MBOBOM BBICOKO-

Puc. 3. Crpykrypa xopsl Betula platyphylla: (a) mukpodortorpadus B oTpaxkeHHOM cBeTe npH yBenuuenuu 10x; (b) mukpodororpadus
KOPBI MOJIOZIOTO CTBOJIA B IIPOXOSIIIEM CBETE C IPUMEHCHHEM KpacuTeei nmpu yBennueHnn 50x. O6o3HaueHns: b — kopa; co — KOpTeKc;
cph — nmpoBosias ¢aosma; ib — BHyTpeHHsist Kopa; nph — HenmpoBoasiias ¢uiodsma; ob — BHELIHsS KOPa; pe — HepuaepMma; ve — KaMOuid.

Fig. 3. Structure of the bark of Betula platyphylla: (a) micrograph in reflected light at 10x magnification; (b) micrograph of the bark of
a young trunk in transmitted light with the use of dyes at a magnification of 50x. Designations: b — bark; co — cortex; cph — conductive
phloem; ib — inner bark; nph — nonconductive phloem; ob — outer bark; pe — periderm; vc — cambium.
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OcobeHHOCTU CTPYKTYPHOrO OTKIMKa Kopbl U ApeBecuHbl bepesbl nockonuctHou (Betula platyphylla, Betulaceae)
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EcoLOGY. GEOECOLOGY

Tpumeuanus. Cpennsis apudMeTHIECKast BETUYUHA £ IPAHUIIBI MATEMATHIECKOTO OXKUAaHNs / Ko uImeHT Bapranuu. 38e31049K0i OTMEUCHBI CPEAHIE 3HAYCHHSI, OTKIIOHSIOIIHECS OT 3Have-

6uranuii. [Ipoyepk — Ipu3HaK OTCYTCTBYET.

HUH TUIUYHBIX MECTOO!

Notes. Arithmetic mean + confidence interval / coefficient of variation. The asterisk marks the mean values deviating from the values of typical habitats. Dash — the characteristics is absent.

TPaBHOM B ceBepo-3anaaHoil yactu CycyHalCcKol TOIMHbI
U Oepe3HsIKe pa3HOTPABHOM Y MOIHOXbsI ropbl bosbIieBuk
B IIeHTpasibHON yacTh CycyHalCKON TOTUHBI.

B nmepBom durorieHosze Gepesa miiockomucTHas (Hop-
MUPYET JPEBECHBIN sIPyC BMECTE C OJIbXO0I BOIOCUCTOM A/-
nus hirsuta (Spach) Rupr. u uBo#t xo3beit Salix caprea L.
bepesa miockonmucTHas B 3TOM (UTOIEHO3€ MpPEACTaB-
JIeHa OIHOCTBOJBbHBIMH, HPSIMOPACTYIIUMHU JI€PEBbSIMHU.
Hx BbicoTa mocturaet 19 m, a tuamerp cTBOJIOB 25.3 cM
B Bo3pacte 55-57 net (cm. Tabmuiry). Kponst 6epe3 paBHO-
MEpHbIE, paCKUANCTbIE, COPMHUPOBAHBI B BEPXHEH MOJI0-
BUHE U BEpPXHEH TpeTu cTBoia, 0e3 moBpexaeHuil. CTBon
MOKPBIT TEepHUIIepMOi Oeneco-ceporo 1BeTa, y OCHOBa-
HUS HaAOMIOAAeTCs MOYTH CIUIOIIHAS MeJIKodeuryivaras
KOpKa (pUTHIIOM) TEMHO-CEpPOro I[BETa, BBEPX IO CTBO-
Jqy O OJHOTO MeTpa Kopka cpopMUpOBaHA JIOKAJIHHBIMU
y4acTKaMH B MECTaxX OTMEPIIMX BETBEH W IMOBPEKIACHUN
(puc. 4 a). llIupuna kopsl 6epe3bl TUIOCKOIUCTHON B 3TOM
MeCTOOOMTaHUU COCTaBisieT B cpeaHeM 5.04-5.68 Mxm
(puc. 5 a). BHyTpeHHsi1 4yacTh KOpbl 3aHUMaeT 75 %,
a BHewHAsA — 25 % oT o0miel mupuHbl Kopbl. CKOPOCTb
eXeromHoro npupocra kopbl orneHeHa B 0.09-0.11 mkm,
npesecunbl — 1.87—-1.99 mxm (cM. Tabnuiy; puc. 5 b). Or-
HOCHUTEIbHAs HMprHa Kopbl 6epe3nt 0.02.

Bo Bropom (urorienose 6epesa miockoaucTHas Gpop-
MHpPYET IPEBECHBIN SIPYC BMECTE C OJbXOM BOJIOCUCTOM.
bepesbl 0omHOCTBONIBHBIE, TPSIMBIE, BBICOTOM OT 16 110 20 M,
JTUaMeTp CTBOJIOB He Oosee 44 ¢M mpu Bo3pacTe oT 77 10
85 met (puc. 2 a; Tabnuna). KpoHsl ¢ He3HAYUTETEHBIMU
MOBPEXKICHUSIMH HIKHUX BETBEH 3aHUMAIOT MOJOBUHY
BBICOTHI JiepeBbeB. [lepunepma cepo-0Oenoro 1Bera ¢ Ko-
PUYHEBBIMU U PO30BATBIMU MATHAMU OT MOKPBHIBAIOIIMX
ITOBEPXHOCTh CTBOJIA JIMIIAWHHUKOB. Y OCHOBAaHUA U IO
CTBOJY JOKaJIbHBIMHM ydacTKaMU oOpa3yeTrcsi MeJKoye-
uryidyaras KOpka TEMHO-CEporo I1Beta. Bes kopka ume-
€T paHeBOE MPOUCXOKJEHUE, B TOM YHUCIIE B MECTax OT-
MaBLINX BETBEU. Y OONIBIINHCTBA AEPEBHEB B OCHOBAHUU
CTBOJIa MMeeTCsl MpUKOopHeBas nopocib. [upuHa kopsl
Oepe3bl MII0CKOJIIMCTHONW B paccMaTpUBaeMoM (DPUTOLIEHO-
3e cocTaBisieT B cpeHeM oT 8.34 10 9.68 MkMm (puc. 5 a).
Jlo7s MpUHBI BHYTPEHHEN YacTH KOPbI B 001eH MIHpH-
He Kopbl 72 %, a BHemHel — 28 %. CkopocTh exerof-
HOTO MPUPOCTA KOPbI B 3TOM MECTOOOUTAHUU B CPETHEM
0.1-0.12 mxM™, npeBecunsl 1.88-2.24 Mkm (puc. 5 b). Or-
HOCHUTEeNbHas mupuHa Kopsl paBHa 0.02 (cMm. Tabnuiry).

Ha oxorckom moGepexxkbe 0. Caxanmun OGepesa Iuio-
CKOJIMCTHAs y4acTByeT B JyOOBOM BEHHHMKOBO-BBICOKO-
TpPaBHOM COOOIIECTBE C y4acTUeM JUCTBeHHULIbI KasHe-
pa. B aTux ycnoBusix oHa mpecTaBieHa 0JJHOCTBOJIbHBIM
WIM MHOTOCTBOJIbHBIM HHU3KOPOCIJBIM JEpEBOM BBICO-
Toil 3.5-4.5 M, CO 3HAYUTENBHBIM MCKPUBIECHHUEM CTBO-
Jla Y OCHOBAHHUS WJIM MEHEE BBIPAKEHHBIM HMCKPHUBICHU-
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€M TI0 Bcel ero BeicoTe (puc. 2 ¢). B ocHoBaHuM
CTBOJIOB UMEIOTCSI Karbl U cyBenH. Juamerp oc-
HOBHBIX CKEJIETHBIX OCEHl JIepeBhEB JOCTUTACT
20 cm, ux Bo3pact 73—80 €T, a TOMOJIHUTEIb-
HO (hopMUpYIOIIUXCS CKEJIETHBIX oceil — 45 neT.
CrBONIBI MOKPBITHI MEPUAECPMON  CBETIIO-PO30-
BOI0 IBCTA, U Y KOMJIA JIOKaJIbHBIMU Y4aCTKaMU
chopmupoBana kopka Oyporo msera (puc. 4 b).

CTBOJIBI C BBIPAXKEHHOM IKCIIEHTPUYHOCTHIO 2.21.
Kpona ¢naroo6pasnas, nospexaena Ha 30-50 %
3a CYET YCBhIXaHHs KPYIMHBIX BETBEH CO CTOPOHBI
MOps. B ycIoBHSIX MOpPCKOTO MOOEpEKbs MIHPU-
Ha KOPbI Oepe3bl IMII0CKOTMCTHOW MEHBIIIE HOPMEI
B Npearopbe 3amnagHoro ckioHa CycyHanCKoro
xpeOTa B 2 pasa, mpu 3TOM BO3pacT paccMarpu-
BAaCMbIX JCPCBBCB HAXOAUTCA B OJHOM JHAIIA30HC

Puc. 4. [ToBepXHOCTb KOPBI, CIIHJIBI CTBOJIOB U CTBOJIMKOB Betula platyphylla B uccnenosan-
HBIX MECTOOOMTaHMsX: (@) mpearopbe 3amagHoro ckioHa CycyHaickoro xpe0ra, MOJHOXKBE
rops! bonbiesuk, o. Caxasum; (b) oxorckoe modepexse BOm3u 03. Pycckoe, 0. Caxanus; (c)
I0ro-3aI1a /{Has TPaHMIa COBPEMEHHOTO SpyNTUBHOTO HeHTpa FOxHO-CaXaluHCKOro Ipsi3eBOro
BynkaHa, 0. Caxanus; (d) neBobeperxne p. Anar B manauradrax FOxxao-CaxaanHCKOro rpsi3eBo-
ro ByikaHa, o. CaxaiuH; (€) cpentee TedeHue py4ubst Kuciblii BOmi3u HipkHEMEH/IEICeBCKHX
HCTOYHHKOB, BIIK. MeHeneeBa, o. Kynammp; (f) Ha 6epery o03. Kumsiiee, B 150 M ot roro-Boc-
ToyHOrO yuactka LlenTpansHoro Boctounoro conbdaraproro moss, kanbaepa Bik. [010BHKHa,
0. Kynammp.

Fig. 4. Bark surface, stem and trunk sections of the Betula platyphylla in study habitats:
(a) the foothills of the western slope of the Susunai Range, the foothills of Mount Bolshevik on
Sakhalin Island; (b) the Okhotsk coast near Russkoye Lake, Sakhalin Island; (¢) southwestern
boundary of the modern eruptive center of the Yuzhno-Sakhalinsk mud volcano, Sakhalin Is-
land; (d) left bank of the Alat River in the landscapes of the Yuzhno-Sakhalinsk mud volcano,
Sakhalin Island; (e) the middle flow of the Kislyy stream near the Nizhnemendeleevskie springs,
Mendeleev volcano, Kunashir Island; (f) on the shore of Kipyashcheye Lake, 150 m from the
southeastern part of the Central Eastern solfataric field, the caldera of Golovnin volcano, Kuna-
shir Island.
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(cM. Tabmuity; puc. S a). IIpo-
[EHTHOE COOTHOIICHHE K-
pPUHBI BHYTPEHHEW M BHEII-
HEl Kopbl K OOmIel MMpHHE
KOpPBl B YCIIOBHAX MOPCKOTO
noOepekbsi  COOTBETCTBYET
TUMTUYHBIM MECTOOOUTAHUSIM.
CKOpOCTb €XETOoJHOr0 IpH-
pocTa KOpBI B yCIOBHAX MOP-
CKOTO TIOOEpEeXbsi MEHBIIIS
HOpPMBI B 2 pasa; a JApeBecH-
Hbl — Ha 49 % (puc. 5 b). OT-
HOCHTEJIbHAS IMPHUHA KOPBI
B paccMaTpUBacMbIX YCIIOBH-
X HECKOJIbKO OOJIbIlIe 3Haue-
HUIl B THIHUYHBIX YCJIOBHUSX
(cM. TabmuIy).

Ha roro-zamanHoit rpa-
HUIIE COBPEMEHHOTO PYIITHB-
Horo nentpa KOCI'B Gepesa
IUTOCKOJTUCTHASL ~ y4acTBYeT
B CIOKECHHH OEpe30BO-0JIb-
XOBOTO 0aMOy4YKOBO-BBICOKO-
TpaBHOTO Jieca U (HOPMHUPYET
JIPEBECHBI SIPYC COBMECTHO
¢ Gepe3oii KaMEHHOM M OJIbXOH
Bojiocuctoil. bepesa miocko-
JIMCTHAs TPENICTAaBICHA OTHO-
CTBOJIHBIMH JICPEBBSIMH BbI-
corort 10-12 M, ¢ quamerpom
cTBO0B12.4-13.6 cM u BO3-
pactom 49-55 ner (puc. 2 b).
Kpona nepeBbeB cdopmupo-
BaHA B BEPXHEU TPETH CTBO-
na, noBpexzaeHa Ha 10-15 %.
CTBONBI JEPEBBEB IOKPBITHI
MepuAepMOi  CBETI0-0ypo-
ro IBeTa ¢ OCJBIMH TSTHAMH,
KOpKa OTCYTCTBYeT (puc. 4 c).
[[lupuHa KOpBI [JEPEBBHEB
Ha 27 % MeHblIe, 4eM B HOp-
Me Ha CyCyHalCKOil HHU3MEH-
HOCTH Ipu OJNM3KHUX 3Haye-
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OcobeHHOCTU CTPYKTYPHOrO OTKIMKa Kopbl U ApeBecuHbl bepesbl nockonuctHou (Betula platyphylla, Betulaceae)

HUSX BO3pacTa JepeBbeB (CM. TaOIHILy; puc. S a).
CooTHoOIIEHNE NIMPUHBI BHYTPEHHEN U BHELIHEW
KOpBl U O0IIeH HIMPUHBI KOPHI UIEHTHYHO COOT-
HOIICHUIO B THITUYHBIX yCcIOBUsX. CKOPOCTH exe-
TOZIHOTO IPUPOCTa KOpbl MeHbIIE HOpMBI Ha 30 %,
CKOPOCTh €XKErogHOro MpUPOCTa APEBECHHBI —
Ha 37 % (cM. Tabmuy; puc. S b).

B nanmmadgrax KOCI'B Gepesa miockoiamcT-
Hasl OIMCaHa eIle B OIHOM COOOIIecTBe — Oepe-
30B0-0aMOYyYKOBOM C Y4YacCTHEM BBICOKOTPaBbS,
KoTopoe pacnonaraercss B 500 M Ha ceBepo-3anaj
OT COBPEMEHHOTO 3PYNTHBHOTO LIEHTPA Ha JIEBOM
Oepery p. Anar. bepesa rutockonmcTHas Tam Gop-
MUpYET JIpeBECHBI sIpyc BMecTe ¢ Oepe30ii KaMeH-
HoOW. PaccmarpuBaemblii BUA B 3TOM COOOIIECTBE

Ha o. Kynamp B xanpnepe Bik. [010BHH-
Ha Oepesa IUIOCKOJIIMCTHAs y4yacTByeT B (popMu-
POBaHUU HECOMKHYTOTO KEIPOBOCTIAHUKOBO-
0aryiabHUKOBO-KYCTapPHUKOBOIO COOOIIECTBa Ha
noOepexbe BHyTpUKabIepHOro 03. Kunsiee Ha
TUIPOTEPMalIbHO-U3MEHEHHBIX TOpojiax cojbda-
TapHoro nossd. B Hammx cOopax oHa mpeacTas-
JIeHa HU3KOPOCIBIM MHOTOCTBOJIBHBIM MOJIOJIBIM
JIEPEBOM, C IByMS >KUBBIMHU U TPEMs OTMEPIIMMHU
CTBOJIAaMH, MIPHUYKATBIMH K ITOYBE U YaCTO UCKPUB-
JIEHHBIMHU, C TPYNIaMH CISIIUX [OYeK B IMpH-
KopHeBoi 30He (puc. 2 d). Ha nByx ormepmux
CTBOJIAX TIO OJHOMY T00ery (QOpMUPOBAHHMS.
CTBONMKU C BBIPAKEHHON S3KCLEHTPUYHOCTHIO,
paBHo# 1.82. BricoTa Takoii >ku3HEHHON (HOPMBI

OpeJCTaBiIeH KPYMHbIMU
OJTHOCTBOJIbHBIMH  JI€PEBbS-
MU, CTBOJI KOTOPBIX Ha BBICO-
te 10-12 ™M pa3nBauBaercs.
HepeBbst BbicoTON 110 20 M
C JMaMeTpoM CTBOJIOB JIO
40 cMm B Bo3pacte 76—80 jert.
Kpona pnepeBneB packuau-
cTas, cOpMUpOBaHa B BEpX-
HEW TPETH CTBOJIA C HE3HAYU-
TEJIBHBIMU  TIOBPEXKICHUSAMHU
(cm. Tabmuiry). CtBonm Oepes
HOKPBIT HepuaepMon 06eso-
Ceporo IBeTa, OTCJIAauBaIO-
LIEHCS TOHKUMH JIEHTAMH,
B HIWKHEH 4YacTu CTBOJIA
(bparmMeHTapHO IpeAcTaBie-
Ha KpyIlHouenryiyaras Kopka
(puc. 4 d). lllupuna xopsl 1e-
PEBBEB HE OTIMYACTCS OT Ta-
KOBOW B HOpMeE (cM. Ta0muiLy;
puc. 5 a). [IporientHOE OTHO-
LIICHUE BHYTPEHHEH M BHEII-
HEl MIMPHUHBI KOpBI K 00IIeit
LIMPUHE KOPBI, a TAKXKE CKO-
POCTh €XKErOIHOTO MPHPOCTa
KODPBI M IPEBECUHBI B JTAHHBIX
YCIOBUSIX COOTBETCTBYIOT
TUMUYHBIM (puc. 5 b). OtHO-
CUTEJIbHAS IIUpPUHA KOpbI Oe-
pE3bl IUIOCKOJIMCTHON B ABYX
paccMaTpuBaeMbIX MECTOO-
outanusax Ha FOCI'B nemnoro
Oosiblle, YeM B HOPMAaJIbHBIX
yCIOBUSX (CM. TaONIUILy).

EcoLOGY. GEOECOLOGY
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Puc. 5. MakporpusHaku KOpBI U APEBECUHBI CTBONOB Betula platyphylla B pa3nimdHBIX KO-
norudeckux ycnoBusix Caxamuna u Kypuibckux ocTpoBoB: (a) mmpuHa Kopsl, (b) mmpuHa
TOJUYHOTO TIPHPOCTA KOpHI U ApeBecuHbl. MectoobuTanus: (1) ceBepo-3anagnas yacts Cy-
CyHalHCKOH JONMHBI B MeXIypeube mpuTokoB p. Cycys — p. Maromenka u p. Ilyra, o. Caxa-
1mH; (2) npearopse 3amagHoro ckiona CycyHaicKoro xpedra, MOAHOKEE Tops! bobIIeBuK,
0. Caxanus; (3) roro-3ananHas rpaHALa COBpeMeHHOTO 3pynTuBHoro neHTpa FOCI'B, o. Ca-
xannH; (4) neBobepexne p. Anar, nannmadpt FOCI'B, o. Caxanus; (5) oxoTckoe modeperse
BOMIM3M 03. Pycckoe, 0. CaxanuH; (6) cpenHee TedeHune pyubst Kucierit BOmu3n Himkaemenie-
JICeBCKHX HCTOYHHKOB, BIK. MeHzeneesa, 0. KyHammp; (7) Ha Gepery 03. Kumsiee, B 150 m
OT IOTO-BOCTOYHOTrO ydactka LlenTpamsHoro BocrouHoro combdarapHoro moms, kaiabaepa
BiK. ['onoBHuHa, 0. Kynamup.

Fig. 5. Macro-characteristics of the bark and wood of Betula platyphylla stems under
the various environmental conditions of Sakhalin and the Kuril Islands: (a) bark thickness;
(b) width of bark and wood growth rate. Habitats: (1) northwestern part of the Susunay Valley
between the tributaries of the Susuya River — the Magomedka River and the Puta River,
Sakhalin Island; (2) the foothills of the western slope of the Susunai Range, the foothills
of Mount Bolshevik, Sakhalin Island; (3) southwestern boundary of the modern eruptive
center of the Yuzhno-Sakhalinsk mud volcano, Sakhalin Island; (4) left bank of the Alat
River in the landscapes of the Yuzhno-Sakhalinsk mud volcano, Sakhalin Island; (5) Okhotsk
coast near Russkoye Lake, Sakhalin Island; (6) the middle flow of the Kislyy stream near
the Nizhnemendeleevskie springs, Mendeleev volcano, Kunashir Island; (7) on the shore of
Kipyashcheye Lake, 150 m from the southeastern part of the Central Eastern solfataric field,
the caldera of Golovnin volcano, Kunashir Island.
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Oepesbl He mpeBblmaeT 2.5 M (puc. 2 e). Cke-
JIETHBIE OCH AMaMeTpoM 110 3.7 cM, BO3pacToM
10 22 net. CTBONMKHU MOKPBITHI OTCIANBAIOLIEH-
Csl TOHKUMU JICHTAMH TIEpUIEPMOil Oypo-ceporo
1BeTa, KOpKa OTCyTCcTBYeT (puc. 4 ¢). Kpona mo-
BpexaeHa Ha 40—60 % 3a cueT ychbIXaHHUs 4acTH
CKEJIETHBIX OCEM.

Ha Bnk. MenzeneeBa Oepesa MaoCKOIUCTHAS
y4acTBYeT B CJIOKEHHUU €JI0BO-IIMXTOBOTO Oam-
Oy4YKOBOTO Jieca C IPUMEChIO OJIbXOBHUKAa Mak-
cumoBnua (Duschekia maximowiczii (Callier)
Pouza) B HenocpeactBennoit onm3octu ot Huk-
HEMEHJICTICEBCKUX HCTOYHUKOB. 371€Ch Oepe3bl
MIPEICTABICHBI HU3KOPOCIIBIMHU OTHOCTBOJIbHBIMU
WJIM MHOTOCTBOJIbHBIMU MOJOABIMU (BO3pacT 12—
15 ner) nepeBbsiMH, C TPyNIIaMU CIIALIMX ITOYEK B
IIPUKOPHEBOM 30HE, BBICOTOM 110 4 M, C THaMETPOM
cTBOJIOB 710 7 cM. [ToBepxHocTu cTBOJIOB Ha 10 %
MOPaXEHbl TEPMAJIbHBIMU U XUMHUYECKUMH OXKO-
ramu. Ha cTBONE paHbl, 3aTSHYTHIE MEPUIECPMON.
[lepunepma Oyporo 1BeTa, OTCIaMBAIOIIASICS
ToHkuMH JeHTamH (puc. 4 ). Kpona nospexaena
Ha 50-60 % 3a cueTr ychIXaHMs 4aCTU CKEJIETHBIX
OCeii, Ha IUCThIX B HIDKHEH 4acTU KPOHBI 0OHa-
PYXEHBl OXKOTOBbIE MOpa)keHUs (CM. TadmuILy).
B xone skcmeaunuii, mpoeaeHHbix ¢ 2006 1o
2019 ., HaMu He OBLIO HAlIEHO 3/1eCh JAePEBHEB
Oepe3bl TUIOCKOIMCTHOU cTapuie 25 jeT. MoxHO
MIPEONIOKUTh, YTO CTBOJIBI Oepe3nl B 2025 net
YCBIXAIOT, @ B IPUKOPHEBOI 30HE U3 CISIIUX IO-
4eK (OpMHUPYIOTCSI HOBBIE CKENETHbIE OCH. DTO
e SIBJICHHWE MbI HaOIroqanu B JaHamadrax BiK.
lonoBHuHa, rae Oepes3a MIIOCKOJIMCTHAS TaKxkKe
MpE/ICTAaBIeHa HU3KOPOCIOM MHOTOCTBOJIBHOM
9KOJIOTUYECKOH (popMOii ¢ rpynmaMu CrsIux mo-
yek B mpukopHeBol 30He. [llupuna xopsl Oepes B
na"amadTax BylkaHoB [onoBHMHA 1 Menpenee-
Ba MEHbIIIE HOPMBI B CBSI3H C HEOONBIINM BO3pac-
TOM JepeBbeB (cM. Tabnuiy). lllupuna BHyTpeH-
HEll KOpBI 110 OTHOIIEHMIO K OOIIEH MIUPHHE KOPHI
cocrasinseT 82—85 %. Ilo cpaBHeHHIO ¢ HOPMOH Y
MOJIOJIBIX 0cO0€el 6epesbl TIOCKOTUCTHON B 3TUX
YCIIOBUSIX IPOLEHTHOE COOTHOLIEHHE IIMPUHBI
BHYTPEHHEH KOpbI K OOILIEH HIMpHUHE KOPHI yBe-
JIUYEHO, a MIUPUHBI BHEITHEH KOPHI — YMEHBbIIIE-
HO Ha 8—10 %. CKOpOCTh €XEerogHoro npupocra
KOpbI OoJbIie HOpMBI Ha BiK. [omoBHuHA B 1.5
pasa, a Ha BiIK. MenzeneeBa B 2.7 pasa (puc. 5 a).
CKOpOCTh €XEeroJHOro NMpUpOCTa IPEeBECUHBI HA
BJIK. ['0JTOBHMHA MeHbIlIe HOPMBI B 2.3 pasa, a Ha
BIK. MeHzeneeBa cooTBeTCTBYeT HopMme. Koag-
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(UIMEHT SKCHEHTPUYHOCTH CTBOJA B YCIOBHUSX
BYJIKaHOB OoJibIie HOpMbI Ha 19-21 % (puc. 5 b).
OtHocuTeNnbHAs LIMPHHA KOPBI Takke OoJble
HOPMBI (CM. TaOIHILy).

O6cyxaeHune pe3ynsLraToB

B pesynbrare ananmza coOpaHHOro Marte-
puana BBISBICHO, 4TO Oepe3a IUTOCKOIMCTHAS Ha
o0CIIeZIOBaHHBIX ydyacTKax B ycioBusix Caxanu-
Ha u KyHammpa mMoxeT GopMHUpOBaTh MEPBHI
apyc, a B (popMe HU3KOPOCIOrO OJHOCTBOJIBHO-
TO WJIM MHOTOCTBOJIBHOTO JIepeBa C pa3iIMuHbIMU
UCKPHUBJICHUSMU CTBOJIa U CTBOJIMKOB 3aHUMAaTh
MOJYMHEHHOE TIOJIOKEHHE B JIECHBIX COO0OIIIe-
CTBaX WJIM BCTPEYATbCs €UHUYHO CPEAH KycTap-
HUKOBBIX TPYNNHUPOBOK. Tak, Ha IOTro-3amajgHoiu
IPaHULIE COBPEMEHHOIO J3PYNTHUBHOIO LIEHTpa
IOCI'B, rme Oepe3a MIOCKOMUCTHAs OTOOpaHa
B MAaKCHMaJbHOM TNPUOMIKEHUH K TPSI3EBOMY
IIOJIIO ByJIKaHa, B Bo3pacte 49—55 et BbicoTa Je-
PEBBEB pacCMaTPUBAEMOr0O BU/Ia HIKE, YEM B TH-
MUYHBIX YCIOBUAX. 31€Ch Oepe3a MI0CKOIUCTHAS
IPOU3pACTAeT Ha IPsA3EBYJIKAaHUYECKONW OpeKdynd,
oOpa3oBaBlIlIelics TOCIe KPYHMHBIX H3BEPKEHHI
ByikaHa 1959, 1966 u 1979 rr., koropas cnycrts
TO/Ibl COXPAHSET IEJI0YHOCTh C COAOBBIM 3acoJle-
HUEM, TOBBILIEHHOE COJAEP)KAHUE PEAKO3EMEIb-
HBIX M TsDKeNnbIX meTtamioB [56]. Lllemnounoctsb
IIOYBEHHOTO PACTBOPA OMNPEAENAETCS BBICOKHM
COJICP’KaHUEM OCHOBHBIX COJIEH, B YaCTHOCTH
KapOOHATOB U ruapokapOoHaroB. Cou MOBHIIIIA-
10T OCMOTHYECKOE JIaBJICHHE TOYBEHHOTO PACTBO-
pa ¥ co3atoT yCI0BUs (PU3UOTIOTHUECKOHN 3aCyXU
st pactenuil. [lpu sToM yBenuunBaroTcs 3Haye-
HUSI COOTHOIICHUS CBSA3aHHOW U CBOOOHOMN BOJIBI
Y TIOBBIIIAETCA OCMOTHYECKUN MOTEHIINAN PacTH-
TEIbHOU KJIeTKH [57]. Mbl monaraem, 4To B TaKUX
YCIIOBUSIX B MHOT'OJIETHEM PEXHUME y JPEBECHBIX
pacTeHuii, B TOM 4ucie Oepe3bl MI0CKOIUCTHOH,
3aMemieH (OTOCHHTE3 W CHUHTE3 CTPYKTYpPHBIX
YIJIEBOJIOB U OEIKOB.

Ha oxotrckoM moGepesxbe, e HabmoaarTcs
CWJIbHBIE BETpa, TYMaHbl C MOPSl U 3aCOJIEHHOCTD
cyOcTpata U BO3ayXa, Oepes3a IUIOCKOIUCTHAS
IpEeICTaBIeHa HU3KOPOCIBIM JepeBoM 10 4.5 M
BBICOTOM (CcM. Tabnuity). briuskas skonoruueckast
¢dopma Oepe3bl IUIOCKOIMCTHOM HaOIIONaeTCs
Tak)Xe BOJIM3HM Ta30THAPOTEPMAILHBIX IMPOSIBIIE-
HUU ByJKaHOB Menneneesa u [0o10BHUHA, KOTO-
pbl€ XapaKTEepU3YyIOTCs BBIJIEJICHUEM CEPHUCTOIO
ra3a ¥ MapoB BOAbI C NPUMECHIO YIVIEKHCIIOTO
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rasa, a30Ta, CepoCoep allluX U APYyTUuX BEIIECTB.
B ycnoBusix Mopckoro nodepeskbsi ¥ ra3oruipo-
TepMaIbHOU JAeSTEIbHOCTH BYJIKAHOB OTUETIMBO
BbIpaXK€HAa HKCLEHTPUYHOCTb CTBOJIOB M CTBO-
JMKOB, 32 CYET Pa3IMYHOM IIMPUHBI TOTUYHBIX
IPUPOCTOB JIPEBECHUHBI TIO OKPYKHOCTH (CM.
Talnuily). DKCIEHTPUYHOCTh CKEJIETHBIX OcCei
MOXET OBITh 00YCIIOBJIICHa HEPABHOMEPHBIM WITH
OJTHOHAIPABJIICHHBIM BO3JICHCTBUEM HETaTUBHBIX
abuotuyeckux (akTOpOB, CBSI3aHHBIX C IKCIIO-
3ULMEH CKIJIOHA, HaIlpaBJIEHHEM IMpeodiajaro-
MIUX BETPOB U APYTUX MHUKPOKIMMATHYECKUX
¢dakTopoB. B 3TuxX ycnoBusx y 6epesbl mI0CKO-
JUCTHOM HaAOMIOAIOTCA TakKe 3HAuYUTEIbHBIE
noBpexaenus (40—-60 %) u nepopmarus KpoHbI,
U3-32 BO3ACHCTBUSA CUIBHBIX BETPOB U XHUMHYE-
CKHM arpecCHBHBIX BEIIECTB M MapoB B JAHHBIX
MECTOOOUTAHUSIX.

CTpyKkTypHBIE HecneuupuIeckue aHoMa-
JMH — TIPUKOPHEBBIE KaIlbl U CYyBEJIH — B MECTO-
0oOHWTaHUSAX Ha OXOTCKOM MoOepexbe tora Caxa-
nuHa (GOPMHPYIOTCA Yy Oepe3bl IIIO0CKOIUCTHOM
B CPaBHUTEJIBHO MOJIOIOM Bo3pacTe. B kanbaepe
lonoBHMHA M Ha CKJOHaX BIK. MeHneneeBa Ha
Kynammpe npu 1ocTHXeHUu €10 OONbLIero BO3-
pacta 00pa3yroTcst TPYIIIBI CISIIUX OYEK B TIPU-
KOpPHEBOM 30HE, KOTOPBIE B MOCIEAYIOLIEM MOTYT
npeoOpa3oBaThCs B Karibl. Y OJIM3KOro Bujaa depe-
3bI TIOBHCIION 00pa3oBaHuE MPUKOPHEBBIX KaloB
CBSI3BIBAIOT C IpOLIECCaMU CTapeHus Aepena [58,
59], a TakKe ¢ MPOSIBIICHUEM SIPKOM aJalTUBHON
CTpaTeTHH BBDKUBAHUS B YCIOBHIX KpailHUX (H-
3MOJIOTUYECKUX OTPaHUYEHUH, B PE3YJIbTATE YEro
chopMupoBanach CaMOCTOSATENbHASI HKOJIOTH-
YyecKas pa3HOBHJIHOCTH Oepe3bl MOBUCION — Oe-
pe3a kapenbckas (Betula pendula var. carelica
(Merckl.) Hamet-Ahti) [59, 60].

Taxkum o0pa3om, yeM HampspKEHHEE HKOJIO-
rudeckas 00CTaHOBKA, TEM CHJIbHEE M3MEHSET-
csl, IO CPAaBHEHHIO C THIHYHBIM, BHEIIHUN 00-
UK (Trabutyc) 6epe3bl MITOCKOIUCTHOM, BIJIOTH
JI0 CMEHBI KU3HEHHOU ¢Gopmbl. Takas ke peak-
U Ha CTPECCOBBIE YCJIOBHUS MECTOOOUTAHUS
HPOSIBJISIETCS M 'y APYTOro Buja O6epesbl, IIUPOKO
npenacraBieHHoro Ha tore Caxanuna u Kypuiib-
CKHX OCTPOBOB — Oepe3bl KaMEHHOW, Ha YTO
ykazaHo B pabore H.E. Kabanosa [61]. Kaba-
HOB TIHCAJI, YTO HEOJIArONmpusTHBIC IJIsI Oepe3bl
KaMEHHOW KJIMMaTHYeCKUE YCIIOBUS, TaKUE Kak
HU3KHE TEMIIepaTyphl, CUIbHBIE BETpPa, YacCThIC
TyMaHbl, HaBaJlbl CHETa, IPUBOJAT K HCKPUBJICH-
HOCTH CTBOJIOB, @ B ONTHUMAJbHBIX JKOJIOTHYE-
CKHX YCIIOBHSIX OHAa BCErJa SIBISIETCS JEPEBOM

EcoLOGY. GEOECOLOGY

nepBoit BenuwuuHbl [61]. TlomoOHast peaxims
Oepe3bl KAMEHHOM OTMEYeHa M B HAIIUX HCCIIe-
noBanusx [38, 39]. B ycnoBusix Kanbaepsl BIIK.
Kcynau Ha m-oBe Kamuarka Oepe3a kameHHas
M3MEHSET CBOIO KU3HEHHYIO (opMy Ha KycTap-
HuKoBy1o [38, 39]. Takue ryOokue U3MEHEHUS
MPOSIBIISIFOTCS U B CTPYKTYype Kopsl [40].

B nccnenyembix cTpeccoBbIX YCIOBHSX Y Jie-
peBbeB Oepe3bl TTOCKOIUCTHOM cTapiie 50 et Ha-
OI01a7I0Ch YMEHBIICHUE IIUPUHBI KOPBI, 32 HC-
KJIIFOYeHHeM 00pa3lioB ¢ JieBOro Oepera p. Asar
B nanamadre FOCI'B. B ycnoBusx oXoTckoro no-
Oepexpst CaxanuHa IKMPHUHA KOPBI B 2 pa3a MEHb-
e HopMbl. [Ipu 3TOM MpOLEHTHOE COOTHOIIEHHE
BHYTPEHHEH M BHEIIHEW KOpbI B paccMmarpHBae-
MBIX YCJIOBUSIX COOTBETCTBYET TMIIMYHBIM MECTO-
obutanusM. B MecTooOMTaHHSIX y MarMaTH4ecKux
ByJKaHOB [ onoBHMHA 1 MenzeneeBa y MOJIOABIX
ocobeli Oepe3bl IUIOCKOIUCTHOW HAOIIOMAeTCs
YBEJIMYEHUE BHYTPEHHEH YacTU KOpbl U, CIEIO0-
BaTeJIbHO, YMEHbBIIICHHE BHEUIHEW M0 CPaBHEHHIO
C TUMUYHBIMU YCIOBHAMHU. MBI Tpearnosaraem,
YTO y MOJOIBIX 0cO0el Oepe3bl ITOCKOIMCTHOM
IIPOMCXOIUT AaKTHBHOE HApacTaHUE BTOPUYHOU
GI103MBI.  YBENTUUEHUE MIUPUHBI HETPOBOJSAIICH
¢GosMBl OBIIO BBISBICHO y Oepe3bl KaMEHHOM
B MOJIOJIOM BO3pacTe B YCJIOBHSX BO3IEHCTBUSA
TepManbHbIX [omyObix o3ep BiK. bapanckoro Ha
o. Utypyn [40]. K yBenu4yeHHIO MIMPUHBI KOPBI Y
Oepe3bl MJIOCKOJIMCTHOW B CTPECCOBBIX YCJIOBH-
AX MOXKET INPHUBOAUTH M pa3BUTHE 3amacaroleit
MapeHXUMbI BTOPUYHOW (h1ooMel B kope. Cyrtiie-
CTBEHHOE€ U3MEHEHHE 0OMEeHa BELLIECTB U YCHIICHHE
(GyHKUMU 3armacaHusl MoJ BIUSHUEM CTPECCOBBIX
HKOJIOTUYECKHX YCJIOBHUI OBLJIO OTMEUYeHOo y Oepe-
3bI Kapenbckoi [59]. [Tono6Hoe nmpenmnonoxeHue B
OTHOILIEHUH Oepe3bl TIOCKOIUCTHOM TpedyeT ao-
IIOJTHUTENBHBIX UCCIIE0BAHUM CTPYKTYpPbI KOPBI.

[TockonbKy mmpuHa KOpbl Oepe3bl MIIOCKO-
JUCTHOM HM3MEHSIETCs MOJ BO3JEHCTBUEM CTpecC-
COBBIX JKOJOTMYECKHX (PaKTOPOB, OHAa MOXKET
BBICTYNaTh B KayeCTBE HMHTETPUPOBAHHOTO Ta-
pameTpa s OLICHKM pEakLUU PEBECHOrO pac-
TEHUS Ha CTPECCOBbIE ycnoBuUs cpenpl. Kak yxke
TOBOPUJIOCH BBIIIE, IO JAHHBIM O CTPYKTYPE KOPBI
MOYKHO CYIOUTh 00 3KOJOro-(hU3H0I0rHYECKOM
COCTOSIHUM JIEPEBbEB B YCIOBHUSAX MPHUPOTHOTO
cTpecca (MOoKapbl, HaBOJAHEHUS M 3aTOIUICHHUS,
TEMIIEPAaTypPHBIA JIUMUT B BBICOKOTOPBAX U JIp.).
AKTUBHO LIMpPUHA KOPBI UCIMOJIB3YETCs KaK Mpu-
3HAaK, CTPYKTYPUPYIOIUN MHOTHE IPEBECHBIE CO-
o0IIecTBa pacTeHUH B MOJBEPKEHHBIX TOXKapam
skocuctemax. J.G. Pausas [29] orMmeuaert, 4TO 110
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JAHHBIM O IIUPUHE KOPHI, KaK BaXXHOM (DYHKITH-
OHAJIPHOM TIpH3HaKe pacTeHui (plant functional
trait), MO>KeT OBITh OIlEHEHA 3HAYMUTEIbHAS JIOJSA
W3MEHYMBOCTH PACTEHUU HKOCUCTEM 3EMIIU.
H. Bruelheide [62] Taxske mokasai, 4To CTPYKTYyp-
HBbIC XapaKTEPUCTUKH PACTCHUU M OCOOCHHOCTH
CTPOCHMS TKAHEH M OpPraHOB PACTEHUM SIBIISFOT-
Csl KJIIOYOM K TIOHMMAHHIO M MPOTHO3UPOBAHUIO
aJlanTaliy SKOCHCTEM B YCJIOBHSIX yTpaThl OHO-
pazHoo0pas3us u rodaIbHBIX U3MEHEHU.

OTHOocHTenbHAS MIUPUHA KOPBI Oepe3bl MII0-
CKOJIICTHOHM B MCCJICJJOBAHHBIX MECTOOOUTAHUSIIX
M3MEHSIETCS HEOIHO3HayHO. B ycioBusix nann-
magToB FOCI'B u mopckoro nodepexbst yBenu-
YeHHe OTHOCUTEIbHON IIMPUHBI KOPBI MO CpaB-
HEHUIO C HOpMOW HeOombiioe. A y 00paslos,
coOpaHHBIX B JaHAImAa(Tax MarmMaTU4ecKHuxX
BYJIKQHOB, JaHHBIM TOKa3aTellb OOJbIIE HOPMBI
B 4 pa3za (cM. Tabnuiy). BeposiTHO, ¢ U3MEHEHU-
€M JKU3HEHHOM (hOpMBI 1O HU3KOPOCIIOTO JIEpEBa
C MaJIOW MPOAOJDKUTEITBHOCTHIO KU3HU MPUPOCT
JpeBeCcHHbl YMeHbIIaeTca. K yBenuueHuo oTHo-
CUTENIbHOM HIUPUHBI KOPBI Y O€pe3bl TI0CKOIUCT-
HOM B CTPECCOBBIX YCIIOBUSAX, KaK YK€ TOBOpH-
JIOCh, MOXKET MIPUBOJIUTH U PA3BUTHE 3aracaroein
MapeHXUMbI BTOPHYHOH (I103MBI B Kope [59].

[Toxa3zaTenp €XerogHoro NpupocTa Kopel oe-
pe3bl IUIOCKOJMCTHON 3HAYUTEIHHO YMEHBIIEH
B YCJOBHSIX OXOTCKOTO MOPCKOTO IOOEpEexKbs.
BnaxHplil 3aCOJICHHBII MOPCKOM BO3AYX SIBJIS-
€TCsl MPUYMHOM 3aCOJIE€HUSI BIOCIEICTBUM U TO-
YBEHHOT'O CyOcTpara, 4YTo B CBOIO O4YepeNb BeleT
K (pU3MOIOTUYECKOM 3acyxe y pactenuit [20, 21].
YMEHbBIIICHHE €XXETOJHOTO MPHUPOCTa KOPHI Ha-
OmromaeTcst MU'y 00pasIoB, COOpPaHHBIX Y FOTO-3a-
nagHoi rpanuipl rpszeBoro nois FOCI'B, roe
CyOCTpaT Tps3eBOrO MOJSI U MPHUIIETAOIINX Tep-
PUTOpUN XapaKTEPHU3YeTCs] COAOBBIM 3aCOJICHU-
eM. Takas >xe peakuus MpupocTa KOpbl Ha BO3-
NCHCTBUE CTPECCOBBIX (DAKTOPOB XapaKTepHa
U s Oepe3bl KaMEHHON B YCIIOBHSX MOPCKOTO
no6epexns u Ha manamadrax FOCI'B [38].

B nanamadrax mMarmMaruueckux BYJIKAHOB
y 00pa3ioB Oepe3bl II0CKOIUCTHOM, HA000pOT,
HaOJIOAeTCsA YBEJIMUYCHUE €KETOJHOTO MPHUPO-
CTa KOPHI IO CPaBHEHHIO C HOpMOil. Hanbombmii
€XETOAHBIN MPUPOCT KOPHI OTMEYEH B YCJIOBH-
X TEPMaJIbHBIX UCTOYHUKOB Pyubst Kucmiwlii Ha
BIK. MenaeneeBa — B 2.7 paza 0OJIbIIIE HOPMBI.
B ycnoBusax razoruapoTepManbHBIX MpOsBIE-
HUH BynkaHOB MeHneneeBa u ['onoBHrHa Gepesa
MJIOCKOJIMCTHAST TPEACTaBI€HAa HHU3KOPOCIBIMU
OJTHOCTBOJIbHBIMU HJIK MHOTOCTBOJIBHBIMU J€-
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peBbsiMu 10 22 jieT. MOXXHO MPEINOI0KUTh, YTO
€)XErofiHOe HapacTaHue KOPbI Y MOJOIBIX 0CO-
Oeil ujer MHTCHCUBHEE, a B OoJee 3pejoM BO3-
pacTe BeJIMYMHA €XKEroJHOro MPHUPOCTAa KOPbI
ymeHsbiaeTcs. Kpome toro, 6epesa miocKoIucT-
Hasi OTHOCUTCA K OBICTpOpacTylIMM Buiam [2].
BeposiTHO, B yCHOBHUSIX Ta3oruaApOTEPMAJIbHBIX
IPOSIBIIGHUN €CTh YCIIOBUSL JJIi PHIBKOB pOCTa
B TEUEHUE OHTOTeHe3a, KOTophle y Oepessl IIo-
CKOJINCTHON T€HETUYECKH ONpPENEJIEHbl U SIBIIS-
FOTCS €€ alafTUBHOM CTpaTerue U KOHKYpPEHT-
HBIM INpeuMyuiecTsoM [4, 7] B HaNpsyKEHHBIX
ycinoBusx cpeabl. CxonHas TEHAECHLMS K yBe-
JUYEHUI0 CKOPOCTU MNPUPOCTa KOPbI, BTOPUY-
HOUM (JIOAMBI U €€ CTPYKTYPHBIX KOMIIOHEHTOB
ObUTa BBIABIIEHA HAMHU B YCJIOBHUAX Ta30TUApO-
TepMaJbHBIX HCTOYHHMKOB Ha BIK. bapaHcko-
ro Ha o. Utypyn y Gepe3bl KaMEHHON HMEHHO
B MousiofioM Bo3pacte — 1015 met [40]. [Tomo6-
HBII CTPYKTYPHBI OTBET KOPbI OTMEUYEH TaKXKe
JUTS FOXKHOA3MAaTCKOW JTMaHbl — TOKCUKO/ICHIPOHA
BocTtouHOTO (7Toxicodendron orientale Greene)
B YCJIOBHSIX T'a30TUAPOTEPMAIbHBIX MTPOSBICHUM
BIK. Menzeneena [63]. Y HU3KOPOCIBIX MHOTO-
CTBOJIBHBIX JI€PEBBHEB Oepe3bl IMJIOCKOIUCTHOM
JIOTIOJTHUTENBHBIE CKEJIETHbIE OCH O00pa3yloTCs
u3 no0eroB BO300HOBIEHUS [64], mpopacTaronmx
U3 CIILIUX [TOYEK B MPUKOPHEBOM YaCTH CTBOJIOB
CPaBHUTENIBHO MOJOMABIX Oepe3 B 3KCTpeMallb-
HBIX MecTtooOuTanusx. [Ipomecc GpopmupoBanus
TaKUX JKOJIOTHYECKUX (HOpM y Oepe3bl TLIOCKO-
JMCTHOM, MBI [TOJIaraeM, peaiu3yeTcs B yCIOBUAX
IPUPOJHOTO CTPECcca KaK pOCTOBOM CKayoK.

lopuuHelid MpUpPOCT ApeBecHHbl y Oepe3bl
TUIOCKOJTUCTHON B MCCIIEYEMBIX YCIOBUSAX HUXKE
HOpMBI B cpestHeM Ha 40 %, 3a HCKIIIOYUEHUEM 0CO-
Oeil, B3AThIX Ha JIeBoM Oepery p. Anat Ha FOCI'B,
[JIe TOAUYHBIA MPUPOCT JIPpEeBECUHBI Oepe3 HE OT-
JAUYaeTcs OT MPUPOCTa B THUIHMYHBIX YCIOBHSAX
npouspactanusa. HanMeHbIIMN TOAWYHBIA TPU-
POCT ApeBECHHbI OTMEUEH B ycloBusix LlenTpanb-
Horo BocrouHoro conbgarapHoro nons o3. Ku-
nsuiee B Kanpaepe lonoBHUMHA — OH B 2.4 pasa
MEHBIIIE 110 CPABHEHUIO C HOPMOM (CM. TaOnHILy).
CoxkpallieHre MpUPOCTOB JIPEBECUHBI MPUBOAUT
K CYLLIECTBEHHOMY YMEHBUICHHIO IHaMeTpa CTBO-
Ja ¥ CTBOJMKOB C BO3pacToM (cM. Tabmiwmiy). Ta-
Kasl )K€ TeHICHLIUS U3MEHEHUS TOJUYHOTO MPUPO-
CTa IPeBECHHbI CBOWCTBEHHA 1 Oepe3e KaMEeHHOI:
y Hee B IKCTPEMAJIbHBIX MECTOOOHTAHUSIX Cpe.l-
HUM TOIMYHBIA MPUPOCT APEBECUHBI YMEHBIIIAECT-
cs B cpenHeM B 1.5 pasa [38, 40].

374 GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)



OcobeHHOCTU CTPYKTYPHOrO OTKIMKa Kopbl U ApeBecuHbl bepesbl nockonuctHou (Betula platyphylla, Betulaceae)

Kak ynomsinyTo, 0cobu 6epe3bl M10CKOINCT-
HOM, B3sTHIE Ha JIeBOM Oepery p. Anar Ha FOCI'B,
M0 paccMaTpUBAaeMbIM MaKpPOCKOMUYECKUM TMpH-
3HaKaM (IIMpUHA KOPBI U BETUYMHA €€ IPUPOCTa,
TONUYHBIA TIPUPOCT IPEBECHHBI) HE OTIUYAIOTCS
0T oco0ell, 0OUTaIOIKUX B HOPMAJIbHBIX yCIIOBU-
sax. Wccnenyembrit ¢urtorneHo3 ¢ Oepe3oil 1io-
CKOJIUCTHOHM MPOU3PACTAET Ha CTAPOBO3PACTHHIX
IPS3EBYJIKAHUYECKUX OTJIOKECHUSX, HE 3aTPOHY-
THIX 33JI0KYMCHTHPOBAHHBIMU  H3BEPIKCHUSIMU
nociennero croieTus 13, 65, 66]. OTu ctapoBos-
pacTHble OpeKYMH 3HAYUTEIBHO IepepadOTaHbl
JIECHOM PacTUTEIBHOCTHIO W, BEPOSATHO, ONU3KHU
K TUIUYHBIM 17151 tora CaxanuHa.

Jns  Oonee  JAETaNbHOTO  MCCIIEIOBAHUS
CTPYKTYPHOTO OTKJIMKA O€pe3bl IJIOCKOIUCTHOM
Ha BO3ACHUCTBUS cpeibl HEOOXOAMMO IPOBECTH
MUKPOCTPYKTYPHBIA aHaIM3 KOPBI ISl Pa3HbBIX
BO3PACTHBIX COCTOSIHUM J1€PEBHEB.

3aknroyeHue

Betula platyphylla nccnenoBana B ycioBuU-
X CPEIHErOpHBIX MAacCHBOB, MOPCKHX moOepe-
JKAW, Ta30ruApOoTepMabHbIX IPOSBICHUNA Mar-
MaTHUYECKUX BYJKAHOB U TPA3EBYJIKAHMUECKUX
ornoxeHuil Ha rore CaxanuHa u Kypuibckux
ocTpoBax. /[l 6epesbl MII0CKOIUCTHOM, IpOu3-
pacTaronieil B 3TUX CTPECCOBBIX IKOJIOTMYECKUX
YCIIOBUSIX, XapaKTepHO (OPMHUPOBAHHE HU3KO-
POCIIOif MHOTOCTBOJIBHOM )XKM3HEHHOH (OPMBI CO
3HAYUTENIbHBIMU MMOBPEXKACHUSIMH U 1epopMaIu-
MM KPOHBI, HICKPUBJICHHBIMHU JKCLEHTPUYHBIMHU
CTBOJIAaMHU U CTPYKTYPHBIMH aHOMAJIMSIMU — Karna-
MU U CYBEIISIMH.

Peakuust kopbl Gepe3bl IUIOCKOJUCTHOM Ha
CTPECCOBBIE YCIOBUS CPEJIbI POSIBIAETCS YMEHbB-
LICHHEM €€ IIUPUHBI y AepeBbeB crapuie 50 jer
[0 CPAaBHEHHUIO C OJHOCTBOJBHBIMU JIOJITOXKHBY-
IIMMH JEPEBbSIMU B TUIIMUHBIX YCI0BUAX. CTpyK-
TYpPHBIH OTKJIMK O€pe3bl MJIOCKOJIMCTHOW Ha BO3-
JENCTBUE CTPECCOBBIX (DaKTOPOB BbIpaXKaeTcs
TaK’kK€ B YMEHBIICHUM BEJIWYMHBI €KETOIHOTO
IIPUPOCTa KOpBI y BO3PACTHBIX JepeBbeB. Hau-
Ooiee CylIeCTBEHHBIE MU3MEHEHHS B ATOM ILIaHE
MPOSIBISIIOTCS Yy 0co0el B YCIIOBHUSIX OXOTCKOTO
MOPCKOTO MOOEpexXbs, I1e MHUPUHA KOPBI U TO-
JUYHBIN IPUPOCT €€ YMEHBIIAIOTCS B 2 pasa.

TeHnneHys n3MeHeHus TOAMYHOTO IPUPOCTa
JpeBECUHBI Oepe3bl TIIOCKOIUCTHON B yCIOBUAX
BIIMSIHUSL CTPECCOBBIX (DaKTOPOB aHAJOTHYHA.
HanMenb1mii ronryHbIN IPUPOCT IPEBECUHBI OT-
MEUEH B YCIOBHUAX KaJlbJephl BIK. [ 010BHMHA Ha
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0. Kynammp — B 2.4 pa3a mensiue Hopmbl. Cokpa-
IIEHUE TPUPOCTOB IPEBECUHBI IPUBOJMT K CyIlle-
CTBEHHOMY M3MEHEHHUIO KU3HEHHOH (OPMBI.

lopuuHbI TPUPOCT KOpbI Oepesbl IMI0CKO-
JUCTHOM B HCCIIEOBAaHHBIX MECTOOOMTAHMAX
MMEET pa3HOHANPABICHHYIO PEaKILIMIO U BhIpaXka-
€TCsI KaK TUITUYHBIM U151 SKCTPEMAIIbHBIX YCIIOBHH
YMEHbILIEHUEM, TaK U yBelIuueHueM. B ycnoBusax
ra3orupoTepMaIbHbIX HMCTOYHHUKOB Marmaru-
YECKUX BYJIKAHOB TOJUYHBIA MPHPOCT KOPBI 110
2.7 paza BbILLIE HOPMBI, 4TO, BEPOSTHO, OIpEJie-
JsieTCs MOJIOABIM BO3PAcTOM JEPEBLEB, @ UMEHHO
1020 ner. ITomyyeHHbIE HAMU TAHHBIE TOMOIHU-
TEJIbHO 000CHOBBIBAIOT a/IaITUBHYIO 3HAYMMOCTh
KU3HCHHOM CTpaTeruu Oepe3bl IIIOCKOIUCTHOM
Kak ObICTpOPACTYIIETO JIepeBa.

JlaHHBIE CTPYKTYpHOTO aHajMu3a CTBOJIOB
Oepe3bl TIOCKOIUCTHOM B Pa3iMUYHBIX HKOJIOTH-
YECKUX YCJIOBUAX JEMOHCTPUPYIOT, YTO IIMPHHA
KOpBI ¥ BEJIMYMHA €€ €XKEroJHOro IpUupocTa Mo-
TYT SBISTHCS (DYHKIIMOHAJIBHBIMU TTOKA3aTeIISIMH
(plant functional trait) sxocucTeM KOHTPAaCTHBIX
IPUPOAHBIX YCIOBUH.
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HanouBeHHble NULLIANHNKN TEPManbHbIX MECTOOOUTaAHUI
FOXKHBIX KyprnbCKUX OCTPOBOB

A. K. Edxckun
E-mail: ezhkin@yandex.ru

Hnemumym mopckoi eeonoeuu u 2eogusuxu /[BO PAH, FOxcno-Caxanunck, Poccus

Pedepart. B paGore mpuBOIATCS Pe3yabTaThl UCCIEIOBAHUS HAIOUYBEHHBIX JUIIAHHUKOB TEPMaIbHBIX MECTOOOH-
TaHU# IKHBIX KypHIBCKHX OCTPOBOB, BKJIIOYast 0COOEHHOCTH MX PaclpoCTpaHeHHs Ha ocTpoBax. Bcero mpu 00-
CJIeZIOBAaHMM TEPMANIbHBIX TONel Ha ocTpoBax Utypyn u KyHaiuup 66110 BBISIBIEHO 4 BHIa, OOMTAIONIMX HA ITOYBE:
Cladonia graciliformis, C. granulans, C. vulcani, C. furcata. IlepBbie Tpu Buaa OJMKE BCEX CEIATCS K aKTUBHBIM
(dbymapoiaM U UIMEIOT HanOOJBIIIKME TTOKA3aTEeId YaCTOThI BCTPEYAEMOCTH Ha JJAHHBIX MECTOOOUTAHUSIX.

KntoueBble cnoBa: jiuiiaiiHUKK, TOJEPAHTHBIC BUbI, COJb(arapHas aKTUBHOCTb, COBPEMEHHBIH BYJIKAHU3M,
Janmsamit Boctox Poccnn

Epigeic lichens in thermal habitats on the Southern Kuriles

Aleksander K. Ezhkin
E-mail: ezhkin@yandex.ru

Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The paper presents the results of studying soil lichens in areas of thermal habitats on the Kuril Islands, in-
cluding the features of lichen distribution on the isles. Totally four species of epigeic lichens were found when studying
the thermal fields on Kunashir and Iturup isles: Cladonia graciliformis, C. granulans, C. vulcani, and C. furcata. First
three species are closest to active fumaroles and have the highest rates of occurrence frequency for these habitats.

Keywords: lichens, tolerant species, solphataric activity, modern volcanism, Russian Far East

Mna yumupoeanua: Exxun A.K. HanouBeHHbIe JNHIIAHHUKU
TEPMalbHBIX MECTOOOMTAHHH IOKHBIX KypHIIBCKHX OCTPOBOB.
Teocucmemvl nepexoonvix 3om, 2022, 1. 6, Ne 4, c. 380-387.
https://doi.org/10.30730/gtrz.2022.6.4.380-387; https://www.
elibrary.ru/qpbfvu

JlangmagTel ¥ PacCTUTENBHOCTh B paioHax
C BYJKAaHUYECKOH aKTUBHOCTHIO MMEIOT CBOHU OT-
JIMYUTEIbHBIE YEPTHI. DTO CBA3aHO C HEFATUBHBIM
BO3/ICHCTBUEM aKTHBHBIX BYJIKAaHOB Ha OKpY’Ka-
oyt cpeny [1, 2]. CtpeccoreHHslii xapakrep
TaKUX MECTOOOMTaHMH co3/1aeT HeOIaronpusT-
HbI€ YCJIOBUS U1l OOJIBIIMHCTBA (JOHOBBIX BUIOB.
Onnako Ui crienu(pUYHBIX BUAOB, YCTOWYMBBIX
K (yMapoibHBIM Tra3aM, BYJKaH OOeCIeYMBacT
OJaronpusSTHBIE YCIOBHS ISl TIOCEICHUS M KH3-
HenesaTenbHOCTH. OCHOBHBIE 3arps3HAIOLINE Be-
LIeCTBA TUX MECTOOOUTAHUI — cepocoiepxKale
ra3bl ¥ TsDKenble MeTaisl [3, 4]. Jlumainuku —
OZIHA W3 HEMHOTHX OPTaHWU3MOB, KOTOPHIE MOTYT
o0uTaTe BOMM3M aKTUBHBIX (PymMapos, BBIICPKHU-

EcoLoGY. GEOECOLOGY

380

For citation: Ezhkin A K. Epigeic lichens in thermal habitats on the
Southern Kuriles. Geosistemy perehodnykh zon = Geosystems of
Transition Zones, 2022, vol. 6, no. 4, pp. 380-387. (In Russ.,
abstr. in Engl.). https://doi.org/10.30730/gtrz.2022.6.4.380-387;
https://www.elibrary.ru/qpbfvu

BaTh CHJIBHOE BO3/ICHCTBHE BEIOPOCOB U BHICOKYIO
temrieparypy. CrnernuanbHbie paboThl, TOCBAIICH-
HBIE JIUIIaHHUKAM, C TOYHBIM YKa3aHUEM Ha BUJIbI,
obuTarIIKe B palloHaX TEPMAIBHBIX MPOSIBICHHUMA
Ha JlanmpHeM Boctoke Poccum, ObLIN BBIITOJIHEHBI
Ha Kamuarke [5, 6]. B nyonukanusax A.l. Muky-
JIMHA, TOCBSIIIEHHBIX JHIIaiiHUKaM KpoHOoUKoro
3aroBeIHMKA, YKa3aHbI IBa BUIa, OOUTAIOLUE Ha
noyBe BOMM3M ropsunx ucrounukoB — Cladonia
granulans Vain. u C. vulcani Savicz. [7, 8].
Ha octpoBax Utypyn u KyHammp B OKpecTHO-
CTSIX aKTUBHBIX BYJIKAaHOB Tak)ke ObUIH MpOBeJe-
HBI UCCIIEIOBaHMS 0COOEHHOCTEH POU3paCTaAHHUS
SMUQPUTHBIX ¥ SMUKCUIBHBIX JIUMIIAHHUKOB B Me-
CTax TPOSBICHUS CoJb(aTapHON aKTUBHOCTH
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[9, 10]. OTnenpHBIC BUABI HATTOYBEHHBIX JIMIIAN-
HUKOB OTMEUEHB! AJI1 TepMaJbHBIX IMOJIEH psna
BYJIKAaHOB Ha 3THUX ocTpoBax [11, 12, 13]. Tem ne
MEHee TepMaJbHbIE MECTOOOUTAHUS /10 CHX TOp
OCTAIOTCSl OJHMMHU U3 HauOoJee MHTEPECHBIX U
CJ1a0OM3yUYEHHBIX B OTHOUIEHWH KPHUITOTaMHBIX
OpPraHu3MOB, B 0COOEHHOCTH JINIIAWHUKOB.

enp HacTOAMMX HCCIETOBAHUM — U3YUYHUTh
BUJOBOM COCTaB M OCOOEHHOCTU PpacIpocTpa-
HEHMs JIMIIAWHUKOB, OOWTAIOIIMX Ha IMOYBE Ha
TEpPMaJIbHBIX MOJISAX I0XKHBIX Kypuiabckux octpo-
BoB — Utypyna u Kynammupa.

PanoH uccnegoBaHum

JlumaitHuku OBUTH M3YyYEeHBl B OKPECTHO-
CTAX Tpex ByJKaHOB — Menzeneesa, [onmoBHnHA
(0. Kynammp) u bapanckoro (0. Utypyn) (puc. 1).
OO6cnenoBansbl ABa colb(arapHbIX OIS BIK. MeH-
JiefieeBa — CEBEPO-3aMaHoOe U CEBEPO-BOCTOUHOE;
T'onyOpble 03epa B OKpEeCTHOCTSX BJIK. bapaHckoro
U JIBa €ro coiib(aTapHbIX MO — CTApO3aBOACKOE
u BepxHee; o3epa [opsaee n Kumsiee B okpect-
HOCTsIX BJK. [omoBHUHA (puc. 2). B cocrase comb-
darapubix rasos ByakaHoB npeobmamaror CO,,
yuacteytor HCI, SO,, H,S, CO, H,, CH,, O,, N,
u penkue rasbl [14]. [TomumMo ra3oB OTMEUYEHO
MIPUCYTCTBUE TsHKETBIX MeTauioB Hg, As, Zn, Cu,
Pb [15, 16, 17]. TepmansHas Boga B HCTOYHUKAX

Ha cosb(arapHbIX MOJIAX UCCIIEyEMbIX BYJIKaHOB
yABTPaKUCIas, CUIbHOMUHEPAIN30BaHHAs, XJIO-
punHO-CyNb(haTHAs CO CIOKHBIM KaTHOHHBIM CO-
ctaBoM [ 18, 19, 20]. Cxoxuit XuMUYECKHI1 COCTaB
THIPOTEPM colib(aTapHBIX MO OTMEUEH U Ha
Ipyrux ByinkaHax Kypunbsckux octposos [21, 22].

JlpeBecHasi pacTUTENBHOCTL Ha HCCIEAy-
eMBIX cONIb(aTapHBIX TOJIAX M B OKPECTHOCTSX
TEPMaJIbHBIX BBIXO/IOB IPE/ICTAaBICHA B OCHOBHOM

Poccus

BnK. BapaHckoro

UTypyn

sl B

Puc. 1. Kapra nposenennst pabot. Touxkamu 0TMEUEHBI 0OBEKTEHI,
I7ie IPOBOIMIIUCH PAOOTHI.

Fig. 1. Map of work area. The objects, where the work was carried
out, are marked with dots.

Puc. 2. Cxema TepMasibHBIX NOJIEH Ha FOXKHBIX KypHIbCKHX OCTpOBax, Iiie NMPOBOJHIMCH MCCIENOBaHHA. TouKkaMu OTMEUYEHBI MecTa
cOO0pOoB NHIIAIHIKOB: (A) ceBepo-3amagHoe conb(aTapHoe noie BIK. Menzeneena, (B) ceBepo-BocTounoe conbdarapHoe mosne BIK. MeH-
neneesa, (C) ozepa [opsuee u Kumsiee Bik. ['onoBauHa, (D) ['omyObie 03epa B okpecTHOCT:IX BIIK. bapanckoro, (E) Bepxuee conbdarapHoe
none Bik. bapanckoro, (F) craposaBozckoe conbaraproe nose Bik. bapanckoro. Pasmep macirrabxoi muHeiiku 400 M.

Fig. 2. The scheme of thermal fields in the Southern Kuril Islands, where the study was carried out. The areas, where lichens were col-
lected, are marked with dots: (A) northwest solfataric field of Mendeleev volcano, (B) northeast solfataric field of Mendeleev volcano,
(C) Goryachee and Kipyashee lakes of Golovnin volcano, (D) Golubye Lakes in the surroundings of Baransky volcano, (E) upper solfa-
taric field of Baransky volcano, (F) Starozavodskoye solfataric field of Baransky volcano. Size of scale line is 400 m.
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KeZpoBbIM cTiIaHuKoM Pinus pumila (Pall.) Regel,
KOTOPBII CeNUTCA BJIOJIb OBPAaroB M IO KpParo
nojei, obpa3zys MHKpPO30HY, Ill€ EIMHUYHBIMH
JK3EMIUIIpAMHU BCTpeyaercs enb liuiena Picea
glehnii (F.Schmidt) Mast. (Bnk. MenzaeneeBa)
U JIOBOJILHO 4acTo psiOuMHa cMmelaHHas Sorbus
commixta Hedl. Bokpyr MHKpO30HBI KEApPOBOTO
CTJIAaHUKA, B 3aBUCUMOCTH OT MECTa B HMcCCleaye-
MBIX PallOHaX, HAXOAATCS Y4aCTKH TEMHOXBOWHO-
ro Jieca C enbto [ 1eHa, enbto asHckou Picea ajan-
ensis Fisch.&Carr. u nuxroii caxaiuHckoit Abies
sachalinensis (F.Schmidt) Mast., pa3spexeHHBIE
KaMeHHOOepe3Hsiku ¢ Betula ermanii Cham.,
a Takke HeOousblIMe AyOoBble pouu ¢ Quercus
crispula Blume. CTOHT OTMETHTH JIOBOJLHO
CWIbHYIO HapyIIEHHOCTb PAacTUTEIbHOCTU He-
KOTOPBIX MECTOOOWTAHWHA B CBSI3U C pa3paboT-
KOM reoTepMajbHbIX MECTOPOXKICHUH U JOOBIYM
cepbl. Kiimmar Ha Mcciaenyemblx OCTpOBax TH-
IIAYHO MOPCKOM, XapaKTEepPHBIM I YMEPEHHBIX
UIMPOT, C HE3HAYUTEIbHBIM BIMSHUEM MYCCO-
HOB, 00mIHeM atMocdepHbIx ocaakoB (10 1100—
1400 MM/rOm), BBICOKOW BIIAXXHOCTBIO (CpEIHSAS
OTHOCHTEJIbHAs BIaXXHOCTb Bo3ayxa 80 %), msr-
KON 3MMOW M NPOXJIAJHBIM JIETOM, MYCCOHHBIM
pesxxumoM BeTpoB. CpenHss roJjoBasi TeMIepary-
pa coctasmsier 4-5 °C [23].

MaTepuanbi U meToAabl

[ToneBbie pabOTHl OBLIM MPOBENEHBI B JIET-
Hue mecsausl 2012-2017 rr. Coop nuImaiftHUKOB
OCYIIECTBIISICS MAapIIPYTHBIM METOJOM C TIO-
YBBI Ha COJb(ATAPHBIX MOJSAX BOJMU3M aKTHUBHBIX
(dbyMapon 10 TpaHHIBl PacHpOCTPaHEHHs BbIC-
IIUX COCYAMCTBIX PACTEHUM, a Takke BAOJIb Oe-
pEeroB TEpMaJIbHBIX MCTOYHUKOB. [lisi momcuera
4acTOThl BCTPEYAEMOCTH BUAOB OBLIN 3aJI0)KEHBI
Ha TIOYBE YYETHBIC IUIOMIAIKUA pasMepoM 1 M2
Ha xaxnoi y4eTHOM III0IAKE OTMEYaJIOCh IIPU-
CYyTCTBHME KOHKPETHOIO BHJA JIMIIAKWHHWKa. Ya-
CTOTa BCTPEYAEMOCTH pACCUMTaHa JJIsl KaKIOu
WCCJIETOBAHHOM JIOKAIIMU — CONb(ATapHOTO OIS
WU BBIXOJIOB TEPMAJIbHBIX MCTOYHHMKOB. YacTto-
Ta BCTPEYACMOCTH BHUJOB OIICHEHA MO 4-0asib-
HOM IIKaJie: penko — 1-3 Haxoaku; cropajadye-
cku — 4—10 Haxomok; yacto — 6ojee 10 HaXOmOK;
odeHb yacto — Oonee 50. beuto cobpano Gonee
300 06pa31oB TUIIATHUKOB U 3aJI0)KEHO HE MEHEE
85 yd4eTHbIX IUIOLIAJI0K HA BCEX HCCIETYEeMbIX

MecTooOuTanusx. OOpaboTka U omnpesereHne Ma-
TEpUAJIOB BBIMOJIHEHBI B J1a0OPAaTOPUU IKOJIOTHH
pacTeHui U reodKoaorun MHCcTuTYyTa MOpPCKOM Te-
onoruu u reopusuku JIBO PAH. Unentudukarms
JUIIAHUKOB MPOBEJCHA TPATUIMOHHBIMH JIMXe-
HOJIOTMYECKUMHU MeTtoaukamu [24, 25]. Hazpanus
TAaKCOHOB TPHBOIATCA COIIACHO 0a3e JaHHBIX
Index Fungorum”®. B crarbe MCHOIB30BaHbI 00IIIC-
JOCTYTIHBIE CITyTHUKOBBIE CHUMKU (Google Map.

Pe3ynkraTtbl 1 00CyXaeHue

ITo pe3ynbraTam MccaeI0BaHUN TepPMaTbHBIX
MECTOOOMTAHMUN Ha FOKHBIX Kypmibckux ocrtpo-
Bax ObLI BBISIBJIIEH BUJIOBOW COCTaB HAIllOYBEHHBIX
mumaitaukoB: Cladonia granulans Vain., C. gra-
ciliformis Zahlbr., C. vulcani Savicz. u C. furcata
(Hudson) Schrader (puc. 3). Bce 4 Buma oTHOCST-
sl K OTHOU KU3HEHHOU (popme — KyCTHUCTBIE TIpsi-
MOCTOSIIIHE.

bmmke Bcex kK akTuBHBIM (pymaponam, Ha
paccrostauu 40-50 M, censitest Tpu Buna: Clado-
nia granulans, C. graciliformis n C. vulcani, He-
penko o0pasysl CIUIOIIHOM KOBep U3 JIUIIAHHUKOB
Ha mouBe co 100%-m mokpeITHEM Ha cyOcTpare,
OYEHb YacCTO IOJ] IOJIOTOM KEAPOBOTO CTIAHHKA
U KypuJIbCKOU ca3bl (puc. 4). JlaHHbIe BUIBI JTHU-
NIAHUKOB TaK)Ke aKTHBHO 3acemsioT Oepera ro-
pSYMX UCTOYHUKOB. Bce Tpu Buaa O4eHb 4acTo
pactyT BMecTe, OJH3KH MOP(OIOTUIECKH, UX J0-
BOJIbHO TPYZIHO OTJMYUTH JPYT OT Apyra B IoJie-
BBIX yCJOBHsIX. YacToTa BCTPEYaeMOCTH JaHHBIX
BUJIOB MIMEET 3HAYEHUE KaK «4acTO» WIH «OYCHb
9acTO» TOYTH Ha BCEX MCCIIEyEeMBbIX JIOKAIIHSX.

Cladonia granulans (puc. 3 A) oTMe4eH Ha
BCEX HCCIeAyeMbIX conbdaTapHbIXx moisix. Panee
BUJI yXKe OTMedaicsi Ha 0. KyHammp 1 KaJibaepsl
BiK. [onoBHuHa [13] 1 Ha 0. Utypyn 6e3 KOHKpeT-
HOT'O MECTOHAXOXJeHus [26]. Bug nmeer ropus3oH-
TaJbHOE CIIOEBUINE, KOTOPOE COCTOUT M3 Hecope-
JIMO3HBIX YKEJITOBATHIX YEITyeK /10 1 cM B IMameTpe,
U MoJIelMH (BEpTUKaJIbHAS 4acTh TAJIIoMa) 110 4 cM
BBICOTO, HECYIIHE HESICHblE WM HeNpaBUJIbHbIE
WIN YeTKue MpaBWibHOU (opmbl cimdsbl. [lome-
UM JKEJTOBATO-CEPOBATHIE, MOKPHITHIE B HIKHEH
YaCTH IIAJKHM WA Oyrop4aTbiM KOPOBBIM CIIOEM,
B BEPXHEW YacTH LEIbHBIA KOPOBOW CIIOM OTCYT-
CTBYET W MPEJCTABICH W3UAUEBUIHBIMU 3EPHBIII-
KaMU ¥ METIKUMH YelllyiKaMu. ATOTEIMU U K-
HUJIMH KpacHbIe 1o Kpasim ciud. Bu BcTpeuaercst

*Index Fungorum. 2016. URL: http://www. indexfungorum.org (accessed 31.05.2022).
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Ha TEPMAJbHBIX BYJIKAaHMYECKUX II0YBAX, PEXKe
Ha TYHJPOBBIX U aJIbIMHCKUX, 3aXOJUT B MOSIC Ka-
MEHHOOEPE30BbIX JIECOB M CTIAHMKOB. Bun npu-
BeieH s Kamuarckoro kpast, A3sun u CeBepHoii
Awmepuxku [4, 6, 27].

Cladonia graciliformis (puc. 3 B, puc. 4)
OTMEUEH Ha BCEX HCCIIEAYEMbIX COJIb(aTapHBIX

nonsax. Panee Bup yxe ormedasicst Ha 10KHbIX Ky-
puiIbCKHUX ocTpoBax: Ha Utypyne — Bik. bapan-
ckoro, Ha KyHnammpe — Bynkansl MeHpeneesa,
Tsts, TonoBuuna [11, 13, 28]. Bux umeer ropu-
30HTAJIbHOE CIIOEBUIIIE, COCTOsIIEE U3 MaJlbuaTo-
pacceueHHBIX CEphIX, CHU3Y OpaHKEeBaThIX uYe-
myek 10 8§ MM B auamertpe. [logenuu cTpolineble,

Puc. 3. ®oro cnoesuin tumaiaukoB: (A) Cladonia granulans, (B) C. graciliformis, (C) C. vulcani, (D) C. furcata. Pazmep maciuraGHO#

JIMHEHKH 1 cMm.

Fig. 3. Photos of lichen thallus: (A) Cladonia granulans, (B) C. graciliformis, (C) C. vulcani, (D) C. furcata. Size of scale line is 1 cm.

Puc. 4. (A) Conomnoe nokpeitae umaitanka Cladonia graciliformis Ha nouse BOnm3u [0myOBIX 03ep B OKPECTHOCTSIX BIK. bapaHckoro
(0. Utypyn); (B) C. graciliformis npu 61n3KkoM yBEITHYCHHH Ha STOMH JKe JOKALHH.

Fig. 4. (A) A continuous coverage of lichen Cladonia graciliformis on soil near the Golubye Lakes in the surroundings of Baransky
volcano (Iturup Island); (B) C. graciliformis at close magnification at the same location.
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TOHKHE, 3€JICHOBATO-KEIIThIE 10 7 CM BBICOTOMH,
WHOTIa UCKPUBJICHHbIE, Ha KOHIIAX pa3/ieleHbl Ha
2-3 BETOYKH, ¢ HEOONBIIUMHU (DUILTOKIAAUSIMH
B HIDKHEH 4acTH, ¢ Y3KUMU CIIU(PaMU U KPACHBIMH
aroTenusIMU. Bua BcTpedaeTcss Ha TepMaIbHBIX
ydacTKax BOJIM3HM aKTUBHBIX (yMaposl U TOpSIuX
ncrouHukoB. OTmeueH B Kamuarckom kpae, A3uun
u CeBepHoit Amepuke [27, 28].

Cladonia vulcani (puc. 3 C) BcTpeueH Ha BCeX
HCCleyeMbIX conb(arapHbIx moisx. Panee Bua
yke OblT oTMeueH Ha 0. KyHammp 11t ByJIKaHOB
T'onoBuuHa, Tara u Mennenees u o. Utypyn — Ha
xpeote ['posnsiii [11-13]. Bux umeer ropuzon-
TaJbHOE CJIOEBHILE, COCTOSIIEE M3 MPHXKATBIX
K CyOCTpaTy, CO BpeMEHEM HCUE3aAIIINX MEJTKUX
JKEJITOBATBhIX yelryek 10 3 MM B nuamertpe. lo-
JEIH TUXOTOMHYECKH BETBSIIHAECS, 10 5 CM BBI-
COTOM, XeNToBaTkle, 6€3 CIU( WK C OYeHb Y3KH-
MU cidamu. [IoBepXHOCTh OACIIMEB B BEPXHEH
YaCcTH JIMIIEHA KOPBI, 3€pPHUCTAsA WM 3EPHUCTO-
copeno3Has. ATOTEINH U NMUKHUIAN KPacHEIE,
Pa3BHUBAIOTCSI HAa KOHIAX ANHMKaJIbHBIX BETOYEK.
Bun otnnuaercs or C. granulans oTcyTCTBHEM
cuud ¥ CcomepKaHHEeM TaMHOJIOBOM KHCIIOTHL
C. vulcani BcTpeyaeTcsi B KajbJiepaxX BYJIKaHOB,
Ha TePMaJIbHBIX y4acTKax BOKPYT (ymMapoi u ro-
pAYMX UCTOYHUKOB. Bua ormeuen B Kamuarckom
kpae, Azum u CeBepHoit Amepuke [4, 28].

Cladonia furcata (puc. 3 D) — taxxe xa-
pakTepHbI i1 TEepMaJIbHBIX MECTOOOUTaHUMN
Ha FOKHBIX KypHIIbCKHX OCTpOBax BUJ, OOBIYHO
cenutcs Ha pacctosHuu 150-200 M 10 aKTUBHBIX
(dbyMapos, Ha U3MEHEHHBIX IOYBAX TEPMaJIbHBIX
MoJiel, 4YacTo MOJ KEeAPOBBIM CTJIAHUKOM, O0-
pasysl CIUIOIIHONW KOBEpP M3 CIOEBHUIL C MOKPHI-
tueM Ha cyoctpare mo 100 %. Panee Bupg yxe

oTMevasics Ha o. KyHammp 1ist okpecTHOCTeM
BiK. Tats [12, 13]. Bua umeer u3HavyallbHO Ye-
IIyH4YaTO-KyCTUCTOE CJIOEBUIIE, 3aTeéM CTaHO-
BUTCSI KYCTHUCTBIM, TaK Kak Oa3aJbHBIC Yellyii-
KU ckopo ucuesaroT. [logenuu 10 8 cM BhICOTOM
U J10 3 MM B JUaMeTpe, OJTMBKOBO-OypoBaThie WU
KOPUYHEBbIE, UCKPUBJICHHBIE WM JI€KaYUe, UHO-
IJla He TPUKPEIUICHHBIE K CyOCTpaTy, Ha KOHIAaX
C TOJICTOBATHIMHU TYIBIMU WM IIAJIOBUIHBIMH
BETOUKAMM, PHIXJIO JUXOTOMUYECKH BETBSIIHECH,
OOBIYHO C TIPOABIPSIBICHHBIMH Ta3yXaMH, 4acTO
C KOPOTKUMHU KOJIFOUKaMU. ATIOTEIIMN KOPUYHEBBIE
Ha KOHI[aX TYNBIX WM IIMJIOBUIHBIX «BETOUYEK).
ApunaHblil Buj ¢ eBpa3o-apUKaHCKUM pacmpo-
ctpaneHneM. OOBIYHO MPOU3PACTAET B OTKPHI-
TBIX, CTETIHBIX U OCTEITHEHHBIX MECTOOOUTAHUSIX,
Ha CyXHX JIyTrax, Ha Mo4Be, boratoi kapOoHaTamu,
a Tak)Ke Ha MeCYaHOM MOoYBe, Ha 3aMUIENbIX CKa-
nax. Berpedaercs B eBponeiickon yactu Poccun,
Ha lOxHoM VYpaine, KaBkase, B IOxHolt Cubupu
u tore [lampHero Boctoka, Adpuke, CeBepHoit
u FOxunoit Amepuke, Apctpanuu [27].

Pe3ynbpraThl HccienoBaHuM MOKa3ajad, 4TO
HA0Op HAIMOYBCHHBIX BHJIOB JIMINIAWHUKOB, 3a-
CeIIAIONINX TepMabHbIe ToJg Ha Kypuiabckux
OCTpOBax, CHJIBHO OrpaHWYEH. XapakTepHas
0COOGHHOCTh 3apacTaHUsi TaKMX MeCTOOOHTa-
HUN HEOOJBIINM KOJUYECTBOM BHUIOB OOBSIC-
HSIETCA CIOCOOHOCTBIO BBIACPKHBATH JKCTPE-
MaJbHBIE YCIOBUA Cpeabl — PyMapoabHbIE Ta3bl,
M3MEHEHHBIM XMUMHUYECKUU COCTaB U BBICOKHE
TeMIiepaTypel cyOcrpata. BwICOkHil mpomeHT
MMPOEKTUBHOTO TOKPBITUS ATUX BUIOB Ha CyO-
cTpare 0OBACHSIETCSI OTCYTCTBUEM KOHKYPEHTOB,
CIIOCOOHBIX 3aCelNATh crenu(pUIHbIE MECTOOOH-
TaHUS C arpeCCUBHON CPELIOM.

Tabmmua. Pacripenenenue BUOB JIMIIAHHUKOB HA M3YYEHHBIX JIOKALMAX € YKA3aHUEM CTETIEHH BCTPEYAEMOCTH Ha IUIOLIA/IKax

Table. Distribution of lichen species in the studied locations, indicating the degree of occurrence at the sites

Jlokarust C gran- | C.gra- | C.vul- C. fur-
ulans | ciliformis cani cata
CeBepo-3anagnoe comnbdarapHoe mone Bik. Meraeneesa (0. KyHammp) +++ +++ ++ ++
Cesepo-BocTouHOE conb(arapHoe Toe BIK. Menaeneea (0. KyHamrmp) +++ ++ +++ ++
Beper o3epa [opsiuee Bik. ['ooBHHHA BOMU3M TEPMATBLHOTO UCTOYHUKA +++ +++ +— —
(0. Kynammp)
TomyObie 03epa B OKpecTHOCTSIX BIK. bapanckoro (0. Utypym) +++ ++ — _
Crapo3aBojickoe conbdarapHoe moiie Bik. bapanckoro (0. Utypym) +++ +++ 4 T
Bepxnee conbdaraproe nose Bik. bapanckoro (o. Utypym) +++ ++ _ _

Ilpumeuanue. CteneHb BCTpEUaEMOCTH: +++ OueHb YacTo, ++ 4acTo, +— CIOpaJuvecku, — He BCTpe4aeTcsl.

Note. Degree of occurrence: +++ very often, ++ often, +— sporadically, — does not occur
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HaubGonpmue mnoxazaTenu MOKPBITUS
U BCTPEYAEMOCTH BOJIM3U aKTHUBHBIX (yMapo
Ha nouyBe uMmeroT n8a Buna — Cladonia granulans
u C. graciliformis. C. vulcani akTUBHO 3acens-
eT BYJKaHUYCCKHE MECTOOOUTAHWS, B OCHOBHOM
conb(aTapHble MOJs, HO HE TaK arpeCcCUBHO, Kak
C. granulans u C. graciliformis. Tonbko Ha ce-
BEPO-BOCTOYHOM COJIb(aTapHOM TOJI€ BIK. MeH-
neneesa Bua C. vulcani TOMUHUPYET U BCTpeya-
€TCsl C BBICOKUM IPOEKTUBHBIM IMOKPBHITUEM Ha
cyOcTtpare. B Mecrax TepManbHONW aKTUBHOCTH
BCE OTH TPH BHJA JIMIIAHHUKA TaK K€ aKTUBHO
3aCeNSIIOT M JIpyTue CyOCcTparhl KPOME MOYBBI —
KaMHHU, BaJe)X U KOPHHM JIEPEBHEB Ha PacCTOs-
HuM 40-50 M OT akTMBHBIX (ymMapoia U BIOJb
OeperoB TepMajbHBIX HCTOYHHUKOB. OJTH BHIBI
3aMETHO YMEHBIIAIOT CBOE TOCIMOJICTBO Ha W3-
MEHEHHBIX BYJKaHUYECKUX MOYBAX C yJIaJIeHHEM
OT UCTOYHHUKOB BO3JEHCTBUS — aKTHBHBIX (yma-
poJ Ha conb(haTapHBIX MOJISIX U TEPMAIBHBIX BbI-
xon0B — Ha paccrosinue 200-250 M, rae BeicIIne
COCYJIUCTBIEC PACTeHUS HAUWHAIOT JOMUHUPOBATD.
[Ipu 5TOM CTOUT OTMETHTH IMOJHOE OTCYTCTBHE
JAHHBIX BUJIOB JIMIIAHHUKOB B OOBIYHBIX YCIIOBH-
sx Ha KypriibCKUX OCTpOBax, T.€. IS HUX Xapak-
TEepHA CTporasi MPUYpPOYEHHOCTh K T€PMaJIbHBIM
MecTooOuTaHusIM. JlaHHBIE BUABI SBISIOTCS 00-
JUTAaTHBIMU TePMO(DUIAMH ¥ MOTYT CITy>KUTh WH-
JTUKATOpaMH JIJIs1 TOJJOOHBIX MECTOOOUTAHUH.

Kpome yxazaHHBIX Tpex BUIOB, Ha paccTo-
aaun 150-200 M OT akTUBHBIX (hPymMapos mouTH
Ha BCEX WCCIEIOBAHHBIX JIOKAIUAX OOHAPYKECH
Cladonia furcata. Bun 3acensier y4acTKd W3Me-
HEHHOM BYJKaHMYECKOM MOYBBI, KaK MIPABUIIO, O]
MIOJIOTOM KEJJPOBOTO CTIIAHHUKA C BBICOKUM M OYCHb
BBICOKHM TPOCKTHUBHBIM IMOKPBITHEM Ha CyOCTpa-
te. [Ipu 3TOM B SIBJIIETCS OOBIYHBIM Ha FOTE
HansHero Bocroka, Bkitoyast octpoBa CaxalnH-
CKOW 00NacTH, BCTPEUAeTCs B PA3IMYHBIX THIAX
Jieca Ha TIoYBe, Bajieke, KOPHEBBIX Jlanax [26].

BbiBOoAbI

Pesynprartel mccrnenoBaHus IMOKa3ald, 4TO
BHIOBOH COCTaB JIHIIAHHUKOB, OOMUTAIOIIMX Ha
MOYBE HA TEPMAIBHBIX TOJIAX U 1O Oeperam Tep-
MaJbHBIX UCTOYHUKOB MCCIIEIOBAaHHBIX BYJIKAHOB
Ha IOXKHBIX KypHIBCKHX OCTpOBaxX, OrpaHHUYeH
gyetbipbMsl Bunamu: Cladonia granulans, C. gra-
ciliformis, C. vulcani, C. furcata. Bce 4 Buna
OTHOCSITCSl K OJTHOM JKU3HEHHOU (popme — KyCTH-
CThIe TpsiMOcTosIue. binxke Bcex K aKTUBHBIM
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dbymaponam, Ha paccrossHuu 40-50 M, cemsaTcs
tpu Buaa: Cladonia granulans, C. graciliformis
u C. vulcani. JIsa Buna: Cladonia granulans
u C. graciliformis — uMer0T HauOObIIINE TTOKa3a-
TEJHM 4acTOThl BCTPEUYaeMOCTH Ha CcONb(aTrapHbIX
NoJsIX M 1Mo OeperaM TepMalbHBIX MCTOYHHKOB.
PacnipocTpanenue JIMIIAMHUKOB Ha TepMalb-
HBIX TOJIAX IPUYPOUYCHO K MUKPO30HE KEAPOBOTO
ctianuka. Ha paccrossaum 150-200 M oT akTHB-
HBIX (hyMapoJI MOYTH Ha BCEX MCCIIEIOBAHHBIX JIO-
Kauusx ormeueH Bun Cladonia furcata, KOTOpBIi
COBMECTHO C BbIIIEYKAa3aHHbIMH JUIIAHHUKAMHU
dbopMupyeT TUIIAWHUKOBBIA MOKPOB Ha IOYBE.
Ha paccrostaum 200-250 M oT akTUBHBIX (pyma-
pOJI, TA€ BBICIIUE COCYIUCTHIC PACTEHUS HAUMHA-
IOT JOMUHHPOBATh, TOCIOCTBO 3TUX JIMIIAWHU-
KOB IIPAKTUYECKH PE3KO MPEKPaIaeTCsl.
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JKOIormyeckmne acnekTbl MHOIONETHEro pacnpeneneHuns
kamudartckoro kpaba Paralithodes camtschaticus
B 3anuBe AHuBa (0. CaxarnuH)

© C. A. Huzses

E-mail: nizyaev.sa@yandex.ru

Caxanunckuil punuan Beepoccutickoeo HayuHO-UCcied08ameisbcko20 UHCHUNYma pelOHO20 X035UCmed
u oxeanoepaguu, FOxcno-Caxanunck, Poccus

PedepaT. PaccmoTpeHbl B MEXrolOBOM acHeKTe 3aKOHOMEPHOCTH JIOKANHM3allMd M PACHpEICNeHHs sep
CKOIICHHI TPOMBICIOBBIX 0co0ell kamuaTckoro kpada Paralithodes camtschaticus B 3an. AnuBa (0. CaxaluH) u
BO3MOXXHBIC TIPUYUHBI TpaHCPOPMAIMH apeana HaHHOTO BuAa B 3amuBe. OleHEHa MEepCIeKTHBAa BOCCTAHOBIICHUS
3aI1acoB 3TOTO BUIA B 3aJIMBE C YIETOM IMPOU3OMISANINX H3MECHCHUH YCIOBUH oOuTaHus. s pemeHus STUX 3a1a4d
npoaHaIM3UpoBaHbl U 0000mensl uMmerontuecss otdeTHole (CaxHWUPO) u nutepaTypHble NaHHBIE MO TPaJOBBHIM
(JIOBYIIEYHBIM) YJOBaM KaM4aTCKOro Kpaba B 3TOM paiioHe. BBINONHEH aHadW3 pPacloIOKCHHS OCHOBHBIX
KOHI[EHTPalU{ JIMYUHOK B TIEPUOJ HamOoJee BBHICOKOW YHCIEHHOCTH oOBekTa. [lo nurepaTypHBIM HUCTOYHHKAM
MIpoaHATH3UpPOBaHa PYHKIHOHAIBHAS CTPYKTypa IMOCEIEHNH KaMYaTCKOTo Kpaba B 3ajl. AHHBA U IIPOBEIeHa OI[CHKA
BO3MOJKHBIX MPOOJIEM B peanu3aiiy MOMyJsaIueld CBOHCTBEHHOW KaMYaTCKOMY Kpady penpoayKTUBHON CTPaTeTHH.
OTMeYCHBI 3HAUUTEIbHbIC HETaTUBHBIC U3MEHEHUS B pACIpPEICICHUH U (BYHKIIMOHATBHON CTPYKTYpe NaHHOTO BH]IA
kpaba B 3an. AnuBa. [Tokazano, yto BIIOTH 10 2001 T. CKOIUIEHUS MPOMBICIOBBIX CAMIIOB KaMYaTCKOTO Kpaba
OBUTH IIHPOKO PAacCHpOCTPAaHEHHI M B 3aMaJHON, U B BOCTOYHON dacTsax 3ai. AHmBa. O0e wacTu 3anmBa B IUIaHE
BOCIIPOM3BOICTBA IOIYJISAINH OBIIIH CAMOJAOCTATOYHBI, B K)KI0HM U3 HUX OTMEUEHBI TPU3HAKHU IIPOTEKaHH IPOLIECCOB
MIPOU3BOJICTBA MOJIOJIU. B IIepByI0 ouepenb 3TO BUIHO MO PACHIPEICICHUIO MECT TOMMKH HEMUTPUPYIONIEH MOJIO U
u muuuHoK. C 2004 r. mo Hacrosimiee BpeMs B BOCTOUHOW 4acTH 3ajl. AHUBA UCYE3IU JaXe€ €IUHUYHBIE YIOBBI
KaM4JaTCKOTo Kpaba. B 3To ke Bpems Ha 3amajie 3ajiuBa HaOII01aeTcsl JMHAMHUKa BOCCTAHOBJICHHS €0 3aI1acoB, XOTS
B IIEJIOM 3TOT IPOIECC UAET OUIYTUMO MeaneHHO. [1o HameMy MHEHHIO, IPUYUHBI YXYAMIEHUS YCIOBUN 00UTaHUSA
U BOCIPOHM3BOJCTBA KaMYaTCKOTO Kpaba B 3a1. AHMBAa — KPUTHUYECKas TpaHCOpMaIHs CyOCTpaTOB B BOCTOYHOM
YacTH 3aJIBa, a IMCHHO PE3KOE COKpAIlleHUE TUIOMAIN TPYHTOB, MIPUTOMHBIX IS Pa3BUTHUS dMHU(AYHBI, HATHIUE
KOTOpOH SABJISIETCS OTHUM W3 yCIOBHH BBDKHBaHWSA MoJIoAH Kkpaba. Takas TpaHchopmanus craia BO3MOXKHOW ITO
MIpUYMHE 3HAYUTENbHOro pacmuperus (1o 20 %) MIHCTBIX TPYHTOB B 3ajJMBE, BBI3BAHHOI'O JaMIIMHIOM T'pyHTa B
2003—-2006 rT. Ipu CTPOUTEIHCTBE 3aBOAA CKIKEHHOTO IPUPOJHOTO rasa.

KnroueBble cnoBa: kamuarckuii kpab, pacrmpenelicHiue, BOCIIPOU3BOACTBO, JAMIIMHT TPYHTa, H3MEHEHHE YCIOBHI
obOuTaHus, TpaHchopMaIus apeaia, 3aJuB AHUBa

Ecological aspects of the perennial distribution
of the Red King Crab Paralithodes camtschaticus
in Aniva Bay (Sakhalin Island)
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Abstract. Regularity of localization and distribution of clusters of commercial individuals of the Red King Crab
Paralithodes camtschaticus in Aniva Bay (Sakhalin Island) and possible reasons for the transformation of the range
of this species in the bay are considered in the interannual aspect. The prospects of restoring this species in the bay
have been assessed, the changes in habitat conditions being taken into account. Available reporting (SakhNIRO)
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and literature data on trawl (trap) catches of the Red King Crab in this area are analyzed and summarized in order
to solve these problems. The analysis of the location of the main concentrations of larvae during the period of the
highest number of the object is performed. The functional structure of the Red King Crab settlements in Aniva
Bay is analyzed according to literary sources, and an assessment of possible problems in the implementation of the
reproductive strategy proper to the Red King Crab by the population is carried out. Significant negative changes in
the distribution and functional structure of this crab species in Aniva Bay are noted. It is shown that the aggregations
of commercial individuals of the Red King Crab have been widespread in both the western and eastern parts of
Aniva Bay until 2001. Both parts of the bay were self-sufficient in terms of reproduction, with each showing the
signs of juvenile production processes. First of all, this can be seen by the distribution of the places of catching
of non-migratory juveniles and larvae. From 2004 to the present, even single catches of the Red King Crab have
disappeared in the eastern part of Aniva Bay. At the same time, the dynamics of its reserve recovery is observed in
the west of the bay, although in general this process is noticeably slow. We believe that the reason for the deterioration
of living conditions and reproduction of the Red King Crab in Aniva Bay is a critical transformation of substrates in
the eastern part of the bay, namely, a sharp reduction in the area of soils suitable for the development of epifauna, the
presence of which is one of the conditions for the survival of crab juveniles. This transformation became possible
due to a significant expansion (up to 20 %) of silty soils in the bay caused by soil dumping in 2003—-2006 during the
construction of a liquefied natural gas plant.

Keywords: Red King Crab, distribution, reproduction, dumping, change of living conditions, transformation of

areal, Aniva Bay

Jna yumuposanus: Huzser C.A. DKONOTHYECKHE ACTIEKTHI MHO-
TOJIETHETO paclpesie’eHus KamMdaTckoro kpaba Paralithodes
camtschaticus B 3anuBe AnmBa (0. CaxanuH). [ eocucmemul nepe-
xo0mwix 30H, 2022, T. 6, Ne 4, c. 388—404. https://doi.org/10.30730/
gtrz.2022.6.4.388-404; https://www.elibrary.ru/njhetv

BnarogapHocTu

Asrop nipusHareneH perenseHram [{.0. Anekceesy, B.B. Ada-
HaceeBy U E.M. JlaTKoBCKO# 32 JOOpOXKETaTeIbHOE OTHOIIIE-
HHE U KPUTHYECKHE 3aMEYaHNs, MONE3HbIC I JaHHON pa-
OOTBI M TAJIbHEHMIIINX MCCIIET0BAHHIA.

BBepneHue

Kamuarckuii xpab Paralithodes camtscha-
ticus, HapsAny ¢ KpaOOM-CTPUTYHOM OIHIINO, —
HanOoyiee M3YUYCHHBIH BHUJ CpeAu KpaboB H
kpabounoB JlanbHero Boctoka. Ero o6wuono-
T'Us, pacupeaeeHUe U 3amachl OCBEMIAIOTCS BO
MHOXecTBe paboT HaunHas ¢ XIX B. Haubonee
KPYITHBIE TIPOMBICIIOBBIC TIOMYJISAIIMU STOTO BUAA
obuTaroT y 3anannoi Kamuarku u B bpucrons-
ckoM 3anuBe. Y BocTouHoro CaxanuHa, BKIrodas
3a1. AHMBA, B HACTOAIIEE BPEeMs 3arachl 3TOTO
BH1a HEBEJIMKH (X0Ts B KOHIIE 1930-X ro10B BHI-
noB nocturan 3aeck 1370 T [1]), a ocBoeHUe
1es1ecooOpa3Ho TOJIBKO JJIsT HEOOIBIIUX JTOOKI-
Baromux kommnanuii. [llupokoe pasButue Opako-
HBEPCKOTO MPOMBICIIa U MPUBJICUECHUE UPEIMEP-
HOM MONTHOCTH JIOOBIBaroero (pyora B KOHIIE
XX B. oOKazanu KaTacTpopUUYECKOE BIHUSHHE
Ha 2Ty nonyisanuo. CHUXKEHUE TPOMBICIOBOM
YUCIIEHHOCTH KaM4aTCKoro kpaba B 3ajl. AHUBA
Hadajaoch B 1996 1., B 1998 1. oHa cHU3MIACH B
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4.8 pasza 1o OTHOILIEHUIO K IPEAbIAYIIEMY TOy.
Vxe x 2001 r. B 3a1. AHMBA yJI0BBI KaM4aTCKO-
ro kpaba Ha 98 % cocTosIM U3 HEMOJIOBO3PEIIbIX
ocobeii [1]. BmioTe 0 HACTOSIIETO BPEMEHH
WJIET BOCCTAHOBJICHUE ATOW MOMYJISALUH.

CKopocTh BOCCTAHOBJICHUSI MOMYJSILIUUA U
npeeabHasl YUCICHHOCTh KaM4aTcKoro Kpaba
B 3aJIMBE B 3HAUUTEIHLHON Mepe 3aBUCHUT OT yC-
noBuii ero ooutanus. OCHOBHBIMH (paKTOpamu,
HEOOXOAMMBIMH ISl YCHEIIHOTO BOCHIPOU3BOI-
cTBa Kpaba, SABISAIOTCA OCTAaTOYHAs IJIOLIAIb
30H TBEPJbIX TPYHTOB C oOpacTareisiMu U CTa-
OWJIBHBIA TPAHCHOPT JIMYUHOK K ITUM 30HAM.
CeccuilbHBIN OEHTOC, HACEISIIOIINHA TAKUE 30HEI,
SBIISIETCS. HEOOXOJUMBIM KOMITIOHEHTOM CpPEeJIbl
obutanus Buma [2].

B nactosmeit pabote paccMoTpeHa MHOTO-
JIETHSIST TMHAMUKA PaCIpeeseHUus] MPOMBICIIO-
BBIX CKOILJICHUN KaM4aTCKOro Kpaba B 3aj1. AHU-
Ba, OLICHEHBI BO3MOKHbIE€ MPUUYUHBI CMEHBI MECT
WX JIOKaJM3allid M BO3MOXHBIE MOCIEICTBUS
JUIsl BOCIIPOU3BOJICTBA BUa B 3TOM pailoHe.

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)



Okonorus. FEoakonorus

TEOCUCTEMBI MEPEXOAHbLIX 30H, 2022, 6(4)

Matepuan n metoabl

B pabore wucmonp30BaHbl Marepuaibl IO
MPOCTPAHCTBEHHOMY PAaCHpEAETICHHIO TMPOMBIC-
JIOBBIX 0CO0€l KaM4arckoro Kkpaba B 3aj. AHHUBA,
MOJTy4YeHHbIE IpU 00pabOTKe MEPBUYHBIX MaTepU-
aJIOB JIOHHBIX TPAJOBBIX (M OJXHOW JIOBYIIICUHOMN)
ChEMOK, ITpoBeIeHHbIX CaxaJMHCKUM (HINAIOM
Bcepoccuiickoro Hay4HO-MCCI€10BaTEIbCKOTO
MHCTUTYTa pBIOHOTO XO3SICTBa M OKeaHOrpa-
¢un (CaxHUPO) 3a nepuoxn ¢ 1974 mo 2021 r.
(Tabm. 1). Wcnonb3oBanbl pe3ynbTartel 14 yuert-
HBIX CHEMOK, CO CPEIHUM KOJIMYECTBOM CTAHIIUI
3a CbeMKY OKOJIO 45. DTOro A0CTaToyHo i (HUK-
CHpOBaHMsI OCHOBHBIX TEHJICHIIMH B pacripesere-
HUU CKOIUIEHUI 00BbEKTa B 3aJIMBE.

B nensx obecnieueHust CpaBHUMOCTH pe3Yilb-
TaTOB B MEXKIOJOBOM aCIEKTe Mbl MPUMEHWIIH
METOIUYECKUH MpHeM HHIeKcaluuu yiaoBoB. OO0-
pa0oTka W BH3yajdu3alUs IPOCTPAHCTBEHHOIO
pacripesiefieHusl YJIOBOB OCYLIECTBISUIACh CIEIy-
IOLIMM 00pPa3oM.

CyMMapHBIH yJIOB KaX /101 Cb€MKH ObLI IPE-
craiieH kKak 100 %, 4To 103BOJIMIIO HOPMUPOBATH
CbEMKH, TpUBEIS UX K €JUHOMY 3HaMEHATENIo.

DTOT mIar ajil BO3MOXHOCTh YPaBHATbh UHICKCHI
YJIOBOB MEXJy ChEMKaMH M M30€KaTh BIUSHUS
pasnmuuuii B YpOBHE IUIOTHOCTH YIOBOB MEXIY
rogamu. JlaHHbIE ISl KAPTUPOBAHUS MPOCTPaH-
CTBEHHOTO pacmupeaeseHus GopMUPOBAIIUCH HC-
X0l U3 Beca MHJCKCA yJI0Ba KaXKJIOW CTaHIINH,
pacCYMTaHHOTO OTHOCUTEIHHO CyMMapHOTO WH-
nekca cbeMku (100 %). VioBwl KaXaol CheM-
KM JISJWINCh Ha TPU TPYNIBL: 1) CKOTUICHHS C
MaKCUMAaJIbHOW TUIOTHOCTBIO, 3HAYCHUS WHICK-
ca nepueHTWIsA Bbime 90; 2) CKOIUICHHS cpea-
HEW TJIOTHOCTH, 3HAYeHHs nepueHtuwis 75-90;
3) ocTanbHbIE YJIOBBI, 3HAUCHUS MEPUEHTUIISA
MeHee 75. Jlist Toro 4ToOBI OKA3aTh, IJIe UMECH-
HO pacrojiarajJuch OCHOBHBIE CKOILJICHHS B T€
WJIM WHBIE TOJbI, BU3yAIM3UPOBAIUCH PACIIONO-
KEHUE CKOIUICHHI C MaKCHUMAaJbHBIMH YIOBAMH
MIPOMBICIIOBBIX 0COOEH KaMyaTCKOro Kpaba
pPAaCTIONOKEHNE CPETHUX YIOBOB. DTO MO3BOJIHU-
70 oToOpa3uTh (MOKa3aTh Ha KapTax) Hamboiee
IJIOTHBIE CKOIICHHS 0ObekTa 0e3 CJeI0B Mmepu-
dbepun, T.€. BBISIBUTh U aHAJIU3UPOBATH 3aKOHO-
MEPHOCTH pacrpeiesicHus 0e3 BIHsSHUS MaJoBe-
POSTHBIX CIIy4aeB.

Taonuua 1. [lepedeHs HUCIIONB30BaHHBIX B pab0TE YIETHBIX CHEMOK

Table 1. List of the record surveys used in the work

Ton [lepuon cremkn CynHo, IPOU3BOAUBILEE CHEMKY, HCTIOTHUTENb paboT KOHHqCCT,BO
CTaHIMN
1974 Hronb—uronp HIIC «Onma» (FO.P. Kounes) 29
1979 Uronp—aBryct CPTM «Kocmmueckuit» (C.H. Tapactok) 74
1985 Ampens—Mait MPC (M.A. Xununa) 66
1986 JlexaOpb CPTM «XwuBa» (A.b. Enuzos) 24
1987 ABrycr CPTM «loruak» (M.A. XXununa) 48
1988 Hronb—asrycr CPTM «Tumamesck» (K.I'. ['anum3sHOB) 40
1989 Mait CPTM «Tumamesck» (K.I'. T'aaum3siHOB) 43
1994 Hrons CTP «1llebynuno» (E.P. [Tapunosa) 32
1998 OxTs0pB HUC «Imurpnii [Teckos» (U.I1. CMupHOB) 32
2001 CeHT0ph HUC «murpwmii [Teckosy» (W.I1. CmupHOB) 42
2004 Hronn HUC «Imutpwmii [TeckoBy» (A.K. Knutun) 57
2012 Maii HUC «Amutpuii [Teckos» (A.A. KpyTuenko) 58
2019 Centsa6pb—oktsi0ps | HUC «/Imutpuii [leckos» (A.B. [lanuson) 48
2021 OKTA0pb—HOS0PD HUC «/Imutpuii Ileckos» (I.B. Cremndyenko) 40

Ipumeuanue. IIpoBOANINCH TPAJIOBBIE CHEMKH, 32 HCKIIOUEHHEM JIOBYyLIedHON cheMKH 2012 1. JlaHHBIE O ChEMKaX B3SITHI U3 JIEKTPOH-

Horo apxusa CaxHHPO.

Note. Trawl surveys were conducted, except for the trap survey of 2012. The data on the surveys are taken from the electronic archive

of the SakhNIRO.
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Pe3ynkraTthl u o6cyxaeHune

Ycnoeusn ooumanua kamuamckozo kpaoa
6 3anuee Anuea

3anuB AHUBaA MpeACTaBIseT coO0K HEOOIb-
1I0H, CPABHUTEJIBHO MEJIKOBOJIHBIN BOJIOEM C Hau-
Oonpiierr Tmyounoir 93 wm (http://www.smakeev.
com/userfiles/science/2015. rybohozyaystvennaya
harakteristika_zaliva aniva.pdf). [llensd 3a1. Axu-
Ba IUIABHO MEpeXOonuT B Imenbd o. XOKKaio.
YCII0BHOM TpaHULIEH MEXAY ABYMs PalOHAMM sB-
nsietcs npod. Jlanepysa ¢ MUHUMAIBHON TTyOu-
Ho#t 55 M. [ToGepexne 3a1. AHMBA OMBIBAETCS BO-
namu OxoTckoro u Snmonckoro mopeit. B paborax
cepenuubl XX B. [3, 4] ms 3an. AHUBA IPUBO-
JIUTCA LIUKJIOHUYECKasi cxema TeueHuid. OHako B
0oJsee MO3MHUX MyOIMKAIMAX 10 ATOM TeMe ObLTa
MPUMEHEHA JIMarHOCTUYECKass MOJeNb LHUPKY-
JSIUAX BOJ, BBIYMCIICHHAS HA OCHOBE MHOTOJIET-
HUX JaHHBIX [5—7], KOTOpas moka3aja, 4To B 3aJl.
AmnvBa u npou. Jlanepysa 1osist Te4eHui B CyIe-
CTBEHHOW Mepe TUHAMUYHBI U JEMOHCTPUPYIOT
CTPOTYIO 3aBUCHUMOCTH OT THIMAa PETHOHAIHHOMN
6apuueckoit cutyannu. OCHOBHBIM (PaKTOpPOM ce-
30HHOW M3MEHYMBOCTH LUPKYIALHMH BOA B 3TOM
palioHe SBJISETCSA CE30HHOE Iose BeTpa. BecHoi
npeoOiaiamoIiee HalpaBiIeHUE BEKTOpa CKOPO-
CTel TEYeHHS — MPOTUB YACOBOM CTpeNKu (IH-
KJIIOHUYECKUM KPYTOBOPOT), JIETOM — I10 4aCOBOM
CTpEJIKE, IPH COXPAHEHUH MUKPOIUKIOHUYECKO-
ro KpyroBopoTa B IOr0-3alaJHOM 4YacTu 3ajiuBa
(45°35'—46°25"), ceBepree ckanbl Kamens Omnac-
HocTu. Ha cymiecTtBoBaHue B 3ai1. AHMBA aHTHUIU-
KJIOHUYECKOTO KPyTOBOPOTA YKA3bIBAIOT U JAPYTHE
aBTopbl [8, 9]. IIpu sTOM onpeaenstoliee BIUIHIE
Ha MPUOPEIKHYIO 30HY OKA3bIBAIOT MPUIUBHBIE TE-
YEHUsI, UMEIOIIME CIOXKHBIA XapakTep. Bo Bpems
MpWIKBA JIBUKEHUE BOJI IPOUCXOAUT MPOTUB Ya-
COBOM CTPEJIKH, TPUYEM B MOMEHT MOJHOM BOJIbI
B paiioHe mbica KpuiiboH 1 Mbica AHUBA TEUEHUS
HaIpaBJIeHbl B MPOTUBOMOIOKHBIE CTOPOHBI, CO-
OTBETCTBEHHO B SmoHckoe M OXOTCKOE MOpeE.
[Ipu oTnvBe KapTHUHA NBMKEHHSI BOJA MEHSETCS
Ha IPOTUBONOJIOKHY0. MakcuMalibHast CKOPOCTh
CyMMapHOIO T€4eHMsI B paiioHe Mbica KpuiaboH
cocrasysier 2.6-2.7 m/c [10]. HeGonpmas o pas-
MepaM 30Ha MOJbeMa BOJI PACIIOIOKEHA B CEBEP-
HOM 4yacTH 3anuBa. Kak oka3anock, HUPKYIALMS
BOJI HE SBIISIETCSA MOCTOSIHHON U B OOJIBIIION CTe-
MIeHU TTOTYMHEHA TIPE00IIaatomel B ATOT IEPHO
po3e BeTpoB. OO1iee HampaBlieHUE LUPKYISIUN

EcoLOGY. GEOECOLOGY

BOJI B 3aJIUBE B ampesie—MI0HEe UTPACT OCHOBHYIO
POJIb TIPH MTEPEHOCE JIMYMHOK KaMYaTCKOTro Kpaoda.

ITo nanHbIM HCcCenOBaHUM cepeiuHbl XX B.,
B 3ajJ]. AHHMBaA TBEpIble TPYHTHI PACIIOIOKEHBI
BIOJIb Bceil OeperoBoit nmuuuu [11]. Ilecuansie
0CaJIKU pacrpesiesieHbl B BUE MOJI0CH IIMPUHOM
4—10 kM, IpUUEM y 3aI1aIHOTO MTOOEPEIkKbs 3aTTUBA
ee MIMpUHA BO3pACTaeT, JOCTUTas B pallOHE CKa-
ab1 Kamenb OnacHoctu 20 kM. Best neHTpanbHas
YacTh 3ajiBa 3allOJIHEHA WJIMCTBIMU OCaIKaMH,
YTO JIeNIaeT €€ HEMPUTOIHON A1 OOUTaHUs KaM-
9arckoro kpada. HeOGombime BBIXOABI KOPEHHBIX
MOPOJT ¥ TPaBUsl OTMEUEHBI BJIOJIb BCETO 3aMaHo-
ro nobepexnbs 3anuBa [11].

beHTOCHBIE OpraHW3MBI pacIpezeieHbl B
CTPOTOM COOTBETCTBHH C TUIIAMH TPYHTOB KaK IO
O6uomacce, Tak 1 10 BUAOBOMY cocTaBy. Mccieno-
Baressimu [ 11] B mpenenax 3a1uBa BbiiesieHo 4 co-
oOmectBa: 1) MOpckue 3Be3/1bl, KPyITHBIE OPIOXO-
HOTHE MOJUTIOCKH; 2) roproHoiedaina, KpymnHbIe
OpIOXOHOTHE MOJUTIOCKH U KpaO-CTpUryH; 3) ena
(Nuculana pernula) n ionsaun; 4) TpynmupoBKa
nenpl (Nuculana pernula). HazBanusi rpynmipo-
BOK aBTOPBI Al HE TOJBKO MO TOMUHHUPYIOIIHM
BHJIaM, HO Y TIO UHIUKATOPHBIM.

CoobuiecTBo, UHAUIIUPYEMOE MOPCKUMHU
3Be3aMH U KPYMHBIMU OPIOXOHOTMMH MOJLITIO-
CKaMH, paclpoCTPAaHEHO Ha IMECYaHbIX T'PYHTaX
MenkoBoaui (25—60 M) BIoJIb 3amaHOTO, CEBEP-
HOTO U BOCTOYHOTO OEperoB 3ajiMBa C Pa3pbIBOM
B Oyxrte Jlococei. Ilokaszarensmu coobmiecTBa
SIBIISIFOTCSL MOPCKME 3BE31bl Asterias amurensis,
Solaster pacificus, Crossaster papposus 1 Oproxo-
HOTHE MOJUTFOCKU Neptunea excelsior, Buccinum
bayani, B. verkriizeni. buomacca 6eHroca B qaH-
HOM c00011ecTBe qocTuraeT 688 r/m* mpu cpen-
Heit 269 r/M?. OCHOBHYIO 100 Oromacchl (hop-
MUPYIOT MOJUTFOCKH (53 %) M MHOTOLIIETUHKOBBIE
yepsu (33 %).

CoobmecTBo, ompezaensiemoe 1o oduype-
roprouonedany (Gorgonocephalus caryi), xpyn-
HBIM OpIOXOHOTUM MOJIITIOCKaM (Buccinum bayani,
Argobuccinum oregonensis, Neptunea excelsior,
N. eulimata) n xpaby-crpuryny (Chionoecetes
opilio), XapaKTepHO /ISl UIUCTHIX MECKOB U UJIOB
B npezenax u3obat 6onee 50 M U TakKe BKIMHU-
BaeTcsl y3koil monocoii B Oyxty Jlococeii. buo-
Macca TpajloBOTro OEHTOCA B JAHHOM COOOIIECTBE
nocruraet 264 r/m? ipu cpeaneii 170 r/m?. OcHo-
By OMOMAcCChI COCTABIISIIOT MONUXETHI (43 %).
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Coo00111eCTBO ¢ IPEBATTUPOBAHUEM JIBYCTBOP-
YaTbIX MOJUTIOCKOB N. pernula u Yoldia sp. noxa-
JM30BAaHO B HOXKHOW IEHTPAIBHOW 4YacTH 3aluBa
¥ Ha BBIXOJIC M3 HEro Ha NryOmHax cBbime 60 M
Ha wiax U kuakux miax. CooOmecTBo xapakre-
pu3yeTcsi O0MIIMEM TONMHUXET, OQUyp U JABYyCTBOP-
YaThIX MOJUIIOCKOB, BKJIFOYasl TaKWE€ BHIBI, KaK
Lyocima fluctuosa, Macoma calcarea n np. buo-
Macca TpajloBO-IparkpoBOYHOr0 OeHTOoca TOCTHU-
raet 869 r/m?> npu cpeaneii 424 r/m>. OCHOBHYIO
nomo OuomMaccel GopMUPYIOT MOJITIOCKH (64 %).

OnpaBaaHHOCTh BBIACTICHUS TPYHITHPOBKH
nenbl (Nuculana pernula) B kauectBe 000c00IEH-
HOTO cO00IIeCTBa, Kak rmokasaji B.A. Cxankun [12],
HE TMOATBEpAMIach Oojiee MO3THHUMU ChEMKaMHU.

ITo nannbM uccnenoBanuii 1980 r., cpenss
O6uomacca OeHToca B 3aJ1. AHMBaA ObUIa 3HAYUTEIb-
HO HUKE, YEM Y FOT0-BOCTOYHOIO U 3araIHOTO MOo-
oepexuit Caxannna. Hamnbonpiras 6uomacca (223
u 282 r/M?) oTMeUeHa B ceBepo-3araiHou (ryonHa
15-30 M) u roro-BoctouHol (Trybuna > 90 M) ya-
CcTsX 3aimBa’.

Mestceco0060e pacnpedenenue cKonieHuil
Kamuamckoz2o Kpaba ¢ 3ai. Anusa

B pocTynHBI HCCIENOBAHUIO NEPHUOJ
(1974-2021 rI.) NPOMBICIIOBBIE CKOIJICHUSI KaM-
YaTCKOTO Kpaba OBLIIM OTMEUYEHBI UCKITFOUHUTEIIBHO
BJIOJIb OEPETrOBOM JIMHUY 3aJIMBa, 32 MPEJIEIaMH €ro
LEHTPAJIbHON KOTIO0BUHBI. CKOIUIEHHUs pacroiara-
JIUCh IUCKPETHO, B OCHOBHOM OTJEJILHO B BOCTOU-
HOM M 3aI1aiHOM JacTsxX 3ainuBa. MeHee 4acTo OHU
HAOIONANCh B €r0 CEBEPHOM 4YacTH, B paioHe,
CBSI3BIBAIOLIEM 3aI1a]] U BOCTOK 3aJIMBA U BBITIOJIHSI-
IOIIEM pOJIb TpaH3uTHOro (puc. 1). B aToMm paiio-
HE OTCYTCTBYIOT MTOCTOSTHHBIE CKOTUICHHUSI CAMOK U
MOJIOIM KaM4yaTcKoro kpaba, HO, cyAst I0 OOHapy-
JKEHUIO 3/1eCh MPOMBICIIOBBIX 0CO0€H, OH BITOJTHE
MOXKET UT'paTh POJIb MUTPALIMOHHOTO MTyTH, CBS3bI-
BAIOLLETO 3al1aJHYI0 U BOCTOYHYIO YaCTH 3aJIUBa.

B pacnonoxkeHny CKOIJIEHWH B 3aJIMBE HE
MPOCEKUBAECTCA OJHO3HAYHOM 3aBUCUMOCTHU OT
cezoHa (puc. 2). CxomieHHs OOHapYyXHBAIUChH
KPYIJIBII TO/T BO BCEX YACTSIX 3aJIMBA BAOJIbL Oepero-
BOM JIMHUU.
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Puc. 1. OcBoeHme akBaTopuu 3aj. AHWBA MPOMBICIIOBBIME CKOIUICHUSIMH KaM4yaTcKoro Kpabda (mo maHHbM 1974-2021 rr.). 3amuteiMu
KpY’KKaMHi 0003Ha4eHBI YIOBBI CO 3HaUCHHEM HepUeHTHI >90, mpo3pauyHbIMU — YIIOBBI CO 3HadeHueM nepueHtuist 75-90. Paiionsr 3a-
nuBa: | — 3anannsiid, 11 — ceBepusiid, 111 — BocTOUHBIH.

Fig. 1. Development of the water area of Aniva Bay by commercial clusters of the Red King Crab (as of 1974-2021). The filled circles
represent the catches with a percentile value >90, and the transparent circles represent the catches with a percentile value 75-90. Areas
of the bay: I — western, II — northern, III — eastern.

! Pacnpedenenue u karoputinocms benmoca 6 sanuee Anuga: omuem o HUP. Vici. A.B. Anexuosuu, C.JI. Kopones; pyk. k.6.1. B./I. Ta6ynkos; CaxTUHPO.
10xHO0-Caxanunck, 1980. 30 c. MuB. Ne 4734. [Benthos distribution and calorific in Aniva Bay: report on research work. Investigators A.V. Alekhnovich,
S.L. Korolev; headed by Cand. Sci. (Biol.) V.D. Tabunkov; SakhTINRO. Yuzhno-Sakhalinsk, 1980. 30 p. Inv. No. 4734]
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Puc. 2. MexromoBoe pacrpeesieHie TPOMBICIOBBIX CKOIUIEHHH KaMYaTCKOro Kpaba MakCHMaJbHOHN IUTOTHOCTH B 3aJl. AHMBA 110 Ka-
JIeHIapHBIM ce30HaM. CHHUE KPY>KKH — 3UMa, 3eJIeHbIe — BECHA, KpacHBIE — JIETO, KENThIe — OceHb. PaifoHsl 3amBa: 1 — 3amanasri, 11 —

ceBepHblIil, 111 — BOCTOUHBIN.

Fig. 2. Interannual distribution of commercial clusters of the Red King Crab of maximum density in Aniva Bay by calendar seasons. Blue
circles — winter, green — spring, red — summer, yellow — autumn. Areas of the bay: I — western, 11 — northern, III — eastern.

LeHTpsl CKOTUIEHUI B OOJBIIMHCTBE CBOEM HE
COBIAJAIH, HO UX NMPUYPOUYCHHOCTh K KOKIION U3
TpeX 4acTeu 3anuBa oyeBHAHA. Bo3MoxxHO, pas-
JIMYMS B pACIIPEICIICHUN LICHTPOB BHYTPU KaXJ101
W3 4acCTel CBSI3aHbI C TEM, UTO B KaXK/IbIi OTJENb-
HbIIl CE30H CKOIUICHUSI MPUYPOUYEHBbl K pa3HbIM
mIyOMHaM. 3TO B HEOONBIIOM JHUAaNa3oHe MEHSIET
PacIoJIOKEHUE IIEHTPAa CKOIUICHHUS, HE U3MEHSIS
0O0IIyI0 KapTUHY pacipeieJICHUs IPOMBICIOBBIX
ocobeii B 3a1MBe.

Takum 00Opa3om, Ha HaII B3IV, JIOKAJTU3a-
s CKOTUICHUH TIPOMBICIOBBIX OCOOEH Kamuar-
CKOTO Kpaba B TOW WJIM MHOW YaCcTH 3aJIMBa HE HO-
CUT ce30HHOro xapakrepa. CKOIJICHUSI B JIFOOOM
U3 CE30HOB OOHApPYKUBAIUCH KaK Ha 3araje, TakK
Y Ha BOCTOKe 3aiuBa. [loaTtomy nocenenus Ha 3a-
najie U BOCTOKE, IO HAIllEeMy MHEHUIO, HE SBJISIOT-
Cs YaCTSIMH €IUHOHN (DYHKLIMOHAJIBHON CTPYKTYpBI
MOMYJISIIUM KaM4yaTcKoro kpaba B 3anuBe. Eaun-
CTBEHHOE UCKIIIOYEHHE — ITO OTCYTCTBHE OOHApY-
JKEHHSI CKOIUICHHI OCEHBIO B CEBEPHOM paloOHE,
YTO CBUCTEIILCTBYET O HETIOCTOSTHHOM HaXOXK[Ie-
HUU 3/1eCch Kpaba 1 MoTYepKUBAET XapaKTep 3TOTOo
palioHa Kak TPaH3UTHOW 30HBI.

EcoLOGY. GEOECOLOGY

AHanu3upys IMHaMHUKY paclpeaeiaeHus
IIPOMBICTIOBBIX CKOIJICHMH Kpaba 1o rojam,
MOKHO YCJIOBHO BBIJIEJTUTH TPU OCHOBHBIX NEPH-
0/1a 110 HAJIMYMIO/OTCYTCTBHIO CKOIUIEHUH B TOM
WJIM MHOW YacTH 3aJIMBa U BIMSHUIO HA HUX IIPO-
MbIcia (Tabum. 2).

[lepseoiit, ¢ 1974 no 1987 r., xapaxkrepu-
3yeTcs HaJu4ueM IUIOTHBIX CKOIUIEHMM mpe-
UMYIIECTBEHHO B BOCTOYHOM 4YacTH 3ajluBa
(puc. 3 A). B 3anajnHoil yacTu CKOMJIEHUS MPH-
CYTCTBOBaJIM, HO MX IUIOTHOCTH ObLIa Ha ypo-
BEHb HM)KE, YeM Ha BOCTOKE. MakcHMalbHBbIE
YJIOBBI C 3al1aJJHOI CTOPOHBI OTMEYAINCH Kpail-
HE pEeJIKO, KaK UCKJIIoueHue. B 11e110M B 3TH rojisl
KaM4aTCKui Kpa® Hamboyiee IMOJHO OCBaMBaj
npuOpeXHYI0 aKBaTOPHUIO 3aJIMBa, BKIOYas ce-
BEPHBIN TPaH3UTHBIN ydyacToK. Ha 3TOM y4acTke
B JIaHHBII BPEMEHHOI OTPE30K MPOMBICIOBBIE
CKOIUIEHMSI OTMEYaJUCh ropas3io 4aile, YeM B
nocueayomue roasl. [lpomeicen B 3TOT nepuosa
B 3aJl. AHMBA NMPAKTHUYECKU OTCYTCTBOBAJ WM
ObLT KpaiiHe He3HAYUTEJICH M0 CPAaBHEHHUIO € TO-
CJIEIYIOILUM MEPUOIOM.

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)
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Tadnuua 2. Cxema JOKaJIH3alMH CKOTUICHUHA IPOMBICIIO-
BBIX 0CO0€H KamMyaTcKoro kpaba B paifoHax 3a1. AHHMBA B
oAbl CbEMOK

Table 2. Scheme of localization of the clusters of commer-
cial individuals of the Red King Crab in the areas of Aniva
Bay during survey years

Paiion

I 1T

Tog

1974
1979

2004

o
Ilpumeuanue. Pavions! 3anuBa: | — 3anaasbii, 11 — ceBepHbIH,
III — BoCTOUHBIN. (a) YJIOBHI CO 3HAUYCHHEM NEPUEHTHISA <75,
(b) cromnenust cpeiHedl IUIOTHOCTH (3HAUYCHHE TEPLEHTUIIS
75-90), (c) CKOTUIEHHUS ¢ MAKCUMAIILHOU TUNIOTHOCTBIO (3HAYEHUE
nepueHTms >90).

Note. Areas of the bay: I — western, II — northern, III — eastern.
(a) catches with a percentile value < 75, (b) clusters of mean den-
sity (percentile value is 75-90), (c) clusters of maximum density
(percentile value > 90).

C 1988 10 2001 r. mpOMBICIIOBBIE CKOTLJICHUS
KaM4aTCKOro Kpaba oOHapyXHBaJIHCh, KaK M pa-
HEe, M B BOCTOYHOM M B 3aIlaJHOM YaCTIX 3aJIUBa,
HO 00pa3oBaHUE C 3aMaJHON CTOPOHBI CKOTUICHHI
C MaKCUMAaJIbHOM IUIOTHOCTHIO CTaJI0 OOBIYHBIM
sBiieHreM (puc. 3 B), B To BpeMs Kak paHee OHU
BCTpeUaINch JUIIb U3peaka. PacmpoctpaHeHue
MaKCUMAaJbHBIX CKOTUIEHHH KaM4aTCKoro kpabda
B 3amaJHyl0 4acTh 3aJIMBa, IJI€ B MPEIbIAYIINI
MIePHO OHU OBLITU KpaifHe PEeIKH, TIO3BOJISIET ClIe-
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JaTh MPEANoyoKeHNEe O JalbHEWUIIEM pPa3BUTHU
TaM CaMOAOCTAaTOYHbIX MoceneHuid. OaHako Ha
paccMaTpuBaeMblid EpUO] MPUIILIIOCH Haubosee
WHTCHCHUBHOE W TMPAKTUYECKU OECKOHTPOIHHOE
OCBOCHHE pEeCcypcoB KpaOoB, MpuBeAlIee K HX
MOJIHOMY UCTOILEHHUIO U 3ampeTy npombicia. [1o-
9TOMY OTHOCHUTEJIHHOE MOBBIIIEHUE pPaHTa CKO-
IJICHU B 3alaJHON YacTH 3aJIMBa BIIOJIHE MOIJIO
OBITH Pe3y/IbTaTOM HE PAa3BUTHS 3allaJHOrO Moce-
JIEHUs1, a TPOPEKUBAIOLLETO BIUSIHUS MPOMBICTIA
Ha CKOIUICHHMS B €ro BOCTOYHOW 4dacTu. Btopoe
NpPEANONIOKEHUE TMpecTaBisiercs Oonee 0060-
CHOBAHHBIM, €CJIM YY€CTb, YTO Yy KaM4aTCKOTO
Kpaba ecTh CIIO)KHOCTU C BOCIPOM3BOACTBOM B
3amaJHON 4acTH 3aJIMBa, HA KOTOPBIX MbI OCTaHO-
BUMCs HUke. Kpome Toro, B 3TOi yacTu 3ajiuBa
o0WTaeT KpynHas MOMYJISIHS YeThIPEXyTOJIbHOTO
BOJIOCATOrO Kpaba (Erimacrus isenbeckii), motpe-
OnsiroIas Te e Pecypchl U SIBIAIOIIASACA TEPPH-
TOPUATBHBIM U TPOYUIECKUM KOHKYPEHTOM KaM-
yaTCKOMY Kpaoy.

Binsaue npomsiciia, ypaBHsBIIEE B IEPBOU
MOJIOBMHE ATOTO MEPHOAA TUIOTHOCTHU MOCETICHHM
KaM4aTcKoro kKpaba B 00euxX dYacTax 3ajiuBa, K
2001 r. npuBeNIO K MCUE3HOBEHUIO TPOMBICIIOBBIX
oco0eil B 3amaJiHO YacTH 3aiuBa. JTO CBI3aHO
C MOYTH TOJHBIM HUCTPeOICHHEM MPOMBICIOBOM
YaCTH TIOMYJSIUM KaM4aTcKoro Kpaba K ITomy
BpeMeHu [1]. dakT, 4TO TPOMBICIOBBIE OCOOH
B 3alaJHOM YacTH 3alvBa OBLTU MPAKTHUYECKH
MOJTHOCTBHIO YHHYTOXKEHBI, OOBSCHSAETCSA MpPH-
CTaJIbHBIM HHTEPECOM OPaKOHBEPOB K ITOM YaCTH
3a]uBa M3-32 BO3MOXKHOCTH BECTHU TMapajuieiib-
HO J100BIYy KamyaTcKoro kpaba Mpu IMpOMBIC-
Jie 4eThIPEXYyrolbHOro Bojocaroro. B ycrnoBusix
oOmiel aerpajganyy 3armacoB BOCTOYHAS YacTh
3a]uBa C ATOW TOYKU 3pEHHUs HE Ipe/CcTaBisia
TaKOTo BBIOOPA, MTOATOMY 3/1€Ch YIOBBI UCUE3IIH B
MOCJICTHIOI0 OYepeib, M Ha HECKOJBKO JieT (1998,
2001 rr.) y4acTku ¢ 3TUMH YJIOBaMHU HOJIYUYUIH
CTaTyc OCHOBHBIX cKoruieHuil. B 2004 r. mpu npo-
BEJICHUH YYETHON CHEMKH B 3aJI. AHUBA HE OBLIO
MOMMaHO HU OTHOW MPOMBICIIOBOI 0COOM KaMuaT-
CKOTO Kpaba, a TUYMHKH 3TOTO BUIA B aKBATOPHH
3aJIMBa MOJHOCTHIO OTCyTcTBOBaNU [13]. To ecTh
k Hagairy 2000-X ro710B 3amac KaM4aTcKoro kpabda
B 3aJl. AHMBA ObUT IPAKTUYECKH MOJIHOCTHIO UC-
TpeOIieH, ¥ MoCIeNyIoIIee BOCCTAHOBIEHUE TPYII-
MAPOBOK 3alaJHON U BOCTOYHOM YacTeW 3ajinBa
HAYaJI0Ch C PaBHBIX, OM3KUX K HYJIIO TTO3HUIIHIA.

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)
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Puc. 3. PacronoyxeHre OCHOBHBIX ITPOMBICIOBBIX CKOIUICHHH KaMuarckoro kpaba B 3an. AHuBa no nepuogam: A — 1974-1987 rr,
B —1988-2001 rr., C —2012-2021 rr. 3ayuThle KPY>KKH — YJIOBBI CO 3HAYEHUEM HepueHTUIs >90, mpo3payHble — CO 3HAUSHUEM MepLIeH-

Tuna 75-90.
C — 1988-2001. Filled circles are the catches with a percentile value >90, transparent ones — with a percentile value 75-90.

Fig. 3. Location of the main commercial clusters of the Red King Crab in Aniva Bay by periods: A — 1974-1987; B — 1988-2001;
GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(4)
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[Tocnennuii mepuos, mMepuos BOCCTAHOBIIE-
HMS, OXBaYeH UMEIOIMMUCS JaHHBEIMM ¢ 2012 T
U anutea no Hactosiiee Bpems (puc. 3 C). Ha-
4aJio 3TOro NepuoAa JeKUT rae-to Mexay 2005 u
2011 rr, HO TOYHEE ONMpEeNeNuTh €ro Ha4ajlo He-
BO3MO)KHO BBU/TY OTCYTCTBHSI JAHHBIX B 3TH TOJIBI.
Jlnst aTOTO TIEpHOJa XapaKTepHO PACIIONOKCHUE
CKOTUICHH Kpaba HCKIIIOYUTEIHHO B 3amaHOU
YacTH 3aJIMBa, & C BOCTOYHOM CTOPOHBI OTMEUEHO
€ro noyHoe orcyrcTBue. [IpuuemM no nporecTsun
16 net ¢ Toro roga (2003), Koraa MPOMBICENT KaM-
yaTcKoro kpata B 3aJl. AHHMBa OBLI IpEKpaIicH
10 TIPUYHMHE TOYTH TOJIHOTO YHUYTOXXCHHS 00b-
eKTa, OmoMacca MPOMBICIIOBOTO CTajia JOCTHUITIA
1019 12 1 x0Ts yBenuucHHE OMOMACCHI MPOU30-
[IJI0 UCKITFOUUTEIIFHO B 3alaJHON YacTH 3aJIMBa,
MIPH OTCYTCTBHH JaKe IITYYHBIX YJIOBOB B €TO
BOCTOYHOM 4acTH, MOXHO YBEPEHHO TOBOPHUTH O
MOSIBIICHUW TEHICHITUH K BOCCTAHOBJICHHUIO TIOITY-
TSI U €€ )KU3HECIIOCOOHOCTH.

Ocobennocmu YyHKuuoOHAIbHOU
CMpPYKmypbl ROceleHUll KAMYAnCKO20
Kpaba 6 3a1. Anuea

N3BecTHO, 4TO BO3MOXHOCTh BOCIIPOU3BOJI-
CTBa, a 3HAUUT, BOCCTAHOBJICHUS MOMYJIALIUU 3a-
BUCHUT OT YCTOHYHMBOCTH (PyHKIIMOHAJIbHOU CTPYK-
Typbl. ClleyeT OTMETHTh, YTO (P)YHKIIMOHAJIbHAS
CTPYKTypa MOIMYJISIIUN KaMYaTCKOTo Kpaba B 3al.
AHuBa He Obula MccleOBaHa B TOJIHOM Mepe.
Haxe B monorpaduu A.K. Kimutuna [1], kotopas
COACPXKUT HauOonbpIInii 00beM HH(pOpPMALUU IO
KamM4JaTrckomy kpaly 3ai. AHuBA, OCTaroTCs «Oe-
JBIE TISITHAY, T.€. HEJJOKa3aHHbIE U HEOOBSICHIMBbIE
IpeACTaBICHHBIMU (PaKTaMH MOMEHTBHI.

B wacTHOCTH, TIpU pPaccMOTpPEHHU pPE3Yib-
TatoB 1976 I. Mo pacnpeneneHno JUYUHOK KaM-
4aTcKoro kpada B 3ajl. AHUBA OTMEUEHO, 4TO JIU-
yuHKM ctagui 3oea oT [ go III Ha npoTrskeHuun
BCEro MepHo/a pa3BUTHs PaCHOarajuch Ha He-
00JIBILIOM PAacCTOSHUU APYT OT Apyra B Ipeaenax
oyxtbl Jlococeit, a nmuuHKM cTaauu 3oea IV 06-
Hapy>KeHbI JOBOJBHO JAJIEKO Ha BOCTOK (pHcC. 4).
A.K. Kimutus [1] monaraert, uto apeid TuuanHOK
KaMyaTCKOro kpaba B I0r0-BOCTOYHOM HalpasJie-

HUU BIIOJIHE BEPOATEH. JTO O3HAYAET, YTO JIMUMH-
KM, [I0 €70 MHEHUIO0, IPUHAJIEKAT K OJHOMY ITYI1Y,
T.€. o0memMy MecTy BbIkieBa. OJHAKO HHUKAKHUX
MNOATBEPKIAIOIINX 3TO JaHHBIX HE MPEAO0CTaBIIe-
Ho. Kintun nenaer ccpuiky Ha pabots B.M. I1u-
manpHuKa [§], B.M. [Tumansauka u B.C. Apxun-
KuHa [9], rme ykas3pIBaeTCsl Ha CYIIECTBOBAHHUE
y moOepexbs 3ajl. AHUBA aHTUIMKIOHUYECKOTO
Kpyroopora BoA. [Ipm 3TOM OH akuLeHTHpPYyET
BHUMAaHUE HA TOM, YTO CKOPOCTH TEYEHUS B Ce-
BEpO-3allaJHON MEJIKOBOIHOM 4acTu 3ajluBa, TAE
IPOMCXOIUT BBIXOJ TMUYMHOK KaMUuaTCKOro Kpada
B IUIAHKTOH, MMHUMAaJIbHBI, TEM CaMbIM (haKTu-
YECKH OINpOBEprasi BbICKa3aHHbBIA UM e TE3HC O
npeiide TMINHOK B BOCTOUHYIO YacThb 3aJIHMBA.

JIeCTBUTENBHO, B CEBEPHOM YacTH AHTH-
LUKJIOHUYECKOTO BUXPSI CKOPOCTb JBHIKEHUS BOJL
BECHOW M OCEHBIO COCTaBISET Bcero 3—5 cm/c
[10], 9TO HUKaK HE CHOCOOCTBYET TPAHCHOPTY
JUYUHOK Ha OONbIIME pacCTOSHUS 3a HE3Hauu-
TEJIbHBIM BpEMEHHOH nepuol. bonee Toro, B Boc-
TOYHOM YaCTH 3aJIMBa CKOPOCTh BOJ BO3PACTAET, B
OTJICTILHBIX CITy4asix 10 26—38 cMm/c, HO HarpaBJie-
HUE MIEpEHOCca BOJI MEHSETCS Ha CEBEPO-3aIlaJHOE
[, 6], T.e. HaBCTpeuy mpennoigaraeMomy Apeidy.
Ha noBepxHOCTH CTpyKTypa TeUEHUH Ompeness-
€TCs1 B OCHOBHOM I10JIEM BETPA, CHJIa U BEKTOP Ha-
IIPABJIEHHOCTH KOTOPOTO0 HE UMEIOT MOCTOSHHBIX
3HaueHUH. MexronoBass yYCTOMYMBOCTb TaKHUX
TE€UYECHU! BBI3BIBAET COMHEHUS. JTO HE IO3BOJIA-
eT ObIThb YBEPEHHBIM, YTO €XETOJHO IepeMmerie-
HUE JINYNHOK OCYILECTBIISAECTCS HCKIIFOUUTEIBLHO B
OJIHH U T€ 7K€ paiiOHBI.

Takum 00pazoM, peCTaBIAETCs, YTO JTMYUH-
ku craauii 30ea ot 1 no I, oOHapyxeHHbIE B Ky-
TOBOM "acTu OyxThl JIococel, u TNINHKU CTaIui
3oea [II-IV u3 BocTouHOM YacTu 3aj1. AHUBA MpU-
Ha/IJIe’KaT K pa3HbIM JIMYMHOUHBIM ITyJam. Ml no-
JlaraeM, OHH BBIITyILIEHbl CAMKAaMU U3 Pa3HbIX CTa/l,
pacrioylaraBuIMXcs B 3a11aIHOM ¥ BOCTOYHOM 4acTAX
3anuBa. Kpome Toro, OTCyTCTBHE YCTONYMBBIX Te-
YEHUI B 3aJIMBE HE FapaHTUPYET CHOCA JIMYMHOY-
HOIO IyJa Ha JIOKaJbHBIE Y4acTKH C Oiaronpu-
ATHBIMHU YCJIOBUSIMM ISl TIOAPALMBAHNS MOJIOJIH.

2 UccnenoBanusi pacipeielieHus, YUCICHHOCTH, Ka4eCTBa U BOCIIPOM3BOJACTBA BOJHBIX OMOJIOTHYECKHX PECYPCOB, a TAKKE Cpelbl MX OOMTaHHS U
pa3paboTKU MPOTHO3a M3MCHCHMII yKa3aHHBIX IapaMETPOB IIOX BO3ACHCTBHEM NPHPOAHBIX M AHTPOMOTCHHBIX (DakTopoB 1o Teme: «OCOOEHHOCTH
MHOT'OJIETHETO pachpe/ieNIeHUs IIPOMBICIIOBOIO CTaja KaM4aTcKoro kpada B 3ainuse AHuBa»: otyer o HUP. 2022. OtB. ucnonuurens C.A. Huzses; uct.
A.B. JIyuenkoB; CaxHHPO. Oxno-Caxanuuck, 35 1. uB. Ne 13288 w/a. [Studies on the distribution, abundance and reproduction of aquatic bioresources,
as well as their habitat and the development of a forecast of changes in the specified parameters under the influence of natural and anthropogenic factors on
the topic: «Features of interannual distribution of the harvestable stock of the Red King Crab in Aniva Bay»: Report on research work. 2022. Responsible
investigator S.A. Nizyaev; executor A.V. Luchenkov; SakhNIRO. Yuzhno-Sakhalinsk, 35 sheets. Inv. No. 13288 n/a.]
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Puc. 4. Pacripenenenue TMYMHOK KaMYaTCKOTO Kpada B 3ay. AHuBa (22 ampens — 1 utons 1976 ) [1].
Fig. 4. Distribution of larvae of the Red King Crab in Aniva Bay (April 22 — June 1, 1976) [1].

Eme omauM dakroM, mOATBEPKAAOIUM
HPEAIOI0KEHNE O PA3HOM MPOUCXOXKICHUHN JINUH-
HOK OyxThI JIococeti (cranuu 30ea I-111) u mmumHOK
13 BOCTOYHOM YacTH 3aj1. AHuBa (ctaguu 3oea [11—
IV), ssBisieTcst pacnionokeHrne MeCT MOMMKHA HEMU-
rpupytoiei Moioau (0cobu ¢ pa3MepoM Kaparak-
ca He Oosiee 5 cM) 3a TOBOJILHO POAOIIKUTEIBHBIH
nepuoza ¢ 1987 mo 1998 . (puc. 5). Mbl BuanMm, 4to
B 3aJIUBE OOHAPYKEHO /IBa BHITSAHYTHIX BIOJb Oepe-
rOBOM JIMHUM TIOJISI MOJIOAU, KOTOPbIE UMEIOT pa3-
pBIB 110 TpaBep3y OyxTel Jlococeit. Uem oTmuyancs
ATOT Yy4YacTOK OT OCTaJbHOM 4YacTu MpUOPEKHON
TMIOJIOCHI, TJIe HaOMoaamuch yaoBel Mmosoan? Tous-
KO OTCYTCTBMEM OEHTOCHBIX COOOIIECTB, Xapak-
TEPHBIX I TBEP/IBIX TPYHTOB, YTO SBJISIETCS CIIEI-
CTBHEM CHJIBHOTO 3aWJICHUS 9TOTO y4acTKu. Takue
YCIIOBHSI KPUTUYECKH BIMSAIOT KaK HA BbDKUBAaHUE
OCEIAIONINX IIayKOTOd, TaK U HA Pa3BUTHE Mallb-
KOB B TI€PBBIC JIBA TOZA JKU3HH, MMOTOMY YTO JUIS
ATUX CTAJHH TPEOYIOTCS CIIOKHOCTPYKTYPUPOBAH-
HBIE CyOCTpaThl ¢ OOMIEM THAPOUIOB, MILIAHOK U
Opyrux cuisuux ¢uisrpatopoB [14]. ITockonbky
HaOIOMAr0TCs 1Ba 000COOICHHBIX OIS TTOPAIITH-
BaHMsI MOJIOAM U HET YCJIOBHUI Ul CTallMOHAPHO-
ro oOMeHa JTMYMHKAMH MEXITy dTUMH TOJISIMH, TO
MOYKHO TPEAIOJararh, YT0 B ATUX YaCTSIX 3aJIMBa
OOHMTAIOT CTPYKTYPHO pPa3zoOIIEeHHbIE YacTH BO3-
MOXHO €IMHOW MOoMyisiiii. HeT cOMHEeHus B TOM,
YTO MEXIY 3TUMHU CTPYKTYpaMH BO3MOKEH OOMEH
B3pOoCibIMU 0c00siMu. Kak MBI y)ke OKa3bIBaIIH, B
CEBEPHOM TPAH3UTHOM palioHe CKOIUICHHUs Kpaba
nepuonuuecku ooHapyxusatorcs. [Ipudem B ecre-
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CTBEHHOM COCTOSIHUM 3ariaca, Korjga OTCyTCTBYIOT
KPUTUYECKHUI MPOMBICET U €T0 MOCIEICTBUS, TOT
paifoH ocBamBaeTcs KpaOOM 3HAUMTENFHO Yalle
(Tabm. 2; puc. 3), T.e. 7TO MOXKET CITYKUTh UHIUKA-
TopoM Onarononyuus nomynauuu. Hanuaue takoit
BO3MO)KHOCTH HE JaeT OCHOBAHUN CUUTATh MO-
CelieHHs] B BOCTOYHOM M 3alaJIHOM YacTsaX 3ajuBa
OTAEIBbHBIMU MOMYJALUUAMH, HO MO3BOJISIET YCOM-
HUTBHCSI B HEOOXOIMMOCTH CYIIIECTBOBAHUS JIHO00M
U3 YacTel Kak yCJIOBUH IS (PyHKIIMOHUPOBAHUS
npyroi. IHbIMU clioBamMu, IpU IMMHHALUU JIEO-
0011 M3 3TUX CTPYKTYp BTOPAst CMOKET Pa3BUBATHCS
CaMOCTOSITENIBHO.

Bosmoscnvie npuuunsvt mpancgopmayuu
noceneHuil KAMYamcKo2o Kpaoa
6 3a/1. AHUBA U YCI08UA UX CYULECMBOBANHUS

@DaKTUYECKU TOJTHOE YHUUTOXEHHE KamuaT-
CKoro kpaba B 3aj1. AHuBa K Hadairy 2000-x Tof0B
MIPEeIONPEACTUIO KpailHe HU3KYI0 pe3yJIbTaTHB-
HOCTh TPAJIOBBIX YYETHBIX Pa0OT MO 3TOMY BHIY
MOYTH Ha JBa necsatmietus. Kpad oOHapyxuBaics
B CPaBHUTEIILHO HEOOIBITNX KOJHMUYECTBAX BILUIOTH
mo 2019 r, xorga B 3amagHOM YacTH 3ajluBa OBLI
OTMEYEH YJIBTPABBICOKUN YJIOB MOJIOJU U B3pPOC-
71X ocobeit. Kpab Obu1 0OHapykeH Ha 6 CTaHIU-
SIX B 3allaJHOM YaCTH 3aJMBa: HA OJHOM CTaHLIUU
MaKCHUMaJIbHBIN yJI0B gocturai 285 mrt. 3a 17 muH
TpaJIeHHs, Ha S5 OCTaJIbHBIX — IITY4YHO. Takum
o0Opa3oM, MO UCTeYEHHH 16 JeT mocie 3ampera
MPOMBICIIa MbI HaOMIOaeM BIIOJIHE OYEBUIHBIN
MPU3HAK BOCCTAHOBJICHUS 3alaJIHON YacTH TOIy-
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JSOUU — HAJTMYKE 31€Ch MOJIOJAW KaM4aTCKOIo Kpa-
63, B TO BPEM: KaK B BOCTOYHOM 4YacTH Kpa6a HC

OOHApYKEHO JJa’Ke B IITYYHBIX KOJTUYECTBAX. ro raza (CIII'). I'pyHT cOpacbiBaics mpeumylie-
Jns Toro 4to0OBbl TOMBITATBCS OOBSICHUTH  CTBEHHO Ha MOJMIOHE C TIIyOMHOU 63 M B KOOpAU-

TaKoe TOJIOKEHUE JIeJ, TIPEKIE BCEro cTouT 0o0- Hartax 46°24'—46°25" c.am., 142°55" B.a. a Takke
paTuTh BHUMaHHE Ha MPOLECCHI, KOTOPBIE UMETH

MECTO B MpezesiaXx 3TOW aKBaTOPUU M MOITIM OKa-
3bIBaTh BIIMSIHHE HA W3MEHeHue cpenbl. [loxanyi,
HanOoJIee OITYTUMBIM JJIs1 YCIOBUN OOWTAHUS TH-
IpoOMOHTOB B 3ai1. AHMBa ObUT MacCHPOBAHHBIM

copoc rpynta B 2003—-2006 TT. Ipu CTPOUTETHCTBE
3aBOJIa IO MPOM3BOJICTBY CKMKEHHOTO MTPUPOTHO-

B 3HAYHUTEIILHO MEHBIIIEM 00beMe Ha HECAHKIHO-
HUPOBAHHOM TOJHMTOHE Ha TryOuHe 10 M B Koop-
muHatax 142°42'00" c.ur. u 46°41'05" B.A. psgom
¢ paiioHoM pabot’® (puc. 6). B oOrieii ciI0KHOCTH
Ob110 cOpomieHo 6omee 1.5 muma M> rpynTa [15, 16].
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Puc. 5. Mecta BcTpedaeMOCTH HEMUTPUPYIOIIEH Mooy (MeHee 5 ¢M M0 IIUpHHE Kaparakca) KaMuaTcKoro kpaba B 3ain. AHuBa (110 JaH-
HbIM 1987-1998 1) (110 [1]).

Fig. 5. Places of occurrence of non-migratory juvenile (less than 5 cm in width of carapace) of the Red King Crab in Aniva Bay (as of
1987-1998) (by [1]).
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Puc. 6. Mecra nammunra rpyaTa B 2003—2006 rr. ipu ctpoutenscTse 3aBoga CIIT.
Fig. 6. Soil dumping sites in 2003—-2006 when building the LNG plant.

3 CoBpeMeHHOE COCTOSIHKE YCIIOBUIA Cpeibl U KOPMOBOIA 6a3bl 3ai1. AnuBa: oryer 0 HUP (npomesxxyrounsiii). 2015. Ucn. E.M. Jlarkosckast, B.C. Jlabaii,
0.B. Kycaiino, X.P. IIxaii, T.I. Kopenesa, 10.H. ITonres, T.A. Morunbuukosa, J[.C. 3aBap3uH, [[.P. ®aiizynun, B.H. Yactukos; pyk. k.0.H. C.A. Hu3ses;
CaxHUPO. I0xno-Caxanuuck, 199 c. MuB. Ne 11960. [Current state of the environment and food supply of Aniva Bay: report on research work (interim).

2015. Investigators: E.M. Latkovskaya, V.S. Labay, O.V. O.V. Kusaylo, Zh.R. Tskhai, T.G. Koreneva, Yu.N. Poltev, T.A. Mogil’nikova, D.S. Zavarzin,
D.R. Faizulin, V.N. Chastikov; headed by S.A. Nizyaev; SakhNIRO. Yuzhno-Sakhalinsk, 199 p. Inv. No. 11960.]
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COpacbiBaeMblif TPYHT MpeICTaBIEH IIpe-
MMYIIECTBEHHO pa3pyllaeMbIMU aJeBPOJIUTA-
MU. OQHON M3 BaXKHBIX €r0 XapaKTEpPUCTHUK, C
TOYKM 3PEHHUsl OLICHKU BO3/EUCTBUS Ha BOJIHBIE
Oouopecypchl U cpeay OOUTaHUS, SBIAETCS CIO-
COOHOCTh K pPa3pyIlIEHUIO 10 METUTOMOP(HBIX
yactull. Eciiu 00beMbl Takoro rpyHTa BEJIHMKH, a
MeCTO cOpoca MOABEPIKEHO BIUSHUIO AKTUBHOTO
JBU)KEHUS BOJ, TO COpOILIEHHBIE U 0Opa3oBaB-
LIMECS CO BPEMEHEM TOHKOJUCIIEPCHBIE JIOHHBIE
OCaJIK{ pacipoCTpaHsoTCs 1o penbedy AHa, 3a-
ChIMasi BBIXOABI KPYMHBIX OOJOMOYHBIX TMOPOJ.
B pesynbrare mpoMCXOAUT HU3MEHEHHE CpPELBI
oOuTaHMs, 3aWJICHHE TOHHOTO IPYHTa, BHI3BIBAIO-
1iee TOTalbHYI0 CMEHY BUIOBOIO COCTaBa OEHTO-
Ca, COKpAIlEHUE OPUEHTUPOBAHHBIX Ha TBEpP/BIE
IpyHTBI OMOIIEHO30B U paclIMpeHne ONOIEHO30B,
00UTAIOIMIMX HA WIUCTHIX FPYHTaX.

EcrecTBeHHBIN nponecc 3auiIeHus] TPYHTOB
MOPCKOTO JTHa HaOII0aeTcs MOBCEMECTHO. DTOT
MpOLIECC CYIIECTBEHHO PACTSHYT BO BpPEMEHH
U B OOBIICHHOM TEUEHUU OMpEeNeNsieTcsl ecTe-
CTBEHHBIM 00pa3zoBaHWEM (HAKOIJIEHWEM) WJIOB,
a HE CIIOHTaHHBIM MX MEPEMEIIEHUEM C OJHOTO
ydacTka Ha Jpyroi. B cuiy oTcyTcTBHS pe3koro
MPOJIBMKEHHSI MIIOB CMEHa OMOLIEHO30B, I7Ie UIET
TaKoe 3aMelleHuEe, UMEeT TAaKOW K€ MOCTEeNeH-
HBIW XapakTep.

Ho tpancdhopmanus rpyHTOB B 3a1. AHU-
Ba, no uccienoBanuam 2005-2013 rr., umena
XapaKTep pe3Koro M3MEHEHUs, MPOU3O0IIEIIIETO
3a KpaiiHe Mablid cpok, He 6onee 10 met. Ecnu B
2005 r. cOpOILIEHHBINH TPYHT JIOKAJIBHO pacmoia-
rajicsd Ha ydacTkax gamnuHra, To k 2013 r. skc-
naHcus uioB Ha 20 % pacuimpuiia miomaas ux
pacnpoctpaHeHusi B 3anuBe’. [lo maHHBIM 3THX
UCCIIEI0BaHUM, TPOAYKTHl pa3pyllIECHUs aleBpo-
JUTOB MPAKTUYECKHU IOJHOCTHIO 3aMECTUIIU B
npuUOpEeKHONW 30HE HE TOJBKO YKECTKHUE T'PYHTHI
B BUJE TIbKU U KPYIHBIX OOJIOMOYHBIX MOPOJ
(puc. 7), HO W CYIIECTBEHHO COKPATHJIH TOSC
MecyaHbIX TPyHTOB (puc. 8). OcoOeHHO 3aMETHO

3TO B BOCTOYHOI YacTH 3aJIMBa, TJe 10 ncedu-
TOB M TICAMMUTOB CTalla KpailHe HU3Ka, 3aTo Te-
JIUTHI PACIPOCTPAHUIIUCH MAKCUMAJIBLHO IITUPOKO
(puc. 9). Tak, B 2005 r. JOHHBIE TPYHTHI BOCTOY-
HOTO y4YacTKa OBLIM MPEACTaBIEeHbl OTHOCUTEIb-
HO paBHBIMH A0JdsMU niceduToB (32.9 %), ncam-
mutoB (37.31) u aneBputo-nenutoB (29.8 %).
B 2013 1. B cTpykType TpyHTOB (UKCHPYIOTCS
cepbe3Hble u3MeHeHus. Ha ¢one crabmiibHO-
ro COJEpKaHHs IICAMMHUTOB (yBEJIMYEHHE [0
38.63 %), MPaKTUYECKH TMOJHOCTHIO HMCUE3AI0T
ncedursr (0.38 %) u 3HAUUTETHHO BO3pacTaeT
cojiepkaHue aneBpuTo-neauToB (10 61.0 %)°.

BmecTe ¢ mpoaBukeHHEM HIIOB B CTOPOHY
0eperoBoil TIMHUU OTMEUEHO CMEIICHHUE B TOM K€
HanpaBJlIeHUU IpaHul] apeana Nuculana pernula
[17]. Tak, B pailoHe JaMIHHTa 3a TOJA MPOU30-
IO pe3KOe YBENUWYeHHEe OMOMacChl HYKYJISHBI
6omnee yem B 35 pa3 [18]. DTOT B MOXKHO CUH-
TaTb WHJMUKATOPOM 3aWJICHUS BOJIOEMOB, U pPE3-
KO€ pacUIMpeHue ero apeaa B 3aJl. AHUBA MOCIIe
JaMIUHTa TPyHTa MOATBEP)KIAeT, YTO HMMEHHO
3TO BO3/EHCTBHE MOBIIEKIIO 3a c000il Bce mocie-
NYIOIIME U3MEHEHHUs JOHHBIX 0CaJKOB U OMOTHI.
Bo3moxHO, cOpOIICHHBIN TPYHT BIOJIHE IOJO-
el B KauecTBe cyOcTpaTa AN HYKYJSHBI U C
pacmpocTpaHeHHEM 3TOr0 HMIUCTOro cyOcTtpara
K Oepery MpoOM30ILIO TO PE3KOE paclIupeHHe
ee apeasia, KOTOpOe OMHUChIBaeTCs B cTarbe [17].
CHOHTaHHOCTh, HEECTECTBEHHOCTh PACIIUPEHUS
apeajla HYKYJSHbBl JE€MOHCTPUPYETCS €ro Mo-
3aMYHBIM APOOJIEHUEM C PE3KUM YBEIUUYCHHEM
OroMacchl Ha TpaHHIAX apealia MPU €€ CHUXKe-
HHUM Ha MECTax TPAJULMOHHBIX CKOIUIeHUH. Ta-
KO€ IepepacnpesiesieHne XapaKTepu3yercs Mpu-
ONMMKeHHEM CpeIHEero 3HaueHHus OMoMacchl K ee
MaKCUMAaJbHBIM 3HAUCHHUSIM. DTO B MOJHOU Mepe
OOBSICHSIETCS MOBEJACHUEM MOMYJISIUU B YCIO-
BUSIX PE3KOT0 PACHIMPEHHUS KXU3HEHHOTO Mpo-
CTPaHCTBA, KOTJa TEMIIbl MHUTPAIlUU 0COOEH mo-
MYJIAIAA 3HAYUTETHHO TTPEBOCXOASAT BO3MOXKHBIE
TEMIIbI YBEJIMYECHUS €€ YUCICHHOCTH.

4 OueHka coziepKaHus 3arPA3HSIONIMX BELIECTB B JOHHBIX Ocajikax: OTYeT 0 HAYYHO-MCCIIEA0BATENLCKON paboTe MO OLEHKE IKOJIOTHYECKOrO COCTOsI-
Hust 3ai1. AnuBa B 2005 . 2007. Hcn. E.M. JlarkoBckas, M.A. Murpakosuy, T.I. Kopenesa; pyk. k.6.H. B.W. Paguenko; CaxHNPO. I0xno-CaxanuHck,
67 c. . Ne 10368; CoBpeMeHHOE COCTOSIHUE YCIOBHH Cpeabl 1 KOpMOBOH 6a3bl 3ai1. AHuBa: otduer o HUP... 2015. [Estimation of pollutant content
in bottom sediments: Report on research work on the estimation of the ecological state of Aniva Bay in 2005. 2007. Investigators: E.M. Latkovskaya,
I.A. Mitrakovich, T.G. Koreneva; headed by Cand. Sci. (Biol.) V.I. Radchenko; SakhNIRO. Yuzhno-Sakhalinsk, 67 p. Inv. No. 10368; Current state of the
environment and food supply of Aniva Bay: report on research work (interim). 2015.]

5 Cwm. ykazanHuble otuetbl 0 HUP 2007 u 2015 rr. [See specified reports on research work of 2007 and 2015.]

¢ CoBpeMeHHOE COCTOSHHE YCIJIOBHI Cpebl 1 KOpMOBO#t 6a3bl 3aim. AuuBa: order o HUP... 2015. [Current state of the environment and food supply of
Aniva Bay: report on research work (interim). 2015.]
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Puc. 7. Pactipenenenue (%) nceutoB B JOHHBIX OTIOKEeHHsAX 3a1. AHuBa B 2005 (a) u 2013 (b) rr. 3nech u Ha puc. 8, 9 naHHbIC U3
ykaszantoro Bbie otuyera CaxHNPO «CoBpeMeHHOE COCTOsIHUE YCIIOBHIA Cpeibl U KOPMOBOIi 0a3bl 3ai. AuuBay, 2015 1. Lludpst B kpyx-
Kax — HOMepa CTaHLUH 0TO0pa JOHHBIX OTIOXKEHHUI.

Fig. 7. Distribution (%) of psephytes in the bottom sediments in Aniva Bay in 2005 (a) and 2013 (b). Here and in Fig. 8, 9 the data are
from the above report of SakhNIRO «The current state of the environment and food supply in Aniva Bay», 2015. Numbers in circles are
numbers of sediment sampling stations.
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Puc. 8. Pacnpenenenue (%) ICaMMHUTOB B IOHHBIX OTJIO’KeHHsX 3ai1. AHuBa B 2005 (a) u 2013 (b) rr.
Fig. 8. Distribution (%) of psammytes in the bottom sediments in Aniva Bay in 2005 (a) and 2013 (b).
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Puc. 9. Pacnipenenenue (%) aneBpUTO-IIEIUTOB B IOHHBIX OTIIOKEHHsAX 3a1. AHuBa B 2005 (a) 1 2013 (b) rr.
Fig. 9. Distribution (%) of silty pelites in the bottom sediments in Aniva Bay in 2005 (a) and 2013 (b).
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[Ipounszomenmee 3aMenIeHNe KECTKAX TPYH-
TOB MEJIUTaMH KOPEHHBIM 00pa3oM BHIOM3MeE-
HUJIO MECTHBIE OUOTOIBI, CAENaB HEBO3MOXKHBIM
CYyIIIECTBOBaHUE BHJIOB, >KM3HEHHBIN UK KOTO-
PBIX YACTHUYHO WJIM MOJHOCTBIO CBSI3aH € cO0O1IIe-
cTBamu oOpacrareneil. Kamuarckuii kpad kak pas
SIBJIIETCSI TAKUM BHJIOM, YaCTh KU3HEHHOTO ITHK-
J1a KOTOPOTO KPUTHYECKUM 00pa3oM 3aBHCHUT OT
pa3BUTHUS cecCHIIBHOTO OeHrtoca [2]. OTcyTcTBHE
TakuX OHMOTONOB J€JaeT HEBO3MOXKHBIM BOC-
MIPOU3BOICTBO TOMYJISAIIMA KaMYaTCKOTO Kpada B
BOCTOYHOW YacTH 3ajliBa, HO HE MPEMSTCTBYET
MIPOHUKHOBEHUIO Ty/la B3POCIBIX 0CoOel w3 3a-
MaJIHOW YaCTH.

JpyruMm 3Ha4MMBbIM (HaKTOpOM, OIpeesiio-
UM COBPEMEHHOE CYIIECTBOBAaHUE KaMUYaTCKOTO
Kpaba B 3aj1. AHUBA, SIBJSIETCA COCTOSTHUE KOPMO-
BOro OeHTOCa, KOTOPOE TECHO CBS3aHO C IPOUC-
XonsmIel B 3anmuBe TpaHcopMalleil TpyHTOB.
[Tagerne 6Gruomacchl KOPMOBOTO OEHTOCA B 3aJIMBE
B II€JIOM TIPOUCXOIMIIO U paHee, 10 JaMITMHTa, Ha
NPOTSHKEHUH JTMTEIbHOr0 nepuoga: ¢ 200 r/m?
B 1949 . o 74 r/m> B 1980 17, uTO HEIAET BTOT
MPOLIECC B LIEJIOM MPUCYIIUM JTaHHOMY BOJIOEMY
Y TIOJYEPKUBAET €CTECTBEHHOCTh €r0 Xapakrepa.
[TpuueM cuuTaeTcs, 4YTO 3Ta TEHICHIUS MPOIOII-
skanack v nocie 1980 r., mockonbky B 2005 1. 3TOT
noKasareib JOCTUT 38 T/M?, T.e. YMEHBIIUJICS
oyt B 2 pasad.

OpHako aHAJOTMYHBIX JaHHBIX MO COCTO-
SSHUI0 KOPMOBOM OMOMAacchl HEMOCPEICTBEHHO
nepes JaMIMHIOM HET, T03TOMY YTBEp:KJIeHue 00
UCKITIOYUTEIHHO €CTECTBEHHBIX MPHUMHAX Maje-
HUs OMOMAacChl HE MOXET paccMaTpUBAThCA Kak
€IMHCTBEHHO BepHas Bepcus. BmonHe BeposiTHO,
yto 10 2003 I, 10 AaMIIUHTa, CPEIHSIS BEIMYMHA
KOPMOBOW OMOMACCHI €CJIM M OTJIMYanach OT Ta-
koBoi B 1980 1., TO HE Tak KapJUHAJIbHO, KaK B
2005 1. 1 BaxxHO, uto mocine 2005 1. B 3a1. AHUBA
HaOIIOaIoCh HE JajbHeliee najienue ouomac-
Chl KOPMOBOTO OEHTOCA, aHAJIOTMYHOE HaOIIo-
napuieiica ¢ 1949 r. TeHneHUMU, a, HANPOTHB,
BoCcTaHOBIICHHE (70 47 T/M? MO COCTOSHHIO Ha
2013 r.)’. [ToaTomy HauboJIee BEpOsATHO, YTO MPO-
BaJl JI0 CTOJIb HU3KOTO 3HaueHus B 2005 1. BeI3BaH
MOCJIEJICTBUSIMHU KaKOTO-TO MacIITaOHOTO BO3/IEH-

CTBUS, a 3aT€M Ha4yaJoCh 3aKOHOMEPHOE BOCCTa-
HOBJICHHE OMOMAcChI 1O YPOBHS TEKYIEH HOPMBI.
Jlpyrux macmTaOHBIX BO3ACUCTBUII Ha MPUPOJI-
HYIO Cpeay 3ajHBa, KpOME JaMIIMHra TPyHTa, HE
OTMEYEHO.

Takum 00pa3om, MbI MojlaraeM, 4To MpUYHU-
HOM, MOBJIEKIIEH U3MEHEHUs B OoMacce KOpMO-
BOro OEHTOCA, SIBJIAETCS MMEHHO AAMIIMHI TPYH-
Ta, BEKTOP BO3JEHCTBUS KOTOPOTO COBNAJAET C
HaIpaBJIE€HUEM PaclpOCTPAHEHUS WIOB, OT MOPS
K Oepery. 3amelleHue KECTKUX IPyHTOB MenTa-
MU, 0€3yCIIOBHO, IOJKHO IPUBECTH K TOTAJIbHOM
cMeHe OuoneHo3oB. llepupuTroH u comyTCTBY-
IOLME €My OPTraHU3Mbl B YCJIOBUSAX PE3KOTrO IO-
IJIOLICHMS WJIAMU OTMUPAIOT, IEMOHCTPUPYS PE3-
KHH criaj OnoMaccsl KOpMOBOro OEHTOCa, a Ha UX
MECT€ 3aKOHOMEPHO pa3BUBAETCs HHA0OEHTOC,
IIPEICTABICHHBI NPEUMYIIECTBEHHO TIPYHTO-
enamu [18]. DT mporiecchl 0OBACHSIOT, TOYEMY
¢ 2005 mo 2013 r. oOHapyXmJICS TPEHI HA BOC-
CTaHOBJIEHHE OMomacchl Ha (poHE MHOTOJETHEH
TEHJCHIINY €€ CHI)KECHUS.

HaM 3TOT acniekT MHTEpECEH U € TOUKH 3pe-
HUS 00€CTICUEHHOCTH TUIIECH KpaOOBBIX MOMYJIs-
uil. Bo-nepBbix, 00a morpedutesss KOpMOBOIO
OeHTOoCca TBEP/IbIX IPYHTOB — KAMYATCKHUI U YEThI-
PEXYTOIbHBIN BOJIOCATHIM KpaObl — IOKA TEPPUTO-
pHAIBHO OrPAaHUYEHBI 3allaJHOW YaCTBIO 3aJIMBa
[19] u BBIHYXIEHBl KOHKYpUPOBaTh, IOCKOJBKY
CIEKTp MX MUTaHUS BO MHOToM coBnajaaer [20,
21]. YBennuuBaromuecs 3anachl HyKYJIsTHBI U CO-
MYTCTBYIOLIME € B 3THX OMOIEHO3aX T'MApoOu-
OHTBI JUI 3THX BUAOB Kpaba B OCHOBHOW Macce
HEJOCTYNHbI. BO-BTOpBIX, HEM3BECTHO, YTO IPO-
UCXOUT ¢ Ouomaccoil KopMoBOro OeHToca Ha
KECTKUX T'PYHTaxX, UMEETCS JIU TaM TEHIEHIUS K
POCTY MJIM POCT OCYILIECTBISIETCS TOIBKO 3a CUET
BOCCTAHOBJICHHSI COOOIIECTB HAa MATKHUX IPyHTAX.
Ecnu 6nomacca KopMOBOro GEHTOCA Ha YKECTKUX
IpPyHTaX YMEHBIINIACh B COOTBETCTBUU C COKpa-
LIEHUEM IUIOIIA/IN PACIPOCTPAHEHUsI ITUX TPyH-
TOB, TO 3TO JIOTIOJIHUTEILHO MOKET OBbITh MPUYU-
HOM HU3KUX TEMIIOB BOCCTaHOBJIEHUS MOIMYJISALUH.
N3 1osoXuTeNnbHBIX MOMEHTOB TaKOM CHUTyalluu
MOXHO yKa3aTh Ha paclIMpeHHe OIaronpusTHBIX
YCIOBUH Ui MOMYJSLMHM Kpaba-CTpUTyHa OIHU-

7 PacripeniesieHre U KaIOPUIHOCTL OeHToca B 3anmuBe AHuBa: ordeT o HUP. 1980. Ucn. A.B. Anexnosud, C.JI. Kopones; pyk. k.6.H. B./l. TaOyHKOB;
CaxTUHPO. HOxHo-Caxanuuck, 30 c. THB. Ne 4734 n/a. [Benthos distribution and calorific in Aniva Bay: report on research work. 1980. Investigators
A.V. Alekhnovich, S.L. Korolev; headed by Cand. Sci. (Biol.) V.D. Tabunkov; SakhTINRO. Yuzhno-Sakhalinsk, 30 p. Inv. No.4734]

89 CoBpeMeHHOE COCTOsIHUE yClIoBHii cpefpl. .. otdet o HUP... 2015. [Current state of the environment... report on research work... 2015.]
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JINO, YTO, BOBMOXKHO, OyJIET CIIOCOOCTBOBATh JIJIst
HET0 YBEJIUYECHUIO EMKOCTH CPEJIBI.

Takum o6pazoM, MpobIeMbl ¢ KOPMOBOIA Oa-
30d MOTYT SIBJIATBCSA ONHOM M3 IIPUYHMH HU3KON
BOCCTAHOBHUTEJIBHOM CIHOCOOHOCTH KaM4aTCKOTO
Kpaba B 3aJI. AHUBA.

Eme onHo#l Ge3yclOBHO 4yBCTBHUTENIBbHOMN
0COOEHHOCTBIO OMOJIOTHH KaMYaTCKOTo Kpaba siB-
JsieTcsl MpUBS3Ka Mpolecca OCceqaHus JTUYUHOY-
HOTO IyJIa K UMEIOUIUMCS yCIOBUSAM B 3TOM paii-
oHe. Kak BugHO Ha puc. 4, 3Ha4MTENbHAs 4acTb
JUYUHOK (BIUIOTH 10 ctaauu 3oea III) koHien-
TpHUpyeTcs B KyToBoM yacT OyxThl Jlococeit, a ux
MIEPEHOC Ha 10T BAOJb 3alaJIHOro Gepera B OCTaB-
nieecsi 0 3aBEpLICHUs JIMUYMHOYHOTO Pa3BUTHS
BpeMsl JIOBOJIBHO IpobieMatnyeH. JJHO KyToBOiA
4acTH MEJIKOBOJIHOM OyxThI JIococeii crutonis mo-
KPBITO WINCTBIMUA OTJIIOKEHUSIMH, KOTOPBIE JeiIa-
10T 3Ty aKBaTOPHUIO HENPUTOJHOW NIl OCEHAAHMs
JMYMHOK U BBKUBaHUS MoJoau. VIMeHHO 00 3TOM
CBUJETENBCTBYET OTCYTCTBUE 3/IECh CIIy4aeB IO-
MMKH MaJIbKOB KaM4aTCKOTo Kpaba (cM. puc. 5),
XOTSI Ha 3TOM YYacTKe IPEIIOJI0XKHUTEIBHO OCe-
JaeT 3HAYMTEIbHAS YacTh JMYMHOYHOIO IIyJa.
Ocenanue JTUYMHOK B 3TOM pailOHE U UX IMOcIe-
IYIOIIasl 3aKOHOMEpHasi SJIMMHUHALMS IPUBOIAT K
HEBOCIIOJTHUMOMW yTpaTe 4acTU PENpOSYKTHUBHBIX
YCUJIMI 3[€UIHEN NOMYJISLUNN, YTO OTPULIATEIBbHO
BJIMSIET HAa €€ BOCIIPOM3BO/ICTBO M, COOTBETCTBEH-
HO, 3aMeJUISIET BOCCTAHOBJICHUE.

3aknrovyeHue

UccnenoBanus mokaszaiu, 4TO Ha MPOTSIKE-
HUU OOJBINEH YaCTH TOCTYIMHOTO JJIA U3YYCHHS
nepuonaa, ¢ 1974 smnotes 10 2001 1., ckorieHus
MIPOMBICIIOBBIX CAMIIOB KAMYATCKOTO Kpaba ObUIH
IIUPOKO TPEICTABJICHBI KaK B 3alajJHOMN, Tak U
B BOCTOYHOM yacTsAx 3ai. Anuba. [Ipssmoit 3aBu-
CUMOCTH MECT MX OOHapyXeHHUsl OT CE30Ha roja
He BBIABIEHO. Kak B BOCTOYHOMH, Tak W B 3amaj-
HOM uacTax 3anuBa 10 2001 ©. OBIIM OTMEUYEHBI
XapaKTepHbIE TPHU3HAKU HAJIWYUS YCJIOBHMA IS
BOCITPOM3BOJICTBA Kpaba, MO3BOJISAIONINE MTOCeIe-
HUSM 00€UX YacTell He3aBUCUMO JPYT OT JIpyra
MPOIYIIUPOBATh MOMOJHEHUE. JTO MOATBEPK/Ia-
€TCs pacrpe/ielieHueM Kak JIMYMHOK, TaK U He-
murpupyromieid mosoau. C 2012 r. mo HacTosiiiee
BpeMsi B BOCTOYHOM 4YacTH 3alliBa OTCYTCTBYIOT
JaXe EIUHUYHBIC YJIOBBI KaM4yaTCKOTo Kpaoa.
[IpeanonoxuTeapHO, IO MPUYUHE 3HAYUTEIHHO-
TO PacHpoOCTPaHEHHUS aJIEBPUTO-TIEIIUTOB B CBS3H
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C JIaMITMHTOM TPYHTa MPU CTPOUTETHCTBE 3aBOAA
CIII" B 2003-2006 rT. IpeUMyII€CTBEHHO B BOC-
TOYHOW YacTH 3alluBa KaracTpoPpuuecKku COKpa-
TUIHCH TUTOIIaau riceuroB. B3ammocBsizanHOe
C 3TUM MpPOLECCOM 3aMelleHHe OHOIIEHO30B C
HIMPOKUM pa3BUTHEM dmudayHbl OHOIEHO3aAMHU
WIUCTBIX TPYHTOB IPHUBEJIO K U3MEHEHHUIO CPE/IbI
oOuTaHUs, OHA CTajla B BOCTOYHOM YacTH 3aJIHBa
HETIOAXOAIICH AJIT BOCHPOW3BOJCTBA Kamdar-
CKOTO Kpaba.

TakuMm 0Opa3oM, Ha COBPEMEHHOM 3Tare MbI
HaOIMOMaeM TpaHCPOPMAIUIO TMPOCTPAHCTBEH-
HOW CTPYKTYpPBHI MOIMYJISIIIAN KaM4aTcKoro Kpaoda
B 3aJ1. AHUBA, BO MHOTOM, Ha Halll B3IJISL, SIBJISIO-
HIYIOCS CJIEICTBUEM BIIMSHUA HA CPENly JaMITHH-
ra rpyHra, ocyuiectsieHHoro B 2003-2006 rr.
[Ipousomenmme U3MEHEHUsT CPEIbl CTaBAT MO
COMHEHHE MPUTOJHOCTD YCIOBUA JIJIs1 BOCIIPOU3-
BOJICTBa KAMYAaTCKOTO Kpaba B BOCTOYHOM YacTH
3aJIMBa, a CJIEOBATEIbHO, MO3BOJISIOT TOBOPUTH
0 COKpalleHUH IUIOIaau €ro oOuTaHus. ITo
MOJTBEPXKJIa€TCA OTCYTCTBHEM 37ECh JaXKe eIu-
HUYHBIX TPAJIOBBIX YIOBOB KaMuaTCKOTO Kpaba B
2012-2021 rr., xotsa panee, g0 1988 r., BocTOU-
Has 4acTh MOMYJSUU OblJIa OCHOBHOI, Haubosee
KU3HECTIOCOOHOM (OpMOil ero CymiecTBOBaHUS
B 3a)1. AHUBa: B KoHIe 1930-x rogoB BBUIOB J10-
cturan 3aeck 1370 1. Ilocnennee necstuierue
3amajHasl 9acTh 3aJIMBAa OCTAETCSA €UHCTBEHHBIM
MeCTOM OOWTaHHSA TOMYIALHUUA JAaHHOTO BHA
kpaba. Ho »ToT paiioH B MeHblIeH Mmepe, dem
BOCTOYHBIN, MOAXOAUT JUIsl KAMUYATCKOTO Kpada.
31ech MOMyJSANMs CTAJIKUBACTCS C Pa3TMIHBIMU
€CTEeCTBEHHBIMU YCIIOBUSIMU, OTPHUIIATEIHHO BIIH-
SIIOLIMMU Ha TEMIIbI Bocnpou3BoacTBa. [Ipounso-
nienmas TpaHcopMmarus TOMyNSAIUA KamdaT-
CKOro Kpaba 3asi. AHMBa HOCUT JJOJTOBPEMEHHBIN
XapakTep, CBsi3aHa C OrPaHUYEHUEM KHU3HEHHOTO
MPOCTPAHCTBA U BEIET K 3HAYUTEIbHOMY CHUXKeE-
HUIO IIPEJEIbHOIO POCTa 3arnaca OTHOCHUTEIBHO
€ro HICTOPUYECKON BEJTUYUHBI.

Hmeromumxcs MaHHBIX Ui OKOHYATENbHBIX
BBIBOJIOB HefocTaTouHo. TpebyroTcst  nanbHei-
M€ JeTAJIbHbIE UCCIIEIOBAHUS B 3TOM HampaBJie-
Hur. HeoOXoauMoO BBITIOTHEHHE B COBPEMEHHBIX
YCIOBUAX JMYMHOYHOW M MaJbKOBOW CHEMKH, a
TaKXe TPATOBOW MHUKPOCHEMKH, YTOOBI TOKA3aTh
OCBOEHHE MOMYJISAMEN 3anaJHOW 4acTH 3aJluBa U
KOJIMYECTBEHHO OIICHUTH TPOOJIEMBI, CBS3aHHBIE
C BOCTPOU3BOACTBOM. B HacTosiiiee Bpemst OTCyT-
CTBYeT COBpEeMEeHHasi MHpOpMaIus M0 COCTaBy H
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PaCIOJIOKEHHUIO TPYHTOB B 3aJI. AHMBA, MBI UMeE-
€M O4YeHb Cl1aboe MpecTaBiIeHne 00 N3MEHEHUSX,
KOCHYBIIIUXCSI IOHHBIX OMOIIEHO30B | B IIEJIOM CO-
CTOSTHHSI KOPMOBO# 6236l OEHTOCOSHBIX THAPOOH-
oHTOB. IHTEepecHO ObUTO OBbI TPOBECTH aHAJIM3 Ha
MIPEMET BBISBICHUS BUOB C CyIbOOH, CXOMHOM C
Cynp0oi KaM4JaTcKoro kpaba, yeit Omororn ObLT Ha-
PYLIEH U KOTOPBIM B pe3yJIbTare JAMIIUHTa TPyHTa
HAHECEH CYIIECTBEHHBIN YpPOH. DTO TOBOJIBHO 3a-
TparHasi, HO Ype3BbIYaiHO BayKHAsl TEMA OIpEIeIie-
HUSL (PAKTUYECKUX PE3YJIBTATOB AHTPOIIOTCHHOTO
BO3/ICHCTBHS Ha BOIOEM U ero odutateneil. Kpome
TOTO, CJIEAYET OTMETHTh, YTO K HACTOSIIEMY BpE-
MEHU CUTYalUsl MOITIa U3MEHUTBCS U MOT HauaThCst
MPOIIECC BOCCTAHOBJICHHUSI OMOTOTIOB.

JlaMOMHT MOXKHO paccMaTpuBaTh Kak CBOEO-
Opa3HbIil HATYPHBIHM SKCIIEPUMEHT, KOTOPbII MbI HE
cMOITH OBl BOCIIPOM3BECTH B JIAOOPATOPHBIX YC-
noBusix. B HacTosiee Bpemsi Mbl HaOMogaeM o4e-
penHyto (azy MpOSBIEHUS €r0 MOCIEACTBUN, HO
MBI 00513aHbI BOCTIONB30BATHCS MPEIOCTABICHHOMN
HaM BO3MOXXHOCTBIO U3YyUUTh BCE MOTEHIMAJIbHBIE
MOCJICZICTBHS TTOIOOHBIX SIBJICHUN C TOUKH 3PCHHUS
byHAaMEHTAILHOW U MIPHUKIIATHON HAYKH.
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«l'eocucTeMbl nepexoaHbix 300» B 2022 1. (TOM 6)

(Spiraea beauverdiana S.K. Schneid.): cTpyKTypHBIE H3MEHEHUS B YCIOBUSX BYJIKaHOTCHHOTO CTpecca Ha FOXKHBIX
Kypunbckux octpoBax u noiyoctpose Kamuarka https://doi.org/10.30730/gtrz.2022.6.4.339-359

ABTop(b1). HazBanue LG
CTPAHHIbI

Teogpusuka. Ceitcmonozusn

Bacunenxo H.@., Ilpuimxos A.C., @ponos /[ 1. l'eomunamuueckue GNSS nabmonenns Ha Kypunbckux octpoBax 4:287-302

https://doi.org/10.30730/gtrz.2022.6.4.287-294.295-302

bozomonoe JI.M., Cviuesa H.A. Tlporno3 3emuerpsicenuit B XXI Beke: mpeapicTOpus U KOHUEHIUHU, NpeaBecTHUKH | 3: 145-182

u npo6emsl https://doi.org/10.30730/gtrz.2022.6.3.145-164.164-182

Caghonos /I.A., Ceménosa E.I1. CeticmuanocTsb tora Jlaneaero Bocroka Poccun B 2021 romy 2: 85-99

https://doi.org/10.30730/gtrz.2022.6.2.085-099

Pecuonanwvnasn zeonozus. I'eomexkmonuka u 2e00uHamuKa

Huxumenko O.A., Epwog B.B., ’Kapkos P.B., Ycmiwoeoe I'B. Jlunamuka GU3HKO-XUMHUYECKUX MTapaMeTpoB TepMoMuHe- | 3: 183—-194

pasibHBIX BOA J[arMHCKOTO MECTOPOXKICHUS (10 MPOBEICHUS PEKOHCTPYKIMH UCTOYHUKOB 2019-2020 rr)

https://doi.org/10.30730/gtrz.2022.6.3.183-194

Kocmpos FO.B., Kameneg I1.A., Jleemsapes B.A. CTpyKTypHO-T€OJIOTHYECKOE U3yUYE€HUE 30HBI BIUSHUS LIEHTPAIbHOMN 1:5-12

yacTtn 3anagHo-CaxanuHackoro pasnoma https://doi.org/10.30730/gtrz.2022.6.1.005-012

Bynkanonozusn

Leemepes A.B., Yubucosa M.B. AKTUBHOCTb BynkaHoB Kypuibckux octpoBos B 2020-2021 . 3: 195205

https://doi.org/10.30730/gtrz.2022.6.3.195-205

Heemepes A.B., Yubucosa M.B. JKCII03UBHAS aKTHBHOCTD ByJkaHa Unkypauku B sHBape—okTsi0pe 2022 1. (0. [Tapamy- | 4: 328-338

mp, CesepHele Kypunbckue octposa) https://doi.org/10.30730/gtrz.2022.6.4.328-338

Heemepes A.B., Kosnos /[.H., Xybaesa O.P., Xomuanogckuii A.JI. DKcrieAuIus M0 U3yYCHUIO HOBBIX TepMalbHBIX | 2: 130-135

nposiBieHui Ha o. Utypyn B 2022 1. https://doi.org/10.30730/gtrz.2022.6.2.130-135

Heemepes A.B., Yubucoea M.B. AxtuBHOCTB BynkaHa Yukypauku (o. [Tapamymmp, ceBeprbie Kypumsckue octposa) | 1:13-23

B siHBape—¢enpaie 2022 r. https://doi.org/10.30730/gtrz.2022.6.1.013-018.018-023

Teomopponozusa u naneozeozpagusn
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JIeTHUKOBOTO mepuona  https://doi.org/10.30730/gtrz.2022.6.3.206-217

Muxuwun FO.A., Topoynos A.O., I'so30esa U.I", Yepenanosa M.B. I1aneokInMarsl, paCTHTEIBHOCTD U TeoxpoHomorus | 3: 218-236

naHamadTHO-KIMMaTHYeCKUX U3MEHEHUH Ha mobepexbe ro-3anagHoil okpanssl CaxajliHa B CPeIHEM—IIO3IHEM

ronorneHe https://doi.org/10.30730/gtrz.2022.6.3.218-236
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https://doi.org/10.30730/gtrz.2022.6.3.237-245

Pazocucaesa H.I', I'anseii JI.A., Apcnanoe X.A., Iwenuunuxoea H.®D. beperossie aroHbl octpoBa Ypyn (Kypunsckue | 2: 100-113

0CTpoBa, ceBepo-3anannas [lamudurka): apxuB H3MeHEHHH TaeoKIMMaTa u IpupoaHol cpensl (Ha anr. s13.).

https://doi.org/10.30730/gtrz.2022.6.2.100-113

Kopurwowenko T.B., Pasocueaesa H.I, I'anszeii JLA., I pebennurosa T A., Kvopseyesa E.I1., [Tuckapesa A.E., IIpoxoney C./1. 1: 2442

[Mpu3naku Tpancdopmannu reocucteM npu ocsoeHnn HOxuoro IIpumopss B cpenHeBexroBbe: ropoanie CTeKIsTHyxa-2

https://doi.org/10.30730/gtrz.2022.6.1.024-042

Moxosa JI.M., Kyopssyesa E.I1. CyOdoccuiibHbIE CIOPOBO-TBUIBIEBBIE CIIEKTPHI KaK OTPaXKEHHE BBICOTHOI mosicHocTu | 1:43-53

IOxHoro Cuxors-Anuss https://doi.org/10.30730/gtrz.2022.6.1.043-053

Okeanonozusn

Llesyenxo I'B., Ijoti A.T. IIpocTpaHCTBEHHAs CTPYKTYypa IIPUINBOB y IOT0O-3aIaqHOT0 Hodepesxbs Kamuarku no qanueM | 3: 246-255

OeperoBbIX HAOMONCHUI U CITyTHUKOBOU anmsruMerpuu https://doi.org/10.30730/gtrz.2022.6.3.246-255

Kosanes /I.11., Kosanes I1./]., bopucos A.C., 3apouunyes B.C., Kupunnoé K.B. OcobeHHoctu Bo30yxxaeHus ceim | 2: 114123

B akBaropuu BOmu3u [loponaiicka (0. Caxanun) https://doi.org/10.30730/gtrz.2022.6.2.114-123

bopucos A.C. XapakTepuCTHKH MOPCKOTO BOJIHEHHUS B ITOPTY ropozaa Xoamck (0. CaxanuH) 1: 54-59

https://doi.org/10.30730/gtrz.2022.6.1.054-059

TI'eoungpopmamuxa

byneaxoe P.@. MonenupoBaHue HanpsHKeHHO-Ie(QOPMUPOBAHHOTO COCTOSIHUSL 3¢MHOHM Kopbl 0. CaxamuH: Biuusaue | 4: 303-327

rugpousocTaszun https://doi.org/10.30730/gtrz.2022.6.4.303-315.316-327

byneaxos P.@. MopenupoBaHue BEPTHKAIBHBIX CMEICHUH B pe3yibTaTe MAaHTHHHOW KOHBEKIUM Ha mpoduie depes | 2: 124-129

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

Ikonozus. I'eorkonozun

Bayepuonosa E.O., Konanuna A.B., Baracosa M.J. Kopa acCHMIIIAIIMOHHBIX 00EroB KycrapHuka crimpen bosepa | 4: 339-359
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OT pegakuyumn

Tanvckux A.HU., Konanuna A.B., Bracosa M.F. OcoOEHHOCTH CTPYKTYPHOTO OTKIIMKA KOPBI U APEBECHHBI Oepe3bl uiocko- | 4: 360-379
mctHo# (Betula platyphylla, Betulaceae) B manmmadTax MOpCKHX MOOepeknii, MarMaTHIeCKAX H TPS3EBHIX BYJIKAHOB
Caxanuna u Kypunbsckux octpoBoB https://doi.org/10.30730/gtrz.2022.6.4.360-379
Escxun A.K. HamouBeHHBIE TUIIAHUKN TEPMaJIbHBIX MECTOOOUTAHUH I0XKHBIX KypHiIbCKUX 0CTPOBOB 4:380-387
https://doi.org/10.30730/gtrz.2022.6.4.380-387
Huszses C.A. DKOIOTHUYECKHE aCHEKThl MHOTOJETHETO paclpeneeHus] MPOMBICIOBOIO cTaaa KamuaTckoro kpaba | 4: 388—404
B 3asiuBe AHuBa (0. Caxanun) https://doi.org/10.30730/gtrz.2022.6.4.388-404
Hlguockas K.A., Konanuna A.B. KpynnomacmtabHoe kaprorpaduposanue pacturensHoctu Kxuo-CaxanuHckoro | 3: 256-276
Ips3eBOTO ByJIKaHa U npuiieratoniero jtanamadra (0. CaxaauH) N0 CIyTHUKOBBIM JTaHHBIM
https://doi.org/10.30730/gtrz.2022.6.3.256-276
IHonmes I0.H., Kopenesa T.I., Mapuviscuxun B.E. Codeparcanue MUKpoIieMeHmos 8 HeKOMOopblxX uoax becno3eonoynslx | 3: 277-282
u3 3anusea Tepnenust Oxomckozo mops https://doi.org/10.30730/gtrz.2022.6.3.277-282
Ilonmes FO.H., Kopenesa T.I., Mapwisicuxun B.E., Coip6y U.B. ConepxaHue MUKPOIJIEMEHTOB B JajbHEBOCTOUHOH | 2: 136-140
MmoiiBe Mallotus catervarius (Pisces: Osmeridae) u3 npuOpeKHBIX BOJ IOT0-3amaaHoi yact 0. CaxaiuH
https://doi.org/10.30730/gtrz.2022.6.2.136-140
Kopenesa T.I, Cucapesa JI.E. ITurMeHTHI B JOHHBIX OTIOKEHHAX 3a11. AHHBa (OXOTCKOE MOpe) 1: 60-73
https://doi.org/10.30730/gtrz.2022.6.1.060-073
Topical index of articles published in the journal

“Geosystems of Transition Zones” in 2022 (Volume 6)
Author(s). Title {,s;lgl:s:
Geophysics. Seismology
Vasilenko N.F., Prytkov A.S., Frolov D.I. Geodynamic GNSS observations on the Kuril Islands (In Russ. & Engl.) 4: 287-302
https://doi.org/10.30730/gtrz.2022.6.4.287-294.295-302
Bogomolov L.M., Sycheva N.A. Earthquake predictions in XXI century: prehistory and concepts, precursors and | 3: 145-182
problems (In Russ. & Engl.) https://doi.org/10.30730/gtrz.2022.6.3.145-164.164-182
Safonov D.A., Semenova E.P. Seismicity of the South Far East of Russia in 2021. 2: 85-99
https://doi.org/10.30730/gtrz.2022.6.2.085-099
Regional geology. Geotectonics and geodynamics
Nikitenko O.A., Ershov V.V., Zharkov R.V., Ustyugov G.V. Dynamics of the physicochemical characteristics of the | 3: 183-194
thermomineral waters of the Daginsky field (before the reconstruction of the springs in 2019-2020)
https://doi.org/10.30730/gtrz.2022.6.3.183-194
Kostrov Yu.V., Kamenev P.A., Degtyarev V.A. Structural and geological study of the zone of influence of the central part 1:5-12
of the West Sakhalin fault https://doi.org/10.30730/gtrz.2022.6.1.005-012
Volcanology
Degterev A.V., Chibisova M.V. The explosive activity of Chikurachki volcano in January—October 2022 (Paramushir | 4: 328-338
Island, Northern Kuriles) https://doi.org/10.30730/gtrz.2022.6.4.328-338
Degterev A.V.,, Chibisova M.V. Volcanic activity of the Kuril Islands in 2020-2021 3: 195205
https://doi.org/10.30730/gtrz.2022.6.3.195-205
Degterev A.V., Kozlov D.N., Hubaeva O.R., Khomchanovskiy A.L. Expedition to study new thermal manifestations | 2: 130-135
on Iturup Island in 2022 https://doi.org/10.30730/gtrz.2022.6.2.130-135
Degterev A.V., Chibisova M.V. The activity of Chikurachki volcano (Paramushir Isl., Northern Kuriles) in January— | 1: 13-23
February of 2022 (In Russ. & Engl.) https://doi.org/10.30730/gtrz.2022.6.1.013-018.018-023
Geomorphology and Palaeogeography
Lyashchevskaya M.S., Ganzey L.A. Dynamic of vegetation of the southern Primorye during the climatic rhythm | 3: 206-217
of the Little Ice Age https://doi.org/10.30730/gtrz.2022.6.3.206-217
Mikishin Yu.A., Gorbunov A.O., Gvozdeva 1.G., Cherepanova M.V. Palaeoclimates, vegetation and geochronolo- | 3: 218-236
gy of landscape-climatic evolution on the coast of the southwestern margin of Sakhalin in the Middle—Late Holocene
https://doi.org/10.30730/gtrz.2022.6.3.218-236
Romanyuk F.A., Kozlov D.N., Zharkov R.V. First results of field work in 2021 on the group of Novikovskiye Karyernye | 3: 237-245
lakes (Sakhalin Island): morphology and morphometric parameters of basins
https://doi.org/10.30730/gtrz.2022.6.3.237-245
Razjigaeva N.G., Ganzey L.A., Arslanov Kh.A., Pshenichnikova N.F. Coastal dunes of Urup Island (Kuril Islands, North- | 2: 100-113
Western Pacific): palacoclimatic and environmental archive (In Engl.).
https://doi.org/10.30730/gtrz.2022.6.2.100-113
Kornyushenko T.V., Razjigaeva N.G., Ganzey L.A., Grebennikova T A., Kudryavtseva E.P,, Piskareva Y.E., Prokopets S.D. 1: 2442

Evidence of geosystems transformation during Medieval development of South Primorye: Steklyanukha-2 fortress htt-
ps://doi.org/10.30730/gtrz.2022.6.1.024-042
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Bacunenxo H.®., llpeimxos A.C., @ponos .. I'eonunamuueckue GNSS HabmoneHus Ha Kypuibckux ocTpoBax 4: 287-302

Bayepuonosa E.O., Konanuna A.B., Bracosa .M. Kopa accuMHIAIMOHHBIX T00ETOB KycTapHuKa cnupen bosepa (Spiraea | 4: 339-359

beauverdiana S.K. Schneid.): cTpykTypHBIe M3MEHEHHS B YCIOBUAX BYJIKAHOI€HHOTO CTpecca Ha FOXKHBIX KypHIbCKHX

ocTpoBax u nomyoctpose Kamuarka

Bnacosa 1.U. cm. Bayepuonosa E.O.

Bnacosa U.U. em. Bayepuonosa E.O.; eMm. Tansckux A.H.

Tanzeii JI.A. cM. Kopurwowenxo T.B.; eM. Jluyesckas M.C.; cMm. Paszowcueaesa H.I'

I'Bozmesa W.I. ecm. Mukuwun FO.A.

T'opbynos A.O. cM. Mukuwun FO.A.

I'pedennnkora T.A. cm. Kopriowenko T.B.

Jleemepes A.B., Kosnos /[{.H., Xybaesa O.P., Xomuanoeckuil A.JI. DkCieauust 0 N3y4EHUIO HOBBIX TePMaJIbHBIX TposiBieHni | 2: 130-135

Ha 0. Utypyn B 2022 1.

Jeemepee A.B., Yubucosa M.B. AktuBaocts Byakana Uukypauku (0. [Tapamymmp, ceBepusie Kypuibckre octpoBa) B siHBa- 1:13-23
pe—bepaine 2022 1.
Jeemepee A.B., Yubucoea M.B. AxtuBHOCTS BynkaHOB Kypuibckux octpoBoB B 2020-2021 rr. 3: 195205

Heemepes A.B., Yubucosa M.B. Dkcrno3uBHasi akKTUBHOCTD ByjikaHa Yukypauku B sHBape—okTsiope 2022 1. (0. [Tapamymup, | 4: 328-338
Cesepubie Kypuibckue ocTposa)

Hertsapes B.A. cm. Kocmpog FO.B.
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OT pegakuyumn

Eorckun A.K. HanlouBeHHbIE TUIIAHHUKN TEPMAJILHBIX MECTOOOUTAHUH I00KHBIX KypHIIbCKHX OCTPOBOB 4: 380-387
Epmos B.B. cm. Huxumenxo O.A.

XKapkos P.B. cm. Huxkumenxo O.A.; cM. Pomaniox @.A.
3apouunues B.C. cm. Kosanes /.11

Kamenes I1.A. cMm. Kocmpog FO.B.

Kupuanos K.B. cm. Kosanes /[.11.

Koesanes /.11, Kosanes I1/]., Bopucog A.C., 3apouunyes B.C., Kupuinos K.B. OcobeHHOCTH BO30YX/IeHUs cei B akBaTopuu | 2: 114-123
BOmm3u [Topowaiicka (0. Caxanun)

Kosauxes I1.J1. cm. Kosanes JI.11.

Kosnos [I.H. cm. [Jeemepes A.B.; cm. Pomaniok @.A.

Komnanuna A.B. cM. Bayepuonosa E.O.; cM. Tanvckux A.H.; em. Llleuockan K.A.
Kopenesa T.I'. cm. [Tonmes FO.H. (Ne 2 u Ne 3)

Kopenesa T.I', Cuzapesa JI.E. IIurMeHTHI B JOHHBIX OTJIOKEHUX 3ai1. AHEBa (OX0TCKOE MOpE) 1: 60-73

Kopnrwowenxo T.B., Pasocueaesa H.I, I'ansei JI.A., I pebennuxosa T.A., Kyopssyesa E.II., [Tuckapesa A.E., IIpoxoney C. /. 1:24-42
IMpusHaku Tpancdopmannu reocucteM npu ocBoernu FOxxHoro IIpumopbs B cpeHeBekoBbe: ropoauine CTeksHyxa-2

Kocmpos I0.B., Kamenes I1.A., [{ecmapes B.A. CTpyKTypHO-T€0JIOTHYECKOE U3yUE€HNE 30HBI BIUSHUS EHTPAIbHON YacTH 1:5-12
3ananno-CaxaJlHCKOTO pa3ioMa

Kynpssuesa E.I1. cM. Kopuiowenko T.B.; cm. Moxoea JI.M.
JIawesckan M.C., I'anzeii JI.A. JIlnHamMuKa pacTUTENLHOCTH rora [IpuMOpbst TP KIIMMAaTHYE€CKONH PUTMHKE MaJIoro JienHHKoBoro | 3: 206217
nepuoza

Mapsokuxut B.E. cm. ITonimes FO.H. (Ne 2 1 Ne 3)

Muxuwun 1O.A., I'opbynos A.O., ['6o30esa U.I", Yepenanosa M.B. IlaneoknmMaTsl, paCTUTEIBHOCTD ¥ TEOXpOHONOTH IaHA- | 3: 218-236
maTHO-KIIMMAaTHYECKUX U3MEHECHHUI Ha MOOEpexkbe I0ro-3anafHoi okpantsl CaxajanHa B CpeIHEM—II03IHEM TOJIOLCHE

Moxosa JI.M., Kyopseyeea E.Il. Cy6doccuibHble CIOPOBO-TBUIBIEBBIC CIIEKTPhl KaK OTPAKCHHE BBICOTHOW MOSICHOCTH 1:43-53
IOxHoro Cuxor?-Anuss

Hussee C.A. DKONOrMuecKHe aceKThl MHOTOJIETHETO PaclpeieeH s IPOMbICIOBOIO CTaja KaMyarckoro kpaba B 3anuse | 4: 388-404
AmHnga (0. Caxanus)

Huxumenxo O.A., Epwos B.B., )Kaproe P.B., Ycmrwoeos I'B. [lunamuka (prU3nKo-XMMUYECKUX NTapaMeTPOB TepMOMUHepanbHbIX | 3: 183-194
BOJ JIarMHCKOTO MECTOPOXKICHHS (10 MPOBEICHHUS PEKOHCTPYKLMH UCTOUHUKOB 20192020 rr.)

[uckapesa f.E. cm. Kopuiowenxo T.B.

Ilonmes I0.H., Kopenesa T.I., Mapuwiowcuxun B.E. CopepkaHre MHUKPO3JIEMEHTOB B HEKOTOPBIX BHJaX O€CIIO3BOHOUHBIX M3 | 3:277-282
3anuBa Teprnenust OXOTCKOro Mopst

Ilonmes FO.H., Kopenesa T.I, Mapviocuxurn B.E., Coipoy U.B. ComepxaHue MHKPODJIEMEHTOB B JAIbHEBOCTOYHOW MoiiBe | 2: 136-140
Mallotus catervarius (Pisces: Osmeridae) u3 npuOpexHbIX BOJ 10ro-3anaaHoi yactu o. CaxainH

Ipoxonen C.J. cMm. Kopuiowenko T.B.
IpsiTkoB A.C. cM. Bacunenko H.®.
[MmennaankoBa H.®. cm. Pasorcueaesa H.I'
Pazxuraesa H.I. cMm. Kopurwowenxo T.B.

Pasocuzaesa H.I', I'anzeii JIL.A., Apcnanog X.A., IlNuwenuunuxosa H.@. Beperossie moHb1 octpoBa Ypyn (Kypunsckue octpora, | 2: 100-113
ceBepo-3anaanas [lanuduka): apxuB H3MEHEHHH ManeoKIMMara u npupoanoi cpenst (Ha anri. 513.).

Pomaniox @.4., Koznos [{.H., ?Kapkoe P.B. IlepBble pe3ynbrarsl nonesbix padbor 2021 r. Ha rpynne HoBukosckux KapbepHbix | 3: 237-245
o3ep (0. CaxamuH): Mopdoorus 1 MophoMeTpHIeCKUE apaMeTpbl KOTIOBUH

Cagponos J].A., Ceménosa E.I1. Cericmnunocts tora JlansHero Boctoka Poccun B 2021 rony 2:85-99
Cewménona E.I1. cm. Caghonos /] A.
Curapesa JL.E. cm. Kopenesa T.1.
Cripby U.B. cm. [Tonmes FO.H.
CerueBa H.A. cm. Bocomonoe JI.M.

Tanvckux A.HU., Konanuna A.B., Bracoea M.HM. OcoOEHHOCTH CTPYKTYPHOTO OTKJIMKa KOPBI U JIpeBecuHbl Oepesbl miocko- | 4: 360-379
nuctHoi (Betula platyphylla, Betulaceae) B nangmagdTax MOpCKUX moOepexuil, MarMaTH4ecKux M rpsi3eBbiX ByJakaHoB Ca-
xanuHa u KypHiabCKux ocTpoBOB

Yerroros I'B. em. Hukumenxo O.A.

®ponos JI.U. cMm. Bacunenxo H. .

XomuanoBckuit AJI. cMm. Jeemepes A.B.

Xy6aesa O.P. cM. /[leemepes A.B.

oit A.T. cm. lllesuenko I'B.

UepenanoBa M.B. eMm. Mukuwun FO.A.

Uubucosa M.B. cm. [leemepes A.B. (Ne 1, Ne 3 u Ne 4)
Llsuockas K.A., Konanuna A.B. KpynHomaciitabnoe kaprorpapupoBanue pactutensnocti KOxno-Caxanunckoro rpsizeBoro | 3: 256-276
ByJIKaHa U Ipuileraroniero ragamadra (0. CaxanuH) IO CIIyTHHKOBBIM JaHHBIM
Llesuenxo I'B., Lfoui A.T. IlpocTpaHCTBEHHAsl CTPYKTypa HNPUIIUBOB Y I0To-3anajgHoro nobepexbs Kamuarku no gaHHbM | 3:246-255
OeperoBbIX HaOMIONEHUI U CITyTHUKOBOH aJIbTUMETPUU
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