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B craTbe onucaH KpyIHbIi 00BaJl, mpou3oleainii Ha ByjakaHe XKentoBckuii jetom 2012 1. [Tokasa-
Hbl OCHOBHbIE 0COOEHHOCTHU BYJIKaHMYECKON MOCTPOMKHM, MOJTYyUYEeHBI TJaBHbIE MOp(oMeTprIeCcKUe
XapakTepucTuku ooBasia. O6Baly, cKkopee BCero, Cnoco0CTBOBaJO HaJauuue OOJIbIIOTO KOJUYeCTBa
CJ1a00CBSI3aHHBIX U3MEHEHHBIX MOPOJI B BEPIIMHHOM YaCTH BYJKaHUYECKOI MOCTPOMKHU U MepeyBIaxX-
HEHUE TPYHTOB B ITEpUOJ CHEroTastHU . HUKakKux 3Ha4MMBbIX CEHCMUYECKUX UJIU METEOPOJOTMUECKUX
COOBITH 1 HEMOCPEACTBEHHO Nepel 00BaoM He 3a(puKCUPOBAHO. DTOT MPUMED MOKA3bIBAET, UTO KPYTI-
HbIe 00BaJIbl HA ByJIKAHUYECKUX IMTOCTPOMKAX MOTYT MPOUCXOAUTH 0€3 MPeBECTHUKOB, UTO 3aCTABJISIET
0oJiee BHUMATEJIbHO MOAXOAMTH K MPoOJieMe OLIEHKHU CBSI3aHHOM C HUMU onacHOCTU. CTaThsl MOJTHOCTbIO
MOCTPOEHA HAa JAHHBIX JUCTAHLIMOHHBIX METOIOB, O0JIbIIAS YACTh KOTOPBIX ObLJIA MOJIyuyeHa U3 o0lie-

JOCTYIMHBIX NCTOYHUKOB B CETU MHTCpHCT.

Karwuesvie cnosa: Kamuamia, 066an, akmugHulil 8YAKAH, OUCMAHUUOHHbLIE MemOObl.

BBEJEHUE

O06BaIbl — BeCbMa paclpoCcTpaHeHHOE SIBJICHUE
Ha BYJIKAHUYECKUX MocTpoiikax. O6BaiaM crocoo-
CTBYEeT MHOXECTBO (DAKTOPOB, B UMCJIe KOTOPHIX 3HA-
YUTeIbHAs BBHICOTA BYJKAHUUECKUX COOPYKEHUI,
KpPYyTHU3HA UX CKJIOHOB, T€TEPOT€HHOCTD CIOXKEHU S
(uepenoBaHMe JaB M PHIXJIOM MMPOKJIACTUKH, Ha-
JU4Yue Aaek), BbICOKas permoHajabHasi M MeCTHas
CEICMUYHOCTb, OOUJIbHBIE aTMOC(EpPHbIE OCaIKU
u 1.11. (Menekecues, bpatiniesa, 1984). O6Banbl o
MaclITady MOTYT MEHSITBHCSI OT He3HAYUTEJIbHBIX
OCBIIEeN A0 KPYIMHEHIINX CEKTOPHBIX OOpYILIEHUA,
B pe3yJbTaTe KOTOPHIX 00pa3yIoTcs MOIBHMKHBIE
obsoMouHble TaBUHBI (Siebert, 1984). KpymnHele
00BaJIbl Ha IENCTBYIOIINX ByJIKAaHAX MOTYT CTYXXKUTh
CITYCKOBBIM KPIOUKOM CUJIbHBIX U3BEPXKEHU I 1 JasKe
NPUBOAUTH K MEPECTPOMKE NUTAIOIIEH CUCTEMbI
ByJkaHa (Manconi et al., 2009). Ho naxxe He3Ha4Yu-
TeJIbHBIN 00BaJl HA aKTHUBHOM BYJIKaHe 3aCJIyXH-
BaeT MPUCTAJIbHOTO BHUMAHM S, TTOCKOJIBKY MOXET
CUTHAJIM3UPOBATh O HAUMHAIOIIEHCSI aKTUBU3ALI UK
BYJKaHUYECKOM NeSITeIbHOCTH.

B nmepuon mexny 17 u 19 utons 2012 r. Ha ByJI-
kaHe XKenrosckuii (FOxHasg Kamuarka) mpousolesn
00BaJI, OTJIOKEHUSI KOTOPOTO PaclpoCTpaHUINCh HA
paccrosHue ~7 KM ot Kparepa. CoObITHE OCTaBaoCh

He3aMeYeHHBIM 0 TeX ITOP, ITOKa He ObIIO BBISIBJICHO
aBTOpaMU MpU IIPOCMOTPE OOHOBJICHUI B CEpBUCE
Google Earth. HacTosiee coob1ieHre MOCBSIIIEHO
BBISICHEHUIO AeTajieil 3TOro COObITUSI U OCHOBAaHO
Ha MHTepIpeTalyd JaHHBIX TUCTAHLIMOHHOTO
3oHaupoBaHus. o cux nop Ha KOxHoit Kamuarke
KpYITTHBIE 00BaJIbI OBIJIM OMMCAHBI TOJBKO Ha BYJIKa-
Hax JIukwnii 'pedbens u KambanbHbiii (Ponomareva
etal., 2006).

OBLIAS XAPAKTEPUCTHUKA
BYJIKAHA XKEJITOBCKUA

Bynkan XKenroBckuii pacrojioxeH Ha FOxHoit
Kamuarke mpuMepHO B 16 KM K CeEBEpPO-BOCTOKY
oT Kypunbckoro osepa (puc. 1). BeicoTa ByjikaHa,
yKa3aHHas Ha TornorpapuyecKkux Kaprax, COCTaB-
nsget 1957 m (cvemka 1974-1975 rr.). IlocTpoiika
XKenrosckoro Oblja B 1eJoM chopMuUpoOBaHa B
no3gHeM mueiictoueHe (Kamuartka ..., 1974). OHa
BKJIIOUAET CTPATOBYJKAH, CPe3aHHBINA KaJIbICPOiA,
M PACHOJOXEHHBIA BHYTPU KaJlbA€Pbl MOJIOAOW
KOHYC, KOTOPBI yBeHUaH KpyIHBIM (~500x800 M)
KpaTtepoM (puc. 2). KpaTtep moutu LeJImKoM 3aroJi-
HEH T'OJIOIIEHOBBIMU JIABOBBIMY KYTIOJIaMU, KOTOPbIE
MEePEKPHIBAIOT €ro I0XHYIO U BOCTOUHYIO OPOBKY.
BynkaH cnoxeH nmopogamu nuddepeHIMPOBaHHOM
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Puc. 1. TTonoxeHue ByikaHa XKeaToBckuii. PaMkoii mokaszaHo nosioxeHue puc. 4. Ha Bpe3ke TpeyrojJbHUKaMU T0-
Ka3aHo IMOoJIoKeHUe MeTeocTaHLIMi XoayTKa (X) u Meic Jlomatka (MJI).

0a3anbT-pUOIUTOBOM cepun (HdeiicTByloIINE ...,
1991). B npuBeplIMHHON YacTU ByJIKaHa IIMPOKO
pacIpocTpaHeHbl K3MEeHEeHHbIe oponbl. [TomHoXMe
BYJIKAHA MEPEKPHITO OTIOXEHUSIMU IIEM30BBIX K-
POKJIAaCTUYECKMX IIOTOKOB, CBSI3aHHBIX C KAJIbAEPO-
00pa3yolIM U3BepxKeHeM B paiioHe Kypuiabckoro
ozepa ~8400 et Hazan (Ponomareva et al., 2004).
31ech U majiee OIS JOUCTOPUUYECKUX COOBITUIL
IIPUBOIUTCS KaJIUOPOBAHHBIN paauoyIJIepOIHBII
Bo3pacT B rogax a0 1950 r.

BynkaH cunTaeTcst IeCTBYIOLIUM, IIOCKOJBKY
IIJIST HETO 3apeTMCTPUPOBAHbBI IBa UCTOPUYCCKUX
usBepxxeHus: B XIX B. u B 1923 r. (HoBorpabJe-
HOB, 1932). B Havane 1972 r. Ha ByJKaHe Oblia
oOHapyxeHa GyMapoibHasi aKTUBHOCTh, KOTOpast
nponoskanach g0 1973 r. (HeiictBytomue ..., 1991).
Bbauxaiiiine HaceJleHHbIe MYHKTHI 1oc. O3epHOB-
CKMIA U cesio 3amnopoxkbe HaxonsaTcs B ~60 KM Ha
3amaj oT ByJKaHa. B okpecTHocTSX 2Ke1TOBCKOro
nMeIoTcst KopaoHsl FOxxHo-KamMyaTckoro 3aka3Hu-
Ka, OJIMKAMIINi U3 KOTOPBIX PACIIOIOKEH Y UCTOKA
p. O3epHoI1 Ha pacCcTOSTHUM 23 KM K I0ro-3amafay ot
ByJIKaHa 2KeJITOBCKUIA.

TedpoxpoHOIOrnYeCKKe UCCACTOBAHUS Y IO/~

HOXMU I ByJIKaHa 2KeJITOBCKOTO MMO3BOJIMJIM B 001X
YyepTax BBISICHUTH 3PYNTUBHYIO UCTOPUIO BYyJIKaHa
B T'OJIOLICHE U BBISICHUTBH XapaKTep HEKOTOPBIX €ro
un3BepxeHuit (Ponomareva et al., 2002; Zaretskaya
etal., 2007; HeonmyOJIMKOBaHHbBIC TaHHbBIE AaBTOPOB).
JlaBoBnbIit kKymoa I (puc. 2), KOTOpbIit Tiepe-
KpBIBaeT 3alaaHbIii OOPT BEPUIMHHOTO KpaTepa
U ABJSETCA CaMOU BBICOKOW TOUYKOU BYJIKaHa,
obpazoBaicsa ~4000 yseT Hazanm. MaHTuUS KyIlona,
cocToslas U3 00J0MKOB aHIe31ba3abTa, CIycKa-
eTcs IO 3aIllalHOMY CKJIOHY ByJIKaHa U 3aJieraeT B
MMOYBEHHO-TTMPOKJIACTUUECKOM UeXJie B TOPU3OHTE
1IJIAKOB 3TOT0 BO3pacTa, JaTUPOBAHHBIX aBTOPaMU
panuoyriepoaHbIM METOIOM 10 IMOACTUIAOIICH X
nouBe. Ilocne 3Toro u3BepxkeHus B AESITEILHOCTU
BYJIKaHa HACTYIIWJI IJIMTEJIbHBIN TIEpePhIB.
BynkaHuyeckass akTHBHOCTb BO30OHOBUJIACH
~500 neT Ha3am, Korma MPOMU3OIIJTI0 U3JTUIHUE
METJIOBO-TJBIOOBOTO MU POKIACTUYECKOTO ITOTOKA
Ha I0XHBIN CKJIOH ByJKaHa, BblManeHue Tedpshl,
¢opMUpOBaHME aHIE3UTOBOrO JaBOBOI'O KYyIIoJja
II, a Takke opMUpPOBAHYE JaXapoOB, OTIOXKEHUS
KOTOPBIX IMMPOCIEKUBAIOTCS 10 TOOepexbs Tuxoro
okeaHa (puc. 2). Tedpa pacrnpocTpaHuIach BO BCe
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Puc. 2. TononieHOBBIE OTIOXEHUST ByJIKaHa 2KelTOBCKUi 1o o6Bajia (B KaueCTBe MOIJIOXKHN UCIIOJIb30BaHa TeHeBasI
ormbiBKa o LIMP SRTM): I — ariomepatoBasi MaHTHUsI HauboJiee IPeBHETO BHYTPUKPATEPHOTO KCTPY3UBHOTO
KyrmoJja, pa3pyuieHHoro oosaysiom 2012 1., 2 — arioMepaToBass MaHTUSI BHYTPUKPATEPHOTO KYII0JIa HEU3BECTHOTO
Bo3pacTa, 3 — 3KcTpy3uBHBIN Kymou | (~4000 1. H.) 1 ero aromeparoBasi MAaHTUST 4 — 9KCTPY3UBHBIN Kyrtoa 11
(~500 1. H.) 1 ero arloMmepaToBast MaHTU, 5 — JaBOBBIX MOTOK 500 JI. H., 6 — OTJIOXEHU S TEMJIOBO-TJILIOOBOTO O~
Toka ~500 1. H., 7 — akcTpy3uBHble KymnoJa [I1I-V (XIX B.) u ux armomeparoBast MaHTHUSI, § — 0OBaJIbHO-OCBITTHOM
uieiid, 9 — ornoxeHus JaxapoB, /0 — OTJIOXEHUST KPYITHOTO ApeBHero ooBana, /1 — OTJIOKEHUST MMPOKJIacTUUe-
CKHMX TTOTOKOB KaJIbJepooOpasyolero nu3BepxxeHus B paitone Kypuiabckoro o3epa, 12 — OpoBKHU KabAepbl, KpaTe-
pa 1 06BaIbHOTO IIMpKa. TouKaMu IMOKa3aHbl BEPIIMHBI 9KCTPY3UBHBIX KYIOJIOB, 3B€3I0YKOI — BepIIMHA BYJIKaHA.

-9 [ 10 1"/ 12

CTOPOHBI OT ByJIKaHa Ha paccTosiHue 6oJiee 15 kM.
Ha 1oro-BocTo4yHOM MOAHOXUYM ByJKaHa Ha pac-
CTOSIHUM ~8 KM OT KpaTepa €€ MOIITHOCTb JOCTUTAET
20 cM.

Tedpa caenyroliero u3BepkeHs 3axkara B pas-
pes3e Mexay neM3oi ByJkaHa Kcymau uzBepxkeHus
1907r. u mouBoii ¢ Bo3pacTtoM ~ 180 net. Ee cTpa-
TUTrpaduyecKoe MoJIoKeHNEe TTO3BOJSIET MPEATION0-
XKUTb, YTO 3Ta Teppa MPUHALIECKUT COOBITHIO XIX B.,
oTMeyeHHoMmy B cBonke II.T. HoBorpabieHnoBa
(1932). UmeHHO 3TO U3BEpXKEHUE, BEPOSITHO, OBLIO
CaMbIM CHJIBHBIM 3a BCIO T'OJIOLIEHOBYIO UCTOPUIO
ByJKaHa. Bo BpeMs u3Bep:KeHM s MPOU3OIIE]T Bbl-
6poc Tedprl B BIOB HanpaBiaeHuu, popMupoBaHue
J1aBoBbIX KynoJioB ITI-V B BOCTOUHOI YacTH BEPLIMH-
HOTO KpaTepa U MX MAaHTHU 1 Ha BOCTOYHOM CKJIOHE
ByJIKaHa, a TakxXe obpa3zoBaHue JlaxapoB. Tedpa
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9TOTO U3BEPXKEHUS MPEACTABISIET COOOM «J1aBOBbIE
JIATIUJLIM», KOTOPBIE TI0 COCTAaBY OTBEUYaloOT 6a3aib-
TaM M coepXKaT OOMJIbHBIC aJUIMBAJIUTOBBIC BKITIO-
yeHusl. MoIIHOCTh Tedpbl HA mobepexbe TUXOro
okeaHa B 20 KM OoT ByJKaHa coctasiset ~30 cMm, 1Mo
pa3MepHOCTU Tedpa oTBeUaeT JAIUJJIN U TPaBUIO.
Ha ocHOBaHMHU YCTaHOBJIEHHOTO B XOII¢ MOJIEBBIX
paboT MPOCTPAHCTBEHHOTO MOJIOXKEH M ST U30TTaXUThI
30 cM, MUHUMAJbHBIN 00beM Tepbl MOXHO OIle-
HuTth B 0.5 kM3 (Legros, 2000).

Crnenyiolliee U3BEpXeHUE, MPOU3OLIEAIIEe B
1923 romy 6b1J10 OTMCAaHO OYEBUALIAMH CICIYIOIIAM
obpaszom: «1923 1. 11 dbeBpana B 13 4. HaYaIOCh 3eM-
JIETPSICEHME U TTOCIIBIIIAJICS TTOA3EMHBIN I'yJI cHaJya-
Jla TUXO, a TIOTOM BCe TpOMY€ U CUJIbHEE, TTOKa, Ha-
KOHell, B 14 4acoB He MOC/IeI0BaJl CUJILHBIN TOJUOK
U He pa3fasicd CTPAlIHbIN B3phIB Ha BepinHe 2Ke-
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TOBCKOI CONKM. MTHOBEHHO M3 KpaTepa BbIJIeTeN
OTrPOMHBIN YEPHBIN CTOJO AbIMa, 0Opa30BaBIIMUIA
Haz ByJIKaHOM 4epHyIlo Ty4dy. C MOMeHTa B3pbIBa
3eMJIETPSICEHME MPEKPaTUIOCh U Ooyiee HE TTOBTO-
psinock. 'y 1ien yxe ot Kparepa; HOYbIO 3peJIniie
OBLIO UCKJIIOUMTEIbHOE 10 CBOEil 3(h(PEeKTHOCTH.
Cormnka ropena, Kak YyJOBUIIHBIN paken. JJanuinu
(MeJIKue TeperopeBliie KaMHU) BbLIETaJIu CHOIIOM
U3 Heap 3eMII, TTafas B CTOpoHy peku Kcynau. 13-
BEepXKEeHUE TTPOAOJIKAIOCH B TEYCHUE IBYX MECSIIEB,
nocteneHHo ociabeBas B cujie» (IlonsipHas 3Be3-
na, 1923, mo http://www.wdcb.ru/sep/seismology/
method/Kamchatka 2/Report_part2.html ). Cyna
o 3TOMY ONMCaHUIO, Tedpa U3BepxKeHus 1923 r.
BBINAgajia K cCeBepy OT ByJKaHa. DTy Tedpy HaM roka
He yAajxoch UACHTUGUIIMPOBATH HA MECTHOCTH.
BoamoxHo, nzBepxkeHue 1923 r. 661710 3HAYUTETBHO
cliabee, yeM IpeablAyIIUeE.

Texymuit nepron aKTUBHOCTU ByJiKaHa 2KeJi-
TOBCKMI, KOTophiid Havyaicsa ~500 et Ha3and mocie
JOJITOTO TepephiBa, SBISIETCSI OTHUM M3 TIPOSIBIIC-
HUIt o0lIell aKTUBU3alMU BYyJIKaHOB CaMOTO lora
Kamyatku B nociegHue coTHu et (Ponomareva
et al., 2002).

YCTAHOBJIEHUME OATDBI COBLITHUA

BriepBhie cBexkMe 0OBaJibHbBIE OTJIOXEHUS Y
IOKHOT'O MOAHOXMS ByJaKaHa ZKeJITOBCKMUl ObLIMU
oGHapyxXeHbl aBTopaMu B 2014 1. Ha cHUMKaXx 26
aBrycta 2013 r., onyOo/JMKOBaHHBIX B UioHe 2014 T.
Ha cepBuce Google Earth.

Jletom 2006 1. Ha ByJIKaHe TTPOBOAUINCH MOJIE-
Bble paboOTHI oTpsiga MHCTUTYTa T€OXMMUU U aHa-
nqutudeckor xumuu um. B.. Bepnanckoro PAH,
BO BpeMsl KOTOPHIX OblIM caeidaHbl poTorpadpuu
ero 10XHOro ckJjoHa (puc. 3 g, ¢). O06Baa K 3TOMY
BPEMEHMU ellle He ITPOM3OIIIEI.

AHanu3 AOCTYNHBIX apXUBHBIX CHUMKOB
Landsat-5 u Landsat-7 (http://earthexplorer.usgs.
gov/) TI03BOJIUJ Cy3UTh BPEMEHHOI MPOMEXYTOK
o6Bana — 17-21 urons 2012 r. OnHako HeOoJbIIas
MEePUOTUYHOCTh CheMKHU MECTHOCTU CEHCOPOM
Landsat-7/ETM+ He mo3BoJinJIa YCTAHOBUTH TOY-
HYIO 1aTy COOBITHSI.

HanbpHeliliee yTOUHeHHUE OTaThl oOBajia ObLIO
MPOBEACHO IO ONEePATUBHBIM €XeTHEBHBIM CHUM-
KaM, TIOJIyUeHHBIM CheMOUYHOM cucteMoilt MODIS
Ha TeppUTOpHUI0 HUcchaengoBaHusg. CheMoUyHasd
cuctema MODIS, HecMOTpsl Ha HEBBICOKOE IIPO-
CTPaHCTBEHHOE pa3pelleHe, TO3BOJISIET eXXEeIHEBHO
MoJiyyaTh CHUMKHU Ha UCCIEAYyeMYIO TEPPUTOPUIO.
ExenHeBHBIC MMOKPHITUS MPAKTUUYECKHU Ha BCIO
TeppUTOpHI0 3eMJIN ONMyOJIMKOBAHBI B OTKPBITOM
Joctyne B ceTu MHTepHET U MOT'YT ObITh UCIIOJIb30-
BaHBI 1J151 BOCCTAHOBJICHM I TEX UJIM MHBIX COOBITU I
(https://earthdata.nasa.gov/labs/worldview/).

Ha puc. 4 npencraBiaeHbl KOCMUYECKHE CHUMKU

Aqua/MODIS 3a 17 u 19 utong. Ha kocmuuyeckom
CHMMKE OT 19 MIOHSI KOHTYpP OTJIOXEHUI oOBaja
y3K€ OTUYETJIMBO BUJIEH, B TO BpeMs KaK Ha CHUMKe 17
HIOHS OH OTCYTCTBYeT. CHUMKM 18 MIOH S OKa3aluCh
HenHGOPMATHUBHBI U3-3a MJIOTHOI 00JaYHOCTH.
Taxum o6pazom, 0OBaJI IPOU3OIIET B MHTEPBaJI Bpe-
meHu Mexay 14:30 17 utons u 14:20 19 utoHd, Bpems
Kamuatckoe (http://www.ssec.wisc.edu/datacenter/
aqua/archive/GLOBALY/).

OINMWCAHUE OBBAJIbHBIX OTJIOXKEHU

Oo6Bax 17-19 utons 2012 r. mpou3oliesa Ha 10XK-
HOM CKJIOHE ByJIKaHa, 00JJOMKH OCTAHOBUJIUCH Y €TO
OCHOBAHUS, JIMIIIb HEMHOIO He TONIS 10 HOJUHBI
0e3bIMSIHHOI'O ITPaBOro MPpUTOKA peK1 MIbUHCKOM.
CteHKa oTphIBa 00Bajia pacroyioKeHa Ha BBICOTaX
1400-1800 M 1 3aXBaTBIBAET I0KHYIO YACTh dKCTPY-
3uBHOTO Ky1oJa Il 1 ero MaHTHHM, 001Ias MJIOLIAAb
00BaJILHOTO LI PKa cocTaBuia okosio 0.3 km? (puc. 5).

IlepeMelieHHBIM 00JIOMOYHBII MaTepHa ya-
CTUYHO OBLI 3aJiepKaH YCTYIOM Kalibaephl B 1200 M
K IOTO-BOCTOKY OT CTEHKHU OTpbIBa 1 00pa3oBaJi 1Ba
HeOONBIINX aKKYMYJISITUBHBIX Tesa (puc. 5, 3Au 3B)
B BepxHeii yactu mocTpoiiku. [1momanp mieiida 3A
okoJ10 0.6 kM2, 3B — 0.25 kM?. B oCBITTHBIX 1IIEM(ax
MNPUCYTCTBYIOT OJIoKU Gojiee 40 M B morepeyHUKe
(puc. 5, Bpe3ka). biaoku paccessHbl B 00JIOMOYHOM
Macce B 1IeJIOM PaBHOMEPHO ¢ HEKOTOPOI KOHIIEH-
Tpauueil y pponrta yuactka 3A. lneiid 3b otnenen
OT 00BaJILHOTO LIMPKa BEPXOBbIMU 3PO3UOHHOTO
Bpe3a. Buaumo, u3-3a 3Toro oH cjioxeH 60j1ee OmHO-
POIHBIM MaTepUaJIOM C MEHBIIUM KOJUYECTBOM
KPYHOHBIX 06J10MKOB. Cyas 110 00JIeKaHUI0 00BaJIb-
HBIM MaTepuaJioM IMOorpedeHHOro UM peiabeda u
XapakTepy 3ajeraHus oO0BaJbHOTO MaTepuala
B O0OpTax 3pO3MOHHBIX BPE30B, MOLIHOCTb 3TUX
OCBITIEl XOTh U JOCTAaTOYHA I (pOpMUPOBAHUSI
CILJIOIITHOTO 3aIOJHUTEJSI MEXIY KPYITHEHIIUMU
00JIoMKaMM, HO He mpeBbiiaeT 10 M.

Bonpiasg yacTe MaTepurasa mpolia mo 3po3u-
OHHOMY Bpe3y, IIpope3amleMy YCTYI KaJabIephl B
€€ Ioro-BOCTOYHOI YacTu, ¥ 00pa3oBajia 00BaJIbHBII
KoHyc 3B, IpUCIOHEHHBI!I K OCHOBAaHUIO JOKaJIb-
JIIEPHON IMOCTPOMKH ByJIKaHAa.

OTtnoxeHnus 3B octaHOBUIUCH B 4-7 KM OT
CTEHKM OTphIBa HAa 00BaJILHO-TTMPOKJIACTUIECKOM
uraeide y nomHoxus BynkaHa, B 400 M ot pycia
KPYIHOTO JIeBOTO mpuToka p. Mnbunckoit. O6-
JIOMOYHBIM MaTepua MepeKphli I1Ba 3PO3MOHHBIX
Bpe3a u chopMUpOBa NOANPYIY, KOTOpas MpuBesa
K 00pa3oBaHMIO 03epa B Iiepuo cHeroTassHus 2013r.
B teuenue nera 2013 1. mowmaak o3epa ocTaBaaach
IIPMMEPHO IMOCTOSHHOM 1 cocTaBJstia ~60 ThIC. M2,

Ha metanbHBIX KOCMUUYECKUX CHUMKAaX OT
26 aBrycrta 2013 1., onyOJIMKOBAaHHBIX Ha CepBUCE
Google Earth, BuUIZHO, 4TO OTJIIOXKEHUS obOBaia
MMEIOT BOJTHUCTYIO TTOBepXHOCTh. [1o Bceit BuaU-
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MOCTH, 3TO CBSI3aHO C OC€IaHHuEeM, YIIJIOTHEHUEM
MaTepuaja 3a Iepuoi, MPolIealInii CO BpeMEHU
oOBajia, B TOM 4YHCJie 13-3a BEITaMBaHU S IIOTpe-
OeHHOro obBajioM cHera. B oTiinmuue ot ochlnieit 3A
u 3B, obnexaloumux ByJIKAaHUYECKYIO MOCTPOMKY,
MOBEpPXHOCTh Tesna 3B uMeeT BBINTYKAYIO hOpMY,
MOKAa3bIBaIOIIYIO €ro 00IbIIYI0 MOILIHOCTb.

OBBEM OBBAJIbHBIX OTJIOXEHU

OnuceiBaeMbIii 00BaJ co3maid TpU aKKyMy-
JIITUBHBIX TeJla: ABa OTHOCHUTEIbHO HEOOJBIINX
1nielicda BHYTPU KaJbIephl U KPYIHBIA KOHYC Y
I0Or0-BOCTOYHOT'O ITOJHOXKbsI BYJIKAHA, PACIIOJIOXECH-
HBII HEMTOCPEACTBEHHO MO BPE30M, pacCeKalol MM
YCTYII Kalbaephl. [IpuHUMast XapaKTEpHYIO MOIII-
HOCTb BepxHUX y4acTKOB (3A 1 3B) 10 M 1 yuuThIBast
nx mommaan 0.6 km?u 0.25 KM?2, MOXKHO OLIEHUTH UX
cyMMapHbIii 06beM B 0.0085 kM3,

OcHOBHOE MMoJie 00BaJbHBIX OTJOXeHU 3B
uMmeeT iomanb 3.258 km?. IIpruHMMasT MOIITHOCTh
00BaJIbHBIX OTJIOKeHU 20 M, KaK MUHUMAJIbHYIO
MOIIHOCTb, HEOOXOIMMYIO IIJISI TOrO, YTOOBI AaKKY-
MYJISITUBHOE T€JIO MUMEJIO BBITTYKJIYIO (hOPMY, MOXKHO

IOJIY4YUTh OLIEHKY o6beMa 0.066 KM* 1jIu BMecTe ¢
OTJIOXKEHUSIMU BHYTPHU KaJibaephl 0.067 K>,

OmnuceiBaeMoe COOBITHE SIBJISICTCS OMHUM U3
KpyIHeix o68anioB Ha KaMyaTke, He CBI3aHHBIM
HAIPSIMYIO C BYJIKAHUYECKOM aKTMBHOCTHIO. Tak,
HaIlpUMep, OH BTpOe IpeBhIlIaeT 00beM 0OBajia B
Honune I'eitzepos B 2007, cocraBasiomuii 0.021 km?
(dBurano, Menekecues, 2009).

BO3MOXHUBIE ITPUYUHDBI OBBAJIA

OOBaJibl HA NEMCTBYIOMIMX ByJKaHaX MOIYT
OBITH BbI3BaHBI PETMOHAJIbHON MM JIOKAJbHOMN
CEMICMUYECKON AaKTUBHOCTBIO WX BYJIKAHUUYECKOU
aKTUBHOCTHIO. KpoMe Toro, o6Baay MOryT croco0-
CTBOBATh METEOPOJIOTNYECKIE YCIOBUS, HATIPUMED,
obunbHbIe ocanku (Menekecies, bpaiitieBa, 1984).

151 OLIEeHKY METEOPOJIOTMYECKUX YCIOBU I KaK
MPUUYUHBI 00OBaJMBAHMS YacTH BYJKAaHMUYECKOM
MOCTPOMKHU OBIIM MPOaHATNU3UPOBAHBI apXUBHI
noroawl (http://rp5.ru) 6auKaIuX K BYJIKaHY
MeTeocTaHuuii XonyTka 1 Muic Jlonatka (puc. 1,
Bpe3Ka). AHaJIU3 METeOJaHHBIX ITOKa3aJ JIUIIb He-
OOJIBIIION JOX 1B B IIPEIIIeCTBY IO 00BaTy ABYX-

&/

Puc. 3. O6mmit Bua v netanau MocTpoiiku ByJkaHa JKenToBckoro. BepummHaHas yacth noctpoiiku, Bun ¢ CC3 (a).
Ha nepBom mniaHe kparep BysnkaHa. CripaBa — 3KCTPY3MBHBIN KyToJ, oOpa3oBasiuuiics okosno 4000 yset Hazan,
cjieBa — TpyIiIa KynoJioB, oOpa3oBaBiiuxcs, ckopee Bcero, B XIX Beke (boto H.II. Cmenosa). CeBepHble CKJIOHBI
ByJiKaHa (0), Ha 3aTEHEHHOM CKJIOHE ByJKaHa BMJHa CTEHKa OTpbiBa ApeBHero oosasna (poro P.H. Caruronoit).
IOxxHbIe ckI0HBI ByJiKaHa 10 obBana 2012 r. (8, &) (boto H.JI. Muponosa). Ha ¢oto r B BepiimHHOI1 YacTu cjieBa —
kymnou ¢ Bo3pactoM ~4000 n.H. (I), nanee Ha Boctok — kynou ~500 j1.H. (1) u 3a HUM — Kymnosa, chhopMupoBaBIIUe-
cd, no-suaumMomy, B XIX Beke (I11-V).
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Puc. 4. ®parments cHumkoB Aqua/MODIS mo (cBepxy)
u nocjie obBana (cHusy). [losoxeHue ob6Basia MOKa3aHO
paMKaMu.

HenedbHBbIN nepruon. OmHAKo cenyeT YUUThIBATh,
YTO BEPXH SIS YaCTh ITOCTPOIKMU ellle Obla MOKpPhITa
CHEroM, KOTOPBIN, HAChILIasl TPYHT BJaroi, Mor
CcnocoOCTBOBAaTh OOBAIY.

O0630p JaHHBIX U3 KaTaJlora 3eMJIETPSICEHU
Kamuarckoro ¢unuana (K®) I'eopusnueckoii
cayx0sl (I'C) PAH (http://data.emsd.ru/dbquaketxt
min/index_r.htm) mokaszaJj, YTO HEMOCPEACTBEHHO
nepen obBajgoM ceiicMuyeckass o6cTaHOBKa Oblia
criokoiiHoi. B pagnyce 20 KM OT MOCTPOMKY ByJIKaHA
KPYITHBIX CEICMUUYECKUX COOBITUI OOHApYKEHO He
6b110. OMHAKO CTOUT OTMETUTD, uTO B 2008-2010 rT.,
HabJioganach cepusl HerIyboKMX CeCMUYECKUX
COOBITHII B HETIOCPEACTBEHHOI 0a1M30CcTH OT KeJ-
TOBCKOTO ByJIKaHa (puc. 6, Tabauiia).

B GonpiimHCTBE cliyyaeB yBeJUUYEHUE ByJIKa-
HUYECKOI aKTUBHOCTU MOXHO 3a()MKCUPOBAThH I10

MHGpaKpaCHBIM TEIIOBBIM KaHaJlaM CITy THUKOBBIX
OaHHBIX. JIJIg 2TOil 3aga4yu ObLIM MTpOaHaATU3U-
poBaHbI crmyTHUKOBBIe cHUMKU NOAA AVHRR
(http://www.class.ncdc.noaa.gov) U JaHHbBIE CHUCTE-
MBI aBTOMaTHUYE€CKOI0 OMNpeaeeHUsT TepMaIbHBIX
anoMmanuit MODVOLC (http://modis.higp.hawaii.
edu) 3a mait — utons 2012 r. B nipenenax BeplInHBI
KenToBckoro ByJiKaHa He OBLJIO OOHApPYKEHO yBe-
JIMYEHU S TeMIIepaTy phl Bbillle (POHOBBIX 3HAUCHUIA.
Tak>xe He HAGII01aJIOCh MOBBILIEHHBIX TEMIIEPaTyp
B IIpeaesax 00BaJbHBIX OTJIOKEHU I, YTO TONTBEPXK-
JaeT UMEHHO OOBaJIbHBINM TeHEe31C MepeMeleHHbIX
Macc ¥ TOBOPUT O TOM, YTO B CTPOEHUU U3yUyaeMoi
TOJIIIM He MPUHUMAJ yJacTHEe CBEXUUN ropsuuit
MUPOKJIACTUYECKUI MaTepua (Harmpumep, B BUIE
METJI0BO-TJBIO0BOTrO MOTOKA).

Takum o6pa3oM, eTMHCTBEHHBIM BO3MOXKXHBIM
BHEIIHUM TPUITEpOM OOBajia MOXHO Ha3BaTh
BeCEHHee CHeroTasiHue M CBSI3aHHOE ¢ HUM Tiepe-
yBJIaxkHeHUe TpyHTOB. OOBaJMBAaHUIO TTOCTPONKU
CIocoOCTBOBAIN ee 3HauUuTeabHasa (0Koyio 1700 m)
OTHOCHUTEJIbHAS BbICOTA, HEOIHOPOIHOE CTPOCHHUE
U IMIPUCYTCTBUE U3MEHEHHBIX ITOPOI.

Puc.

. Bynkan 2KentoBckuii mocie o6Bana: 1 — cTeHKa
OTphIBa, 2 — obysacTh TpaH3UTa, 3 — MaTepuas oOBajaa
HEeHapyILIeHHBIN, 4 — TO Ke, IePeOTI0XKEHHBIN TeKYIIeKi
Bomoii. CTpeslKoll MoKa3aHO IMOJOXEHME MOAIIPYIHOTO
o3epa. Ha Bpe3ke cTpykTypa oOBaJbHBIX OTJIOXEHUN
(caumku ¢ cepBuca Google Earth). Pumckumu nudpa-

MM IMMOKa3aHbl BHYTPUKPATEPHBIE SKCTPY3UBHBIC KY-
1oJa B COOTBETCTBUU C TEKCTOM M puC. 2. 3arlaBHBIMU
OyKBaMM MoKa3aHbl (pparMeHTHl 00Bajla B COOTBET-
CTBUMU C TEKCTOM.
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Puc. 6. Cxema pacrnonoXeHUsT CeCMUYECKUX COOBITHIA
BysnkaHa (1o gaHHbIM KO I'C PAH). Hudpamu Ha kapTte

BbIBOIbI

OO6Ba, npousomennii Mmexny 17 u 19 uoHsa
2012 1. Ha IOTO-BOCTOUYHOM CKJIOHE ByjikaHa Ke-
TOBCKMI, Jaxke MPHU CACJIAHHBIX aBTOpaMU MUHU-
MaJbHBIX olieHKax oobeMa B 0.067 kM3 siBisieTCs
KpYITHEHAII MM U3 OIIMCAaHHBIX 00BajioM Ha KaMyar-
K€, He CBSI3aHHBIM C BYJIKAHUYECKOI aKTUBHOCTBIO.
He ycTaHOBI€HO HUKAKUX SICHBIX MPEIABECTHU-
KOB oOBaJjia: HE ObIJIO OTMEYEHO HU yBEJUYEHUS
PErMOHaJIbHOM MM JIOKAJbHOM CEMCMUYECKOM
aKTUBHOCTH, KOTOpasi MOTJia Obl CIYXUTb MPU-
3HAKOM aKTMBM3allMM S9HIOTCHHBIX MTPOLIECCOB, HU
CUJIBHBIX JIMBHE#. OOBaJ He BhI3BAJT aKTUBU3ALIMIO
ByJiKaHa. [IpeanocsikaMu aJis1 00Bajia HOCTY XU
3HaYMTeJbHAs OTHOCUTENbHAs BhICOTA BYJIKAHU-
YECKOHN MOCTPOUKM, €€ TeTePOreHHOE CTPOCHUE U
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3a nepuon 2005-2014 rr. B panguyce 20 kM oT 2KeITOBCKOTO
rokazaHa MarHUTY/1a 3eMJICTPSICEHU .

MPUCYTCTBYE U3MEHEHHBIX NOpoa. ETMHCTBEHHBIM
BO3MOXHBIM TPUTTEPOM OOBaJia MOXHO CUUTATh
nepeyBJiaX HEHUE TPYHTOB B MEPUOJ BECEHHETO
cHeroTtastHus1. OOBaJ Ha ByJIKaHe 2KeJITOBCKOM I0-
Ka3bIBAET, UTO KPYMHbIE 00BaJIbl HA ByJIKAHUUYECKUX
MOCTPOMKAX MOTYT MPOUCXOAUTb MPAKTUUECKU O€3
MpeaBECTHUKOB, UTO 3aCTaBJIsIET O0Jiee BHUMATEb-
HO TOAXOAMUTh K MPpOOIeMe UX MPOrHO3a U OLIEHKU
CBSI3aHHOW C HUMM omacHOcCTU. M crosib3oBaHue
JaHHBIX AUCTAHITMOHHBIX UCCEA0BAHU U, OOJIbIIAS
YacTb KOTOPBIX OblJa MOJIly4yeHa U3 OOIIenOCTYII-
HbIX UCTOYHUKOB, MO3BOJIUJIO MOJYYUTh HOBBIE
U JOBOJIBHO J€TaJIbHbIE CBEACHUS O COBPEMEHHBIX
npolieccax Ha ByJIKaHe, pacroJjio(keHHOM B TPy HO-
IOCTYIIHOM paiioHe.

PaGoTa BbIIOJIHEHA IIpU MOOAEpPKKE I'paHTa
PODU Ne 13-05-00346.

57



3EJIEHUH u ap.
Ceiicmuueckue cobbiTus 3a rmepuoa 2005-2014 rr. B pagnyce 20 km oT XKeaToBckoro BysikaHa (1o naHHbeIM K® I'C

PAH).

Hara Bpewmst Lugggig,ﬂifau ﬂ(};)’;ri;[";:l_ll"apiﬂ I'ny6buna, m Knacc Marnutyna
2005-05-05 20:44:03 51.492 157.465 114.7 10.3 4.4
2005-09-15 17:17:11 51.596 157.188 171.7 10.7 4.6
2005-12-15 17:07:58 51.469 157.564 105.0 9.4 4
2006-02-02 8:48:03 51.488 157.248 131.2 8.5 3.5
2008-03-09 14:55:17 51.532 157.038 242.6 9.1 3.8
2008-12-19 8:58:31 51.591 157.285 20.0 8.6 3.6
2008-12-19 10:47:25 51.583 157.261 18.4 8.5 3.5
2008-12-30 0:09:53 51.594 157.261 20.0 8.5 3.5
2009-02-19 16:45:37 51.516 157.278 26.8 9.1 3.8
2010-01-23 2:05:41 51.563 157.324 5.9 8.7 3.6
2010-08-06 0:11:22 51.585 157.59 117.6 8.9 3.7
2011-01-11 23:44:35 51.587 157.312 7.1 8.8 3.7
2014-01-11 13:57:44 51.454 157.512 126.9 8.8 3.7
2014-05-16 11:26:27 51.478 157.518 148.5 11.9 5.2
2014-09-20 5:41:36 51.581 157.223 157.8 8.5 3.5
2014-10-06 12:59:41 51.462 157.28 99.2 8.6 3.6
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OBBAJI HA IEVICTBYIOLLEM BYJIKAHE
LANDSLIDE ON ACTIVE ZHELTOVSKY VOLCANO (SOUTHERN KAMCHATKA)

E.A. Zelenin', V.V. Ponomareva?, P.G. Mikhaylyukova®, D.V. Melnikov?

'Geological Institute of RAS, Moscow, 119017. e-mail: egorzelenin@mail.ru
2Institute of Volcanology and Seismology FEB RAS, Petropaviovsk-Kamchatsky, 683006
3Lomonosov Moscow State University, Moscow, 11999.

This paper describes a large landslide that occurred on Zheltovsky Volcano in summer 2012. The article
describes main features of the volcanic edifice and considers parameters of the landslide. The landslide was
likely caused by the altered rocks in the summit area as well as water infiltration during snow melting. No
significant seismic or meteorological events had been registered immediately prior to the landslide. This
example shows that large landslides at the volcanic edifices may occur without catastrophic precursors,
which makes the hazard assessment more difficult. The paper is based exclusively on the remote sensing
data most of which are available online from open sources.

Keywords: Kamchatka, landslide, active volcano, remote sensing.
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