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Debris Flows: Disasters, Risk, Forecast, Protection

CeneBble IOTOKU: KaTaCTPOQBI, PHCK, IIPOTHO3, 3aIlUTa

CpsiB geanuka KoJsika u rimuccupyromuii Mexanusm popMupoBaHus
JIe0BO-BO10-KamMeHHoro ceus 2002 roxa

B.JI. Ilo3nanun

Hucmumym munepanoauu, 2e0XumMull i KPUCMAIIOXUMUY PEOKUX INeMEHMO8
Munucmepcemea npupoousix pecypcos u Poccuiickoi akademuu nayx, Mockea, Poccus

Failure of the Kolka Glacier and gliding mechanism of the formation
of the ice-water-rock debris flow in 2002

V.L. Poznanin

Institute of Mineralogy, Geochemistry and the Crystal Chemistry of the Rare Elements of
the Natural Resources Ministry and the Russian Academy of Sciences, Moscow, Russia

Paccmotpen mponece popmupoBanus I'enangonckoit katactpodsl 2002 r. CpeIB eIHU-
ka Kouka, ero riauccupyrommii pasrod ¥ JHHAMHYECKOE paspylICHUE IPUBEIH K BBIHY K-
JCHHOH TpaHC(HOpPMALMHK JICTHUKOBOTO TeJa B JIEI0BO-BOI0-KAMEHHBIN CEJIb C PpacxooM
OK. 2 MJTH. M’/c. YCTaHOBIIEHO, YTO CPHIB ObUI BBI3BAH IOTEpeil CLEIUICHNS JIEIHUKA C
BOJIOHACBHIICHHBIM MTOPHUCTBIM CJIOEM TIPH THIAPABIMYECKOM yrape cuioit go 40 Mlla, B
pe3ynbTaTe 4ero BO3HHKIM TPH B3aMMOCBS3aHHBIX Tella-IIOTOKa: ceneBor (20 m/c), nBu-
raBImiics mepex (poHTOM HaOHMPAaBIIEro CKOPOCTH JIGAHWKA; JEIHUKOBOE Teno(3-35
M/C), TIRCCUPOBABIIIEE TIO MMOBEPXHOCTH CEIIST; cenenono0HbIi moTok (50 m/c), coporieH-
HBIIl BIOPaBO HMHEpLUUEW C MOBEPXHOCTH JICOHWKA. AHAIM3 HMX B3aUMOACHCTBHS IPH
CKOJIB3AILIEM yIape JISAHHKOBOTO Tejla O JHO AOJMHBI HIDKE si3bIka Mailiii mpuBes K BbI-
Boay O (OPMHUPOBAaHHM HPH ynape QYHKIHMOHAIBHO YCTOHYMBOW CTPYKTYphI — 0ObeMa
MOABHXKHBIX JISISHBIX OJIOKOB, HACBIIICHHBIX IUPKYJIUPYIOIIEH BOIO-TPYHTOBON MacCOM
1 OKPY>KEHHBIX BSI3KOHM I'PA3eKaMEHHOH 000JI0YKOM — TeJa JIeI0BO-BOI0-KaMEHHOTO Cellst
C TIIMCCUPYIONIM MEXaHU3MOM BBICOKOCKOPOCTHOTO (60 M/C) IBMXKEHUS MTOTOKA.

We consider the process of the formation of the Genaldon catastrophe in 2002 in detail.
The failure of the Kolka glacier, gliding acceleration and dynamic destruction led to a
forced transformation of the glacier body into an ice-water - rock debris flow with a dis-
charge of ca. 2 million m’/sec. We establish that the failure was caused by the loss of co-
hesion between the glacier and the water-saturated porous layer at hydraulic impact by a
force of up to 40 MPa. Therefore three interconnected bodies-flows appeared: the debris
flow (with a velocity of 20 m/s), which moved in front of the accelerating glacier; a gla-
cial body (3-35 m/s), which glided on the surface of this debris flow; and the debris
flow-type stream (50 m/s), which was deflected to the right from the surface of the gla-
cier by the force of inertia. The analysis of their interaction during the sliding impact of
the glacial body on the bed of the valley below the Maili glacier snout leads us to the
conclusion that during the impact a functionally steady structure was formed. This was a
volume of the mobile ice blocks, saturated with the circulating water-debris masses and
surrounded by the viscous mud-and-gravel environment — the body of the ice-water -
rock debris flow with the gliding mechanism of the high-speed (60 m/s) movement.

B oTinume oT CylecTBYIOUIMX MPEICTaBICHUH O NpUYMHAX | eHaJIOHCKOM JieTHUKO-
Boit karactpodsr 2002 r. (decunos, Kotnskos, 2005; Mypasees, 2005; Porotaesa u np.,
2005 u np.) MBI CHOPMYIHPOBAIIA U TIOCIIEAOBATEIBHO pPa3BUBaeM HEH0 O cpbiBe Konku B
pe3yibTaTe caMOpa3BUTHS JIEIHHKA, OCHOBBIBASICH HAa OOLIMX MPEACTABICHUSX O TIISIHAIb-
HBIX CHCTeMaX, (PU3MYECKUX pacyeTax, OTPAKAIOIIUX IMOBEJCHUE TE€X HJIM HHBIX 00HEMOB
TOPHBIX MOPOA, JbJIa, BOABI B NPOLECCE UX B3aUMOACHCTBHS, U3MEHEHUS, IBM)KCHUS, yCTa-
HOBJICHHBIX 110 ciefaM KaTacTpodsl. CyTh mpeayiaraéMoi HeH B CICIYIOIIEM.
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WMnakTHBIA MeXaHU3M MOATOTOBKM KaTacTpodbl B pe3ysbTaTe NaJeHus CEpUU KpyI-
HBIX 00BAJIOB TOPHBIX MOPOJ U JIbJIA BBI3BAJl BOZHUKHOBEHHE EMKOCTH MMIIAKTHOTO CEJIEBOTO
oyara B THUIOBOW YacCTH LIMpPKa, & TaK)Ke pe3Koe yAapHO-MEXaHWYEeCKOe U3MEHEHUE CTPYKTY-
PEI JIeIHUKA Ha KOHTAKTE C JIOKEM, Tl c(OpMHUPOBAJICS MOIIHBIA OPUCTHIN CIIOW APOOIEHO-
ro b1 06BEMOM OKOJIO 35 MIH. M’ (H03HaHHH I'eBopksH, 2007). B ceneBom ouare u mo-
PHCTOM CJI0€ CKOMMIOCH Gomee 11 MiH. M’ BOJIBI, KOTOPAs HAXOMMWIACH B HAIOPHOM COCTOS-
HuU. PocT ypoBHS BOABI A0 KPUTHYECKOTO 3HAYEHMS MPUBEN K CpabOTKe THIAPAaBINYECKOTO
MeXaHH3Ma OTAEJICHUS JICAHUKA OT JIOKa BCIIEICTBHE CEPHH MOIIHBIX THIPaBIMYECKUX yaa-
poB. B pe3ynbrate yaapoB J€THUK TOTEPsUT CLETIIEHUE € JOXKEM U, 3ajieras Ha HEC)KUMaeMon
BOJIOHACHIIIEHHOM Macce MOPHUCTOrO CJosl, Haual yCKOPEHHOE IPaBUTALMOHHOE IBI)KEHUE,
KOTOpPOE MPENCTABIIIIO COO0H TIAMCCUPYIONINH pa3roH, TMHAMUYECKOE pa3pylleHue 1 TpaHc-
(hopMAIMIO IETHIKOBOTO TEJIa B JIEJOBO-BOI0-KAMEHHBIH CEIlb ¢ PACXOIOM [0 2 MIH. M'/C.

[IpunsTHIE B ceneBOl HayKe MPEACTABICHUS O CTaIUHHOCTH CEJIEBBIX MPOLIECCOB U 30-
HAJILHOCTH CEJIEBBIX 0acCefHOB MCIOJb30BaHBl HAMHM TaKHMM 00pa3oM, 4TO CTaaus (OpMHPO-
BaHMA celsl U1 YA0OCTBa aHaIM3a M CHHTE3a CJIO0KHOTO, HO €TUHOTO SIBICHUSI, pa3/ieieHa Ha
4 snemeHTa-cTaguu: 1) CphIB JieIHHKA NPU BBIPABHUBAHMK OOKOBOTO IMEpEKoca; 2) pasroH
JIETHUKOBOTO TEJla C WHEPLHOHHBIM cOPOCOM Celernogo0HOro MoToKa; 3) AMHAMUYECKOe pa3-
pYLIEHHE Tesia TIpU moTepe omnopsl; 4) GopMHUpPOBaHKHE TIUCCUPYIOIIEr0 MEXaHU3Ma JIeJ0BO-
BO/I0-KaMEHHOTO cellsl. BpiieneHHbIM cTagusaM (TouHee — MOACTausIM) COOTBETCTBYIOT OIpe-
JIeJICHHbIE BPEMEHHBIE HMHTEPBANbl MEXAY [OBEPXHOCTHBIMH CEUCMHUYECKHMMHU TONYKAMHU,
MapKUPYIOMIMMH MPOSBICHUE KIIOYEBBIX COOBITHH B pa3BUTUHU KatacTpo(bl. CrienuanbHast
npopaboTKa MPOJOKUTENIFHOCTH BPEMEHHBIX MHTEPBAJIOB MEXAY TONYKAMHU M COIIOCTaBIIC-
HHE UX C XapaKTEepOM U JIABUHOOOPA3HBIM Pa3BUTHEM KaTacTpodbl, IPUBEIH K BEIBOAY O TOM,
YTO MUHUMaJIBHOMY MHTepBally BpeMeHH (30 ¢) COOTBECTBOBAJIO KapIWHAJIBHO 3HAYMMOE
COOBITHE — CPBIB U CKOJIB3SAIIMNA yIap JICJTHNUKA O JICBYI0 OOKOBYIO MOPEHY.

CpoiB negnnka Konka Obut 00ycIOBICH MOTEpEl CHEIUICHHS C JIOKEM 3a CUET CepUH
MOIIHBIX THAPABINYECKUX YIapOB MPH J03aNOJHEHUH TTOPUCTOrO CIIOS BOAON U3 UMIIAKTHO-
rO CEeJIEBOr0 Ovara B ThUJIOBOW yacTd nupka. CphIB MpEACTaBIsI cOO0M MOCTENEHHO yCKO-
PABILCECS COCKANIb3LIBAHME JIEAHMKOBOTO Tea CMpaBa-HAeB0-BHA3 C POTALHOHHLIM 3aBAIH-
BaHHEM EMKOCTH CEJIEBOTO Odara M OIOPOKHEHHEM OKOJO 3 MIH. M° BOABL B pesymbrate mo
TIOBEPXHOCTH HaOMpaBILIEro CKOPOCTh JIEAHUKA XJIBIHYJ MOTOK € pacxogoM okono 100 Teic.
M’/C M, HACBHIIAACH KYCKAMH JIbJd U MOPEHbI JI0 CEIENOI00HOr0 COCTOSHHS, TIOUTH TOCTHL
aeBoro 6opta uepe3 30 c, HO ObUT OTOPOIIEH BIPABO T'PAHAMO3HBIM CKOJB3SIIUM YAapOM
OTOpBAaBILEHCS YacTH JIEAHUKA O JIEBYI0 OOKOBYIO MOPEHY MpH Macce Jbjaa 6onee 80 MIH. T 1
CKOpOCTH KOHTakTa 6ojee 3 m/c.

Pasron negHUKOBOTO TeNa ¢ ABUTABIIMMCS IO €r0 MOBEPXHOCTH CEJIEeNOI00HBIM MOTO-
koM (okojio 30 M/C) IPOUCXOMUIT B BHJE TNIMCCUPOBAHMS MO0 MacCe CEICBOr0 IMOTOKa, 000-
THaBUIETO JieAHUK. [THccupyromuii Mexanu3M obecriedns ObICTpoe BO3PACTaHUE CKOPOCTH
JeTHUKOBOro (hpoHTa OT 3 10 35 M/C Ha ydacTKe KMIOMETPOBOW AJIMHBI, TJIe¢ HEPOBHOCTH U
BBIITYKJIBIA MPOAOJBHBIN MPO(MIb BHI3BIBAIM MOMEPEYHOE pa3iaMblBaHHE JICTHHKA Ha OT-
pomHbIe 610KH. [lepBruuHOe paspymieHue JegHuKa npu ckopoctu 10-30 M/c conpoBoxaanock
WHEPIHOHHBIM COPOCOM MOBEPXHOCTHOTO CEJIENOJ00HOr0 MOTOKA BIPABO IO OrHOArOIei
KPHBOH 4epe3 MOPEHHBII TPeyroJbHUK U JIeAHUK Maiinu. B pesynbrare cOpoca miockuii mo-
TOK, UMesl CIIEIH(UIECKYIO JTaAMUHAPHO-BUXPEBYIO CTPYKTYPY H JIBUTAsICh CO CKOPOCTHIO 40-
60 m/c, B3aMOIEHCTBOBAJI C JICTHUKOBBIM TEJIOM, KOTOPOE HaOUpaso CKOPOCTh U WHTEHCHB-
HO pa3pyIIagoch.

JuHamuueckoe paspylleHue JieAHuKa rnpu ero pasrone a0 40-50 m/c mpoucxomuio 3a
CYeT BHYTPEHHHX HAIPSHKEHUH B €ro Tesle, BOSHUKABIIMX MPH BHIPAaBHUBAHUHU Pa3HOCKOPOCT-
HBIX YYacTKOB Ha 0OpTax JeJHHKa W MPHUBOAMBIIMX K Pa3iIaMbIBAHUIO U JPOOJIEHUIO KPYII-
HBIX OJIOKOB C COXpaHEHHEM TIIHCCHPYIOLIETO MEXaHU3Ma MX JBIKEHHS 10 IOBEPXHOCTH Ce-
JIEBOTO TOTOKA. PaspylieHuro JeIHUKOBBIX OJIOKOB CIIOCOOCTBOBAJIO IPaBUTAIMOHHOE 3aBa-
JMBaHUE JICAHUKOBOI'O TeJla BJIEBO MPHU MOTEpPE OMOPHI BAOJb JIEBOTO OOPTa HA IOBOPOTE, KO-
raa GppoHT JeIHUKA JOCTUT PACIIMPSHHON YacTH JOJMHBI B paioHe s3bika Maiinu. JleqHuko-
BOE TEJO JIOTHAJIO BajJ CEJIEBOrO MOTOKA BBHICOTOU 110 40— 50 M, U COPBAJIOCH C HETO B BHIIC
MOIIHOTO CKOJIB3SIIEr0 YAapa ¢ PaCX0I0M OKOJIO 2 MITH. M/C.

I'maBHOE 3BeHO MexaHM3Ma (OPMUPOBAHHUS JISAOBO-BOJO-KAMEHHOTO CEJsl 3aKII0YaeT-
csl B yIapHOW AMHAMHYECKOH MepecTpoiike (yHKUMOHAIBLHOH CTPYKTYPBI TIIMCCHPYIOLIETO
JIETHUKOBOTO TeJia MPH CKOJB3SIIEM yJape IOCHe ero MpbhKKa ¢ J0OOBOW BOJIHBI Ips3eKa-
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MEHHOTI'0 NMOTOKa. JIeAHUKOBOE TENO MPHU BEICOKOCKOPOCTHOM CKOJIB3SIILIEM yAape MpHoOpeso
(YHKIMOHANBHYIO YCTOMYMBOCTH — CIHOCOOHOCTH K CaMOBOCCTAHOBICHHIO BHYTPEHHEH
CTPYKTYPBI, KOTOpasi IpeACcTaBisia CO00l AMHAMHYECKHI 00beM MOABMKHBIX JEASHBIX OJ0-
KOB, HAaCBIIIEHHBIH IIUPKYIHPYIONIEH IO KOHTAaKTaM BOAO-TPYHTOBOM Maccoil U OKPYKEHHBII
BSA3KOH Tpsi3eKaMeHHOH 000moukoil. Takas CTpyKTypa crmocoOHa MPOTHBOCTOSTH BHEIIHUM
MEXaHUYECKUM BO3JEHCTBUSM M COXPaHSTh INIUCCHUPYIOIINNA MEXaHU3M BBICOKOCKOPOCTHOTO
JBIDKEHHS 33 CUET T’MOKOCTH Tela MOTOKA.
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