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KPMOJIMTOJIOrMqEcKHE OCOEEHHOCTM CE30HHOTAJIOro CJI05I 
HA CKJIOHAX B CB513M c IIPO:UECCOM KPMOrEHHOro OIIOJl3AHM51 

M. O. Jiei16MaH 

Hlicmumym KpuocrjJepbt 3eM11u CO PAH, 117982, Moc1rna, y11. Ba6UJ!06a, 30/6, 1c. 74a, Poccu5! 

B CBSI311 c 113y qeH11eM Kp11oreHHOro onon3aH11S1 B Te11e1-111e psl}.la neT, Haq11HaS1 c 1989 r., nposo,!111n11Cb 
Ha6nio,!leH11S1 3a Kp11oreHHbIM CTpoeH11eM ce30HHOTanoro cno!I e neceHHee epeMSJ 11 3a TeMnOM ero ona11naH11S1. 
Ilp11 3TOM nonyqeHbl HeKOTOpbie KaqecrneHHbie 11 KOn11qeCTBeHHbie 3aBl1Cl1MOCTl1 CKOpOCTl1 ona11BaHl15I 11 
COCTOSIHl15I ysnaiirneHHOCTl1 Ce30HHOTanoro cnoSJ OT flb,!111CTOCTl1 11 Kp11oremmro CTpOeHl151. IlpoaHan11311poeaHbl 
MHoroq11cneHHh1e pa3pe3bI ce30HHOTanoro CJIOSI Ha onon3HeBhIX cKnoHax. Ilp11ypoqeHHOCTh Kp11oreHHhIX onon3HeJ;\ 
K cKnOHaM c onpe11eneHHbIM Kp11on11Tonor11qecK11M T11noM pa3pe3a no3eonS1eT onpe11en11Tb MexaH113M OTpbrna. 

KpuoieliliOe ono113aliue, KpuozeliliOe cmpoeliue, ce30liHOmMblii. c11oii., meMn ommau6aliu5!, MexaHU3JtL 
onOJl31ieii., MOpr/;OJlOZU5! onOJl31ieii. 

CRYOLITHOLOGICAL PECULIARITIES OF THE ACTIVE LA YER 
ON SLOPES IN RELATION TO CRYOGENIC LANDSLIDES 

M. O. Leibman 

Earth Cryosphere Institute SB RAS, 117982, Moscow, Vavilov st., 30/ 6, room 74a, Russia 

During several years of cryogenic landslides study since 1989 observations of active layer cryogenic structure 
and rate of thaw was undertaken in early summer. Some qualitative and quantitative regularities of moisture and 
ice content and cryogenic structure interrelations with the thaw rate were obtained. A bulk of active layer profiles 
on landslide-affected slopes were analysed. Localization of cryogenic landslides on the slopes with specific 
cryolithological type of the active layer profile is helpful in determining the mechanism of slope d estruction. 

Cryogenic landslides, cryogenic structure, active layer, rate of thaw, sliding mechanism, landslide 
morphology 

BBE.rJ:EHl1E 

MccJie,n:oBaHHe KpHoreHHOro CTpoeHHR ce3oH
HOTaJioro CJIOR (CTC) H BepxHeH qaCTH MHOroJieT
HeMep3JibIX nopo,n: (MMII) KOHKpeTHOro onOJI3He
onaCHOro yqacTKa 11,eHTpaJihHoro 5IMaJia HMeJio 
~eJibJO yToqHeHHe MexaHH3Ma onoJI3aHHR H B03-
MO)KHbrx em pa3JIHqHii B 3aBHCHMOCTH OT KpHO
JIHTOJIOrHqecKHX oco6eHHOCTeil pa3pe3a. KpoMe To
ro , 113yqaJiaCb Me)Kro,n:oBaR 11 BHyTpHro,n:oBaR AH
HaMHKa CTC ,n:JIR ~enell. npomo3a ycTOwqHBOCTH 
CKJIOHOB. PaccMaTpHBaJOTCR TOJibKO onoJI3HH B 
CTC. CJiyqaeB CKOJib)KeHHR Mep3JibIX nopo,n: no 
Mep3JibIM HaMH He o6Hapy)KeHo. Mop¢0JiorHqecK11e 
oco6eHHOCTH OKOJIO 400 onoJI3Heii, pacnpOCTpaHeH
HbIX Ha TeppHTOPHH B 90 KM2, n03BOJIHJll1 c,n:eJiaTb 
BbIBO,n: 0 HaJill'IHH ABYX OCHOBHbIX THnOB OnOJI3Hett 
no MexaHH3MY n0Tep11 ycTowq11BoCTH. Mcxo,n:R 113 
KJlacc11¢11Ka~11H:, npe,n:JIO)KeHHbIX B JIHTepaType 
[Kan1r.uH.a, 1965; 0nOJl3H.U u ceJlu, 1984; Eo

JLuxoecKuu U ap., 1990 U ap.] paCCMaTpHBaJOTCY 
2 THna KpHoreHHbIX onOJI3Hew c pa3JIHqHbIM Me
xaHH3MOM: 1 - KpHoreHHbie OnOJI3HH CKOJib)KeHHR, 
Bhr,n:eJieHHbie T. H. KanJIHHOtt (1965) 11 no3)Ke 
B. <D. BoJIHXOBCKHM 11 B. B. KroH~eJieM (1990), 
npe,n:cTaBJIRJOT co6oH: 6JIOKOBOe CMem;eHHe nopo,n: 
OTTaRBmero CTC no rpaHH~e pa3,n:eJia Mep3JIOe-
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TaJioe; 2 - KpHoreHHbie onOJI3HH TeqeHHR (no 
B. cD. BoJI11xoBcK0My, B. B. Krou~eJIJO (1990)) 11JI11 
6hICTpaR coJI11¢JIJOK~HR no T. H. KanJIHHOM 
( 1965) , RBJIRJOm;11ern npo~eCCOM pa3)KJ1)KeHHR 
nopo,n: CTC H 11x BR3Koro/BR3KO-nJiaCTHqecKoro 
Teqeu11R no noBepxHOCTH MMII. 

Cne~H¢11Ka 11ccJie,n:yeMoro yqacTKa rro3BOJIReT 
no-HOBOMY BbI,n:eJIHTb B Ka)K,n:OM THne no 2 no,n:THrra 
OIIOJI3Hett, HMeJOm;Hx aHaJiorH YI COOTBeTCTByJOm;He 
HM TepMHHbI B CeBepHoii AMep11Ke [uanp11Mep, 
French, 1976; Lewkowicz, 1990 ]: la - npH CKOJib
)KeHHH necqaHo-cynecqaHbIX rropo,n: no rJIHHHCTbIM 
(,,necqaHbie" OIIOJI3HH) 11 16 - npH CKOJib)KeHHH 
rJIHHHCTbIX rropo.n: ITO rJIHHHCTbIM (,,rJIHHHCTbie" 
OIIOJI3HH), B aHrJIOR3biqHQH JIHTepaType He pa3,n:e

JIRJOTCY H ¢nryp11pyJOT KaK ,,active layer deta
chments" HJIH ,,active layer detachment slides"; 
2a - TeqeHHe no noBepXHOCTH Mep3JibIX nopo,n: 
(,,earth flows " ) H 26 - TeqeH11e no noBepxHOCTH 
rro,n:3eMHoro Jib,n:a (,,retrogressive thaw slumps" HJIH 
,,ground ice slumps"). CMe)KHhle no,n:THIIbI ,n:oBOJib
HO pe3KO OTJIJ1qaJOTCY no BCeM Mop¢0MeTp11qecKHM 
IIOKa3aTeJIRM 11, BepORTHO, no HeKOTOpbIM oco6eH
HOCTRM MexaHH3Ma noTepM ycTowqHBOCTH. 
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ECJUI TepMMH ,,KpMoreHHhie onOJI3HM CKOJib

:>r<eHmr" (KOC) ,n:oCTaTO'IHO pacnpocTpaHeH B JIMTe

paType, B TOM 1rncne, B npMMeHeHMM K onOJI3H51M 

5IMaJia [KanJlUHa, 1965; Kopocmellee u ap., 1988; 
EOJlUXOBCICUU u ap., 1990; Jlo6oaeHKO u ap., 1990; 
MaCJlOB, 1991; Ewpoe u ap., 1997; Jlell6MaH u ap., 
1997], TO onoJI3HM Te'leHM51 OnMChIBaJIMCb M onMCbI

BalOTC51 no.n: Ha3BaHMeM ,,6bICTpa51 COJIM¢JIIOKUM51" 

[KanJLUHa, 1965; )Kuwpee, 1975] ,,onOJI3HM

CnJihIBbI"' ,,COJIM¢JIIOKUMOHHhie cnJibIBbI"' ,,cnJihI

BbI"' npMIIeM 3TOT TepMMH qacTO npMMeH51eTC51 AJI51 

onMCaHM5I o60MX TMnOB onOJI3Heii: [EapaHOBCICUU u 
ap., 1988; PoMaHeHKO, 1992 u ap.]. 0nOJI3HM Te

lJ:eHM51 no nJiaCTOBOMY JihAY tiaCTO MMeHylOTC51 Tep

MO,n:etty,n:au;Meii: [)Kuwpee, 1975 ]. 0,n:HaKO 3TOT 
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Pttc. 1. JlttTOJIOrW-leCKHH COCTaB H KpttoreHHa51 
TeKcTypa nopo.n: CTC onOJ13HeBoro CKJIOHa Ha 
CTaU,HOHape ,,BaChKHHbl ,I1;alftt" B KOHU,e HIOH51-
HalfaJie HIOJI51 1990 r. 

3 - 3aq11CTKJ1, CKB. - MeJIKHe CKBa)!(J1!-!bl. 1 - necoK MeJIKJ1H 

nhIJiesaThIH, 2 - cynech, 3 - cyrn11HOK, 4 - rn)!(eJTbIH 

cy rJIHHOK J1 rJIHHa, 5 - rnpc:jJ, 6 - paCTHTeJibHbie OCTaTKJ1, 7 -
np11Ma3K11 )!(eJie3a 11 Mapram-1a, 8, 9 - Kp11oreHHa5! TeKcTypa, 

10 - rny6m1a OTTa11BaHJ15! no CKBa)!(HHaM Ha ,!laTy 6ypeHH51. 

TepMHH np11MeH5IeTC5I 11 AJI51 on11caHl15I 6onee-CJIO:>I<

HOro npouecca pa3pymett115I CKJIOHOB, coIIeTarorn;ero 

HMBaIJ;MIO, TepMOKapcT, TepMoa6pa311IO 11 OITOJI3a

Hl1e. TaKMM o6pa3oM, HMKaKoro CKOJihKO-HM6y,n:h 

ycTaHOBMBmeroC51 TepMMHa' I103BOJI5IIOID;ero pa3JIM

'l3Tb onoJI3HM TeIIeH115I no 3ane:>r<eo6pa3yrorn;eMy 

JihAY M no JihAMCThIM nopo.n:aM He Bhrpa6oTaJIC51. He 

MMe5I HaMepeHl151 BBO,n:MTb HOBbie TepMMHhI, BOC

I10Jlh3yeMC51 OnMCaTeJibHbIMl1 (OITOJI3Hl1 Te'leHM51 

no ... ) 11 MH,n:eKCaM11 2a M 26. 

KPMOJIMTOJIOrMqECKOE OIIMCAHME 
OIIOJI3HEBbIX CKJIOHOB 

11ccne,n:oBaJIC51 paii:oH ll,eHTpanhHOro 5IMaJia B 

Me:>r<,n:ypelJ:be peK Ce-5Ixa M Mop,n:hr-5Ixa. 3.n:ech 
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P11c. 2. Ilpo¢11J1b qepe3 onOJI3HeBOH CKJIOH Ha CTaQI10ttape ,,BacbKI1Hbl ,ll;aq11". 

1 - necoK, 2 - cynecb, 3 - nepecJia1-1na1n1e necKa 1-1 cynecH, 4 - cyrJrnHOK, 5 - rJIHHa, 6 - nonepxHOCTb CKOJlb)((eHH5!, 7 -
nonepxHOCTb CMell\eHHOro TeJia, 8 - my6mia OTTaHBaHH5! Ha MOMeHT 6ypeHH5!, 9 - 6ypoBa5! CKBa)((HHa H ee HOMep. 

noJior11e CKJIOHbl qacTO o6paMJI51JOT OTHOCl-ITeJihHO 

nJIOCKHe BOgopa3geJihHbJe noBepxHOCTH BbICOKHX 

paBHHH, 6pottttpOBaHHbie MaJIOMOID;HbIM (3-6 M) 

roptt30HTOM necKa, nogcTttJiaeMoro TOHKOgttcnepc

HhTMH OTJIO)KeHH51MH. OnoJI3HH npttypoqetthI, KaK 

npaBHJIO, K OCHOBaHHIO nec'lattoro ycTyna, Bbipa

)KeHHoro Ha BCIO MOID;HOCTb necqattoro roptt30HTa. 

OnoJI3HeBhie yqacTKH CKJIOHa CJIO)KetthI cpegtte

Bepxtte'leTBepTH'IHhIMH rJIHHHCTbIMH nopogaMH, 

nepeKpbITbIMH COBpeMeHHbIMH CKJIOHOBblMH OTJIO

)KeHH51MH c 30HaJibHhlM BHH3 no CKJIOHy H3Me

HeHHeM gHcnepcHOCTH. 3TO cnoco6cTByeT ¢opMH

poBaHHJO Tpem;HHbI OTphrna B 30He CO'IJieHeHH51 

necqattoro ycTyna H 6oJiee noJiororo CKJiotta. KpoMe 

Toro, no qeTKO Bbipa)KeHHOMY JIHTOJIOrH'leCKOMY 

KOHTaKTY rJIHHHCTbIX OTJIO)KeHHH, nepeKpbITbIX cy

nec'latto-necqaHhIMH B6Jitt3H nogoruBhI CTC B 

BepxHeH 'laCTH CKJIOHa ¢opMttpyeTC51 IlOBepxHOCTb 

CKOJih)KeHH51. TaKoe CTpoetttte no3BOJI5leT rrpegno

JIOX<HTh, 'ITO KOC 3apo)KgaIOTC51 B Bepxtten 'laCTH 

CKJIOHa no TpeID;HHe 3aKOJia, a He y nogOIIIBhl, KaK 

npegJiaraeT cD. 3. Ape [Mamzelev et al., 1993]. 
,ll;eTaJihHO o6cJiegoBaHO OKOJIO 150 OIIOJI3HeH 

Bcex THIIOB, JIHTOJIOrH'leCKHH COCTaB H3y'leH B 60-

Jiee 'leM 250 Bhrpa6oTKax (ruyp¢ax tt CKBa)Kttttax) 

rJiy6tttton 1-2 M. Hatt6oJiee xapaKTepttoe cTpo

etttte ,,nec'lattoro" onoJI3H51 CKOJib)KeHH51 rroKa3atto 

tta pttc. 1. OnoJI3eHh pacnoJioX<eH B BorttyTon qacTH 

aCHMMeTpH'IHOro CKJIOHa. JleBhlH 6opT - BbICOKHH, 

nepexog51ID;HH K BhIIIYKJIOH 'laCTH CKJIOHa - necqa -
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HOH gpettttpoBaHHOH noBepxttOCTH, npaBhIH - tte

ttapyruetttta51 OIIOJI3HeM qaCTb BOrttyToro CKJIOHa. 

ITptt o6cJiegoBaHHH onoJI3tteiI npoBogHJIHCh H3-

MepettH51 rJiy6ttHhl 3aJieraHH51 noBepxHOCTH CKOJib

)KeHH51. Otta OT'leTJIHBO npocJie)KttBaeTC51 B 6oKOBhIX 

cTettKax no KOHTaKTY necqatto-cynec'laHhlX nopog 

c rJIHHHCTo-cyrJIHHHCTbIMH, HJIH KOHTaKTa cyrJIH

HHCTblX 0)KeJie3HeHHbIX OTJIOX<eHHH c CH3bIMH cyr

JIHHKaMH HJIH rJIHHaMH. l13MepeHH51 gy6JIHpOBa

JIHCb npoMepaMH TOJIID;HHbl OIIOJI3HeBoro TeJia H 

npoBep51JIHCh gaHHhIMH no xapaKTepttoiI rJiy6tttte 

OTTaHBaHH51 Ha gaTy cxoga onOJI3H51 B OTJIO)KeHH51X 

3TOro Tttna, H3MepeHHOH Brog onoJI3aHH51 Ha OilbIT

HOH nJiom;agKe. XapaKTepttbie 3Ha'leHH51 rJiy6tttthr 

3aJieraHH51 IlOBepXHOCTH CKOJihX<eHH51 CHH)KaJOTC51 

BHH3 no CKJIOHY no Mepe nepexo)J;a OT necqaHhIX K 

rJIHHHCTblM OT JIO)KeHH51M H COCTaBJI51IOT' KaK npa

BHJIO, OT 0,6-0,8 M BBepxy go 0,35-0,45 M BHH-

3Y. OgttaKo BCTpeqaJIHCh TeJia TOJIID;HHOH go 1 M Ha 

Hatt6oJiee KpyrrtthIX onOJI3H51X Ha nOJIOrHx CKJIOHax 

H go 0,25 M y tte6oJihruttx orroJI3tten Ha KPYThIX 

CKJIOHax. I1pocJie)KHBaJOm;a51C51 JIHTOJIOrJ.11IeCKa51 30-

HaJihHOCTb OT'leTJIHBO OTpa)KaeTC51 B MopcfloJiorHH 

OIIOJI3HeBoro TeJia. Ha pttc. 2 BHgHO, 'ITO roJIOBHOH 

necqatto-cynecqatthIH cerMeHT orroJI3HeBoro TeJia 

IlOCJie Ha'laJia )J;BH)KeHH51 MCnhITbIBaJI xpynKMe ge

¢opMaQHM, a rJIMHMCTbIH cflpOHTaJibHhIH - IIJiaC

TH'leCKHe. 

HaJIH'ltte B rrogoruBe CTC JIHTOJior11qecKoro 

BOgoynopa Ha IlOJIOrHX CKJIOHax npHBOgMT K ¢op-



KPJ!OJJJ!TOJJOI'JJgECK11E OCOEEHHOCTJ! CE30HHOTAJJOI'O CJJ05! 

MHpOBaHIUO cne:u;mpHqecKoro KpHoreHHOI'O CTpo

eHHSI B 3TOM rnoe. B ornoBaHHH CTC cpopMHpyeTCSI 

ropH30HT nOBhlmeHHOH Jlb}J,HCTOCTH, qeMy cnoco6-

CTByeT H npoMep3aHHe CHH3y. 0}],HOBpeMeHHO B 

cpeAHeli qacTH CTC 06pa3yeTCS1 6011ee HccymeH

HhIH ropH30HT' cnoco6CTBYIOIIJ,HH coxpaHeHlIIO 

CTPYKTYPhI CTC H 6110KOBOMY CKOJib:>r<eHHIO [)f(ec
mKOea u ap., 1961; BmFOpUH, 1974; Lewkowicz, 
1990; Harris et al., 1993; Ewpoe u ap., 1997; 
pHc. 3 ]. Tio3ToMy B CKBa:>r<Httax onHchrna11ocb KpHo

reHHoe cTpoeHHe HH:>r<Heli qacTH CTC H BepxHeli 

LiaCTH MMTI. Bo Bcex CKBa:>r<HHax Ha my6HHe OT 0,6 

AO 1 M Ha61110;:i:a110Cb pe3KOe yBeJIHqeHHe 

JihAHCTOCTH HJIH illJIHP qHCTOro JibAa TOJIIIJ,HHOH AO 

12 CM. TipHqeM TaM, r;:i:e 3TOT ropH30HT pacnOJIO:tKeH 

Bhrme 80 CM - tta61110AaeTrn JIHillh cryIIJ,eHHe 

illJIHpOB H npeo6JiaAaHHe ropH30HTaJihHbIX HaA Bep

THKaJibHbIMH, a B Tex c11yqaS1x, KOrAa 3Ta 30Ha 

norpy:>r<aeTCSI r11y6:>r<e 80 CM - nOSIBJISieTCSI TOJICTb!H 

illJIHp qHCTOro JihAa (CM. pHC. 1). 

TioMHMO ,,necqaHhIX" onOJI3HeH CKOJih:>r<eHHSI 

Ha61110;:i:aIOTCSI M ,,rJIHHMCThre"' cpopMHPYIOIIJ,HeCSI Ha 

CKJIOHax, CJIO:>KeHHbIX c noBepxHOCTM rJIHHMCTbIMlI 

nopoAaMM. TipH 3TOM noBepxHOCTb CKOJib:>KeHMSI He 

HMeeT JIHTOJIOrHLJ:ecKoro 06ocH0BaHHS1. TaKHe 

onOJI3HH AOCTaTOqHO pe3KO OTJIHLJ:aIOTCSI H no pa3-

MepaM H no npHypoqeHHOCTH K CKJIOHaM HHOH 

Mopcpo11omn [Leibman, 1995]. ,,r11HHMCThre" 

OIIOJI3HH B OTJIHqHe OT necLJ:aHbIX pa3BHTbI npeHMy

IIJ,eCTBeHHO Ha 6011ee KPYThlX CKJIOHax, HMeIOT 

MeHbmyIO TOJIIIJ,HHY TeJia (r11y6Htty 3a11eraHHSI no

BepxHOCTH CKOJih:>KeHHSI) H 6011ee paccpeAOToqeHHOe 

pacrrpe;:i:e11eHHe JihAa B pa3pe3e CTC. 

OnoJI3HH TeLJ:eHHSI Ha HCCJieAyeMoli TeppHTO

pHH pa3BHTbI BeChMa orpaHHqeHHO, TIOCKOJibKY CBSl-

3aHhI c HHbIMH cpH3HKO-MexaHnqeCKHMH CBOHCT

BaMH nopoA CTC. Tio 11a6oparnptthlM AaHHhIM npH 

CABHrOBbIX HCnhITaHHSIX npoqHOCTb CKJIOHOBbIX OT

JIO:>r<eHHH B HeCKOJibKO pa3 MeHblle noJiyqeHHOH B 

CTa6HJIOMeTpHqecKHx; COOTBeTCTBeHHO, CABFlT npo

HCXOJ:t:HT npe:>r<;:i:e pa3:>r<H:>r<eHHSI. Ha61110AaeTCS1 TOJih

KO 3 onOJI3HSI THTia 2a. B CBSl3H c npeHMyIIJ,eCTBeHHO 

my60KMM 3a11eraHHeM nJiaCTOBbIX JihAOB Ha6JIIOAa

eTCSI TOJibKO 2 onOJI3HSI THna 26. B TO :>r<e BpeMSI B 

30 KM K ceBepy Ha BoBaHeHKOBCKOM M -HHH , rAe 

6JIH3KO K noBepxHOCTH 3aJieraIOT nJiaCTOBbie JibAhI, 

mnpo:Ko pa3BHTbI onOJI3HH 26 co BCeMH xapaKTep

HbIMH npH3HaKaMH 3TOI'O THna: e:>r<erOAHO OTCTyna

eT CTeHKa OTpbIBa (KOC - SIBJieHHe KaK npaBHJIO 

OJ:t:HOKpaTHOe)' Ha noBepxHOCTH CKOJih:>r<eHHSI o6Ha

:>r<aeTCSI JieA, no KOTopoMy TeLJ:eT pa3:>r<H:>r<eHHhIH 

rpyHT, Ha61110AaeTCS1 pe3KHH nepexoA OT KpyToli 

CTeHKH OTpbIBa K nOLJ:TH ropH30HTaJihHOH nosepx -

HOCTH [Jleii6MaH U ap., 1997]. 
Pattee MhI paccMaTpHBaJIH MexaHH3M cpopMH

poBaHHSI nOBbilleHHOH JihAHCTOCTH B OCHOBaHHH 

CTC n em BJIHSIHMe Ha B03MO:>r<HOCTh Kpn:oreHttoro 

onOJI3aHHSI c nOMOIIJ,bIO CTaTHCTHqecKHX MeTOAOB 

aHaJIH3a KJIHMaTHLJ:eCKHX napaMeTpOB H r11y6HHbl 

OTTaHBaHHSI [EzopOB U ap., 1997]. 3AeCb Mhl OCTa

HOBHMCSI Ha aHaJIH3e noJieBoro MaTepHaJia, nOAT

Bep:tKJ:t:aIOIIJ,ero c;:i:eJiaHHhre pattee BhIBOJ:t:hI. 

Ha61110;:i:eHHSI MHOrHX HCCJie):t:OBaTeJieH, B TOM 

q11c11e HamH HCCJieAOBaHHSI Ha onbITHOM onOJI3He

BOM yqacTKe, KacaIOTCSI cTpoeHHSI H rnolicTB CTC H 

nepeXOJ:t:HOrO CJIOSI [filyp, 1988 ]. Ilo HaIIIHM npeA

CTaBJieHHSIM [EwpOB U ap., 1997 ], KaTaCTpOcpn:qe

CKOe onOJI3aHHe Ha .5IMaJI~ B 1989 r. 6hIJIO CBSl3aHO 

c PSIAOM npeAIIIeCTBYIOIIl,HX JieT noc11e;:i:osaTeJihHOI'O 

COKpaIIJ,eHHSI r11y611Hbl OTTaHBaHHSI H cpopMHpOBa

HHSI B ocHOBaHHH CTC nepexoAHOro c110S1 113 

CHJibHOJihAHCTbIX OTJIO:>r<eHHH HJIH LJ:HCTOro Jlh):t:a. 

Han6011ee cyIIJ,ecTBeHHO c TOqKn 3pett11S1 npo

:u;ecca OIIOJI3aHMSI pacCMOTpeTb KpHoreHHOe CTpo

ettne CTC B ro}J, KaTacTpocpnqecKoli aKTHBM3au:irn. 

Pattee ny611HKOBaJIMCh CBeAeHM.SI no CKBa:>r<HHaM, 

KOTOpbie BCKpbIJIH nepeXOJ:t:HbIH CJIOH Ha MeCTe 6y

AYIIJ,ero onOJI3aHMSI [Ewpoe u ap., 1997]. c my-

6HHbl 61 CM 6hIJI o6Hapy:>r<eH npOCJIOH q11CTOI'O JibAa 

TOJIIIJ,HHOH 8 CM. XapaKTepHo, qTo onOJI3eHh B 3TOM 

MeCTe comeJI Ha r11y611He 67 CM OTHOCHTeJihHO HC

XOAHOH noBepxHOCTH (onpeAeJieHO no BMOpo:tKeHHO

My Mep3JIOTOMepy) ' TO eCTb Ha MOMeHT' KOr}J,a 

OCHOBHa.SI qaCTb JihAa OTTa.SIJia M B YCJIOBHSIX HH3KOH 

cpHJibTpa:u;1111 06ecneq1111a BhICOKoe nopoBoe AaB-

a Jhnonorn~ Kp1110TeKc- Bna>KHOCTb, 
rypa % 

CM 

1::.:::-:.:11 ~2 fZ'.Zl3 ~4 

jll=ll\5 ~6 ,,.. ..... ,7 

PHc. 3. Pacnpe)J,eJiettue BJia)KHOCTH (Jih)J,HCTOCTH) 

no pa3pe3y CTC Ha Kotteu. HIOHSI 1991 r. B 

CKBa)]{Httax: a - c nec'laHo-cyr JIHHHCTbIMH; . 6 -
c cyrJIHHHCTO-rJIHHHCTbIMH; (3 - c cynecLJ:aHo-nec

qaHbIMH OT JIO)]{eHHSIMH. 

1 - n ecoK, 2 - cynech, 3 - cyrn11HOK, 4 - rm-ma, 5 - TOpcjJ, 

6 - ne~. 7 - rny6mia OTTal1BaHl1SI Ha MOMeHT 6ypeHl151. 
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M. 0. JIEHEMAH 

JieHHe B MaccJise, HO rrp11 3TOM ocHosaHJie CTC JI3 

'IJICTOro Jlb,[(a eru:e cyru:eCTBOBaJIO H IIOCJIY)KHJIO 

nosepXHOCThJO CKOJib)KeHH5!. 

IIPOll,ECC CE30HHOro OTTAHBAHIUI 

KaK cJie.[(yeT JI3 KatiecTBeHHOH MOJJ.eJIJI CTC, 

npe.!l;JIO)KeHHOH paHee [Ezopoe U ap., 1997], cyrn;e

CTBeHHOe 3HatieHJie JJ.JI5! orroJI3Hesoro rrpou.ecca Ha 

JICCJie.[(yeMOH TeppMTOpHH JIMeeT KpJioreHHOe CTpo

eHJie CTC, TaK KaK OHO orrpe.[(eJI5leT TeMn OTTan:

BaHJI5! B pa3HOe speM5! H Ha pa3HOH r;ry6JIHe. IlpH 

orrpe,[(eJieHHOM CO'IeTaHHH TeITJIOBOro HMIIYJihCa l1 

JihJJ.HCTOCTH CTC CKopoCTh OTTaHBaHH5! MO)KeT rrpe

BhIIIIaTh cPMJibTpau.JIOHHYJO crroco6HOCTb rropO.!l; l1 

o6ecrretIHBaTh noshrmeHHoe rroposoe .[(aBJieHJie B 

CTC. 

Ilo pe3yJihTaTaM HaIIIHX l13MepeHJIH B 1989-

1991 rr. CKOpOCTh OTTaHBaHJI5! l13MeH5!JiaCh OT 0 ,[(0 

10 cM/cyT. B 1991 r. Hatt60Jihma51 cKopoCTh Ha6JI10-

,[(aJiaCh Ha rJiyfap-rax 0,4-1,2 M. B u.eJIOM 3To onpe

.[(eJI5!JIOCh Ha1160Jibilll1M HMny JlhCOM TenJia Ha 

nep110.[( 15 JIJOJI5!-l5 asrycTa, KOrJJ.a JJ.OCTJiraJIJICh 

TaK11e rJiy6M:HhI. 

CKopoCTh OTTaJisaHll5! CB5!3aHa JI c npoxo)K

JJ.eHJieM cPPOHTa OTTaJIBaHll5! qepe3 CJIOH c pa3HOH 

Jlh,[(JICTOCThIO l1 KpJioreHHbIM CTpOeHHeM. 0TMe'IeHO, 

'ITO npll Jlh,[(HCTOCTJI OKOJIO 40 % TeMn OTTaJIBaHJI5!, 

K aK npaBHJIO, He npeBhimaeT 3 CM/CyT., a npH 

20 % MO)KeT ,[(OCTHraTh 5 CM/CyT. 0.!l;HaKO 3Ta 

3aBHCHMOCTh HeO,[(H03HatIHO np05!BJI5!eTC5! npH pa3-

JIJI'IHOH Kp11oreHHOii TeKcType. TaK, B cyrJIJIHKe 

HJil1 rJIHHe c ceT'IaTOH KpHOTeKCTypoii ,[(a)Ke npH 

Jlh,[(HCTOCTH 30-40 % CKOpOCTh OTTaHBaHJI5! M02KeT 

npeBhIIIIaTb 5 CM/ cyT. 3TO npe,[(nOJIO)KHTeJihHO CB5!-

3aHO c ¢opMHpOBaHHeM nOCTKpJioreHHOH npoHJIU.a

eMOCTH [Leibman et al., 1993] l1 CB5!3aHHOro c Heii 

KOHBeKTHBHOro TenJioo6MeHa. 

Bna>KHOCTb, % 
1 2 3 

15 45 20 80 30 70 

Ilpn: ou.eHKe TeMnOB OTTaHBaHH5! Jlh ,!l;I1CThIX 

nopoJJ. np11Hu.11rr11aJihHOe 3HatieHn:e 11MeeT M eTOJJ. 

onpe.!l;eJieH115! rJiy6n:HhI OTTa11saHH5!. II p H 113Mep e 

Hl15!X ru:ynoM ou.eH11BaeTC5! yseJIH'IeHHe TO 11Iu:11Hhl 

TaJioro CJI05! 6e3 yqeTa oca.!l;KH rrp11 oTTan:saH11JI 

(r;ry611Ha OT ¢aKTJitiecKoi1: nosepxHoCTJI) . B 3TOM 

cJiyqae TOJIIu:JIHa OTTairnaroru:ero cJio 5! JI pe3y Jih

TJipy10ru:ero OTTa5!BIIIero pa3JIJI'IaeTC5! Ha BeJIH'IJIHY 

oca,[(KJI. Ilpn: 113MepeHJI5!X B Mep3JIOTOMepax, BMO

pO)KeHHbIX B MMII, MO)KHO H3MepJITh seJIJI'IJIHY 

oca,[(KH H, COOTBeTCTBeHHO, rJiy6JIHY OT H CXO,[(HOH 

nosepxHOCTH. '.:ha my611Ha pasHa TOJIIu:JIHe TaJioro 

CJI05! nJIIOC TOJIIIJ;JIHa OTTa5!BIIIJIX npOCJIOeB Jlh,[(a . 

TaKHM o6pa3oM, JIMeeTC5! .[(Be cKopocTJI OTTaJI

saHJI5!: no oTTa11sa10ru:eMy CJIOIO Mep3Jioro rpy HTa JI 

no 06pa3osaB1neMyc51 CJIOIO TaJioro. P e3y JihTaThI 

Ha6JIIO,[(eHJIH, npoBe,[(eHHbIX c noMOiu:bIO Tp e x Mep-

3JIOTOMepoB, OTpa)KeHhI Ha PJIC. 4. 

BepxH5!5! qacTh pa3pe3a (JJ.o m y 6JIHhr 55-
85 CM B pa3HbIX CKBa)KJIHax) OTTaJisaeT 6e3 OCa,[(KJI 

JI CKOpOCTh OTTaJIBaHH5! COCTaBJI5!eT B cpe,[(HeM 

1,4 CM/CyT. B CKB. 184M; 1,45 CM/CyT. B 

CKB. 185M/1111,66 CM / Cy T. B CKB. 185M/5. B nep

BOH JI3 n epetIJICJieHHbIX CKBa)KJIH OCa,[(Ka COCTaBHJia 

6oJiee 14 CM , B JJ.BYX .!l;py rnx - OKOJIO 10 CM. H rrpJI 

3TOM B CK B. 184M HaHMeHhIIIa5! rJiy611Ha 

OTTaJIBaHJI5!, TO eCTh OTHOCHTeJihHa5! oca,[(Ka eru:e 

60JihIIIe. 

BhIBO)J.hI 

1. Mop¢0Jiom51 KpHoreHHhrx onoJI3Heii JI Mec

TO HX 3aJIO)KeHH5! onpe,[(eJI5!IOTC5! JIHTOJIOrH'IeCKHM 

COCTaBOM CKJIOHOBhIX OTJI02KeHJIH, HX 30HaJibHhIM 

H3MeHeHHeM BHJI3 no CKJIOHY JI JIHTOJIOrH'IeCKJIM 

COCTaBOM (rrectiaHhIM HJIH rJIHHHCThIM) sepxHero 

ropJI30HTa. 

29.06 5.0712.0719.0725.071 .08 8.08 14.0821.08 

PHc. 4. Xo11: H3MettettH5! rny6Htthr OTTa1rnaHH5! no TpeM Mep3JIOTOMepaM, pacrroJIO)KetttthIM tta ttettapy

llieHHOH 11acT11 0IIOJ13HeBoro CKJIOHa. 

1-3 - HOMepa CKBa)!UIH c Mep3JIOTOMepaMl1 (184 M, 185 M / l 11 185 M/5, coorneTCTBeHHO); unp11x onas1 Jil1Hl1!1 - m y 611Ha OT 

c:jlaKTW.feCKOH nonepxHOCT11; cnJIOU!Ha!I Jil1Hl1!1 - rny611Ha OT 11CXO,!IHOH rronepxHOCTl1. YCJI. o603H . B KOJIOHKax CM. Ha p11c . 3. 
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KPI10JJI1TOJJOI'11'!ECK11E OCOEEHHOCTI1 CE30HHOTAJJOI'O CJJ05l 

2. Cne11,HcjJt11recKoe Kp1rnrettttoe 'CTpoeHHe CTC 

BO MHOrOM orrpe}J.emreT MexaHH3M KpHoreHHOro 

OIIOJI3amrn:. flpoMep3aHHe CHH3Y H cjJopMHpOBaHHe 

B Telfemte p5IAa JieT rrepexoJJ,Horo CJI05I o6ecnelfHBa

eT IIOTeplO CKJIOHOM yCTOMlfHBOCTH npH He3HalfH

TeJihHOM TpeHHH B OCHOBaHHH OIIOJI3H5I H coxpa

HeHHH CTPYKTYPhI cMe~aro~erorn TeJia 3a ClfeT 

HCCyIUeHH5I 11,eHTpaJibHOM lfaCTH pa3pe3a 

BCJieJJ,CTBHe ABYXCTopoHHero rrpoMep3aHH5I. 

3. B Me)KJJ,ypelfhe peK Ce-51xa H Mop}J.hr-51xa K 

rory OT EoBaHeHKOBCKoro M-HH5I H K ceBepy OT 

p. IOpw6eii B o6JiaCTH pacrrpocTpaHeHH5I BhICOKHX 

MOpCKHX paBHHH npeo6JiaJJ,aeT 6JIOKOBhlM MexaHH3M 

OIIOJI3aHH5I c cjJopMHpOBaHHeM KpHoreHHhIX OIIOJI3-

Hett CKOJih)KeHH5I, B TO BpeM5I KaK K ceBepy OT 

p. Ce-51xa IUHpoKo pacrrpocTpatteHhI onoJI3HH Te

lfeHH5I ITO rrnaCTOBOMY JihAY. 

4. 113MepeHH5I CKOpOCTeii H TeMna OTTaHBaHH5I 

MOryT CJIY)KllTh KOCBeHHbIM HHAHKaTopoM KpHoreH

HOro cTpoeHH5I H JihAHCTOCTH CTC H rro3BOJI5IIDT 

H3ylfaTh npocTpaHCTBeHHYID H3MeHlfHBOCTh yBJia)K

HeHH5I H ycTOMlfHBOCTh nopoA CTC Ha CKJIOHax 6e3 

3HalfHTeJibHOro IIOBpe)K)J,eHH5I ecTeCTBeHHOM IIO

BepxHOCTH. 

Bo1mxoBCK11i1 B. <l>., Km1uu,eJih B. B. Pa3n11T11e onomHeti B 
MHoro11erneMep311hrx nopo):lax TYHJ1pb1 3ana):IHOH C11611p11 I I 
Mm1<eHepHaS1 reo11or11S1, 1990, N~ I. M., HayKa, c. 65-70. 

BapaHOBCKl1H E. A., rp11ropbeB H. <I>. Co1111CjJJIIOKU,l10HHbie 

cn11bIBbI Ha n-ooe 5IMa11: Hcc11eAOBaH11e Mep311brx TOJil.I.\ 11 
1<p11oreHHhrx sis11en11H. 5I1<yTc1<, Tp. HM3 CO AH CCCP, 1988, 
c. 43-46. 

Bnopmrn E. A. Kp11ore1rnoe CTpoeH11e nopoA B ce30HHOTaJIOM 
c11oe. M., Hay1<a, 1974, 127 c. 

EropoB 11. IT., Jiei16MaH M. 0. Pe1<0HcTpy1<u,1151 yCJ10011ti a1<
T11s113au.1111 1<p110reHHbix onoJI3Heti CKOJib)!(eH11S1 Ha n-ose 5IMa11. 
<l>y11J1aMeHTaJIMib1e 11cc11eJ10Ba1mS1 1<p110c<jJepb1 3eM1111 B 
ApKrnKe 11 Cy6ap1<T111<e (11rnr11 11 nepcne1<Tl1BhI) 11 Tp. Me)f(
AYHap. KOH<jJ., Ilyl.I.\HHO, 06be):I. Hayq. COBeT no 1<p11011or1111 
3eM1111 PAH, Honorn611pc1<, Hay1<a, 1997. 

)KeCTKOBa T. H., KaTaCOHOBa E. r., IlqeJil1HU,eB A. M., 
XoM11qeBCKaS1 JI. C. McCJ1eJ10Ba1me oTTa11sa10l.I.\l1X 11 np0Mep3a-
10l.I.\l1X c11oes nOLfBbI (nopoA) I I II011enble reo1<p11011or11Lfec1<11e 

(Mep3110THb1e) 11cCJ1eAOBamrn. M., H3A-BO AH CCCP, 1961, 
c. 44-69. 

)K11rapeB JI. A. TepMOJ1enyJ1au.110HHb1e npou,eccbl 11 Ae¢op
Mau,11011noe nose):len11e np0Ta11sa10l.I.\l1X rpyHTOB. M., HayKa, 
1975, 109 c. 

Kann1ma T. H . Kp11orennh1e c1<110HOBhre npou,eccbl. M., Hay1<a, 
1965, 296 c. 

KonCTaHTHHOB C. A. Oco6eHHOCT11 JibJIOBhIJ1e11eH11S1 np11 npo

Mep3an1111 ce30HHOTaJIOrO CJIOSI CIHl3Y (no HaTypHb!M Ha61110-

J1eHl15IM Ha IOre n-osa fhIJlaH) I I Bonpocbl pa3s11T11S111 ocsoeH11>I 

Mep311b1x TOJil.I.\, c6. Hayq. crnTeti I PeJ1. M. M. lllau., 

r. rr. Ky3hM11H. 5I1<yTcK, 1990, c. 38-42. 

KopocTenen IO. B., Jio6o):leHKO T. C. Hcc11e):lonaH11e 1<p11oreH
HhIX ono113Heti Ha npaso6epe)f(be p. TaJ1116e>Ixa (n-os fhr

AaH) I I Pe3yJihTaThI 11H)f(eHepHo-reo11or11qecK11x 11 

reo1<p11011or11qec1<11x 11cc11eAOBaH11ti. Bcecom3. HHH rHAporeoJr. 

11 11H)f(. reo11. M ., 1988, c. 138-142. Pye. JJ:en. B BHHHTH 

15.03.88, N~ l 978-B88. 

Jlei16MaH M. 0., CTpeneu,Ka>I 11 . .[(., Kom1xm1 M. A. Ou,e111<a 

Jll1HaM111<11 nosepxHOCTHbIX yc11os11ti BosaHeHKOBCKoro MeCTo

pO)!(J1eH11st (CpeAH11H 5IMa11) 3a nep110J1 c 1949 no 1990 rr. I I 
reoMop<jJoJ10r11S1, 1997, N~ 2, c. 45-52. 

JI060J1eHKO T. C., CypMaLf H. H. Pa3s11T11e 1<p11oreHHbIX ono11-

3Heti CKOJih)f(eH11>I s ocsa11saeMbIX patioHax cesepa 3anaAHOH 

C11611p11 11 reo:oi1<011or11>I: npo611eMb1 11 peweH11S1. Te3 . AOKJI . 11 

coo61.I.\. Bceco103. Hay "l .-TexH. KOHcjJ., M. , 26-30 anp. 1990 r ., 

LfaCTb III. M., 1991, c. 124-126. 

Macnos P. H. KarnCTpo<jJ11qec1<11e npoS1a11e111151 CKJIOHOBbIX npo

u,eccos Ha 51Mane 11 TaM )f(e, c. 14-20. 

OnoJIJH11 11 ce1111 I r11. peJ1. E. A. Ko311onc1<11ti, T. I. M., UeHTp 
Me)f(JIYI-IapOJIHbIX npoeKTOB fKHT, 352 C. 

PoMaHeHKO <I>. A. PacnpeJ1e11eH11e 11 Jll1HaM111<a ono113Heti

cn11hIBOn Ha OJIHOM 113 yqacTKOB UeHTpaJibHOro 5IMa11a I I HH)f(. 

reorp. HH)f(eH.-reoMopcjJ. acneKTbI, Te311Cbr Mex<rOCYA· KOH<jJ. 

Bo11orJ1a, 13-17 ceHT. 1992. Bo11orJ1a, 1992, Bhm. I, c. 7-9. 

lliyp IO. JI. BepxH11ti rop1130HT TOJil.I.\11 Mep311b1X nopoA 11 Tep

MOKapcT. Honorn611pcK, Hay1<a, 1988, 213 c. 

Harris C. and Lewkowicz A. G. Form and internal structure of 

active- layer detachment slides, Fosheim Peninsula, Elsmere 

Island, Northwest Territories, Canada 11 Can. J. Earth Sci., 

1993, 30(8), p. 1708-1714. 

French H.M. Periglacial Environment. London, Longman Group. 

Ltd., 309 p. 

Leibman M. 0. Preliminary results of cryogenic landslides study 

on Yamal Peninsula, Russia I I Permafrost and Periglacial 

Processes, 1995, vol. 6, p. 259-264. 

Lewkowicz A. Morphology, frequency and magnitude of active

layer detachment slides, Fosheim peninsula Ellesmere Island, 

N .W.T. 11 Pergelisol-Canada, Permafrost-Canada. Proc. of the 

Fifth Canadian Permafrost Conference, Centre d'etudes 

nordique, Univ. Laval, Collection Nordicana N~ 54, Quebec, 

1990, p. 111-118. 

Mamzelev A. P. and Are F. E. Geological-Engineering 

conditions of Yamal Peninsula along designing railroad I I 
Permafrost, Sixth International Conference, Proc., vol. l, South 

China University of Technology Press, Beijing, 1993, p. 436-
442. 

JlocmynUJ1a G peoaKu,wo 
26 >taJ! 1997 z. 

55 


