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PEJillKT II03,II,HEqETBEPTllqHQM MEP3JIOTbl 
HA EbIBIDEM HYHATAKE IIJIATO MAYHTllH 

(10w-3anaiJ1wJl AJZb6epma) 

C. A. Xapp11c 
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Y,IJ:K 551.345 

Ha IlJiaTO MayHTl1H , pacnoJIO)!(eHHOM Ha mro-3ana11e wTaTa AJih6eprn (KaHa11a), Ha6JIIOAaeTCll peJI11KTOBall 
aJibHl1HCKaSI Mep3JIOTa, OCTanwaSICll OT 3H0Xl1 Il03/1HeBl1CKOHCl1HCKOro OJie11eHeHl1SI . IlJIOCKall nepw11Ha rOpbl He 
no11nepraJiaCb OJie11eHeH1110 B TeqeH11e nJieHCTOL\eHa l1 peJil1KTOBaSI Mep3JIOTa 3AeCb He COOTBeTCTByeT conpeMeH
HOMY KJIHMaTy. B6JIH311 nonepxHOCTH TeMnepaTypa nopo11HOHH)!(aeTCSI11 TenJIO Me11JieHHO rrpOHHKaeT B nop0/1bl. 
TenJio nepe11aeTCSI KaK nocpeACTBOM KOH/1YKTl1BHoro TenJioo6MeHa, TaK 11 11nm1<eH11eM no113eMHbIX B0/1 , HO rrp11 
3TOM IlOCTyrn1eH11e TenJia qaCTHqHO KOMITeHc11pyeTCS! OXJia)!(11a1oll.\l1M BJIHS!HHeM ITOTOKOB B0311yxa, npOHl1Ka!Oll.\11X 
Me)!(11y 06JIOMKaM11 l1 B Tpell.\HHbl B KOpeHHblX nopo11ax. IlOTOKH no113eMHb!X BOA 11 B03Ayxa OKa3bIBalOT 
Cyll\eCTBeHHOe no BeJIH'111He, HO JIOKaJibHOe B0311el1crn11e Ha TeMrreparypy rropo11. 11 MeCTO 3TOl'O B03AeHCTBl1ll 
MO)!(CT 113MeHllTbCll BO npeMeH11. 

IlonepxHOCTb npe11crnnJie1-ia CTPYKTYPHbIM11 rpyHTaM11 11 TepM0KapCTOBb1M11 cjJopMaM11 B crn111111 KOHcep
nal\1111, o6pa30BaBIII11Ml1CS! np11 Bb!Tal1BaHl111 )!(11JlbHblX Jlh/10B, KOTOpble ccjlopM11poBaJI11Cb rrp11 6oJiee XOJIOAHOM 
KJI11MaTe no11 KaMeHHb!Ml1 KOJibl\aM11. H a ceeepHOH OKOHeqHOCTl1 ropbl Cyll\eCTByeT JIC/1511-Jall IlCll.\epa, KOTOpall 
coxpaH11JiaCh e KpOnJie MHOroJien1eMep3JihIX rropo11. Mbn11l1cKall pacT11TeJibHOCTb nKmoqaeT OTAeJihHhie n1111b1 
cjJJIOpb1 A pKT11K11, a TaK)!(e cjJJIOpbI rro6epe)!(bll CIIIA K mry OT KaJI11cjlopH1111. PacrrpoCTpaHeH11e C11el\11cjJ11qecK11x 
e1111oe o6'hSICHlleTCS! r.111rpal\11el1 aJibn11l1cKOH cjJJIOpb1 no epeMll rrpowJibIX xoJIOAHhIX 3nox. Ha6JIIOAalOTCll TaK)!(e 
HeKOTOpble MeCTHbie oco6eHHOCTl1. 

flo3DHeBuc1coHcw1c1Coe OJLeDeHeflue, pe.nwcmoBaJl aJLbnuuc1CaJ1. Mep31wma, cmpy1CmypHb1e zpyHmb1, a.nb
nuuc1caJ1. pacmume.nbHOCmb 

A RELICT OF LATE QUATERNARY PERMAFROST ON A FORMER NUNATAK 
AT PLATEAU MQUNTAIN (SW Alberta) 

S. A. Harris 

Department of Geography, University of Calgary, T2N JN4, Alberta, Calgary, Canada 

On Plateau Mountain in southwest A lberta is an example of relict alpine permafrost left from the Lat e 
Wisconsin glaciation . The flat mountain top was not glaciated during the Pleistocene and the relict permafrost on 
its summit is not yet in equilibrium with the present-day climate. T he near-surface ground tempera tu re becomes 
colder with depth and heat is moving slowly into the ground. This heat flow is accomplished by hea t conduction 
and groundwater movement, but this is partl y counteracted by air moving through block fields or cracks in the 
bedrock. Ground water and air movement produce large but localized ground temperature effects which may change 
location over time. 

The surface shows inactive sorted patterned ground and thermokarst resulting from melting of ice wedges 
formed beneath the stony borders during a colder climate. At the north end of the mountain , an ice cave occurs 
in the surface of the relict permafrost. The alpine vegetation includes disjunct species from the floras of the Arctic 
and also from the west coast of the contiguous United States south to Californ ia . These distributions imply a 
migration of alpine floras during past cold events. Some local speciation has also occurred . 

Late Wisconsin glaciation, relict alpine permafrost, sorted patterned ground, alp ine vegetation 

BBE,ll.EHME 

PenHKTOBag Mep3noTa TnrrnqHa AJig HH3MeH
HbIX TeppnTopuil: IOKoHa [Mackay et al., 1972] u 
AngcKH [Pewe, 1966], He ITOABepraBIIIHXCg OJieAe
HeHHIO, a TaK:>I<e mupoKo pacnpocTpaHeHa B Cu-
6upu, HO AOBOJibHO PCAKO BCTpeqaeTcg B ropax, 
ITOABepraBIIInxcg oneAeHeHngM. TaKoe HCKJ110qe
HHe - IInaTo MayHTHH B CKaJIHCTbIX ropax, Ha 
10ro-3arraAe IIITaTa A.nh6epTa B KaHaAe. B CTaTbe 
rrpHBOAgTcg pe3yJibTaTbI npOAOn:>I<aIOII!HXCg c 

(0 C. A. XappMc, 1997 

20 

197 4 r . Ha6JIIOAeHHM 33 TCMrrepaTypoi1 B03Ayxa ll 
nopoA, a TaK:>I<e cBg3aHHbIX c HHMH gBneHnil: Ha 
IInaTO MayHTHH. 

IInaTO MayHTHH rrpeACTaBJigeT co6oi1 rrnocKo
BepIIIHHHYIO ropy c a6COJIIOTHOH BbICOTOM 2519 M, 
pacrrono:>I<eHHy !O B 80 K r K 10ro-3arraAy OT r. Kan
rapu (puc. 1) . 3 ro ~po aHTHKJIHHanu, rna6o tta 
KJIOHeHHOM K ceBep H 3arraAy. IIepeKphrnaIOII!He 
rropOAbI npeACTaB ileHbl KpeMHHCTbIMH AOJIOMHTaMn 



PEJIHKT II03J(HW!ETBEPTW!HOH MEP3JIOThl HA EblBllIEM HYHATAKE 

fl.,1aTo MayHTHH B IOro-3ana)l,HOtt AJib6ep-
· a.::i.a. 

2';~lero Kap6oHa rpynnbI Cnpeli JleliKc, rrepeKpbI

E:!:;:J.l:>:mi:rr:m H3BeCTH5IKH, ):\OJIOMHTbl, M5IfKHe rrec

'i!:!::I::IKH H CJiaHIJbI 3sepHHITOHCKOH H MayHxe):ICKOH 

[Douglas, 1958; Norris, 1993a, b ]. 
tl;~C'.:fill.;:(h BepIIIHHbI COCTaBJI5IeT 13 KM2• 

BepXH5I5I r paHHIJa Jieca CHJihHO tt3MeH5IeTC5I no 

'C B 3aBttCMMOCTH OT 3KCII03HU:HH (pHc.2) . Ee 

ee IIOJIO)KeHHe Ha 3arra):IHOM CKJIOHe COCTaBJI5[

~90 1 [Bryant, Scheinberg, 1970 ]. KaK rrpa

• rpaHMIJa Hepe3Ka5I H BKJIIOlJaeT KpHBOJieCb5I H 

::;)lllH c HBoll: H pa3HOTpasheM cpeAH AepesbeB, 

fil'HBaIOIIJa5IC5I BHH3 OT 3TOH BbICOTbl ):10 180 M 

pTm<aJIH. BbIIIIe rpaHHIJhI Jieca, B aJihIIHHCKOH 

He rrp eo6Jia):laJOT aJihIIHHCKHe Jiyra c JIHIIIali-

' ·IB, a Ha sepIIIttHe - aJihIIHHCKasr TYHApa c 

..a.....:L>Ll"rn, rroKpbIThIMH JIHIIIaHHHKOM. B sepxHell: 

cy6aJihIIHHCKoro Jieca rrpeo6Jia):laIOT eJih 3H

re...TuMaHa H aJihIIHHCKa5I JIHCTBeHHHU:a , c MeHbIIIHM 

OJilP.IeCTBOM 6eJIOKOpOH COCHhI H IIHXTbI )J,yrJiaca. 

TeppttTopttsr pacrroJIO)KeHa Ha IIO):IBeTpeHHOH 

cropoHe K BOCTOKY OT fJiaBHOro BO):lopa3)l,eJia. Ta

KKM o6pa30M, BepIIIHHa ropbl Jie)KHT 3HalJHTeJibHO 

HIDKe rpam1IJhI oJie)l,eHeHHSI [Ostrem, 1966] H BO 

BpeM5I BHCKOHCHHCKOro OJie):\eHeHHSI He IIOKphIBa

JiaCb JieAHHKOM. CHer OT peAKHX cHerorra):IOB CAY

BaJIC5I c BepIIIHHbI B TbIJIOBbie lJaCTH I.J;HPKOB Ha 

!O)KHOM H BOCTOlJHOM CKJIOHax ropbI (CM. pHC. 2). 

Cpe):IHSISI ro):IOBa5I TeMrrepaTypa B03):1yxa Ha 

BbICOTe 2500 M 3a rrepHO):\ 197 4-1995 rr. COCTaBHJia 
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P11c. 2. PacnonmKeHtte yqacTKOB H3MepeHtt51 TeM -

nepaTypht 11 nonoxetttte anbnttttCKOtt 30HbI Ha IlJia

TO MayHTHH (c ttcnOJib30BaHHeM MaTepwanos 

[Harris, Brown, 1978]). 

1 - nJiaTo, 2 - Jiec, 3 - r pamni,a 11eca H 1rnaTo, 4 - ):(Opora, 
5 - CKBa)l(HHa H ee HOMep , 6 - 11e):(srnall nell(epa , 7 -
MeTeOCTaHl\Hll, 8 - rny6oKall TepMOMeTpWICCK351 CKBa>KHI-Ia. 
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Pttc. 3. lI3MeHeHtte cpe)l,Hero)l,osoi1 Te~.rnepaTypb1 
B03Ayxa Ha BbtCOTe 2500 M (3a nepttOA c 1974 no 

1995 rr., IlnaTo MayHTHH [ITM N!! 2]) 

-2 ,22 °C, rrpH 3TOM c 1985 r. Ha6JIIO):\aJIHCh 3Ha

lJHTeJibHhie BapHaI.J;HH (pHC. 3) . 3a rrepHO):\ HCCJie):IO

BaHHH (21 roil,) rrpOH30IIIJIO IIOHH)KeHHe TeMrrepaTy

pbI rrpHMepHO Ha 1 ,62 °C. 
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METOJJ:bIMCCflEJJ:OBAHMY 

B 1974 r. 6hwo npoBe)l:eHo 6ypeHHe c u:eJibJO 

o6Hapy)KHTh MHOroJieTHeMep3Jihle nopOJl:hI. B Te

t.reHHe CJie)l:yJOII.1,HX 4 JieT 6hIJIH npo6ypeHbl H 060-

PYl::(OBaHbl 10 CKB. (CM. pHc. 2), OJl:Ha H3 KOTOpbIX 

HMeJia my6HHY 150 M [Harris, Brown, 1978; 
1982 ]. TeMnepaTypa B03Jl:yxa H CHe)KHbIH noKpOB 

H3Mep51JIHCb Ha 5 IIJIOII.l,a)l:Kax Hat.rHHa51 c 1994 r. ' a 

OTHOCHTeJibHa51 BJia)KHOCTb onpe)l:eJI51JiaCb Ha BhlCO

Te 2500 M c 1995 r. JJ:JI51 onpe)l:eJieHH51 Mep3Jioro HJIH 

TaJioro COCT051HH51 IIOPOJl: IIpOBO)l:HJIHCb e)KeMeC51t.r

Hbie H3MepeHH51 HX TeMnepaTypbI, B TO BpeM51 KaK 

CTaU:HOHapHble Ha6JIJO)l:eHH51 Ha KJIJOt.reBbIX yt.raCT

Kax o6ecrret.rHBaJIH KOHTPOJih 3a KJIHMaTHt.reCKHMH 

H3MeHeHH51MH H KOJie6aHH51MH TeMrrepaTypbI IIOPOJl:. 

KpoMe Toro, H3MepeHH51 TeMrrepaTypbI 6hIJIH rrpoBe

)l:eHbI B Jie)l:51HOH rreII.1,epe Ha ceBepHOH OKOHet.rHOCTH 

rophI [Harris, 1979 ]. 
JJ:orrOJIHHTeJibHhie HCCJie)l:OBaHH51 BKJIJOt.ralOT 

H3yt.reHHe pacrrpocTpaHeHH51 paCTHTeJibHOCTH 

[Bryant, Scheinberg, 1970] H rrpoHcxO)K)l:eHH51 Ka

MeHHhlX Mopeli H CTPYKTYPHhlx rpyHTOB [Woods, 
19 77] H 3TH HCCJie)l:OBaHH51 rrpO)l:OJI)KalOTC51. fep-

6a pHH HCCJie)l:yeTC51 B KaJirapH, B TO BpeM51 KaK 

)l:eTaJihHbie HCCJie)l:OBaHH51 rrpOHCX0)K)l:eHH51 cyxHX 

HecopTHpoBaHHbIX KOJiell B ropax Be)l:yTC51 c HCIIOJib-

30BaHHeM HeHTpOHHhlX 30HJl:OB, TeMrrepaTypHbIX 

KOC H CHCTeMbl TeJieCKOIIHt.reCKHX Mep3JIOTOMepoB 

pa3JIHt.rHOH Jl:JIHHhI. ITpH H3yt.reHHH Terwoo6MeHa B 

MHHepaJihHbIX IIOt.rBax H B rrpe)l:eJiax KaMeHHbIX 

Mopeli HCIIOJih3YIOTC51 JiorrepbI. JJ:oKTop A. ITpHK 

H3yt.raeT ycTOHt.rHBOCTb KopeHHblX IIOPOJl: K qJH3Ht.re

CKOMY BbIBeTpHBaHHIO IIOJl: )l:eHCTBHeM IIHKJIOB npo

Mep3aHH51-IIpOTaHBaHH51, a TaK)Ke yBJia)KHeHH51-HC-
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Puc. 4. MaMettettue TeMrrepaTypbI nopo.[1. tta rJiy-

6utte 15 M B aaBHCHMOCTH OT BhICOThl, IIJiaTO 

MayttTutt. 
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cymemrn Ha annapaType C.N.R.S. B KaHHax H B 

YHHBeprnTeTax Jlhe)Ka H KaJirapH. 

PE3YflhTAThI 

XapaKTepHCTHKH MttoroJieTtteMep3Jihrx rropo.[1. 

MHoroJieTHeMep3Jihre nopOJl:bI B aJibIIHHCKOH 

30He pa3BHThl IIOBCeMeCTHO Ha HeKOTOpOH rJiy6HHe. 

3HMOH CHer C.[l.yBaeTC51 c BepIIIHHbI H HaKaIIJIHBaeTC51 

B rrpHJieraIOill,HX U:HpKax BOCTOt.rHoro H IQ)KHOro 

CKJIOHOB ropbI, TaKHM o6pa30M OTCYTCTByeT TeIIJIO

H30JIHpy10II.1,ee BJIH51HHe CHe)KHOro rroKpoBa. Cpe)l:

H5151 MOII.l,HOCTb CHe)KHOro IIOKposa COCTaBmreT 

12 CM, B OTJIHt.rHe OT 95 CM B Jiecy. TaM, r)l:e cpe)l:H5151 

BhlCOTa CHe)KHOro IIOKpOBa 6oJiee 50 CM, MHOroJieT

HeMep3Jible rropOJl:bI OTCYTCTBYIOT (pHc. 4, 5). MoII1,

HOCTh ce30HHOTaJioro CJI051 H3MeH51eTC51 OT 5 Jl:O 15 M 

(pHC. 6) H orrpe)l:eJI51eTC51 COBpeMeHHbIM KJIHMaTOM. 

B 150-MeTposoli CKB. OTMet.raIOTC51 TPH xoJIOJl:

Hhlx IIHKa TeMrrepaTypbI Ha myfornax 9 M, 60 M H 

130 M (pHC. 7). 0)l:HaKo 3TO He 51BJI51eTC51 pe3y JlbTa -

TOM BJIH51HH51 KJIHMaTHt.reCKHX H3MeHeHHH 3a noc

Jie)l:HHe 120 JieT, KOTOphle 6hIJIH OTMet.reHbl Ha ce

BepHOM CKJIOHe xpe6Ta EpyKca Ha AJI51cKe [cM. 
Gold, Marshall, 1969; Gold, Lachenbruch, 1973]. 
XoJIOJl:Hhle 3KCTpeMyMbI Ha rJiy6HHe 60 H 130 M 

B03MO)KH0 51BJI5IIOTC51 peJIHKTOM IIOXOJIO)l:aliH51 noc

Jie)l:Hero BHCKOHCHHCKoro OJie)l:eHeHH51, TaK KaK 
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TeMneparypa nOYBbt Ha rny61-1He 

150 CM, 'C 

PHC. 5. 3H:MJUlil Te~mepaTypa IIO'IBhl Ha rJiyforne 

150 CM B 3aBHCH:MOCTH OT cpe.[1.He3HMHeH MO~
HOCTH CHe)KHOfO IIOKpOBa, aJibIIHHCKa51 30tta, IlJia

TO MayttTHH (c HCIIOJih30BattueM MaTep11aJIOB 

[Harris, Brown, 1978]). 



PEJIHKT fl03,!J,HE'lETBEPTW!HOJf MEP3JI0Tbl H A Eh!BJJJEM HYHATAKE 
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c. · . TeMnepaTypa no po LI, B CKBa:>IrnHe r Jiy6ttHOH 
1 M (IIM Ng 2A) Ha IIJiaTO MayHTMH B 1979 r. 
Harris, 1990]. 

ThKO oJiegeHemi:e no3gHero BttcKoHorna gocTtt.ra
_"fo Ha 3arragHOM CKJIOHe ropbl BbICOTbI OKOJIO 

130 M. Ha BOCTOl.JHOM H. lO)KHOM CKJIOHaX cym.ecT

BOBaJI TOJibKO He60JibIIIOM KapOBbIM negmIK. 

Ha ptt.c. 8 noKa3aHa TeMnepaTypa nopog, H3-
1epeHHa5I Ha IlJiaTo MayHTHH NQ 2 c rroMOID,hIO 

Tep mcTOpoB B nep.11og c 1976 no 1989 rr. ([Harris, 
1990 ] p.11c. 2). TeMnepaTypa B03gyxa 11 rropog Ha 
r;ryfarne OT 0, 7 5 go 6 M OCTaBaJiaCb IIOCT05IHHOM c 
He3Hal.JHTeJibHbIMH. KOJie6aHH5IMH, o6ycJIOBJieHHbI

ill IIOCTynJieHHeM COJIHel.JHOro TenJia K IIOBepx-
HOCTH. BMecTe c TeM TeMrrepaTypa rropog Ha rJiy-
6HHe 9 M noHtt.)KaJiach c 1977 go 1982 rr., a 3aTeM 
CTaJia nOCT05IHHOM. TaK KaK B gpyr.11x CKBa)KHHax 
reoTepMaJibHbIX .113MeHeHH.M He Ha6JirogaJIOCb CH.11-

T, 'C 803AYX IIM.NU 

:;l litFHl+U'fITT I 
_:~17~ 

J'~ 
2,25 M 

Jl~IM 

:~f~ 
Q 6 M 

1976 78 80 82 84 86 88 90 

P.11c. 8. TeMnepaTypa nopog Ha pa3Jittl.JHh1x rJiy-
6ttHax Ha IIJiaTo MayHTMH NQ 2 p5ILl,OM c IIM 
NQ 2A 3a nepttOLI. c 1976 no 1989 rr. 11. cpeL1,Hero
L1.0BaS1 TeMnepaTypa B03Ll,yxa. 

.il:JJH crJJa)!(11llamrn Kp11eb1x 11cnOJJh30BaJJJ1Ch CKOJJb35!ll\11e cpeAHHe 
3a weCTb MecmJ,eB. 

)KeHH.e TeMnepaTypbI Ha rJiy611He 9 M MO)KHO CB5I-
3aTb c gBH)KeHtteM BOgbI B nopoge, KOTOpoe .113-

Memwo TennoBoif 6aJiaHc. B 1984 TepMHCTop Ha 
rJiy611.He 16 M noKa3aJI Hal.JaJio nogo6Horo rn.11-
)KeH.115I TeMnepaTypbI, B03M0)KH0, ITO TOM )Ke nptt

l.JHHe. 
Ha pttc. 9 noKa3aHhI or.116arom..11e TeMnepaTyp

HhIX Kptt.Bhrx gJISI IlJiaTo MayHTHH NQl. 3aMel.JeHo, 
l.JTO TeMnepaTypa nopog cflaKTHl.JeCKH yMeHhIIIaeTC5I 
c rJiy6HHOM. 3TO CBHgeTeJibCTByeT 0 TOM , l.JTO MHO
roJieTHeMep3Jible nopoghr em.e Haxog5ITC5I B npo
u;ecce aganTaI..l;HH K 6oJiee TenJIOMY COBpeMeHHOMY 
KJIHMaTy . 
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C.A. XAPPHC 

Jle)J,srnaR ne~epa IlJiaTo MayttTttH 

0)],Ha H3 HHTepeCHhIX oco6eHHOCTeH nJiaTO 

Jiell,5IHa5I neIIIepa, pacnoJIO)KeHHa5I Ha ceBepo-Boc

TOqHoM CKJIOHe ropbI Ha BbICOTe 2225 M (CM. pttc. 2). 
MHoroJieTHHH JieA pacnpocTpaHeH B caMhIX rJiy-

6oKttx qacT5IX neIIIephI (pnc. 10). OH npell,cTaBJieH 

60JihillHMH )],peBOBH)],HbIMH H reKcaroHaJihHbIMH 

nJiaCTHHqaThIMH KpHCTaJIJiaMH )],O 25 CM B )],HaMeTpe 

[Wigley, Brown, 1971 ]. TaKne KPHCTaJIJihI MoryT 

¢opMHpOBaThC5I TOJihKO npH TeMnepaType, 6JIH3KOH 

K 0 °C [La Chapelle, 1969 ]. MHoroKpaTHhie H3Me

peHH5I TeMnepaTyphI B neIIIepe noKa3aJIH, qTo OHa 

B 3HaqnTeJihHOH CTeneHH OCTaeTC5I nOCT05IHHOH H 

HHKOr)],a He onycKaeTC5I HH)Ke -0,25 °C. ,Il,BH)KeHHe 

B03)],yxa B neIIIepe OTCYTCTByeT H rpaHHIJ,a MHOro

JieTHero Jih)],a Me)],JieHHO OTCTynaeT BHH3 BCJie)],CTBHe 

noBhimeHH5I TeMnepaTyphI nopoll,. Ta5IHHIO JihAa 

cnoco6CTBYIOT HHCXOil,5IilIHe rpyHTOBhie BO)],hI, o6pa-

3YIOilIHeC5I npH BbITaHBaHHH Jih)],a B TpeilIHHax H3-

BeCTH5IKOB, CJiaraIOilIHX CTeHhI neIIIepbI. fJiy6nHa, 

Ha KOTOpoll: BCTpeqaeTC5I MHOroJieTHHH Jie)],, COOT

BeTCTByeT, B OCHOBHOM, 3aBHCHMOCTH rJiy6HHbI ce-

30HHOTaJioro CJI05I OT BhICOTbI MeCTHOCTH, KOTOpa5I 

6bIJia ycTaHOBJieHa npH H3MepeHHH TeMnepaTypbI B 

APYrHX CKBa)KHHax B npell,eJiax ropbI (CM. pnc. 6). 
TeMnepaTypa JihAa TaK)Ke cooTBeTCTByeT 3TOH 3a

BHCHMOCTH (CM. pnc. 4). Han6oJiee 3HaqnTeJihHOe 

OTCTynaHHe rpaHHil,bI Jih)],a OTMeqaJIOCh B JieTHHe 

ce30Hhl c CHJibHbIMH JIHBH5IMH. 0TenJI5IIOIIIee B03-

)],eHCTBHe n0)],3eMHbIX BO)],, HeCOMHeHHO, rJiaBHbIM 

¢aKTOP Ta5IHH5I Jih)],a Ha BepxHeH rpaHHIJ,e Mep3JIOTbI. 

CTpyKTYPHhie rpyttThI 

PeJIHKTOBhie copTnpoBaHHhie CTPYKTYPHhie 

rpyHTbI mnpOKO pacnpOCTpaHeHhI Ha nOJIOfHX CKJIO

Hax BepmHHhI rophI. BcTpeqaIOTC5I nepexO)],hI OT 

copTHpOBaHHbIX KaMeHHhIX KOJieIJ, qepe3 copTHpO-
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TIM NQ 1 tta BhICOTe 2519 M. 
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Pttc. 10. MecToHaXO)K,!I,etttte MHoroneTHero Jih)J,a B 

Jie,!I,RHOH ne~epe IlnaTo MayHTttH [Harris, 1979]. 

1 - KpMCTaJIJibI, 2- T, 'C, 8 oKrn6p51 l976 r., 3 - TepMonapb1. 

BaHHhie nOJIHrOHhI K copTHpOBaHHbIM nOJIOCaM 

[Woods, 1977]. 3TH ¢opMbI o6pa30BaHhI CMeChIO 

o6JIOMKOB, necKa II nhIJIH (pnc. 11) , KOTOpbie npell,

CTaBJI5IIOT co6oll: JIH6o OTJIO)KeHH5I Ha ll,peBHeH 3po-

3HOHHOH noBepXHOCTH BepmHHbI rophI, JIH6o BhIBeT

peJibie KpeMHHCThie H3BeCTH5IKH. 3TH OTJIO)KeHH5I 

CyilieCTBeHHO OTJIHqaIOTC5I no rpaHyJioMeTpnqecKO

MY COCTaBy OT 30JIOBbIX JieCCOB, a HX MOilIHOCTb Ha 

IlJiaTo MayHTHH NQ 2A cocTaBJrneT AO 40 M. 

100% 
fm1Ha 

Pttc. 11. Pacrrpe _e JieHtte pa3Mepa 11acTttll, 3anoJI

HHTeJIR no cppaKll,lliIM B copTttposattHhIX CTPYKTyp

Hhix rpyttTax IlJia T o MayHTHH s cpasHeHtttt c 

30JIOBhIM11 rreccai.rn 113 K11npecc XHJIJI3 [Catto, 
1981]. 

1 - cj:JpaKl\HS! <2 MC\1, 2 - Jiecc H.3 I0mpecc XMJIJI3. 



PEJ!HKT II03pI-IE'lETBEPTH'!HOH MEP3JI0Thl HA Bb!BllIEM I-IYI-IATAKE 

IlosepxHOCTh KaM'Heil n r;Ib16 B rpamm.ax cop

TnposaHHhIX ¢opM HMeeT xapaKTepHblH IIOKpOB H3 

JIHIIIaHHHKOB, KOTOpbIH OTCYTCTByeT Ha HX HH)KHeH 

CTOpOHe. 0TCIOL(a CJieL(yeT, IJ:TO copTHpOBKa HMeJia 

MeCTO MHOro JieT Ha3aL( H ceilIJ:aC rrpeKpaTHJiaCh. 

H eo6h1IJ:ailHoe pa3Hoo6pa3He JIHrnailHHKOB Ha H3Be

CTKOBOM cy6cTpaTe IIOL(TBep)KL(aeT ::>Ty HL(eIO 

[Bryant, Scheinberg, 1970 ]. MecTaMH Ha seprnHHe 

ropbl Ha KaMeHHbIX KOJihU:aX BCTpe1IaIOTC51 IIOHH -

:>KeHH51 rJiy6HHOH L(O 70 CM, KOTOpbie, BHL(HMO, 

c¢opMHpOBaJIHCb B pe3yJibTaTe 3HaIJ:HTeJihHOH rrpo

Ca L(KH IIOBepXHOCTH BCJieL(CTBHe BbITaHBaHH51 )KHJib

HhlX JihL(OB. TaK KaK )KHJihHhie JihL(hI H CTPYKTYPHhie 

r p y HThI ceilIJ:ac He ¢opMHPYIOTC51 Ha HapyrneHHhIX 

IIOBepxHOCT51X, 3TH o6pa3oBaHH51, BHL(HMO, B03HHK

JIB BO speM51 rrpeL(hIL(YIIlero OJieL(eHeHH51. 

Pacn1TeJihHOCTh 

PacTHTeJibHOCTh CesepHoil AMepHKH HHTepec

a a MHOrHMH oco6eHHOCT51MH, KOTOpbie CB513aHhl c ee 

.rnrpau:11eil [Weber, 1965], HO rrpttpoL(a H Harrpas

JieHne 3THX MHrpati:HH L(HCKyCCHOHHbl. IlepeMeII1a

;iacb JIH TpeTHIJ:Ha51 ¢Jiopa Ha cesep, ¢opMHpySI 

pacTnTeJihHOCTh rraHaMepHKaHCKoil TYHAPhI [Tol
m achev, 1959; Hulten, 1962], HJIH cPJIOpa apKTHIJ:e-

' Oi1 TYHAPhI L(BHraJiach K 10ry B xoJIOL(Hbie rrepHOL(hI 

D OKa3bIBaJiaCh HeTHIIHIJ:HOH L(JI51 ropHbIX sepIIIHH, 

' OrL(a KJIHMaT noTerrJieJI [Hooker, Gray, 1880; 
Darwin, 1883; Wallace, 1900]? 

Ha IlJiaTo MayHTHH 6brno co6paHo, 110 Kpail

Hei1 Mepe, 488 BHL(OB cocyL(HCTbIX pacTeHHH, H3 

f.r OTOpblX 212 ( 43 % ) BCTpeIJ:aIOTC51 B aJihIIHi1CKOH 

3 He. 0HH Ilp051BJI51IOT HC'KJIIOIJ:HTeJibHOe pa3H006-

a3He reorpa¢HIJ:ecKoro pacrrpocTpaHeHH51. HeKOTO

hle BHL(hI, TaKHe KaK Paa pattersonii H Epilobium 
clavatum THIIHIJ:HhI L(JI51 rop 10ro-3arraL(HhIX pai1oHoB 

CIIIA. Do KpailHeil Mepe, 10 H3 HHX 51BJI51IOTC51 

rraHapKTHIJ:eCKHMH (HarrpHMep, Campanula 
uniflora), 6epHHI'HHCKHMH (HarrpHMep, Myosotis 
alpestris ssp. asiatica), HJIH aM¢HaTJiaHTHIJ:eCKHMH 

(HarrpHMep, Pedicularis flammea). OHM HCIJ:e3aIOT K 

10ry OT IlJiaTo MayHTHH, IJ:To nOL(TBep)KL(aeT rrpaso

TY XyKepa H fpeSI, JJ.apsnHa H BaJiaca. JJ.pyme 

BHL(hI HaHL(eHhI TOJihKO B npeL(eJiax xpe6Ta CKa

JIHCThIX rop Me)KAY LI.)KacrrepoM H BaTepTOH Ilap

KOM (CM. pnc. 1), OHM yKa3bIBaIOT Ha MeCTHYIO 

rne-u:n<PttKy (HanpttMep, H aplopappus lyallii) . 0):(

HaKo L(pyrtte, TaKne KaK Erigeron aureus, HailL(eHhI 

TaK)Ke B aJihIIHHCKOi1 30He Ha seprnnHaX rop B 

JO)KHOH IJ:aCTH EpHTaHCKOH KoJiyM6Htt . 

IlJiaTo MayHTHH Jie)KHT B rrepexOL(HOi1 30He 

Me)KL(y 6opeaJihHbIMH JiecaMH K cesepy H ropHblMH 

JieCaMH K 10ry. 0L(HaKO, 1IT06hl C03L(aTh ycJIOBH51, 

IIPH KOTOpbIX aJihIIHHCKIIe pacTeHII51 MOI'JIH MIIr

PIIPOBaTb IJ:epe3 rrycThIHH n Jieca H3 KaJin¢opHHH 

IIJIH K 10ry II3 ApKTIIKH, L(OJI)KHO 6hIJIO rrpott30HTII 

IIOXOJIOL(aHHe, rrpH KOTOpOM MeCTHa51 paCTHTCJib

HOCTb BhITeCH51Jiach TYHAPOBOH, a JieL(HHK rrptt ::>TOM 

He 51BJI51JIC51 rrperrSITCTBHeM L(Jl51 MIIrpau:IIH pacTeHIIH. 

3To, CKOpee scero, HMeJIO MeCTO B paHHeM H cpeL(

HeM BHCKOHCHHe [Harris, 1994 ]. 3TO TaK)Ke MOI'JIO 

o6ecrreIJ:HTb B03MO)KHOCTb 3THM BHL(aM pa3BIIBaThC51 

JIOKaJihHO H OTHOCHTeJihHO HeL(aBHO IIpOL(BHHYTbC51 

B 3TOT paHOH BL(OJib CKaJIHCTbIX rop. 

TenJIOBhie IIOTOKH B peJIIIKTOBYIO Mep3JIOTY 

B Ta6JIIIU:e rrpIIBOL(IITC51 pe3yJihTHPYIOII1IIH HHC

XOASIIIIHH TeIIJIOBOi1 IIOTOK, 6a3IIPYIOIIIHHC51 Ha H3-

MepeHHOM IIOHII)KeHIIII TeMnepaTypbl B HeKOTOpbIX 

ropII30HTaX IlJiaTo MayHTHH N<:> 1 IJ:epe3 18 Mee. 

IIOCJie 6ypeHH51. HHCXOL(SIIIIHH TeIIJIOBOH IIOTOK 

yMeHhrnaeTC51 c rny6HHOH . IlpH cpaBHeHHH 3Ha-

HHCXO,!lll~HH TeIIJJOBOH IIOTOK B rrepBbIX Ill!TH CKBa)J<lfHax B Mep3JlbIX nopo.11ax aJlhIIHHCKOH 30Hbl Ha sepumue 
IlJJaTO MayHTHH qepe3 1,5 ro.11a IIOCJ!e 6ypeHHll, Ha OCHOBaHHH H3Mepemrn TeIIJJOIIpOBO,!IHOCTH If TeMneparypbl rropo.11 

(no MaTepttaJJaM [Harris, Brawn, 1978)) 

Ilomrn<em1e Tern10rrposo.11HocTb, TerrJJOBOH IIOTOK YttaCTOK rny6ttHa rOp1130HTa, M TeMnepaTypb1 c 2W/rnK qepe3 CJioii, 6w/rn2 A6c. BbICOTa, M 
rJiy6mmii*, ·c 

4,6-6,1 0,04 5,18 0,136 

6,1-7,6 0,04 5,18 0,136 

7,6-12,2 0,08 5,18 0,093 
1 12,2-15,2 0,04 5,18 0,065 2519 

15,2-18,3 0,04 5 ,18 0,063 

18,3-30,5 0,12 5,18 0 ,053 
2 12,1-15,2 0,05 5,18** 0,085 2484 
3 12,2-15,2 0,03 5,18** 0,051 2438 
4 12,2-15,2 0,05 4,92 0,081 2426 
5 12,2-15,2 0,05 6,10 0,120 2319 

* Pa3HOCTb 3HaqeH11ii TeMrrepaTypb1 nopo.11, 113MepeHHoii OJ.IHOnpeMeHHO Ha nepn1eii 11 Hl1)KHeii rpaHm.(ax mnepeaJia (cpeAHee 
3Ha4eH11e 113 MeCi!qHbIX Ha6moAeH11ii 3a 1-2 roAa). 

** BeJI11q11Hb1, noJJyqeHHbie AJI5! auaJior11YHb1x nopoA Ha yqacTKe 1. 
a Onpe)leJieH115! BbIIIOJIHeHbI A.C.):(}Ka)l)KeM, 0TAeJI ¢11311K11 3eMJil1 ):(enaprnMeHTa :mepreT11K11, ropuoro AeJia 11 3anacon, OTTana , 

Kaua)la. 
6 PacqeT BbIIIOJIHeH JI .E .ryApHXOM, 0TAeJI 11ccJieAonau11ii AJI5! CTpo11TeJibCTBa HaL1110HaJibHOro HayY HOro Conern, OTTana, 

KaHa)la. 
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C.A. XAPPJfC 

Liemrli TeITJIOBOro ITOTOKa B ITOpOJJ,e Ha O)l,HOH H TOH 

:>r<e rJiy6ttHe B 5 CKBa:>r<HHax Ha BepmHHe rophl, 

Ha6moJJ,aeTC51 TeHJJ,eHIJ;H51 K HX yBeJIHL!eHHIO c 

yMeHhilleHHeM BbICOThl MeCTHOCTH. 

TaKoe pacITpeJJ,eJieHHe TeITJIOBbIX ITOTOKOB noA

TBep:>r<JJ,aeT HJJ,eIO, L!TO MHOroJieTHeMep3Jibie ITOPOAhl 

51BJI51IOTC51 peJIHKTOBbIMH H AO CHX ITOP He HaXO)l,51TC51 

B paBHOBeCHH c COBpeMeHHbIM KJIHMaTOM. 0JJ,HaKO 

TeMITepaTypa ITOPOA Ha BepmHHe rophI OITpeJJ,eJI.s1eT

c.s1 KaK MHHHMYM LieThlpbM51 ITpoii:eccaMH, JJ,elicTBy

roni;HMH B pa3JIHLIHhlx LiacT.sIX ropbI. Hatt6oJiee oLie

BHAHhIM 51BJI51eTC51 KOHAYKTHBHbIH TeITJIOITepeHOC, H 

:no YLITeHo B BhILIHcJieHH.sIX (cM. Ta6JIHIJ;y). BMeCTe 

c TeM cPHJibTpaIJ;H51 BO)l,bl BHH3 B ITOLIBY (CM. pHC. 8) 
H Liepe3 Tpeni;HHhI B ITopoJJ,ax B JieJJ,.sIHOH ITeni;epe 

ITPHBO)l,HT K yBeJIHLieHHIO Ta51HH51 BepxHHX ropH30H

TOB Mep3JIOThl. 0TCIOJJ,a pa3JIHL!He B TeMITepaType Ha 

rJiy6HHax 6 M H 9 M Ha IlJiaTO MayHTHH Ng 2, 
COCTaBHBmee B 1984 I'. 1,9 °C, L!TO ITOL!TH B 400 pa3 

ITpeBbimaeT HOpMaJibHbIH TeITJIOBOH ITOTOK, BbIL!HC

JieHHbIM B Ta6JIHIJ;e. B ITpeJJ,eJiax KaMeHHoro MOp5I 

3TO 51BJieHHe 6bIJIO OTMeLieHO TOJibKO B OJJ,HOM 6ypo

BOH CKBa:>KHHe H3 IT51TH, B TO BpeM51 KaK B KOpeHHbIX 

ITOpOJJ,ax BOJJ,a MO:>r<eT ITPOHHKaTb TOJibKO ITO Tpe

IIJ;HHaM. TaKHM o6pa3oM, 3TO B03JJ,elicTBHe He MO

:>r<eT OXBaThIBaTb 6oJiee 10 % yLiaCTKOB KaMeHHbIX 

Mopeli H 3 % MaCCMBa KopeHHbIX ITOPOA, HO BCe :>r<e 

3TO ocTaeTc.s1 oLieHb Ba:>r<HbIM ct>aKTopoM. YLiaCTKH 

ero B03JJ,eHCTBH51 co BpeMeHeM MOI'YT MeH51Tb MeC

TOITOJIO:>r<eHHe ITO Mepe COKpani;eHH51 MOIIJ;HOCTH Mep-

3JIOTbI. 

KaK TOJibKO JieJJ, BbITaHBaeT H3 Tpeni;HH B KO

peHHOH ITOpOJJ,e, B03AYX HatIHHaeT ITPOHHKaTb B HHX 

B mo6oe BpeM.s1 roJJ,a [Wigley, Brown, 1971 ]. 3TO 

HMeeT MeCTO TaM, rJJ,e KopeHHbie ITOPOAbI BbIXO)l,51T 

Ha ITOBepxHOCTb B CKaJiax ITO ITepttct>epHH IlJiaTO H 

I'JJ,e o6hIL!HO BCTpeLiaIOTC51 yLiaCTKH c B03AYIDHbIMH 

ITOTOKaMH B ITOpOJJ,ax, HaITpHMep, B Jie)l,51HOH ITe

ni;epe KaHhOHa KpHK [Harris, 1979 ]. TaK KaK 

7 Mee. B rDAY cpeJJ,H5151 TeMITepaTypa B03JJ,yxa HH)Ke 

<1l 
f-

c 
GR.728 

8000 

8 7000 
:a 

Q) 

6000 

0 °C H 5 Mee. Bbiille 0 °C, TO ITPOHCXO)l,HT OXJia:>r<

JJ,eHHe ITOPOA co CTOpOHbI Tpeni;HH. JlI06bie ITOJJ,3eM

Hbie BO)l,bI, ITPOXO)l,51IIJ;He Liepe3 OXJia:>r<JJ,eHHYIO 30HY, 

MOI'YT 3aMep3aTh, ct>opMHPY51 JieJJ,, KOTOpbIH HrpaeT 

poJih HaKOITHTeJI.s1 xoJioJJ,a. TaKHM o6pa3oM, 3TO 

6yJJ,eT ITPOTHBOJJ,eHCTBOBaTb HarpeBaHHIO, XOT51, 

ITOBTOpHM, 3TO 6yJJ,eT HMeTb MeCTO TOJibKO B 3 % 
MaCCHBa. 

IlocJieJJ,HHH ct>aKTOp, H3MeH51IOIIJ;HH TeITJIOBbie 

ITOTOKH - 3TO ITPHCYTCTBHe KaMeHHbIX ITOJieH H 

KaMeHHbIX Mopeli Ha CKJIOHax H LiaCTHL!HO Ha Bep

illHHe ropbI. B KyJiyH )l(aHe [Harris, 1996] cpeJJ,H5151 

TeMITepaTypa ITOPOA ITOA KPYITHoo6JIOMOLIHhIM Liex

JIOM MO:>KeT 6bITb Ha 7 °C HH:>Ke, LieM Ha coceJJ,HHX 

yLiaCTKax 6e3 KaMHeli. AHaJiorHLIHhre pe3yJihTaThI 

6bmH ITOJiyLieHbI Ha CKJIOHax IlJiaTO. TaKHM o6pa-

30M, coBpeMeHHbie KPYITHoo6JmMOLIHhie LieXJihI Ha 

CKJIOHax I'Opbl, B03MO:>KHO, CHH:>KaIOT CKOpOCTb ITpor

peBa peJIHKTOBOH Mep3JIOTbl OCHOBHOI'O MaCCHBa 3a 

CLieT 6oKOBbIX ITOTepb TeITJia. 

Ha pHc. 12 o6o6ni;eHhI Bee H3BeCTHbie CBeJJ,eHH51 

0 TeITJIOBbIX ITOTOKax. Mo:>r<HO BHJJ,eTb, L!TO KOH

AYKTHBHbIH TeITJioo6MeH o6ycJIOBJIHBaeT TOJihKO 

tiaCTb o6ni:ero TeITJIOBoro ITOTOKa. B ropax ITOTOKH 

BO)l,bl H B03JJ,yxa B MaCCHBe 2, a TaK:>r<e B ITOBepxHO

CTHbIX KPYITHoo6JioMOLIHhIX LiexJiax, TaKHX KaK Ky

PYMhI, MoryT JIOKaJihHO 3HaLIHTeJihHO H3MeH51Th 

cpoKH JJ,OCTmKeHH51 paBHOBeCHOH TeMITepaTypbl 

ITOPOA ITOCJie KJIHMaTHLiecKHx KOJie6aHHli. Bo3JJ,ym

Hbie ITOTOKH B KPYITH006JIOMOL!HOM LieXJie OXJia:>r<JJ,a -

IOT HH)KeJie:>r<ani;tte ITOPOAhI. TaKHM o6pa3oM, ITpor

H03 TeITJIOBOro B03JJ,eHCTBH51 KJIHMaTHL!eCKHX H3Me

HeHHH Ha TeMITepaTypy ITOPOA B ropax 3HatIHTeJihHO 

6oJiee CJIO)KeH, LieM ITPHH51TO YLIHTbIBaTb B Tpa

AHIJ;HOHHbIX ITpOCThIX TeITJIOBhix MOJJ,eJI.s1x. CKopoCTh 

3THX H3MeHeHHH, B03MO:>KHO, HeJIHHettHa. 

BblBO)].bl 

B ITpeJJ,eJiax BepmHHhI IlJiaTo MayHTHH pacIT

pocTpaHeHa peJIHKTOBa51 Mep3JIOTa, KOTOpa51 Ha-

IO 
GR .600 

2400 

rnb16a 

* Jle.Q ne11.1epb1 

V130TepMa 

YYaCTKlll 

2100 TenJ1080iii OOTOK, BT M2 

0,38 Tennonpo80AHOCTb 

3,8-11,6 Bo.Qa 

3 -10 ,[l8111lt<eH111e 803.Qyxa 

1800 4 r11b1608oe none 
(nOTOK 803.QYXaJ 

Pwc. 12. 06o6lll,eHHe H3MepeHHbIX TenJIOBbIX ITOTOKOB, IlJiaTO MayHTHH. 
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PEJJHKT ll03PHE'!ETBEPTW!HOH MEP3JJOThl HA EhIBJlIEM HYHATAKE 

X O}J,IITC5I B HepaBHOBeCHOM COCT05IHIIII no OTHO

meHIIIO K coBpeMeHHOMY KJIIIMaTy. B rrpIIrroBepxHo

CTHOM ropII30HTe TeMrrepaTypa rropo,!l; IIOHII)J(aeTC5I 

c rJiy6IIHOH II Tomn:a rrporpeBaeTC5I Me,!l;JieHHO. Terr

ilOBOH rroToK B rropo,!J;y - 3TO pe3yJihTaT KOH

JJ:YKTIIBHoro TeIIJI006MeHa IIOTOKa IIO,!l;3eMHbIX BO,!l;, 

KOT OpOMY 'IaCTII'IHO rrpeII5ITCTByeT rrpOHIIKHOBeHIIe 

Bo3n.yxa qepe3 KpyrrHoo6JIOMO'IHhie IIJIII TpeID;IIHO

BaThie KopeHHhie rropO/l.hI. IlOTOKII IIO,!l;3eMHbIX BOil. 

JI B03LI.yxa OKa3hIBaIOT 60JihIIIOe, HO JIOKaJihHOe 

B03LI.eHCTBIIe Ha TeMrrepaTypy rropo,!l; II 3TO B03-

.:i;e:ik TBIIe MO)J(eT H3MeH5ITb MeCTOIIOJIO)J(eHIIe BO 

Bpe f eHII. 

IloBepxHoCTh rroKphITa CTPYKTYPHhIMH rpyH

a rn B CTa,!J;IIII KOHcepBaU:HII II TepMOKapCTOBbIMII 

- p M a M II, 5IBJI5IIOID;IIMIIC5I pe3yJihTaTOM BbITaIIBa

HIDI Ji e):{5IHhlX )J(IIJI, KOTOpbie o6pa30BaJIIICb IIO,!l; 

e HHbIMII KOJibU:aMII rrpII 6oJiee XOJIOLI.HOM KJIII

MaTe . AnbIIIIHCKa5I paCTIITeJibHOCTb BKJIIO'IaeT OT

;:i~ ;n,m,1e BII.!J;hI II3 qJJiophI ApKTIIKII II 3arranHoro 

n o6 p e )J(h5I CIIIA IO)J(Hee KaJIIIcPOPHIIH, rrpn-

: TCTBHe KOTOpbIX MO)J(HO o6'b5ICHIITb TOJihKO MIIr

paqH.e fr a JibIIIIHCKOH cPJIOpbI BO BpeM5I rrpOIIIJibIX 

n xoJioL(aHIIH. Ha6JIIO,!l;aeTC5I TaK)J(e MeCTHa5I crre

IUI :m<a . 
IloJieBhie pa6oThI cPIIHaHcIIpoBaJIIICh NSERC 

rpaHTbI #A-7483, 6ypeHIIe CKBa)J(IIH cl>IIHaHCIIpOBa

_- {lCb 6hIBIIIIIM 0TL(eJIOM IICCJie,!l;OBaHIIH ll.Jl5I 

HTeJihCTBa Hau:IIoHaJihHOro Hay'IHoro CoBeTa 

&-u..uc•µ, DJ. 
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