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CoBpeMeHHhie H3MeHemrn KJIHMaTa H KpHOJIHT030Hbl H3ytraJIHCb Ha OCHOBe ,flaHHbIX ceBepHbIX MeTeopo­
JIOrHtreCKHX CTaHIJ,HH H reoKpHOJIOrHtreCKHX CTal\HOHapoB, pacnoJIO)!(eHHhIX B pa3JIHtrHhIX perHOHax PoccHH. 

HatrHHa51 c cepe,TIHHhI 60-x rr. XX B., Ha TeppHTOpHH PoccHH noBceMeCTHO OTMetraeTC51 noTenJieHHe 
KJIHMaTa H nepxHHX ropH30HTOB KpHOJIHT030HhI. TpeH,fl .nOBh1weHH5! TeMnepaTyph1 B03,flyxa 3a nocJie,flHHe 30 JieT 
cocrnBJI5IeT 0,02-0,03 ' C/ro,fl JIJI51 EBponeI1cKoro ceBepa, 0 ,03-0,07 ' C/ro,fl - JIJI51 ceBepa 3ana,flHOI1 CH6HpH 
H 0,01-0,08 ' C/ro,fl - JIJISI 51KyrnH. K 2050 r . nporH03HpyeTC51 yMepeHHOe nOTenJieHHe KJIHMaTa B BhICOKHX 
WHpOTaX, c nOBbIWe1rneM TeMnepaTypbl B03,flyxa ,TIO 2 ' C. 

Jl:aHHhie MOHHTOpHHra KpHOJIHT030Hbl CBH,fleTeJihCTBYIOT 0 nOBbIWeHHH TeMnepaTypbl Mep3JiblX rpyHTOB 3a 
nocJie,flHHe 15-20 JieT ,TIO 2-2,5 ' C Ha rny6HHe 3 M H ,TIO 1 ' C Ha rny6HHe 10 M. 3TO Bbl3BaHO nonceMeCTHbIM 
noTenJieHHeM KJIHMaTa, a B p51,Tle paHOHOB H B03paCTaHHeM CHeroOTJIO)!(eHHH. B03M0)!(H0e nOBbIWeHHe TeMnepa­
TYPhI BepxHHX ropH30HTOB cnJIOWHOH KpHOJIHT030HhI B ycJIOBH5IX 3anaAHOI1 CH6HpH coCTaBHT K 2020 r. OKOJIO 
1 ' C, a K 2050 r. - 1,5-2 'C. MaKCHMaJibHhie aapHal\HH rny6HHbl ce30HHOro npOTaHBaHH51 B MHOrOJieTHeM 
nepHOAe OTMetralOTC51 AJI51 rpyHTOB opraHHtreCKOro npOHCX0)!(,fleHH51. 3KcnepHMeHTaJibHO Bb151BJieHa CJia6a51 
TeH]:\eHl\H51 K B03paCTaHHIO MOil\HOCTH ce30HHOTaJioro CJI051 BO BpeMe~rn . 

KpUOJlUm030H.a, ICJlUMam, MOH.umopu11.2, np02H.03 

PERMAFROST-CLIMATIC MONITORING OF RUSSIA: METHODOLOGY, 
RESULTS OF OBSERVATION AND FORECAST 

A. V. Pavlov 

All-Russian Research Institute for Hydrogeology and Engineering Geology (VSEGINGEO) 142452, Moscow, Russia 

The modern changes of climate and permafrost were studied on the basis of the data of northern 
meteorological stations and permafrost stations, located in various regions of Russia. 

Everywhere on territory of Russia it was marked warming of a Climate and upper part of Permafrost since 
the middle l 960 's. The trends toward an air temperature during 1965 - 95 varies over a wide range, from 0 to 
0.08 ' C/year. By 2050 the temperate Climate Warming is predicted in Northern latitude with increase of air 
temperature up to 2 ' C. 

The Permafrost Monitoring data testify in increase of Permafrost Temperature for the last 15-20 years up 
to 2-2,5 ' Con the depth 3M and up to I ' Con the de~th 10 m. Possible increase of the temperature of the upper 
part of Permafrost of Western Siberia will make about 1 C by 2020, and - 1,5-2 ' C by 2050. The weak tendency 
to increase depth of Active Layer depth is revealed experimentally. 

Permafrost, climate, monitoring, forecast 

OEm;IIE COOEPA.IKEHlI.SI lI IIPlIHIJ;lIIIlIAJibHblE IIPE,ZJ;IIOChIJIKlI 

KpnoJIFIT030Ha FI 0611aCTh rny6oKoro ce30HHoro 
np0Mep3amr.H 3aHFIMalOT B PocrnFI OKOJIO 80% Tep­
PHTOpFIFI. KpFIOJIFIT030Ha FIMeeT TaK)Ke mFipoKoe 
pacnpocTpaHeHFie B KaHaJJ.e (rrpFIMepHo Ha 50 % 
TeppnTopnFI cTpaHhl), MoHroJIHH, Knrne; oHa oxBa­
ThrnaeT 3Hat.JFITeJihHYIO t.JaCTh .An.HCKFI. Bo3HFIKHO­
BeHFie FI pa3BFITFie KpFIOJIFIT030Hhl B perFIOHaJihHOM 
H IIJiaHeTapHOM MaCmTa6ax o6ycJIOBJieHO FI3MeHe­
HFI.HMFI KJIFIMaTa. 

Ifayt.JeHFie B3aFIMOCB.H3ell: Me)KJJ.Y KJIFIMaTOM H 
KpHOJIFIT030HOH Hat.JaJIOCh C pa60T f.lI.BHJih)l.a 
[BUJl,ba, 1882]' JI.A . .51 t.JeBCKoro [5/r.te8CKUU, 1889 ] 
H 6hmo rrpOJJ.OJI)KeHo M.H. CyMrHHhIM [CyMzuH, 
1937] , B.A.KyJJ.p.HBIJ;eBhIM [Kyap51.e11ee, 1954 ] , n 
JJ.p. Hat.JHHa.H c 60-x rr. XX B., Hayt.JHa.H o6nrecTBeH­
HOCTh PoccFIH , KaHaJJ.hI, CIIIA FI JJ.py rFix CTpaH 
cTaJia yJJ.eJI.HTh Bee B03pacTaronree BHFIMaHne rrpo6-
JieMe Q)KH)l.aeMbIX r1106aJihHbIX H perHOHaJibHhIX 
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H3MeHeHIIH KJIHMaTa H KpHOJIHT030Hbl [Eopuce1-t­
K06, 1990; Ey8b1Ko u ap., 1991; Be.llwiKo u ap., 
1992; lllno.ll>1.1-tc1w>1., 1990; Cheng Gudong et al., 
1993; Lachenbruch et al., 1988; Mackay, 1995; 
Manabe e_t al., 1980; Nelson et al., 1993; Pavlov, 
1994; Romanovsky et al., 1995 ]. I1pe):(CT05III1He 

H3MeHeHH5I rJio6aJibHOro KJIHMaTa 01.i:eHHBaIOTC5I He 

OJ:\H03Hatrno: pa3pa6aTbIBaIOTC5I ci.i:eHapHH 3Ha1rn­

TeJihHOro IIOTeIIJieHH5I [Ey8bl!CO u ap., 1992; Nelson 
et al., 1993], yMepeHHOro 110Te1meHH5I [Eopuce1-t-
1Coe, 1990; Pavlov, 1992] H rroxoJio):(aHH5I [lllno­
Jl5lHCKa>1., 1990]. Corrp5I:>KeHHbIH aHaJIH3 MeTeopo­

JIOrHl!ecKoli H reoKpHOJIOrHl!eCKOH HHCpopMaI.J:HH 

1103BOJI5IeT oi.i:eHHTb pOJib COBpeMeHHoro KJIHMaTa B 

¢opMHpOBaHHH ):\HHaMHKH KpHOJIHT030Hbl H ee 

O:>KH):\aeMOH ):\erpa):(aI.J:HH. 

IT po):(OJI:>KHTeJihHOCTb HHCTpyMeHTaJihHbIX Me­

TeopoJiorHl!eCKHx H3MepeHHH Ha ceBepe PocCHH 

):\OCTHraeT 180 JieT. LI:o He):\aBHero BpeMeHH ceTb 

MeTeOCTaHI.J:HH 6bIJia 3):\eCb ):\OCTaTOl!HO pa3BeTBJieH­

HOH, O):\HaKO B IIOCJie):\HHe 3-5 JieT OTMel!aeTC5I, K 

CO:>KaJieHHIO, 3aMeTHOe COKpaII1eHHe l!HCJia MeTeO­

CTaHI.J:HH. 

Borrpoc o rrJiaHoMepHOM H3yl!eHHH KpHOJIHT0-

30HbI rryTeM opraHH3aI.J:HH crrei.i:HaJibHbIX CTaI.J:HOHa­

poB 6bIJI BrrepBbie rrocTaBJieH M. il. CyMrHHbIM eII1e 

B 30-e rr. BhmOJIHeHHe rrHoHepHbIX CTaI.J:HOHapHbIX 

pa6oT Ha 3KCrrepHMeHTaJibHbIX IIJIOl.I.J:a):\Kax B p5I):(e 

palioHoB ceBepa PoccHH (BopKyTa, ilrapKa, .51KyTcK 

H ):(p.) CB5I3bIBat:TC5I, B rrepByIO Ol!epe):(b, c HMeHaMH 

IT.il .MeJihHHKOBa, B.IT.EaKaKHHa, A.B. foJiy6eBa, 

C.B. llIHMaHOBCKoro. B 60-70-e rr. H3yl!eH11e 

pe:>KHMa reoKpHOJIOrHl!eCKHX ycJIOBHH IIOJIYl!HJIO B 

PoccHH mHpoKoe pa3BHTHe B CB5I3H c OTKpbITHeM 

yHHKaJihHhlX MecTopo:>K):(eHHH yrJieBo):(opo):(HOro 

Chlpb5I Ha ceBepe 3arra):(HOH CH6HpH H EBporrelicKOM 

CeBepe, ceJihCKOX035IHCTBeHHbIM H rrpoMhIIIIJieHHbIM 

ocBoeHHeM .5lKyTHH, cTpOHTeJibCTBOM Eall:KaJio­

AMypcKoli :>KeJie3HOAOPO:>KHOH MamcTpaJIH. 3a 

HCTeK11rne ro):(hl c¢opMHpoBaJIHCb KpyrrHhre Tep­

PHTOpHaJibHo-rrpoMhIIIIJieHHhre KOMnJieKCbl (3ana):(­

HO-CH6HpCKHH He¢Tera30BbIH, HopHJihCKHH ropHo­

o6oraTHTeJihHbIH, 3ana):\HO-.51KyTCKHH aJIMa30):(06b1-

BaIOII1HH) ' nocTpOeHbI HOBbie ropo}:\a H noceJIKH 

(MHpHbIH, Tbrn):(a, 51M6ypr), B03Be):(eHhr MamcT­

paJibHhie Tpy6orrpoBOJ:\bI. MoII1HOe TexHoreHHOe 

B03):(eHCTBHe ycHJIHBaeT pa3BHTHe HeraTHBHbIX H3-

MeHeHHH reoJiomqecKoli cpeL\bI Ha CeBepe. Pa3-

BHTHe reoKpMOJIOrMl!eCKOrO MOHHTOpHHra (MOHH­

TOpHHra KpHOJIHT030Hhl) ' npe):(CTaBJI5IIOII1ero co6oll: 

CHCTeMy Ha6JIIO):\eHHH, oi.i:eHKH, KOHTPOJI5I H npor­

H03a COCT05IHH5I reOJIOrHl!eCKOH cpe):(hl Ha TeppH­

TOpHH MHOroJieTHeH H ce30HHOH KpHOJIHT030H 

[Me.llbl-lUK06 U 8p., 1993 ], n03BOJI5IeT H36e:>KaTb 

KpH3HCHbIX H KaTaCTpOcPHl!eCKHX CHTyaI.J:HH B xo­

JIO):\HbIX perHOHaX. feOKpHOJIOrHl!eCKHH MOHHTO­

pHHr o6ecnel!HBaeT pemeHHe 3a):(al! ¢eAepaJibHoro, 

TeppHTOpMaJibHOro H o6beKTHOro ypOBHeH [Me.llb-
1-tUJCO(J U 8p., 1996; Ila6.ll06, 1992]. 
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ilH¢opMaI.J:HOHHa5I ceTb MOHHTOpHHra KpHO­

JIHT030Hbl BKJIIOl!aeT B ce65I Tpex-ypOBHeByIO 

HepapXHIO onopHblX Ha6JIIO):(aTeJibHbIX o6beKTOB: 

perMOHaJibHbie (cPOHOBbie) CTaI.J:HOHapbI, nJIOilla):(­

Hbie CTaI.J:HOHapbI (Herrocpe):(CTBeHHO Ha o6beKTaX 

HHTeHCHBHOro TeXHOreHe3a) H nyHKTbl nOCT05IHHO­

ro HJIH nepHO):\Hl!eCKOro cPYKI.J:HOHHpoBaHH5I (nJIO­

II1a):(KH, npo¢HJIH, 3aKpenJieHHbie TOl!KH HJIH CKBa­

:>KHHbI) [H3y1.£e1-tue U/-l)ICe1-tep1-to-zeo.llOZU1.£eCJCUX .. . , 
1992; Mackay, 1995 ]. Ha6JIIO):(eHH5I oxBaThIBaIOT 

KaK ecTeCTBeHHbie, TaK H HapyrneHHbie npHpO):(Hbie 

ycJIOBH5I. MeTOJ:\OJIOrH.II Be):(eHH5I MOHHTOpHHra 

KpHOJIHT030HbI 6a3HpyeTC5I Ha JiaH):\IIIacPTHOM (reo­

CHCTeMHOM) no):\XO):\e, perJiaMeHTHPYIOilleM pacrro­

JIO:>KeHHe Ha6JIIO):\aTeJibHbIX ceTeH, rJiy6HHHOCTH 

H3yl!eHH5I, cpOKOB Ha6JIIO):\eHHH H np. [H3y1.£e1-tue 
Ul-l)ICeHep1-to-zeo.llOZU1.£eCKUX .. . , 1992 ]. 

PerHoHaJihHhrli reoKpHoJiorHl!eCKHH cTaI.J:HOHap 

5IBJI5IeTC5I OCHOBOH Ha6JIIO):\aTeJibHOH ceTH MOHH­

TOpHHra KpHOJIHT030HbI. CTai.i:HoHapb1 i.i:eJiecoo6-

pa3Ho pa3MeII1aTh B HaH6oJiee KpynHhIX (AOMH­

HaHTHhrx) THrrax npHpO):(HOro KOMnJieKca B paHre 

JiaH):(ma¢THoro (cPH3HKo-reorpa¢Hl!eCKoro) palioHa 

HJIH no}:\npOBHHl.J:HH [H3y1.£e1-tue U/-l)ICe1-tep1-to-zeo.llO­
ZU1.£eC1<:ux .. . , 1992 ]. IT pH Bhl6ope onopHoro pa:ifoHa 

pa3MeII1eHH5I CTaI.J:HOHapa Heo6xo):\HMO yqeCTb MOp­

cPOJIOrHIO MHOroJieTHeMep3JiblX nopO):( (MOIIIHOCTb, 

npepbIBHCTOCTb)' THnbI reOJIOrHl!eCKOro pa3pe3a, 

aKTHBHOCTb np05IBJieHH5I KpHore_HHbIX reOJIOrHl!eC­

KHX npoi.i:eccoB, pa3Mepbl H ):\OCTynHOCTb H3y1IaeMOH 

TeppHTOpHH, pa3MeII1eHHe 6JIH)KaHIIIHX MeTeo­

CTaHI.J:HH. CpoK pa6oThI cTaI.J:HOHapa ycTaHaBJIHBa­

eTC5I He MeHee 10 JieT. B OTJIHl!He OT perHoHaJihHOro 

CTaI.J:HOHapa, KOHKpeTH3ai.i:1rn yqaCTKa nJIOIIla):(HOro 

CTaI.J:HOHapa ocyII1eCTBJI5IeTC5I rJiaBHbIM o6pa30M He 

no Mop¢oJiomqecKoli CTPYKType npHpOL\HbIX KOMn­

JieKCOB, a Ha OCHOBe H3yl!eHH5I KpHoreHHbIX reo­

JIOrHl!eCKHX npoi.i:eccoB H cPOPM HX np05IBJieHH5I 

[H3y1.£e1-tue U1-t)ICe1-tep1-to-zeo.llozu1.£eCKux .. . , 1992 ]. 
Ll:JI5I o6opy):(oBaHH5I CTaI.J:HOHapa HaH6oJiee pai.i:Ho­

HaJibHblMH 5IBJI5IIOTC5I yqaCTKH, Ha KOTOpbIX noJIHee 

BCero npe):(CTaBJieH KOMIIJieKC KpHoreHHbIX reOJIO­

rHl!eCKHX npoi.i:ecCOB H OTMe1rneTC5I HX MaKCHMaJib­

Ha5I aKTHBHOCTb. I1p11 Bb16ope MecTonoJio:>KeHH5I 

cTaI.J:HOHapa YllHThrnaeTc5I TaK:>Ke cyII1eCTBYIOII1HH H 

O:>KM):\aeMblH THn TeXHOreHHbIX HapyIIIeHHH, cxeMa 

pa3MeII1eHH5I ):\eHCTBYJOIIIHX (HJIH npoeKTHpyeMbIX) 

JIHHeHHbIX coopy:>KeHMH, HaJIHl!He TepMOMeTpHl!eC­

KHX CKBa:>KHH. OcHOBHbIMH tta6JIIO):(aeMhIMM noKa3a­

TeJI5IMH MOHHTOpHHra KpHOJIHT030Hbl 5IBJI5IIOTC5I 

TeMnepaTypa rpyHTOB, rJiy6nHa ce30HHOro npo­

TaHBaHH5I, pa3BHTMe KpHoreHHbIX reOJIOrHl!eCKHX 

npoi.i:eccoB; ):\OnOJIHHTeJibHbIMH noKa3aTeJI5IMH -

TeMnepaTypa B03):(yxa, CHe:>KHbIH H paCTMTeJibHbIH 

noKpOBbI. 

K Hal!aJiy 90-x rr. Ha TeppHTOpMH KPHOJIHT0-

30HbI Pocc11n cPYHKI.J:MOHMpoBaJIO OKOJIO 25 reoKpHo­

JiomqecKnx CTaI.J:HOHapoB, Ha Ka:>K):\OM H3 KOTOpbIX 

6bIJIO o6opy):(oBaHO no 8-10 Ha6JIIO):(aTeJibHbIX nJIO-



MEP3JIOTHO-KJJJ!MATW!ECKJ1H MOHJ!TOPJ!HI' 

IIJ,aAOK (BKJIIOl!aSI cPOHOBbie H TeXHOreHHbie) H npo-

1rne:H, H no 20-30 TepMOMeTpHl!eCKHX CKBa)KHH 

rny 6irno:H 10-15 M. Ha 2/3 OT o6IIJ,ero l!HCJia 

au:HoHapoB BhlnOJIHSIJIHCb ce30HHhle pa60TbI, Ha 

l / 3 l!aCTH - HenpepbIBHbie KPYrJIOrDAHl!Hbie Ha-

6 moAeHH51. HaH6011hmH:H o6heM pa6oT no MOHH­

ropHttry reo11orHlleCKOH cpeAhl BhIIIOJIHeH Ha ceBepe 

3anaAHOH CH6HpH, B Eo11hme3eMeJihCKOH TYHApe, B 

5IKyTHH [llac3JZ06, 1979; llaeJwe, 1992 ]. B TO )Ke 

s p eMsr BCSI orpoMHasr TeppHTOpHSI CpeAHeif CH6HpH 

~JrneTC51 «6eJibIM n5ITHOM» B OTHOmeHHH H3ylleH­

HOCTH pe)KHMa reoKpHOJIOrHl!eCKHX yCJIOBHH. 

K co)KaJieHHIO, 3a noc11eAHHe 3-5 11eT npo­

H3om110 cym;ecTBeHHoe coKpam,eHHe Ha6moAaTeJih­

Ho:H ceTH MOHHTOpHHra KPHOJIHT030HhI B PoccHH, 

TaK)Ke KaK H ceTH MeTeopo11orHl!eCKOro MOHHTO­

p 1rnra . Bo3HHKJia onacHOCTh yTpaThI pe)KHMHhIX 

reoKpHOJIOrHl!eCKHX AaHHhlX , TaK KaK B P51Ae opra­

ID!3aU:HH OHH He o6o6m,eHbI. y CHJIH5IMH OTAeJibHhlX 

rreu:HaJIHCTOB H yqpe)l(AeHHH YAaJIOCb coxpaHHTb c 

.:10rry CTHMbIMH COKpaIIJ,eHH5IMH Ha6JIIOAaTeJibHhle 

eTH Ha EBponeifcKOM ceBepo-BOCTOKe (npHno1151p­

HO-TYHAPOBasr 30HaJihHa51 CTaHU:HSI; pe)KHMHbie 

)"IaCTKH KopoTaHxa, PoroBoif H AP·), B apKTH­

'leCKHX H cy6apKTH'leCKHX paifoHax 3anaAHOif CH­

foi:pH (cTaU:HOHaphl Mappe-Ca11e, IlapHceHTO, Ha­

.D;hIMCKHif), B UettTpaJihHOH 5lKyTHH (cTau:Hottap 

q a6bIJJ;a, pe)KHMHhIH y'laCTOK Ha npaBo6epe)Kbe 

p. Jletta) H IlOJI5IpHOH 5IKyTHH (pe)KHMHbie yqacTKH 

B pa:Hotte THKCH H noc. qepcKHif) . Ha tteKoTophrx 

H3 Ha3BaHHbIX Ha61110.11;aTeJibHbIX ofo,eKTax MOHH­

TOpHHra KpHOJIHT030Hbl HaKOITJieHbI MHOrOJieTHHe 

(1 5-25-JieTHHe) p51Ahl Ha61110.11;eHHH 3a noKa3aTe­

JI5IMH TepMHl!eCKOro pe)KHMa rpyHTOB H pa3BHTH51 

KpHoreHHbIX reo11orHl!eCKHX npou:ecCOB, KOTOpbie 

H apaBHe c MeTeopo11orHl!eCKHMH p51.D;aMH 5IBJl51IOTC51 

HHcPOpMaU:HOHHOH OCHOBOH reoKpHOJIOrnl!eCKOro 

nporH03HpOBaHH5J. 

<l>yHKU:HOHHpOBaHHe Ha6JIIOAaTeJibHbIX ceTe:H 

Tpe6yeT IDHpOKOro npHMeHeHHSI aBTOMaTH3HpoBaH­

HbIX TexHHl!eCKHx cpeACTB. B reoKpH011orHH B 

HaH60Jihme:H Mepe pa3pa6oTaHhl MeTOAbI aBTOMaTH-

3HpOBaHHhlX tta6JIIOAeHHH 3a TepMHl!eCKHMH IlOKa-

3aTemIMH KpHOJIHT030Hhr. Bo BCEfHHfEO H 

HHH KOCMHllecKoro npH6opocTpoeHH51 3aBepmaeT­

C51 pa3pa6oTKa CHCTeMbI 11orrepa, npeAHa3Hal!eHHO­

ro AJISI perHCTpan;HH H 3anOMHHaHH51 CHrHaJIOB OT 

pa3HOPOAHhlX AaTl!HKOB (TeMnepaTypa, Ten110Boif 

ITOTOK, ypOBeHb BOAbI H Ap.) [j(y6p06Wi U 8p., 
1995 ]. Ilo p51AY TeXHHl!eCKHX xapaKTepHCTHK 

(l!HCJIO nOAKJIIOllaeMbIX AaTlJHKOB, AHana30H H3Me­

peHH51 napaMeTpoB, cpoK 3KCIIJiyaTaU:HH) 11orrep He 

ycTynaeT 3apy6e)l(HhlM aHa11oraM. Ha octtoBe cTa­

U:HOHapHhlx pa6oT, BhlITOJIHeHHhlX B PoccHH B Hal!a-

11e 90-x rr. COBMeCTHO co cneu:HaJIHCTaMH KaHaAhl, 

CIIIA H 5InoHHH, onTHMH3HpoBaHhr nyTH KOMn­

JieKCHpoBaHHSI pOCCHHCKHX H 3apy6e)l(HbIX npH6o­

pOB (onpo6oBaTeJib ce30HHOTaJIOro CJIOSI , TeITJIOMep, 

TepMonayK, 11orrep) npH ocym,eCTBJieHHH MOHH-

TOpHHra. BhrnBJieHhI xopoma51 conocTaBHMOCTh, 

TOl!HOCTb H B3aHM03aMeH51eMOCTb pOCCHHCKHX H 

3apy6e)l(HbIX MeTOAOB TepMHl!eCKHX H3MepeHHH . 

B nocJieAHee AeCSITHJieTHe MOHHTOpHHr KpHo­

JIHT030HhI aKTHBHO pa3BHBaeTCSI B 3apy6e)l(HbIX 

CTpattax. 0AHHM H3 11yl!mHx o6pa3U:OB npoH3BOACT­

BeHHOro MOHHTOpHHra B MHpOBOH npaKTHKe 5IBJI51-

eTC51 3Koreo11orHl!eCKHH MOHHTOpHHr TpaCCbI ceBep­

HOro He¢TenpoBOAa HopMaH-Y3JIC - 3aMa B Ka­

HaAe [I'pettUUfe6 u ap., 1995 ]. B paMKax nporpaM­

MbI U:HPKYMITOJI5IpHoro MOHHTOpHHra ce30HHOTa11oro 

c11051 (CALM) npH noAJJ;ep)l(Ke IPA (Me)l(AyHapoA­

Ha51 accou:HaU:HSI reoKpH011oroB) H nporpaMMhI 

ITEX (Me)l(AyHapOAHhIH TYHAPOBbIH 3KcnepHMeHT) 

B PoccHifcKo:H ApKTHKe (I1011S1pHbIH Ypa11, 5IMaJI, 

fhlAaH, TaiIMbip, Ko11hrMa, AHaAhipb) opraHH30Ba­

HhI H3MepeHH51 r11y6HHbI ce30HHOro npoTaHBaHH51 Ha 

3KcnepHMeHTaJihHbIX n11orn;aAKax 1 · 1 KM [A1ocep­
MaH U ap., 1996 ]. IloCKOJibKY AJI51 OU:eHKH BJIH51HH51 

KJIHMaTHl!eCKHX ¢aKTOpOB Ha KPHOJIHT030HY Tpe-

6yIOTC51 AJIHTeJibHbie. P51Abl Ha6JIIOAeHHH, 3TH BHOBb 

Hal!aThie 3KCnepHMeHTbI He MOryT B03MeCTHTb 

noTepH HH¢opMaU:HH, CB513aHHbie c 3aKpbITHeM reo­

KpHOJIOrH'leCKHX CTaU:HOHapoB AJIHTeJibHOro ¢YHK­

U:HOHHpOBaHH51. 

AttaJIH3 HHCTpyMeHTaJibHbIX MeTeopo11orHl!eC­

KHX AaHHbIX Il03BOJI5IeT BbIAeJIHTb ABa nepHOAa c 

OTl!eTJIHBO Bbipa)KeHHhlM IlOBbIIDeHHeM TeMnepaTyp 

B03Ayxa: c KOHU:a XIX B. AO 50-x rr. XX B. (,,Ilo­

Ten11eHHe ApKTHKH") H c c epeAHHhI 60-x rr. AO 

HaCTOSim,ero BpeMeHH. B JIHTepaType HMeIOTCSI CBH­

AeTeJihCTBa, l!TO no11yBeK0Boe ,,IloTen11eHHe 

ApKTHKH" noB11eK110 3a co6o:H noBbIIIIeHHe TeMne­

paTyp rpyHTOB JJ;a)Ke ceBepttee IloJIS1pHoro Kpyra, 

B03pacTaHHe pa3MepoB TaJIHKOBhIX 30H, ycH11eHHe 

TepMOKapcTa H HeKOTOpbIX JJ;pyrHx KpHoreHHhlX 

reo11orHlleCKHX npou:eccoB; lO)l(HaSI rpaHHU:a 11eca 

ITPOABHHyJiaCb B ceBepHOM HanpaBJieHHH AO 30 KM. 

IlocJieJJ;Hee 3a¢HKCHpOBaHHOe HHCTpyMeHTaJibHO 

n0Ten11em1e KJIHMaTa, HallaBIIIeecSI B 60-x rr., con­

poBO)KJJ;aeTCSI OTl!eTJIHBO Bbipa)KeHHbIM ITOBbIIIIeHH­

eM TeMnepaTyp rpyHTa; aKTHBH3aU:HeH OITOJI3Heif­

cnJibIBOB H TepMoa6pa3HH. Ec11H TeHJJ;eHU:H51 K no­

Ten11eHHIO KJIHMaTa Ha CeBepe coxpaHHTCSI B 

XXI B., 3TO npHBeAeT K onaCHhIM noc11eACTBHS1M: 

ycH11eH1110 AerpaAaU:HH Mep3JibIX nopoJJ; B npocTpaH­

CTBe 11 no BepTHKa1111, aKTHBH3aU:HH AeCTPYKTHBHbIX 

Kp11oreHHbIX reo11orHl!eCKHX npou:eccoB, HapyIIIe­

HHIO ¢ Y-HKU:HOH11poBaH115I npHpOAHhIX 11 npHpOAHO­

TexH11l!ecK11x Cl1CTeM. Il03TOM y ou:eHKa COBpeMeH­

HhlX H npeACKa3aH11e 0)1(11AaeMbIX Mep3JIOTHO-KJIH­

MaTHl!eCKHX 113MetteHHH npeACTaBJISieT co6o:H OAHY 

113 npHOpHTeTHbIX npo611eM B HayKax 0 3eMJie H 

HMeeT 6011hmoe npaKTl1l!ecKoe 3Hal!eHHe. 

Cor11acHo cym,ecTBy10m,11M npeACTaB11eH115IM, 

B03MO)KHOCTb r1106aJibHOro ITOTen11eHl15I COBpeMeH­

HOro KJIHMaTa CB513bIBaeTC51 r11aBHbIM o6pa30M c 

yBeJIHl!eHHeM napHHKOBOro 3¢¢eKTa aTMoc¢epbI 

BCJieACTBHe HaKOITJieHH51 B H eil ABYOKHCH y rnepoAa 
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(C02)' MeTaHa (CH4)' OKHCJIOB a3oTa H p;pymx 

MaJihIX rrpHMeceli ra3oB. Hep;aBHHe rrportto3Hhie 

011eHKH KpyrrHhIX MeTeopoJioroB o B03MO)KHOCTH 

p;ByxKpaTttoro yBeJIHlfeHH5I 3KBHBaJieHTa C02 .B aT­

Moc¢epe K cepep;HHe cJiep;yroII1ero CTOJienrn ce"ifqac 

cMeHHJIHCh 6oJiee ocTopO)KHhIMH. TaK, corJiactto 

rrporH03Y M.ll.Eyp;bIKO H p;p. [Ey8bl/CO u ap., 1992], 
MO)KHO O)KH)J;aTb rroBbIIIIeHHe 3KBHBaJiettTa C02 B 

aTMoc¢epe K 2050 r. B 1,42 pa3a HK 2100 r. B 1, 77 
pa3a. IlpH MaKCHMaJibHOH rrpOrH03HOH 011eHKe yp;­

BOeHHe C02 MO)KeT ttaCTyrrHTb K 207 5 r., rrpH 

MHHHMaJihHOH 011eHKe O)KHp;aeMoe rroBn1meHHe C02 
He rrpeBhlCHT 1, 17 pa3a. Ilo 3TOMY rrporH03Y rrpH 

B03pacTaHHH C02 B aTMoc¢epe B 1,8-2 pa3a rroBhI­

meHHe rJio6aJihHOH TeMrrepaTypnl B03p;yxa COCTaBHT 

3 °C H 6oJiee. E.TI.EopHCeHKOB [EopuceHJwe, 1990] 
rrporH03HpyeT cyII1eCTBeHHO MeHhillHH B03MO)KHbIH 

rrpHpOCT mo6aJihHO-ocpep;HeHHOH TeMrrepaTypnl 

B03p;yxa. Ilo ero 011eHKaM, p;a)Ke p;ByxKpaTHoe yBe­

JIHlfeHHe C02 B aTMoc¢epe BhI30BeT B03pacTaHHe 

TeMrrepaTypnl B03p;yxa MaKCHMYM Ha 2-2,5 °C. 

TI pHpop;Hyro cpep;y BhICOKHX mHpOT ClfHTaIDT 

lfYBCTBHTeJihHblM HH)J;HKaTopoM pa3BHTH51 rJio6aJib­

HbIX cPH3HKO- reorpa¢HlfeCKHX rrpo11eccoB. Il03TOMY 

rroJiar aroT, lfTO O)KHp;aeMoe B XXI B. rroTerrJieHHe 

KJIHMaTa Ha CeBepe H oco6eHHO 3a IloJI51pHbIM 

KpyroM )J;OJl)KHO 6bITb HaMHOro 3HaqHTeJibHee, lfeM 

rJio6aJihHO-ocpep;HeHHOe IIOTerrJieHHe [BeAU~KO u 
ap., 1992; Manabe et al., 1980; Nelson et al., 1993; 
Nelson, Lachenbruch et al., 1993 ]. BMecTe c TeM 

BbIBO)J; 0 IIOBbIIDeHHH KOHTpaCTHOCTH Q)KH)J;aeMoro 

IIOTerrJieHH51 KJIHMaTa c B03pacTaHHeM mHpOTbl He 

5IBJI5IeTC5I 6eccnopHbIM. 

TiocTpOeHHe c11eHapHeB COBpeMeHHOro rJI0-

6aJihHOro rroTerrJieHH51 KJIHMaTa lfallle Bcero ocyII1e­

CTBJI5IeTC5I HJIH c IIOMOIIlblO peTpocrreKTHBHOro Me­

TO)J;a aHaJIH3a MeTeopoJIOrHlfeCKHX p51)J;OB, HJIH rry­

TeM HCIIOJib30BaHH5I pe3yJinTaTOB, IIOJiylfeHHblX 

rrpHMeHeHHeM lfHCJieHHbIX pap;HaIIHOHHO-IIHPKY ]151-

IIHOHHbIX MO)J;eJieH aTMoc¢ephl. 06a c11eHapH5I 5IB­

Jl5IIOTC5I p;aJieKO He COBepmeHHbIMH H )J;OCTOBepHOCTb 

rrporH03HpOBaHH5I He rrop;p;aeTC51 KOJIHlfeCTBeHHOH 

011eHKe. 

llCXO)J;5I H3 c11eHapH5I rJio6aJibHOro IIOTerrJieHH5I 

KJIHMaTa, B p5Ip;e pa6oT COCTaBJieH rrporH03 3BO­

JIIOIIHH KpHOJIHT030Hhl Ha TeppHTOPHH PoccHH H 

CeBepHoli AMepHKH B cJiep;yroII1eM CTOJieTHH [11 ae­
AOB, 1994; lllnoA>iHCKa>i, 1990; TeMnepamypa, 
KpuoAumo3oHa .. ., 1994; Nelson et al., 1993; 
Vyalov et al., 1993; Zhang et al., 1993 ]. Ilo pa3HhIM 

011eHKaM K 2050 r. B PoccHH MO)KHO O)KH)J;aTh 

COKpaII1eHH5I IIJIOIIla)J;H CIIJIOIDHOH KpHOJIHT030Hhl Ha 

15-50 % H IIOBbIIIIeHHe ee TeMrrepaTypbl Ha 2-

3 °C. Ll,JI51 rrporH03HpOBaHH5I H3MeHeHHH reoKpHO­

JIOrHlfeCKHX ycJIOBHH B 6yp;yII1eM 3p;ecn HCIIOJib30-

BaH" peTpocrreKTHBHhlH aHaJIH3 p5I)J;OB Ha6JIIO)J;eHHH 

Ha o6neKTaX MOHHTOpHHra KPHOJIHT030Hbl, a TaK)Ke 

MeTOp; MO)J;eJIHpoBaHH5I reoTeMrrepaTypHbIX IIOJieH. 

IloJiylfeHHhle 011eHKH 51BJI5IIOTC5I, CKOpee BCero, 3KC­

TpeMaJibHbIMH. 
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OII;EHKA COBPEMEHHbIX II 
O)KlI,lI:AEMblX B XXI B. KJIIIMA TifqEC­

KIIX II3MEHEHIIM HA CEBEPE 

AHaJIH3 KJIHMaTHlfeCKHx H3MeHeHHH Ha Tep-

. PHTOpHH KpHOJIHT030HhI BhlIIOJIHeH no p;aHHhlM 60-

nee 40 MeTeOCTaHIIHH, pacrrOJIO)KeHHbIX Ha EBpO­

rrelicKOM ceBepe, ceBepe 3arrap;Holi CH6HpH, B 

5IKyTHH, Ha CeBepo-BocToKe. 

Ilo Ka)K)J;OH MeTeOCTaHJ:J;HH 6hlJIH BhllfHCJieHhl 

cpep;HHe CKOJib351II1He 10-JieTHHe 3HalfeHH51 cpep;He­

rop;OBOH TeMrrepaTypn1 B03p;yxa, cpep;HeJieTHeli H 

cpep;He3HMHeli. OT rrepBhlX p;Byx rroKa3aTeJieli 3a­

BHCHT ¢opMHpOBaHHe TeMrrepaTyphl H HHTeHCHB­

HOCTb rrpoMep3aHH5I rpyHTOB, TpeTHH IIOKa3aTeJih 

orrpep;eJI5IeT HX ce30HHOe rrpoTaHBaHHe. 

MeTeopoJiorHlfeCKHMH H3MepeHH5IMH BhrnBJie­

Ho HeCKOJibKO IIHKJIOB IIOTeIIJieHH5I-IIOXOJIO)J;aHH5I 

Ha ceBepe PocCHH (pHc. 1-3). HaH6oJiee lfeTKO 

Bhlpa)KeHttoe rroTerrJieHHe (,,IloTerrJieHHe ApK­

THKH"), OKOJIO 2 °C, rrpHXO)J;HTC51 Ha rrepHO)J; c KOH-

11a XIX B. p;o HalfaJia 40-x rr. XX B. TiocJiep;yroII1ee 

He6oJihIIIOe IIOXOJIO)J;aHHe OXBaThIBaeT rrepHO)J; p;o 
cepep;HHbl 60-x rr; 3aTeM BHOBb HaCTYIIHJIO IIOTeII­

JieHHe. 3a BeCb rrepHO)J; HHCTpyMeHTaJihHblX MeTeO­

pOJIOmlfeCKHX Ha6JIIO)J;eHHH B 11eJIOM ( 150-

180 JieT) TpeHp; B IIOBhlIIIeHHH TeMrrepaTypnI B03p;y­

xa B apKTHlfeCKHX paliottax PoccHH lfeTKO He rrpo-

51BJI5IeTC5I [11 aeAoe, 1994 ]. Ha6Jirop;eHH5I Ha MeTe­

oCTaHIIHH Eappoy B apKTHlfeCKOH 30He AJI5ICKH 

CJ) m m m m m rn m m rn m m m m m m rn 
:ii~ C') <t l[) "' r--- !XJ m 0 N C') <t l[) (!) r--- co 

co !XJ !XJ !XJ co !XJ co rn m m m m m m m m c:r ~ I I I I I I I I I I I I o I I I I I 
L~ 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 

C') <t l[)"' r--- co m 0 N C') <t l[) (!) r--- co co co co co co co '.'.'. co m ;'.' m m m m m m m 

1 -- Uif = 0,6 °C) 

2--- Uif=0.4 °Cl 

3 .......... Uif = -6,7 °Cl 

PHc.1. 0TKJIOHeHHe, f'...t
8 3

,_ cpeJ:!.HHx CKOJih351IIIHX 

10-JieTHHX 3HalfeHHH TeMnepaTypbl B03LJ;yxa, tB3 OT 

uopMbI B ApxattreJibCKe (1), CbIKTbIBKape (2) 11 

AM,!1,epMe (3). ·· 

a - B cpe11HeM 3a ro11, 6 l1 6 - B cpe11HeM 3a JJeTHHH l1 ,3l1MHl1H 

nepHOJlbl, COOTBeTCTBeHHO. 



MEP3JIOTHO-KJJHMATJ!'!ECKHH MOHHTOPHHI' 

a 

6 

6 

(J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) 

:a~ (J) 0 N C') '<f I.() <O I'- co co (J) (J) (J) (J) (J) (J) (J) (J) (J) 
c::( ~ 

I I I I I I I I I I o I 
L~ 0 0 0 0 0 0 0 0 0 0 

(J) 0 N C') '<f I.() <O I'- co 
co co (J) (J) (J) (J) (J) (J) (J) (J) (J) 

1--- u;f = - 6,5 °C) 

2--- u;f = - 8,0 °C) 

3 ...... . ... ( t;f =-8,4 °C) 

PHc.2. 0TKJIOHettHe, !'!:..t , cpe.u.ttHx CKOJib3Rlll,Hx 
10-JieTHHX 3HaqeHHH Te~i"iepaTypbl B03.[J.yxa, tB3 OT 
ttopMbI B CaJiexap.u.e (1), Mappe- CaJie (2) H HoBOM 
IlopTy (3). 

a - n cpe;:iHeM 3a ro;:i ; 6 11 13 - s cpe;:iHeM 3a neTH11i1 11 3l1MH11i1 

rrepl10)1bl, COOTBeTCTBCHHO. 

TaK:>Ke IlOKa3bIBalOT OTCYTCTBHe 3aMeTHOro KJIH­
MaTHqecKoro rroTerrJieHHSI 3a 1921 - 1992 rr. 

[Nelson, Lachenbruch et al., 1993]. 3rn .u.aeT ocHo­
BaHHe noJiaraTb, qTo B ApKTHKe w cMe:>KHhIX pe­

rwoHax BCJie,[J.CTBHe 6JIH30CTH ceBepHbIX MOpeH: H 
CJia6oro TeXHOreHHOro B03,[J.eHCTBH51 COBpeMeHHhle 

IIOTenJieHH51-IIOXOJIO,[J.aHH51 He BbIXO,[J.5IT 3a npe.u.e­
Jlbl ecTeCTBeHHOH BeKOBOH I.1,HKJIHqHOCTH KJIHMaTa. 
0.u.HaKo B I.J;eHTpaJihHOH 5.IKyTHH (H, B03MO:>KHo, B 
.u.pyrwx KOHTHHeHTaJihHhIX paH:oHax Poccww) 3a Me­
TeopoJiorwqecKHH nepwo.u. Ha6Jiro.[J.eHHH OTMeqaeTC51 
xopmno Bbipa:>KeHHoe KJIHMaTwqecKoe noTenJieHwe, 
COCTaBJ15IIOII1ee ,[J.Jl5I 5.IKyTCKa 2,4 °C 3a 1830-
1994 rr. BhrnBJieHo TaK:>Ke IIOBhlIIIeHwe TeMrrepaTy­
pbI Bo3.u.yxa (rrpwMepHo Ha 1 °C) 3a rrocJie.[J.HHe 
50 JieT B AOJIHHe p. MaKKeH3H (ceBepo-3arra.u. Ka­

Ha.U.hl) [Brown et al., 1982; Mackay, 1995 ]. 
IlocJie,[J.Hee OTqeTJIHBO Bhlpa:>KeHHOe IIOTerr­

JieHHe HaqaJIOCh noBceMeCTHO Ha CeBepe B 60-x rr. 

6/a3• oc 
a 

0 

-1 

0 

-1 

6 

0 

- 1 

Ol Ol O> Ol Ol O> Ol O> (J) Ol O> Ol O> O> Ol O> 

1i ~ '<f I.() <O I'- co Ol 0 ~ N C') '<f I.() ID I'- CXl 
CXl co co CXl CXl co O> O> Ol O> Ol O> O> O> Ol 

c::(- I I I I I I I I I I I I I I o I I Lg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'<f I.() ID I'- co O> 0 N C') '<f I.() ID I'- co 

co co co co co co CXl O> Ol Ol O> O> O> O> (J) O> 

1--- (tif =-10,4 °C) 

2---- <tif =-15,4 °C) 

PHc.3. OTKJIOHettHe, !'!:..t , cpe.u.ttHx CKOJib3Rlll,HX 
10-JieTHHX 3HaqeHHH TeM~epaTypbl B03,[J.yxa, tB3' OT 
ttopMbI B 51KyTcKe (1) H BepxoRHCKe (2) 

a - B cpe;:iHeM 3a ro;:i, 6 l1 13 - B cpe;:iHeM 33 JieTHl1H l1 3l1MHl1H 

rrepHO/jbl, COOTBeTCTBeHHO. 

xx B. Ilo ll,aHHbIM OT,[l.eJibHhlX MeTeOCTaHI.l,HH, TpeHll, 
IIOBbIIIIeHH5I cpell,Hero,[J.OBhlX 3HaqeHHH tB3 3a 1965-

1994 rr. Ha TeppHTop1m KPHOJIHT030Hhl Pocc1111 

H3MeH5IeTC5I B IIIHpOKHX npe.u.eJiax, OT 0 ,[1.0 
0,075° C/ro.u.. Ha1160JibIIIHH TpeHA noBhlIIIeHHH tB3 
OTMeqaeTc.s.i Ha ceBepe 3arra.u.HoH: Cw611p11 (Ta3oB­

CKoe, CaJiexap.u., HaAhlM, Ta.u.116eS1xa) 11 B 5.IKyTHH 
(JleHcK, lJ:yJihMaH, OJieKMHHCK, 51KyTcK). CaMo 
IIOBhlllleHHe 3HaqeHHH tB3 ,[J.OCTHraJIO 3a yKa3aHHbIH 

rrep110.u. 1,8 °C. CJia6oe rrOBhlllleHHe TeMrrepaTyphI 
Bo3.u.yxa (0,6-0,8 °C) 3acjJ11KrnpoBaHo Ha MeTeo­
cTaHu.11.s.ix, pacnoJio:>KeHHhix B paH:oHax, rrpHMhIKa­
IOIIJHX K KpHOJIHT030He EBponeH:cKoro ceBepa 
(ApxaHreJibCK, CbIKThIBKap 11 .u.p.). PemoHaJihHhie 

011eHKH' IlOJiyqeHHhie nyTeM 0606II1eHH5I .u.aHHbIX no 
OT,[l.eJibHbIM MeTeOCTaHI.l,H5IM, IlOKa3bIBaIOT, l!TO 
TpeH)l, IIOBbIIlleHH.sI TeMrrepaTyp B03,[J.yxa Ha ceBepe 
PoccHH 3a AJIHTeJihHhIH xoJIOAHhIH nepwo.u. B 1,2-
1,5 pa3a 6oJibllle, qeM 3a KOpOTKHH TeIIJiblH [17 ae­
JZ08, 1994 ]. 3TO 5IBJI5IeTC5I HarJI5I,[J.HbTM IIO,[J.TBep:>K­
.u.eHHeM H3BeCTHoro cjJaKTa, qTo KJIHMaTHqecKoe rro­
TerrJieHHe o6ycJIOBJieHo, B rrepByro oqepe.u.h, IIOBhI­
IIIeHHeM 3HMHeH: TeMrrepaTyphI B03.U.yxa . CoBpeMeH-
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Hoe KJIHMaTHlleCKOe IIOTerrJieHHe eru,e He }J,OCTllrJIO 

pa3MepoB rrepno}J,a ,,IloTerrJieHHSI ApKTHKH" 

(Ta6JI. 1). BoJiee Toro, B HallaJie 90-x rr. Ha HeKo­

TOphIX apKTHlleCKHX MeTeOCTaHU,llSIX OTMellaJIOCb 

3aMeTHOe IIOXOJIO}J,aHHe. 0}],HaKO 1993-1995 IT. 

OKa3aJIHCb }J,OCTaTOllHO TeTIJihIMH, llTO SIBllJIOCb npn­

llllHOH coxpaHeHHSI o6IIIeH TeH)'.leHD,HH COBpeMeHHoro 

IIOTeIIJieHHSI KJIHMaTa. 

CoBpeMeHHhle H3MeHeHHSI aTMoc¢epHhIX oca}J,­

KOB ll BhICOTbI CHe)KHOro TIOKpOBa H3ylleHhl B cyru,e­

CTBeHHO MeHhmeli Mepe, lleM TeMrrepaTypbl B03}J,y­

xa. ,lI,Jisi pali:oHa .5IKyTcKa BhISIBJieHa o6ru,asi TeH­

]J,eHu,Hsi B03pacTaHHSI rD}J,OBbIX cyMM oca]J,KOB 3a 
llCTeKIDHH 100-JieTHHH nepHO}J, MeTeOpOJIOrHlleCKllX 

Ha6JIIO]J,eHHH [II ae.!loe, 1994 ]. TpeH}J, IIOBhimeHHSI 

rD}J,OBhIX cyMM oca}J,KOB B .5IKyTCKe 3a 35-JieTHllH 

nepHO}J, (1940-197 5 rr.) COCTaBllJI OKOJIO 

1,6 MM/ro}J,, a JieTHHX - 1,2 MM/ro}J,. c cepe]J,HHhl 

70-x rr. Ha6JIIO}J,eHHSIMH cPHKCllpyeTCSI 3aMeTHOe 

CHH)KeHHe oca}J,KOB. 0TMellaeTCSI HeCOOTBeTCTBlle B 

MHOroJieTHeH ll,HKJlllllHOCTll oca}J,KOB ll TeMnepaTy­

pbl B03}J,yxa. BhICOTa CHe)KHOro noKpOBa (he) B 

.5IKyTcKe yBeJIHllHBaJiaCh c cepe]J,HHhI 50-x rr. }J,O 

Hal!aJia 80-x rr., TpeH}J, HapacTaHHSI he COCTaBHJI 

npnMepHo 0,7 cM/ro}J,. B rrocJie}J,Hee }J,eCSITllJleTne 

3}],eCb OTMellaeTCSI yMeHhIDeHHe BbICOTbl CHe)KHOrD 

rroKpoBa. B ycJIOBHSIX 3arra}J,Horo .5IMaJia (MeTe­

ocTaHIJ.HSI Mappe-CaJie) Ha6JI10}J,aeTCSI, HallnHasi c 

60-x rr., B03pacTaHHe CHeroOTJIO)KeHHH, oco6eHHO 

OTlleTJillBO Bbipa)KeHHOe B IIOCJie}J,Hee }J,eCSITHJieTHe. 

TpeH}J, TIOBhimeHHSI he cocTaBJISieT 0,5 cM/ro}J,. Koc­

BeHHhie }J,OKa3aTeJibCTBa CBH}J,eTeJibCTBYIOT TaK)Ke 0 

HaMeTHBmelicsi TeH}J,eHU,llll K COBpeMeHHOMY B03pa­
CTaHHIO CHeroOTJIO)KeHHH Ha CeBepe AJisiCKll 

[Nelson et al., 1993; Pavlov, 1994 ]. HarrpoTHB, B 
palioHe l1HyBnKa (ceBepo-3arra}J, KaHa}J,hI) 3a¢nK­

cnpoBaHo yMeHhmeHne cyMM oca]J,KOB n BhICOThI 
rnerooTJIO)KeHnli 3a 1960-1993 rr. [Mackay, 
1995 ]. TpeH}J, yMeHhIDeHnsi oca}J,KOB cocTaBHJI 3}],eCh 

2,2 MM/ro]J,. TaKHM o6pa3oM, B pa3JIHllHhIX xoJio}J,­

HhIX perttoHax CeBepHoro rroJiymapnsi coBpeMeH­

Hbie H3MeHeHHSI oca]J,KOB ll CHerDOTJIO)KeHHH rrpoTe­

KaIOT HeO}J,llHaKOBO. 

Pa36poc rrporH03HhIX 3HalleHnli co]J,ep)KaHHSI 

3KBHBaJieHTa C02 B aTMoc¢epe B XXI B. qpe3Bhl­

qali:Ho mnpoK. Ilpn B03MO)KHhIX TeMrrax B03pa­

CTaHHSI C02 B 1, 7 5-1, 8 pa3a K 2100 r., yBeJinlleHne 

cpe]J,Heli rJio6aJihHOH TeMrrepaTyphr B03}J,yxa coc-

T a 6 JI 11 l.\ a 1. Ilos&1mettue TeMnepazyp&1 BOJ)l;yxa 
Ha cesepe POCCHH no 11:aHHhlM 

MeTeopOJIOrH'IeCKHX Ha6JIIOIJ:eHHH, ·c 

IlyHKT 

ApxaHreJI&CK 

Canexap11 

.SIKyTCK 
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,,IloTennett11e 
ApKTl1K11" 

(1885-1955 rr.) 

2,1 

2,3 

1,7 

Ilep11011 

CospeMeHHOe 
n0Tennett11e (1965-

1995 IT.) 

0,6 
1,6 
1,4 

TaBHT 1,5 °C K 2025 r., 2 °C K 2050 r. ll 3,1 °C K 

2100 r. Cpe]J,HemnpoTHhIH rpa]J,HeHT O)KH]J,aeMoro 

noBhrmeHnsi TeMnepaTyphl B03}J,yxa B ApKTHKe psi}], 

HCCJie}J,OBaTeJieli ou,eHHBaeT B 2-2,5 °C Ha 10° c.m. 

[Manabe et al., 1980; Nelson et al., 1993 ]. Ilpn 
TaKHX 3HallHTeJihHbIX rpa]J,HeHTax B03MO)KHOe 

TIOBhIIDeHHe TeMnepaTyphI B03}J,yxa Ha cepe]J,HHY 

CJie}J,yIOru,ero CTOJieTHSI npOrH03HpyeTCSI B 6-12 °C 
(AO 15 °C) B }J,Hana3oHe 60-80° c.m. B.T.BaJio6aeB 

[TeMnepamypa, KpUO.!lUm030/ia .. . , 1994 ], HCXO}J,SI 

H3 B03MO)KHOro YABOeHHSI KOHU,eHTpau,nH C02 B 

aTMoc¢epe B KOHu,e XXI B., npomo3npyeT npn­

paru,eHHe TeMnepaTyphr B03}J,yxa Ha ceBepe 3ana}J,­
Holi Cn6npn B 0,8-1,4 °C Ha 2020 r., 2,9-3,2 °C 

Ha 2050 r. H 4,3-6,6 °C - Ha 2100 r. 

IlaJieOKJIHMaTHlleCKHe aHaJIOrH HCTI0Jlh3YIOTCSI 

Ha TOM OCHOBaHHH, llTO }J,JISI pa3JillllHblX ypoBHeH 
O)Kll]J,aeMoro TIOBbIIDeHHSI TeMnepaTyphl B03}J,yxa 

MO)KHO HaHTll 6JIH3KHe aHaJiorH KJIHMaTa B npom­

JIOM. 06billHO HCTIOJih3YIOT 3 CU,eHapHSI naJieOKJIH­

MaTa: OTITHMYM TIJIHOU,eHa, TIOCJie]J,Hee (MHKYJIHHC­

Koe) Me)KJie}J,HHKOBhe H OIITHMYM IIJIHOU,eHa 

[AiimponozeHHbte U3MeHeHu5l K.!lUMama, 1987; Be­
.!lWIXO u ap. , 1992; Ila<3.!l08, 1994; Nelson et al., 
1993 ]. IlOBhimeHHe TeMrrepaTypbI B03}J,yxa B BbI­

COKHX IDHpOTax rrpH Han6oJiee CHJibHOM IIOTeII­

JieHHH (OIITHMYM IIJIHOU,eHa) ou,eHHBaeTCSI B 11-

13 °C. Pacl!eT no pa]J,nau,noHHo-u,npKyJisiu,noHHOH 

Mo}J,eJIH rrpn B03MO)KHOM YABOeHHH co]J,ep)KaHHSI 

C02 B aTMoc¢epe ]J,aeT rromHpOTHoe pacrrpe]J,eJieHne 

TeMrrepaTypbI B03}J,yxa, 6JIH3KOe K cu,eHapHIO MH­

KYJIHHCKOro Me)KJie}J,HHKOBhSI (nOBhlmeHHe rJio6aJih­

Ho-ocpe]J,HeHHOH TeMnepaTyphr B03}J,yxa Ha 2 °C n 

Ha 70-80 ° c.m. Ha 6-7 °C). Hepe]J,KO B rrpomo3ax 

HCII0Jlh3YIOT KJIHMaTHlleCKHH cu,eHapHH OIITHMyMa 

roJiou,eHa (rJio6aJibHO-ocpe]J,HeHHasi TeMrrepaTy pa 

B03}J,yxa B03pacTaJia Ha 1,2 °C, a B BbICOKHX mH­
poTax Ha 4,4-5,2 °C). 

Ilpe]J,IIOJIO)KeHHe 0 IIOBhlmeHHH KOHTpaCTHOCTH 

O)KH]J,aeMoro IIOTerrJieHHSI KJIHMaTa c B03pacTaHHeM 

mnpOTbI MeCTHOCTll He SIBJISieTCSI 6eccrropHhIM. Ilo-

3TOMY aBTOpOM 6hIJia ocyru,eCTBJieHa ou,eHKa COBpe­

MeHHbIX ll3MeHeHHH TeMnepaTypbI B03}J,yxa tB3 (3a 

1965-1995 rr.) B cy6MepH]J,HOHaJihHOM HarrpaB­

JieHHll. Ilo ]J,aHHbIM 14 MeTeOCTaHU,llH, paCIIOJIO­

)KeHHbIX B 30He ,,.5IMaJibCKoro cy6MepH]J,HaHa" 

paCCllHTaHhI cpe]J,HHe CKOJlb3SIID,lle 10-JieTHHe 3Ha­

lleHHSI tB3 3a paccMaTpHBaeMhIH rrepllO}J, ll Ha llX 

OCHOBe orrpe]J,eJieHhl IIOBbIIDeHHSI tB3 (Ta6JI.2). Illll­
pOTHhIH HHTepBaJI pacIIOJIO)KeHHSI MeTeOCTaHU,llH 

H3MeHsiJicsi OT 74°20' c.m. (o-B EeJihIH) AO 58°12' 

(To6oJihCK). PeTpocrreKTHBHhIH aHaJIH3 MeTeo]J,aH­

HhIX IIOKa3hIBaeT' llTO IIOBbIIDe~He cpe]J,Hero}J,OBOH 
TeMrrepaTyphl B03}J,yxa 3a noCJie}J,HHe 25-30 JieT 

ou,eHHBaeTCSI B 0,8-1,6 °C ll He CBSI3aH c reo­

rpa¢nlleCKOH mnpoToli MeCTHOCTH. He OTMellaeTcsi 

TaK)Ke mnpOTHOH 30HaJihHOCTH B ¢opMHPOBaHHH 

IIOBhIIDeHHH TeMrrepaTypbl B03}J,yxa JieTOM ll 3HMOH 
(cM. Ta6JI. 2). Hao6opoT, rrpn ncrroJih30BaHHH rra-



MEP3JIOTHO-KJJHMATWIECKHH MOHHTOPHHI' 

JieOKJIHMaTll:qecKHX peKOliCTPYKD;HH MaKCHMYM 2050 r. B 5-100 MM [AHmponozeHHble U3MeHeHUSl 
nporH03HpyeMoro nOBbIIIIeHH51 tB3 OTMeqaeTC51 B 

paii:oHax ApKTHKH. TaKHM o6pa3oM, npasoMoq­
HOCTh HCnOJib30BaHH51 naJieo,ri:aHHblX ll:Jl51 peKOHCT­
PYKD;HH cospeMeHHhIX H3MeHeHHii: KJIHMaTa ,ri:aJieKo 
He oqesHAHa. 

0,ri:HH H3 nyTeii: npe,ri:cKa3aHH51 H3MeHeHHH 

KJIHMaTa OCHOBaH Ha aHaJIH3e ,ri:aHHbIX MeTeOCTaH­
D;HH. ITpH ycJioBHH coxpaHeHH51 s 6y,ri:yID;eM TpeH,ri:a 
COBpeMeHHOro KJIHMaTHqecKoro noTenJieHH51, coc­
TaBJieH nporH03 nOBhlIIIeHH51 TeMnepaTypbI B03,ri:yxa 
s cesepHhlx perHoHax PoccHH B nepsoii: noJIOBHHe 
XXI B.: 

PemoH 2020 r. 2050 r. 

EsporreHCKHH Cesep 0,5-0,8 1,1-1,6 

Cesep 3arra,!IHOH CH6HpH 0,6-1,5 1,6-3,8 

51KyTH5! 0,2-2,0 0,6-4,4 

.Il,JI51 cesepa 3ana,ri:Hoii: CH6HpH npHse,ri:eHHhie 
,ri:aHHhie y,ri:osJieTsopHTeJihHO corJiacyIOTC51 c pe3yJih­
TaTaMH nporH03HhIX pacqeTOB B. T.BaJio6aesa no 
pa,ri:HaD;HOHHOH Mo,ri:eJIH npH ycJIOBHH y,ri:soeHH51 C02 
B aTMoc¢epe Ha KOHeu; XXI B. [TeMnepamypa, 
KpUO.llUm030Ha .. . , 1994 ]. 

KJIHMaTHqecKHe noTenJieHH51 s npornJIOM con­
poBO)KIJ:aJIHCb so3paCTaHHeM o6ID;ero ysJia)l(HeHH51 
aTMoc¢epbI B pe3yJihTaTe pocTa HcnapeHH51 c oKea­
HOB H cyurn BCJie,ri:CTBHe yseJIHqeHH51 aTMoc¢epHblX 
oca,ri:KOB. ITporH03 ro,ri:oshlx cyMM oca,ri:KOB, BhlnOJI­
HeHHbIH Ha OCHOBe peTpocneKTHBHOro aHaJIH3a Me­
TeopOJIOrHqecKHX P511J:OB, ,ri:aeT HX nOBbIIIIeHHe Ha 
cesepe 3ana,ri:Hoii: CH6HpH Ha 5% K 2020 r. H Ha 
12 % K 2050 r. P51,ri: MeTeopoJioros ou;eHHBaIOT so3-
MO:>KHoe nOBbIIIIeHHe ro,ri:OBblX cyMM oca,ri:KOB Ha 

Ta 6 n HI.\ a 2. IlOBhIIIIeHHe cpe,!IHHX CKOJih35!IIl,HX 
10-JieTHHX TeMrreparyp B03,qyxa B HarrpaBJieHHH 

,,51MaJibCKOro cy6MepH,qHaHa", "C (1965-1995 rr.) 

MeTeoCTaHL(H5!* 
IlepHO,!I 

ro,q TerrJihIH XOJIO,!IHbIH 

0-s Eenh1H 1,4 1,0 1,6 

TaM6eH 1,0 0,9 1, 1 

Xapacas::iH 1, 1 1,1 1, 1 

Ta,!IH6e5!xa 1,6 1,3 1,7 

Mappe-Cane 0,8 1, 1 0,7 

AHTHITaIOTa 1,2 1, 1 1,2 

MbIC KaMeHHhIH 1,2 1,4 1, 1 

HOBbIH IlopT 1,3 1,3 1,3 

Ta3oscKoe 1,5 1,0 1,6 

51p-Cane 1,3 1,7 1, 1 

Canexap,q 1,3 1, 1 1,4 

Ha,!lbIM 1,3 1,3 1,3 

XaHTb1-MaHCHHCK 1,4 1,4 1,4 

To6onhCK l, I 0,6 2,6 

B cpe,qneM rro 14 1,25 1,16 1,37 
MeTeOCTaHL(H5!M 

* CTaHl\HH n Ta6JIHL(e opHeHTHposaHbI c cesepa Ha ior. 

K.llUMama, 1987 ]. 

COBPEMEHHA5I )l;IIHAMIIKA 
rEOKPIIOJIOrHqECKIIX YCJIOBIIM 

TepMHqecKHH pe)KHM sepxHHX ropH30HTOB 
KpHOJIHT030HhI 51BJI51eTC51 HHIJ:HKaTopoM cospeMeH­
HhIX KJIHMaTHqecKHX KOJie6aHHH H ¢opMHpyeTC51 B 
nepsyIO oqepegh, no,ri: B03geHCTBHeM TeMnepaTyphl 
B03,ri:yxa H cHe)KHOro noKposa. ITosb1rneHHe TeMne­
paTypbI B031l:yxa HJIH B03pacTaHHe CHeroOTJIO)KeHHH 
MO:>KeT Bbl3BaTb yBeJIHqeHHe rny6HHbl Ce30HHOro npo­
TaHBaHH51 H o6pa30BaHHe HeCJIHBaIOID;HXC51 Mep3JibIX 
TOJIID;, nOBbIIIIeHHe HX TeMnepaTypbI, aKTHBH3aD;HIO 
p51,ri:a onaCHhIX KpHoreHHhlX reoJiomqecKHX np011eccos 
(HaJie,ri:eo6pa30BaHHe, onOJI3HH-CnJiblBbl H ,ri:p.). 

Y6e,ri:HTeJihHhie ,ri:aHHhle o B03MO)KHOCTH 6h1CT­
pb1x H3MeHeHHii: sepxHHx ropH30HTOB KPHOJIHTo3o­
HbI B HanpaBJieHHH ee ,ri:erpa,ri:au;HH 6bIJIH noJiyqeHbl 
B 11rapKe (EHHCeii:CKHH Cesep) H BopKyTe (BoJih­
rne3eMeJihCKa51 TyH,ri:pa). 3KcnepHMeHTaJibHble nJIO­
IIJ;agKH B 11rapKe 6hIJIH opraHH30BaHbl B 1940 r. no 
HHHD;HaTHBe IT.11.MeJihHHKosa; Ha HHX Henpephrn­
Ho IJ:O 1958 r. npOBOIJ:HJIHCb Ha6JIIOIJ:eHH51 3a TeMne­
paTypoii: rpyHTOB (go rJiy6HHbl 15 M) H ce30HHblM 
npoTaHBaHHeM. 3a nepHOIJ: Ha6JIIOIJ:eHHH Ha ecTeCT­
BeHHOH nJIOID;a,ri:Ke Bb151BJieHO nOBbIIIIeHHe cpe,ri:Hero­
IJ:OBOH TeMnepaTypbI rpyHTOB Ha rny6HHe 3 M Ha 
1,3 °C (c -0, 7 ,ri:o +0,6 °C) H Ha rny6HHe 10 M Ha 
0,3 °C. 0TMeqaJIOCh onycKaHHe sepxHeii: rpaHHD;bI 
MHOroJieTHeMep3JibIX nopo,ri: c 1, 7 M (1940 r.) ll:O 
3, 7 M (1959 r.). B To )Ke speM51 cpe,ri:Hero,ri:osa51 
TeMnepaTypa so3,ri:yxa 3a yKa3aHHbIH nepHOIJ: coc­
TaBHJia -7,9 °C H 6h1Jia scero Ha 0,3 °C BhIIIIe 
HOpMbl. 

B oKpecTHOCT51X BopKyThI CHCTeMaTHqecKHe 
TepMHIIeCKHe Ha6JIIOgeHH51 B rpyHTaX npoBOIJ:51TC51 c 
cepe,ri:HHhI 50-x rr. H npogOJI)KaIOTC51 B HaCT051ID;ee 
BpeM51. feOKpHOJIOmqeCKHH CTaD;HOHap faIJI o6opy-
1J:OBaH B 1956 r. Ha OKpaHHe CTapoii: 3acTpOHKH 
ropo,ri:a. 3a 6-7-JieTHHH nepHOIJ: Ha6JIIOIJ:eHHH Ha 
nJIOIIJ;a,ri:Ke c eCTeCTBeHHbIM paCTHTeJibHbIM noKpo­
BOM OTMeqaJIOCb nOHH)KeHHe sepxHeil: rpaHHIJ;bl 
MHOroJieTHeMep3JiblX nopo,ri: c 2 IJ:O 6, 1 M, HeCMOTp51 
Ha HeKOTOpoe nOHH)KeHHe cpe,ri:Hero,ri:OBOH TeMnepa­
TYPbI so3,ri:yxa. KaK B 11rapKe, TaK H B BopKyTe 
,ri:erpa,ri:aIJ;H51 BepxHHX ropH30HTOB KpHOJIHT030Hbl 
o6h51CH51eTC51 B03paCTaHHeM MOID;HOCTH CHeroOTJIO­
:>KeHHH, TaK KaK yqaCTKH Ha6JIIO)::(eHHH OKa3aJIHCb 
Ha TeppHTOpHH pacrnHp51IOID;eHC51 ropo,ri:CKOH 3a­
CTpOHKH. 

B 70-x rr. no,ri: pyKOBOll:CTBOM H.B.KaKyHosa B 
BopKyTHHCKOM paii:oHe 6hlJIH pa3BHTbI CTau;HoHa p­
Hhie reoKpHOJIOrHqecKHe HCCJiegOBaHH51, KOTOpbie 
ycnernHO npogOJI)KaIOTC51 H B HaCT051IIJ;ee BpeM51. 
0,ri:HHM H3 rJiaBHblX o6heKTOB MOHHTOpHHra KpHO­
JIHT030Hbl 51BJI51eTC51 ITpHnOJI51pHo-TyH,ri:posa51 3o­
HaJibHa51 CTaHIJ;H51, pacnoJIO)KeHHa51 B 30 KM OT 
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A. B. IIABJIOB 

Ta 6 JI H l.\ a 3 . Ji3MeHem1e TeMneparypbI rpyHTOB, t1t, 
Ha rny61rnax 3 H 10 M Ha IlpHilOJI!ipHO-T)'HAPOBOH 

30HaJibHOH CTaHl~HH* 

re0Kp110-
Cpei:1nero- M, °C 

AO Ball ITep1101-1 
JIOr11qecK11e 

TeMnepaTypa na6JIJ-OJ:<eHHH 
yCJIOBHSI 

rpyHTOB, °C 
3M 10 M 

Crmo11ma11 KpHO- -0,1...-2,5 1970-1990 1,0 0,3 
JIHT030Ha 

ITpepbrn11crn11 0,3 . . . 1,5 1975-1990 0,7 0,3 
KpHOJIHT030Ha 
(TaJIHK) 

TaJIHK n0}.1 o3e- 1,5 1978-1990 0,6 0,0 
pOM 

IT pOMep3al-O~HH 1,3 .. . 0,3 1971 - 1990 -1,3 -1,0 
TaJIHK (cny~en-
noe 03epo) 

* MaTep11aJib1 na6JI1-0}.1en11>1 3a TeMnepaTypo>i rpyHTOB B 
CKBal!rnHax no ITp11nOJIS!pHO-TyH}.1pOBOH 30HaJibHOH CTaHI~HH, Ha 
OCHOBe KOTOpb!X COCTaBJieHa ta6JI.3, a TaKlKe no 1-1pyr11M IlYHKTaM 
reoKpHOJIOrH4eCKOro MOHHTOpHnra B BopKyTHHCKOM pa>iOHe, JIIQ-
6e3HO nepe1-1aHbl asrnpy H.E.KaKyHOBbIM. 

BopKyThr. Ha 3TOH cTaHIJ,HH Ha6JIIOAeHH51 3a TeMne­
paTypoH: rpyHTOB npOBOA51TC51 Ha yqacTKax co 
CilJIOillHbIMH Mep3JibIMH IlOPOAaMH, npepbIBHCTbIMH 
(HeCKB03Hbie H CKB03Hble TaJIHKH) , B npeAeJiaX 
3KBaTOpHH cym;eCTByIOm;ero 03epa H HCKyccTBeHHO 
cnym;eHHoro. B ecTeCTBeHHhrx ycJioBH51X 3AeCb 3a­
¢nKcttpoBaHo noqTH IlOBCeMeCTHOe IIOBhlIIIeHHe 
TeMnepaTypbI rpyHTOB B CJIOe rDAOBbIX TerrJioo6opo­
TOB 3a rroCJieAHHe 15-20 JieT (Ta6JI. 3). Han6oJih­
mee IIOBbiilleHHe TeMrrepaTyphl, AO 3,5-4 °C Ha 
my6ttHe 2-3 M IIpHXOAHTC51 Ha yqaCTKH CIIJIOIIIHOH 
KpttOJIHT030Hhr [Ilaa;zoa, 1994]. Hao6opoT, Ha yqa­
CTKe cnym;eHHOrO 03epa OTMeqeHo o6m;ee IIOHH­
)KeHHe TeMrrepaTypbI AOHHbIX OTJIO)KeHHH 3a 18-
JieTHHH nepHOA IIOCJie c6poca. IlOBbiilleHHe TeMrre­
paTypbl rpyHTOB xapaKTepHo TaK)Ke AJI51 Apymx 
o6'beKTOB MOHHTOpttHra (pe)!(HMHbre yqacTKH Poro­
BO:H, KopoTanxa H AP.) B apKTHqecKHX pa:HoHax 
EBporrelicKoro ceBepo-BOCTOKa. 

D:eTaJibHbre AaHHhle 06 H3MeHeHHH TepMnqec­
Koro COCT051HH51 BepxHHX roptt30HTOB KpHOJIHT030-
Hbl"B MHOroJieTHeM IJ,HKJie IIOJiyqeHbl Ha CTaIJ,HOHape 
Mappe-CaJie. B cTaThe ncrroJih30BaHhI AaHHhre H3-
MepeHtt:H TeMrrepaTypbI rpyHTOB B TeqeHHe 17 JieT 
(1979-1995 rr.), H my6ttHhl ce30HHOro rrpOTatt­
BaHH51 - 18 JieT 0978-1995 rr.). TpeHA IIOBhr­
IIIeHHH TeMrrepaTypbI B03AYXa 3a paccMaTpHBaeMbIH 
nepHOA (no cpeAHHM CKOJib351IIJ,HM 3-JieTHHM 3Ha-
lfeHH51M) cocTaBHJI 0,11 °C/roA. ··.,;' 

Bapnau,nn TeMrrepaTyphr Mep3JibIX rpyHTOB OT 
rDAa K rDAY Aa)!(e Ha my6ttHe 10 M rrp051BJI51IOTC51 B 
60JibIIIHHCTBe CJiylfaeB OTlfeTJIHBO H cym;eCTBeHHO 
npeBhIIIIaIOT TOqHOCTb HHCTpyMeHTaJibHblX H3Me­
peHHH (0, 1 °C). TaK, Ha rrJiom;aAKe 36, o6opyAo­
BaHHO:H Ha yqacTKe rroJittroHaJihHOH TYHAphr, H3Me­
HeHH51 TeMrrepaTypbl rpyHTOB Ha my6ttHe 10 M (tlO) 

COCTaBHJIH 3a TpexJieTHHH nepHOA (1981-1984 rr.) 
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OKOJIO 1 °C (pttc.4). 0AHaKo AJI51 MOpOmKOBO- OCOKO­
BO-c¢amoBoro 6oJioTa (nJiom;aAKa 34) Bapnau,nn 
TeMnepaTypbI t10 B MHOroJieTHeM ll,HKJie 6hIJIH He-

3HaqnTeJibHbIMH. y CTaHOBJieHHe MaKCHMaJibHbIX H 
MHHHMaJibHbIX cpeAHerDAOBbIX TeMnepaTyp B03AY­
xa H rpyHTOB He BCerAa COBDaAaeT BO BpeMeHH (CM. 
pnc. 4). 3To o6'b51CH51eTC51 CHJibHbIM BJIH51HHeM 
CHe)!(HOro noKpoBa Ha TeMnepaTypy rpyHTOB: MHO­
roJieTHHe IJ,HKJibI BbICOTbl CHe)KHOro noKpOBa H TeM­
nepaTypbI B03Ayxa He BcerAa OAHHaKOBbr. KpoMe 
Toro, HMeeTC51 HHepu,HOHHOCTb B TenJionepeAaqe OT 
B03Ayxa K rpyHTy. 

Ha ¢oHe MHOroJieTHHX Bapnau,nH: cpeAHeroAo­
BOli TeMnepaTypbI rpyHTOB B 60JibillHHCTBe CJiyqaeB 
(nJIOJJ.J;aAKH 9, 32, 36 H AP.) OTMeqaeTC51 06m;a51 
TeHAeHIJ,H51 K ee IlOBbIIIIeHHIO 3a nepHOA Ha6JIIO­
AeHHH. IlOBbIIIIeHHe TeMnepaTypbI tit AOCTHraeT 
2,2 °C Ha rJiy6ttHe 3 M H 0,8 °C - Ha my6HHe 10 M 
(CM. rn6JI. 4). Han6oJibIIIee noTenJieHtte Mep3Jihrx 
rpyHTOB xapaKTepHo AJI51 HH3KOTeMnepaTypHbIX no­
JIHroHaJibHhIX TYHAPOBhIX ypoqmu,, HattMeHhmee -
AJI51 OTHOCHTeJibHO BbICOKOTeMnepaTypHbIX ypoqmu, 
HH3KHX noM:M n AOJIHH peK. TaK Ha ypoqHm;ax c 
TeMnepaTypoM: rpyHTOB HH)Ke -5 °C, ee cpeAHee 
IlOBbiilleHHe 3a 1979-1995 rr. COCTaBHJIO Ha my-
6ttHe 3 M (/'1t3) 1,3 °C, a Ha rJiy6nHe 10 M (/'1t10) -

0, 7 °C, TOrAa KaK Ha yqacTKax c TeMnepaTypoH: 
rpyHTOB Bblille -3 °C 3HaqeHH51 !1t3 H /'itlO yMeHb­

illHJIHCb AO 0,8 °C H 0,3 °C, coorneTCTBeHHO. TpeHA 
IlOBbIIIIeHH51 TeMnepaTypbI rpyHTOB Ha rJiy6nHe 
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P11c.4. JI3Mettett11e TeMnepaTyphr B03Jwxa (a) H 
TeMnepaTypbI rpyHTOB tlO (6) 3a 1979-1995 rr. Ha 
cTau,Hottape Mappe-Cane. 

1 11 2 - cpe1-1nerOAOBbie 11 cpeAHHe CKOJib311~He 3-JieTHHe 

3Haqen1111 ts
3

, coorneTcTBeHno; t10 - cpe1-1Heroi:1osaS1 TeMnepaTypa 

Mep3!1blX rpyHTOB Ha rny611He 10 M. 

9, 17, 32,34 11 36 - SKcnep11MeHTaJibHbie nJio~a):IKH (CM.Ta6JI.4) . 



MEP3JJOTHO-KJIHMATW/ECKJ!H MOHHTOPHHI' 

Ta 6 JI 111\ a 4. KOJIH'leCTBeHHall 01\eHKa 1'.13MeHeHHH TeMIIeparyphl rp)'HTOB 3a rrepno;:i Ha6mo;:ieHHH 
Ha CTBL\HOHape Mappe-CaJie 

Cpe,11HJ1S1 MHOroJieTHSISI IlOBhIWem1e 
IlJIOIL\a;:iKa 11 ee om1caH11e rJiy611Ha, M TeMneparypa rpyHTOB, TeMneparyphl rpyHTOB* 

·c 3a 1979- 1995 rr., ·c 
9- BepXHS!S! 'laCTb 3ana,11Horo CKJIOHa; 3JiaKl1, XBOIL\ 3 -5,4 2,2 
c cjJparMeHTaM11 11BHS!'IKOB0-3eJieHOMOWHOH paCTl1- 6 -5 ,3 1,2 
TeJibHOCT11; neCOK (,!10 0, 7 M)' cyrJil1HOK 10 -5 2 08 

1 7 - IIJIOCKl1H IIOJil1rOHaJihH0-6yrp11cTbIH rnpcjJS!H11K c 3 -5,6 1, 1 
TpaBS!HO-KycrapH11'1KOBO-MOXOBO-Jil1WaHHl1KOBbIM IIOKpo- 6 -5,6 1,0 
BOM; rnpcjl (,110 0,75 M), Jie,!I, necoK 10 -5 6 07 

32 - IIOJil1I"OHaJibHaS! TYH,!lpa c MOXOBO-Jil1WaHHl1KOBO- 3 -6,5 1,3 
TpaBS!HO-KycrnpH11'1KOBbIM IIOKpOBOM; neCOK 6 -6,5 1, 1 

10 -6 4 06 

34 - IIOJIOCa CTOKa Ha IIOJIOI"OM IO)l(HOM CKJIOHe; 3 -3 ,6 0,5 
MOpOWKOBO-OCOKOBO-ccjJamoso-r11nHOBOe 6oJIOTO; 6 -3,8 0,2 
necoK, cyrJil1HOK 10 -3 9 0 1 

36 - ,!IHl111\e xaCbipe!! c OCOKOBO-rHIIHOBbIM 6oJIOTOM; 3 -3,4 1, 1 
neCOK, o60rall\eHHblH TOpcjJOM 6 -3 ,8 0,7 

10 -3 9 05 
44 - IIOJil1I"OHaJihHaS! TYH,!lpa c KO'IKOBaTOH 11 MeJIKO- 3 -4,2 1,2 
6yropKOBaTOH IIOBepxHOCTh!O; paCTl1TeJibHblH IIOKpOB - 6 -4,4 1,0 
TpaBS!HO-KyCTapH11KOB0-3eJieHOMOWHO-Jil1WaHH11KOBbIH; 10 -4,4 0 ,7 
neCOK 

* Ilo cpe,!IHl1M CKOJ!b3Slll\11M 3-x JieTHl1M 3Ha'leHl1SIM 

Ta6JI111\a 5. CTBTHCTH'leCKHe xapaKTepHCTHKH MHOrOJieTHHX sapHal\HH 
rny611Hhl ce30HHOro rrpoTaHBaHHll (hT) Ha CTal\HOHape Mappe-CaJie 

2 

3 

4 
5 

6 

7 

8 

9 

1loJI11roHaJihHaS1 TyH,11pa c OCOKOB0-11B­
HS!'IKOB0-3eJieHOMOWHbIM IIOKpbITl1eM 

I10JI11roHaJihHaS1 TyH,11pa c MopowKono­
noJI11Tp11xoeo-ccjlamoeb1M noKpOBOM 

TopcjJSIHl1K, TepMOKapcToeaSI KaHaea; ny­
WHL\eBo-ocoKOBhIH IIOKpOB 

0COKOBO-rl1TIHOBOe 60JIOTO 

110Jil1I"OHaJihHaS! T)'H,!lpa c MOIL\Hb!M MO­
XOBO-Jil1WaHHI1KOBbIM IIOK!lOBOM 

Il!!THO-Me,!laJihOH Ha y'laCTKe IIOJil1ro­
HaJibHOH TYH,!lpbl 

Ilec'laHblH pa3,11ye Ha IIOJIOrOM IO)l(HOM 
CKJIOHe IIOJil1I"OHaJibHOH TYH,!lpbl 

IlOJIOrHH IO)l(HblH CKJIOH MeJIK06yrop­
KOBOH TYH,!lpbl 

BepxHSISI 'laCTh 3ana,11Horo CKJIOHa; pac­
T11TeJihHhri1 IIOKpOB npe,!ICTaBJieH 3Jia­
KaMl1, XBOIL\OM 

~P, M 

1, 13 

0,83 

0,75 

0,65 

0,43 

1,23 

1,48 

1,26 

1,13 

10 M, t10 , ,L:(ocnrraJI 0,07 °C/ro):( w cocTaBHJI B cpe,1:(­

HeM no TeppwTopww crnu:woHapa 0,03 °C/ro):(. 

Ilpirne,L:(eHHbie ,L:(aHHhie y6e,L:(HTeJihHO CBH,L:(e­

TeJihCTBYIOT 0 TIOBbIIIIeHHH TeMnepaTypbl rpyHTOB 

3a nocJie):(HHe 15-20 JieT B pemoHax, xopmno 

w3yqeHHhlX B cTau;woHapHoM OTHOIIIeHHH. 0Ho ,L:(O­

CTaToqHo Bbipa)l(eHO ,L:(a)l(e npw OTCYTCTBHH ITJIOIIla,1:(­

HOro TexHoreHHOro B03,L:(eHCTBH.ll. Ilo pe3yJibTaTaM 

paHee BbIITOJIHeHHOro MaTeMaTHqecKoro MO,L:(eJIH­

poBaHH.11 [Jl ae;we, 1994] B OKpeCTHOCT.llX 5lKyTCKa 

B pe3yJihTaTe yBeJIHqeHH.11 BbICOTbl CHe)l(HOfO TIOK­

poBa B 1955-1980 rr. TaK)l(e OTMeqeHO ITOBbIIIIeHHe 

cpe,L:(Hero,L:(OBOH TeMnepaTyphl BepxHero CJIO.si: rpyH­

TOB B ecTeCTBeHHblX YCJIOBH.llX (Ha TIOBepxHOCTH 

0,15 

0,29 

0,28 

0,18 

0,21 

0,11 

0,14 

0,11 

0,11 

0,132 

0,121 

0,112 

0,073 

0,048 

0,087 

0,124 

0,171 

0,079 

0,11 

0,145 

0,149 

0,112 

0 , 112 

O,Q71 

0 ,084 

0,136 

0,070 

rpyHTOB 6oJiee qeM Ha 2 °C, a Ha my6HHe 3 M -

Ha 1,8 °C). Cpe):(H.si:.si: ro):(oBa.si: TeMnepaTypa B03):(yxa 

3a 3TOT nepHO,L:( npaKTHqecKH He H3MeH.si:JiaCh. 

T.lJeHr H T.OcTepKaMn [Zhang et al., 1993] Ha 

OCHOBe peKOHCTPYKU:HH TeMnepaTypHbIX npo¢HJieH 

B my6oKHX CKBa)l(HHax Bbl.llBHJIH HaqaBIIIeec.si: 40-
80 JieT Ha3a,L:( IlOBbIIIIeHHe TeMnepaTypbl ITOBepx­

HOCTH rpyHTOB (Ha 2-4 °C) Ha .AJJ:.si:cKe, OTMel!aB ­

IIIeec.si: ,L:(a)l(e B nepHO,L:(bl IlOHH)l(eHH.11 TeMnepaTypbl 

B03eyxa. IlOTeITJieHHe rpyttTOB OHH o6h.si:CH.si:IOT B03-

paCTaHHeM CHefOOTJIO)l(eHHH B MHOfOJieTHeM pa3pe3 e . 

Pe3yJihTaThI Ha6JIIO):(eHHH Ha cTau;HoHape 

Mappe-CaJie (1978- 1995 rr.) no3BOJIHJIH Bbl.llBHTh 

H3MeH1IHBOCTb rJiy6HHbl ce30HHOro npoTaHBaHa.si: 
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A. B. flABJIOB 

rpyHTOB B MHOroJieTHeM D;HKJie. Me:>Kce30HHhie Ba­
pnau;nn my6HHbI ce30HHOI'O npoTaHBaHH51 (!J.hT) Ha 

6oJibIIIeii qacTH ::meMeHTOB peJihe¢a npeBhlIIIaIOT 
20 % . MaKCHMaJihHhle Bapnau;nn tJ.hJ h~P npnypoqe­

HhI, KaK npaBHJIO, K rpyHTaM opraHnqecKOI'O npo­
HCXO:>K,n:eHH51. Ll,JI51 6oJiee ,n:eTaJihHOM CTaTHCTHqec­

KOM ou;eHKH H3MeHeHnii rJiy6nHhI ce3oHHOro npo­
TanBaHH51 no ce30HaM HCnOJib30BaJIHCb ,n:Ba napa­
MeTpa - cpe,n:HeKBa,n:paTnqecKoe OTKJIOHeHne ah n 

Ko3¢¢nu;neHT Bapnau;nn Cv. Ocpe,n:HeHne, BhIITOJI­

HeHHOe no p51,n:y 3KCnepHMeHTaJihHbIX nJIOiu;a,n:oK, 
,n:aJIO CJie,n:y10m:ne 3HaqeHH51 3THX napaMeTpOB: .U:JI51 
rpyHTOB opraHnqecKOI'O npOHCXO:>K,n:eHH51 (nJIO­

m:a,n:KH 2-5; hT:::; 0,4-0,8 M): ah= 0,12 M n Cv= 
= 0, 17 (Ta6JI. 5). Ll,JI51 rpyHTOB MHHepaJihHOI'O npo­
HCXO:>K,n:eHH51 co CJia6hIM Ha,n:noqBeHHbIM noKpOBOM 
(nJioru;a,n:KH 1,6,7 H 9; hT:::;l,1-1,5 M) napaMeTpbI 

ah n Cv xapaKTepn3yIOTC51 3aMeTHo MeHhIIIeii MHO­

roJieTHeii H3MeHqnBOCThIO: ah= 0,09 M, Cv = 0,13. 

0,6 

0,8 

1,0 

a 

1,2 ~~-~-~-~~~~-~-~-~-

1 01 
; 1:21 

1,4 

1,0 

1,2 

1,4 

1,6 

ON'<t<OCO 0 N'<t 
co co co co co en en en 
en en en en en en en en 

Pnc.5. lI3MeHettne HHJJ;eKca npoTansaHH51 11/2 (a), 
rJiy6HHbl ce30HHOfO npoTaHBaHH51 h (6) ~ 3Ha-

11eHHH h/ h~P (a) 3a 1978-1995 rr. Ha ~KcnepnMeH­
TaJihHhIX nJimu;a.n:Kax cTau;nottapa Mappe-CaJie. 

2,3,6,8 11 9 - SKcnep11MeHTaJI&H&1e nno~a,11K11 (CM. rn6n.5); 
2,3 - cpe,11H11e ,11aHHhie no ,!IBYM nJIO~a,!IKaM, COOTBeTCTBeHHO; 
hJP - cpe,11H11e 3HaqeH11S1 hT 3a 1978-1995 rr. 
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A6coJIIOTHhlii MaKCHMYM 3HaqeHnii hr OTMeqa­

eTCSI, ecTeCTBeHHO, B aHOMaJihHO TenJihie JieTHHe 
nepno,n:hI 1989-1991 rr. H 1995 r. B 3TH ro,n:hI 
HH,n:eKc npoTanBaHHSI IT, H3Mep51eMhiii cyMMOii 

JieTHHX TeMnepaTyp B03,n:yxa BbIIIIe 0 °C (°C . .U:HH)' 
6hIJI B 1, 1-1,3 pa3a Bhlllle ,,HOpMbI" (cpe,n:HeMHO­
I'OJieTHero 3HaqeHHSI). MnHHMaJihHhie rJiy6nHhI 

npoTaHBaHH51 ~ Ha6JIIO,n:aJIHCb B 1978' 1980 H 

1992 rr. npn 3HaqeHHSIX IT B 1,5-1,6 pa3a HH:>Ke 

,,HopMbI". CooTHOIIIeHne Me:>K,n:y 3HaqeHHSIMH hT B 

TenJihie H XOJIO.U:Hhie JieTHHe nepHO.U:bI COCTaBJISieT 
1,3-1,4 pa3a .U:JI51 ypoqnru; c ,n:oCTaTOqHo MO.W:HbIM 
opraHnqecKHM noBepXHOCTHbIM CJIOeM H 1, 1-1, 2 -
npn ero OTCYTCTBHH. 

IIpn aHaJIHTnqecKOM onpe,n:eJieHHH rJiy6HHhI 
npoTaHBaHH51-npoMep3aHH51 rpyHTa o6bJqHO npH­

MeHSIIOT H3BeCTHYIO ¢opMyJiy CTe¢aHa HJIH ee 

MO.U:HcPHKaD;HH [Ky8pJZ6U,e6, 1954; Ila6.!l06, 1980 ]. 
Bo Bee pacqeTHhie ¢opMyJihI npoMep3aHHSI-npo­
TaHBaHH51 BXO.U:HT 11(2 B KaqecTBe OCHOBHOI'O napa­

MeTpa. B MHOroJieTHeM xo.n:e OTMeqaeTC51 y,n:oBJieT­
BopnTeJibHoe COOTBeTCTBHe Me/K,n:y H3MeHeHH51MH 
TOJIIu;HHhI ce3oHHOTaJioro CJI051 hT n P/ 2 (pnc. 5). 

Ha ¢oHe 3HaqnTeJihHhIX Me/KCe30HHhIX H3Me­
HeHnii rJiy6HHbI ce30HHOI'O npoTaJIBaHH51 rpyHTa, 

hT, Ha6JIIO,n:aeTCSI rna6a51 TeH,n:ettu;IDI K ee B03pa­

CTaHHIO 3a 1978-1995 IT. 3Ta TeH,n:ettu;H51 .n:ocTa­
TOqHo OTl!eTJIHBO Bbipa:>KeHa .n:mr OTHOCHTeJihHbIX 

3Hal!eHnii m y 611Hhr ce3oHHoro rrpoTaKBaHIDI hJ h~P , 
r.n:e h~P - cpe,n:Hee 3a Been rrep a o.n: aa6m o ,n:eHnii 

3H3lleHHe hT (c of. pHC. 5) . 

IIPOrH03 Q)KH AEMlJIX M3MEHEHIIM 
KPIIOJIIIT030Hbl K 2020 II 2050 rr. 

Ilporao3 rrpe.[(Ilonaracr, 'ITO Tp eH,n:nr coBpe­
MeHHhIX H3MeHeHHil: COCT051HH51 
BepxHHX ropH30HTOB Kpl'i Jllil'ro30Hhl oxp aH5ITC51 Ha 
rrocJie,n:y 10m;He a e K IThKO A 5IT'H..>'lenrH. B 3TOM 
cJiyl!ae o/Kn,n:ae rne 

JIOBH51X CIIJIOIIIHOH KpHo,..,"u....u 
6HpH COCT3BHT K 2020 r . .rrpm.irep 

HbIM IIOKpOBOM Teirn l' 

/KeT B03p3CTH Ha 1 5 °' 

aMrrJIHTY.U:hI TeMrrepaT p N 
BhICHT 4 °C. IIporH03Hp )t v 

Ce30HHOI'O 
15-25%. 

aeMhlM cHe/K -
;rnx rpyttTOB MO­

B reoMop¢o­
upe~e.n,ax 0, 5 ° C. 

'I ppHTOpHH 
epaTyphI no­

-5 °C , a B 
ro,n:OBOM 

,, He npe­

.. ,,,, .... _...,..,..,Hne my6HHbI 

H rrp eB3oii,n:eT 



MEP3JIOTHO-KJIHMATW!ECKJffi MOHHTOPHHI' 

TaKHM o6pa3oM, O)Ktt,r:i;aeMoe B 6Jitt)Kaiinrne 

20-25 JieT ITOTerrJieHtte KJIHMaTa He rrpuBe,r:i;eT K 

KopeHHOH rrepecTpOHKe reoKpllOJIOrttqecKHX ycJIO­

BHH Ha 6oJibIIIeii qacTH TeppllTOpllll CITJIOIIIHOH 

KpttOJIHT030HhI Poccnn, o,r:i;HaKo Ha ceBepe 3arra,r:i;­

Hoii Cn6npn ee IO)KHaSI rpaHnn,a MO)KeT rrepeMec­

THThC5I K ceBepy Ha 50-80 KM. B 3TOH cy6rnnpOT­

Hoii rroJioce HaqHeTrn 3BOJIIOIJ,HSI crrJIOIIIHOii Kpno­

JIHT030HbI B rrpepbIBHCTyIO. B paiioHax rrpephrnttc­

TOH ll OCTpOBHOH KpllOJIHT030HbI ITOBbIIIIeHHe tlO He 

rrpeBbICHT 0,5 °C; O,r:(HaKO 3,r:J;eCb CJie,r:i;yeT O)Kll,r:(aTb 

rrepexo,r:i;a K MHOroJieTHeMy rrpoTaHBaHHIO KpllO­

JIHT030HbI CBepxy. 

K 2050 r. rrpomo3npyeMoe pemoHaJihHOe rro­

BbIIIIeHne tlO B ycJIOBHSIX CITJIOIIIHOH KpllOJIHT030HbI 

COCTaBllT 1,5-2 °C; rpaHHIJ,a CITJIOIIIHOH KpllOJIHT0-

30Hbl Ha TeppnTopnn 3arra,r:i;Hoii Cn6npn MO)KeT 

rrepeMeCTHTbC5I K CeBepy rrpnMepHo Ha 150-
200 KM. Bo3HHKHeT orraCHOCTh ¢opMnpoBaHHSI BbI­

COKoTeMrrepaTypHbIX Mep3JibIX rpyHTOB ,r:i;a)Ke B apK­

Tll'-leCKHX paiioHax. Ha 6oJinrneii '-laCTH TeppnTopnn 

KpHOJIHT030HhI Poccnn 6y,r:i;yT OTMe'-laThC5I HeraTHB­

Hh1e ITOCJie,r:(CTBHSI KJIHMaTH'-leCKOro ITOTerrJieHmI: 

YCHJieHHe OTTaHBaHHSI ITO,r:(3eMHblX Jlb,r:(OB ll aKTll­

Bll3aIJ,HSI KpnoreHHbIX reoJiornqecKHX rrpou,eccoB 

( TepMoa6pa3HSI' TepMOKa PCT' OITOJI3Hll-CITJibIBbI, 

HaJie,r:i;eo6pa3oBaHue); yxy,r:i;rneHne rrpo'-!HOCTHhix 

CBOHCTB Mep3JihlX rpyHTOBbIX OCHOBaHHH, ITOSIBJie­

Hlle MaCCOBhlX ,r:i;e¢opMaIJ,HH ll pa3pyIIIeHHSI reo­

CllCTeM. 

3AKJIIOqEHME 

3a rrocJie,r:i;Hne ro,r:i;hI B Poccnn Ha reoKptto­

JiornqecKnx cTan,noHapax rroJiyqeHhI yHnKaJihHhie 

ITOJieBhie ,r:i;aHHhle, pacKpbIBaIOliille B3allMOCBSI3b 

Me)K,r:i;y COBpeMeHHbIM KJIHMaTOM ll Kpll0JIHT030HOH, 

c¢opMy JillpOBaHbI MeTO,r:(bl Oll,eHKll ,r:(HHaMHKll KpllO­

JIHT030HbI, BhIITOJIHeH pSI,r:i; rrporH03HbIX cn,eHaptteB 

B03M0)KHbIX Mep3JIOTHO-KJIHMaTHqecKHX ll3MeHe­

HllH B CJie,r:i;yIOliieM CTOJieTHll. Ilpo6JieMa H3y'-leHHSI 

3BOJIIOIJ,Hll KpttOJIHT030HbI rrpn O)Ktt,r:i;aeMhIX rJio-

6aJibHhIX ll3MeHeHHSIX KJIHMaTa CTaJia rrpnopttTeT­

HOH B TeMaTttKe KpyrrHhIX HayqHo-nccJie,r:i;oBaTeJihC­

KHX yqpe)K,r:i;eHnii Poccnn. OcHOBHhre pe3y;1bTaThI 

BbIITOJIHeHHbIX aBTOpOM llCCJie,r:i;oBaHHH 3aKJIIO'-laIOT­

CSI B CJie,r:i;yIOliieM. 

1. B apKTnqecKHX paiioHax 3a rrepno,r:i; MeTeo­

poJiortt'-!ecKHX Ha6JIIO,r:(eHHH B ll,eJIOM IIOBbIIIIeHHe 

TeMrrepaTypbl B03,r:i;yxa rrpaKTH'-!eCKll He OTMe'-!aeT­

CSI. B KOHTHHeHTaJihHhIX paiioHax KpttOJIHT030HhI, 

Hao6opoT' IIOTerrJieHHe ,r:(OCTaTO'-IHO qeTKO Bbipa)Ke­

HO. 3a ITOCJie,r:(Hlle Tpll ,r:i;eCSITHJieTHSI rrpollCXO,r:(llT 

ITO'-!Tll ITOBCeMeCTHOe IIOTerrJieHtte KJIHMaTa Ha Tep­

PllTOpllll KpttOJIHT030HhI Poccnn. 

2. Ha CTaHIJ,llSIX MOHHTOpttHra Kpll0JIHT030Hbl 

3acPHKCllpOBaHO ITOBbIIIIeHHe TeMrrepaTypnI BepXHHX 

roptt30HTOB KpHOJIHT030Hbl (,r:i;o 1,2 °C Ha rJiy611He 

6-10 M) 3a rrocJie,r:i;Hne 15-25 JieT. 0Ho Haxo,r:i;HTC5I 

B COOTBeTCTBHH B 0,r:(HHX cJiy'-laSIX - c MHOrOJieTHHM 

ITOBbIIIIeHHeM TeMrrepaTypbl B03,r:i;yxa, B ,r:i;pyrnx -

TaK)Ke c yBeJI11qeHtteM cHerooTJIO)KeHnii. Ha1160Jih­

rnee ITOTerrJieHHe Mep3JibIX rpyHTOB npHXO,r:(HTCSI Ha 

y'-laCTKH CIIJIOIIIHOH Kp1IOJIIIT030HbI, HaHMeHhIIIee -

Ha TaJIHKH. CoBpeMeHHoe rroBbirneHue TeMrrepaTy­

phl Mep3JiblX TOJiliI ,r:(OCTttraeT rJiy6HH B ,r:i;eCSITKH 

MeTpOB. 

3. JJ,aH rrporH03 O)KII,r:(aeMbIX Mep3JIOTHO-KJIH­

MaTH'-leCKHX H3MeHeHHii Ha ceBepe Pocc1111 B XXI B. 

Ha ocHoBe 3Kcrrep11MeHTaJihHhIX ,r:i;aHHhIX pa3BHT 

cn,eHaplIH yMepeHHOro noTerrJieHIISI KJIIIMaTa Ha 

ceBepe PocCJIII B rrepBoii rroJIOBttHe XXI B. TaKoe 

ITOTerrJieHIIe He rrpHBe,r:i;eT K CyliieCTBeHHbIM ll3Me­

HeHHSIM TeMnepaTypnI H MOPcPOJIOrHH CITJIOIIIHOH 

KpHOJIHT030Hbl B 6Jitt)KaHrnlle 20-25 JieT. 0,r:i;HaKO 

K 2050 r. H3MeHeHIISI reoKplIOJIOrII'-leCKHX yCJIOBHH 

CTaHyT 6oJiee '3Ha'-l1ITeJibHbIMII II B03HIIKHeT orrac­

HOCTb ¢opM1IpOBaHIISI BbICOKOTeMrrepaTypHbIX 

Mep3JihIX rpyHTOB ,r:i;a)Ke B paiioHax ApKTIIKII. 

K co:>KaJieHIIIO, B HaCTOSiliiee BpeMSI B PocCIIII 

CTaJIO rrpaKTIIqeCKII HeB03MO:>KHbIM 3¢¢eKTIIBHOe 

Be,r:i;eHIIe MOH1ITop1IHra Kp1IoJI1IT030HhI. BMecTe c 

TeM IIHcPOpMaIJ,IISI no MOHIITOpllHry KPIIOJIIIT030HbI 

Pocc1I1I B CBSI31I c O:>KII,r:i;aeMbIM rJio6aJihHhIM rroTerr­

JieHIIeM KJIIIMaTa IIMeeT cyliieCTBeHHOe 3Ha'-leHIIe 

,r:(JISI II3yqeHIISI 3BOJIIOIJ,IIII Kp1IOJIIIT030HbI 3eMJIH B 

n,eJIOM H peIIIeHIISI 6oJibIIIOro q11cJia rrpaKTII'-leCKIIX 

BOilpOCOB. Il03TOMY Heo6xo,r:i;IIMa noMep:>KKa co CTO­

pOHbI MHpOBOro coo6IIIeCTBa CTpaH ,r:(JISI rrpo,r:i;oJI­

)KeHHSI cPYHKIJ,MOHHpoBaHHSI Mep3JIOTHO-KJIHMaTM­

qecKoro MOHHTOPIIHra B PocCIIH. 

0,r:i;HO II3 Ba)KHblX HarrpaBJieHIIH ,r:i;aJibHeHIIIHX 

pa6oT no MOHHTOpHHry KpHOJIHT030Hbl - pa3pa-

6oTKa COBMeCTHO c 3apy6e)KHbIMH crren,HaJIMCTaMH 

npoeKTa C03,r:(aHHSI e,r:i;MHOH CHCTeMbl ll,HpKyMnOJISip­

HOro MOHHTOpHHra KpttOJIHT030HhI CeBepHoro rroJiy­

IIIapnSI, c ucrrOJih30BaHHeM yH11¢11u,11poBaHHhIX aB­

TOMaTtt3HpoBaHHhIX H3MepHTeJibHbIX cpe,r:i;CTB H 

KOMIIbIOTepHbIX TeXHOJIOrHH c6opa, xpaHeHMSI H o6-

pa60TKH MHQ:JopMaIJ,HH. Ilpe,r:i;CTaBJISieT HHTepec C03-

,r:i;aHtte Me)K,r:(yHapO,r:(HbIX reoKpHOJIOr1IqeCKHX CTa­

IJ,IIOHapoB Ha Tepp11Top1111 Pocc1111, B rrepByIO oqe­

pe,r:i;b Ha fhI,r:(aHe, 5IMaJie H B IJ,eHTpaJibHOH 5IKyTHH. 

BJIAI'OJJ,APHOCTM 

ABTOp rrptt3HaTeJieH B.A.JJ,y6poBttHy, BHecrne­

MY 3Ha'-lttTeJihHhlH BKJia,r:i; B 06ecrre'-!eH1Ie cPYHK­

IJ,MOHttpoBaHttSI reoKpHOJIOrM'-!eCKHX CTaIJ,MOHapoB 

Mappe-CaJie 11 IlapuceHTO Ha ceBepe 3arra,r:i;Hoii 

C11611p11. Oco6oii rrptt3HaTeJihHOCTM 3arny:>K11BaeT 

H.E.KaKyHoB, JII06e3HO rrpe,r:i;ocTaBHBIIIttii HCKOTO­

pn1e rrepBH'-!Hbie ,r:i;aHHbie no TepM11qecKOMY MO­

HHTOplIHry rpyHTOB Ha EBporreiicKoM ceBepo-BocTo­

Ke ,r:(JISI IIX CIICTeMaTtt3aIJ,IIH II aHaJIH3a. IloJieBbie 

pa6oThI <PnttaHCJipoBaJittCb PocrniicKoii AKa,r:i;eMueii 

HayK, reoJiortt'-leCKOH CJiy:>K6oii Poccm1 H P AO 

"fa3npoM"; o6o6IIIeHHe ,r:i;aHHbIX Ha6JIIO,r:i;eHHH H 

57 



A. B. IIABJIOB 

rro;::i:roTOBKa CTaTbH ocy~eCTBJieHO rrpH co;::i:eliCTBHH 
fHTI1 ,,rno6aJibHbie H3MeHeHIDI rrpHpoJJ:HOH cpe;::i:hr H 

KJIHMaTa" H Hau;noHaJihttoro Hay•rnoro <Dott;::i:a CIIIA. 

AKKepMaH X.):(}!<., EoiiKe ):(>K., EpayH ):(>1<. 11 AP· IlporpaMMa 
l..\11PKYMCTOJilipHOro MOH11T0p11Hra ce30HHOTaJIOro CJIOlI 
(CALM) I I <PyHAaMeHTaJibHbie 11ccJie):losamrn Kp11occjJepb1 
3eMJil1 s ApKT11Ke 11 Cy6apKTl1Ke (11Torn 11 nepcneKTl1BbI). 
Te311cb1 AOKJiaAOB. Ilym11Ho, 1996, c. 65-68. 
AHTponoreHHbie 113MeHeH11n KJI11Marn I IloA pe):I . M.tt.EyAbIKO 
11 IO.A.ll3pa:iJin JI., I'i1APOMeTeo113AaT, 1987, 406 c. 
Eop11ceHKOB E.Il. ll3MeHeH11e KJI11Marn 11 <IeJioseK. M., 3HaH11e, 
1990. 
EyAbIKO M.tt. 11 J\P· IlpeJ1CTOlill\11e 113MeHeH11n KJI11Marn I /M3B. 
AH CCCP. Cep. reorp., 1992, N~ 4, c. 36-52. 
EyAhIKO M.tt., tt3pa3Jih IO.A., SIH11111u A.JI. fJio6aJibHOe 
noTenJieH11e 11 ero noCJ1eAcrn11n I I MeTeopoJI. 11 rHAPOJI., 1991, 
N~ 12, c. 5-10. 
BeJIH'IKO A.A., Heqaes B.Il. K OJ..\eHKe Al1HaM11K11 30HbI MHoro­
JieTHei1 Mep3JIOTbI s CesepHoi1 Espa31111 np11 rno6aJibHOM noTen­
JieH1111 KJI11MaTa //,[!,AH, 1992, T. 324, N~ 3, c. 667-671. 
BHJih):\ r.tt. 0 TeMnepaType B03):1yxa B Pocc11i1CKOi1 11Mnep1111. 
Bbm. 2, 'I. IV. CI16., 1882, c. 299-359. 
rpe'IHll(eB C.E., IlaBJIOB A.B. 3KOreOJIOrH'leCKHH MOHl1TOp11Hr 
Tpaccb1 cesepHoro MarnCTpaJibHoro HecjJTenpono):la HopMaH­
Y:iJic - 3aMa (KaHaAa) I I Ilpo6JieMhI :JKOJiorn11 np11 ocsoemm 
ra30BbIX 11 HecjJrnHbIX MeCTopO)l{):leu11i1 Kpai1uero Cenepa. Tpy­
J\bI BHttttra3. M., 1995, c. 142-145. 
):(y6pos1111 B.A., IlaBJIOB A.B. CpanH11TeJibHan Ol..\eHKa 
pocc11i1CKl1X 11 cesepo-aMep11KaHCKl1X MeTO}\OB Be}\eHl1lI MOHl1-
rnp11Hra Kp110JI11T030HbI I I 3BOJIIOl..\110HHbie reoKp110JiornqecK11e 
npOL\eCCbI s apKTl1'1eCK11X per110Hax 11 npo6JieMbI rno6aJibHbIX 
113MeHeu11i1 np11pOJ1HOi1 cpeJ1bI 11 KJI11Marn Ha Tepp11rnp1111 
Kp110Jil1T030Hbl. Ilyll(l1HO, 1995, C. 40. 
l-f3y'leH11e 11H)l{eHepHO-reOJIOrl1'1eCKl1X 11 r11J1pOreOJIOrl1'1eCKl1X 
ycJIOBl1H sepxHl1X rop1130HTOB nopOA B HecjJTera30HOCHblX 
pai1oHax Kp110JI11T030HbI (MeTOJ1l1'1ecKoe pyKOBOJ1CTBO) I ITOJ1 
peJ1. E.C. MeJibH11Kosa, C.E. fpeq11mesa, A.B. IlasJiosa. M., 
HeApa, 1992, 288 c. 
KYAPlIBL\eB B.A. TeMnepaTypa sepxn11x rop1130HTOB ne'IHOMep-
3JIOi1 TOJill\11 n npe}1eJiax CCCP. M., ll3A-BO AH CCCP, 1954, 
182 c. 
MeJihHHKOB E.C., Sl3BHH JI.C., BaCHJiheB A.A. Oco6eHHOCrn 
MOH11Top11Hra reoJior11qecKoi1 cpeAbI rnpp11rnp11i1 cy6beKTOB 
Pocc11i1cKoi1 <Pe;\epal.(1111, pacnoJIO)l{eHHbIX n Kp110JI11T03o­
He I /MaTep11aJihI Ilepsoi1 KoncjJepeHl..\1111 reoKp110Jioros Pocc1111, 
KH. 3. M., MrY, 1996, c. 317-326. 
MeJihHHKOB n.tt., KaMeHCKHH P.M., IlaBJIOB A.B. Momnop111ff 
Kp110JI11T030HbI // Becrn11K PAH, 1993, c. 1090-1095. 
IlaBJIOB A.B. TenJiocjJ11311Ka JiaHA111acjJrns. Hosoc11611pcK, Hay­
Ka, 1979, 284 C. 
IIasJIOB A.B. Pac<IeT 11 pery JI11posaH11e Mep3Jiornoro pe)l{11Ma 
nOl!BbI. Hosorn611pcK, HayKa, 1980, 240 c. 
IIanJIOB A.B. CocTonH11e 11 HanpasJieH11n pa3s11T11n Ha6JIIOJ1a­
TeJibHOi1 ceT11 reoKp110Jior11qecKoro MOH11rnp11Hra I I 
Pal(110HaJibHOe np11po):lonOJib30naH11e s Kp110JI11T030He. M., Ha­
yKa, 1992, C. 129-132. 
IlaBJIOB A.B. flpOrH03 3BOJIIOL\1111 Kp110Jil1T030Hbl B CBlI311 C 
rno6aJibHb1M11 11JMeHeH11nM11 conpeMeHHoro KJI11Marn I I Cospe­
MeHHb1e npo6JieMbl r11ApOreOJIOrl111, 11H)l{eHepHOi1 reOJIOrl111 11 
3KOreoJIOrl111. M., BCErttHrEO, 1994, c. 135-151. 

58 

CyMrHH M.tt. Bel!uan Mep3JIOTa IlOl!BbI B npeAeJiax CCCP. ll3J1. 
2-e. M.-JI. , ll3A. AH CCCP, 1937, 372 c. 
TeMneparypa, Kp110JI11T030Ha 11 paA11oreHHan TenJioreHepal\11lI 
s 3eMuoi1 Kope CesepHoi1 A31111 I A.,[1,. ,[J,yl!KOB, B.T. EaJio6aen 
11 AP· Hosorn611pcK, HayKa, 1994, 141 c. 
IIInoJinHcKan H.A. flonbITKa nporno3a. 3HaH11e - c11Jia, 1990, 
N~ 5, c. 54-60 .. 
SJqesCKHH JI.A. 0 se<IHOMep3JIOi1 nol!se s C11611p11 (c Kap­
TOIO) // ll3n. llMnep. pyc. reorp. 06-sa, Cfl6., 1889, T. XXV, 
Bbin. 5, C. 341-351. 
Brown J. and Andrews l.T. Influence of shortterm Climate 
fluctuations on permafrost terrain I I Carbon Dioxile Effects 
Research and Assescment Program, Environmental and Societal 
Conseguences of Pissible C02 - Induced Climate Changes. DoE 
/EV/ partment of Energy, 1982. 
Cheng Gudong, Huang Xiaoming and Kang Xingcheng. 
Recent Permafrost Degradation along the Qinhway // 
Permafrost, Sixth International Conference. Proceedings (Vol. 
2). Beijing, China. South China Univ. of technology Press, 1993, 
p. 1010-1013. 
Lachenbruch A.H., Cladouhos, T.T. and Saltus, R.W. 
Permafrost Temperature and the Changing Climate I I Proc. Fifth 
Int. on Permafrost. Trondheim, Norway. Tapir, 1988, vol. 3, p. 
9-17. 
Mackay J.R. Active Layer Change (1968-1993) following the 
Forest-Tundra file near Inuvik, N.W.T., Canada // Arctic and 
Alpine Research, 1995, vol. 27, No. 4, p. 323-336. 
Manabe S., Wetherald R. On the distribution of Climate Change 
from an increase in C02 content of the atmosphere // J. Atmos­
pheric Sci., 1980, vol. 37, p. 99-118. 
Nelson F.E., Anisimov O.A. Permafrost zonation in Russia 
under antropogenic Climate Change // PPP, 1993, vol. 4, 
p. 137-148. 
Nelson F.E., Lachenbruch A.H., Woo M.-K et al. Permafrost 
and Changing Climate // Permafrost, Sixth Int. conf. Pro­
ceedings (vol. 2). Beijing , China. South China Univ. of 
technology Press. 1993, p. 987-1005. 
Pavlov A.V. Evolution of soil and ground thermal state in 
Permafrost in connection with contemporary global Changes of 
Climate // Proceedings of the First Int. Conf. on cryopedology, 
Pushcino, 1992, p. 168-173. 
Pavlov A.V. Current Changes of Climate and Permafrost in the 
Arctic and Sub-Arctic of Russia / I PPP. 1994, vol. 5, p. 101-
110. 
Romanovsky V.E., Osterkamp T.E. (1995). lnterannual 
Variations of the Termal Regime of the Active Layer and 
Near-Surface Permafrost in Northern Alaska / / PPP, vol. 6, No. 
4, p. 313-335 .. 
Vyalov S.S., Gerasimov, Zolotar A.I. and Fotiev S.M. Ensuring 
structure stability and durability in Permafrost ground areas at 
Global Warming of the Earths Climate // Permafrost, sixth Int. 
conf. Proceedings ( vol. 1). Beijing, China. South Chine Univ. 
of technology Press., 1993, p. 955-960. 
Zhang T., Osterkamp T.W. Changing Climate and Permafrost 
Temperatures in the Alaskan Arctic. Permafrost, Sixth Int. 
Conf.Proceedings (vol. l). Beijing, China. South China Univ. of 
technology Press., 1993, p. 783-788. 

IlocmynUJLa 13 peaaK~wo 
7 5lH.13Gp5l 1997 l . 




