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JJ:aeTCSI KpaTKOe OnHcam1e reoTepMH'-leCKOl'O MeTO]la naJJeOKJJHMaTH'-leCKHX peKOHCTPYKL\HH no TepMorpaM
MaM CKBalKl1H. OH n03BOJJSleT H3y4aTb 3BOJJIOL\HIO nosepXHOCTHOH TeMnepaTypbl B HCTOpH4eCKOe BpeMSI. MeTO]I 
11cnoJJb30BaH JIJ!SI aHaJJH3a 17 TepMorpaMM no CKBalKHHaM A1nae-Ca11ttcKoi1 o6JJaCTH (IOlKHaSI C116Hpb). B HTOre 
6b!JIO ycTaHOBJJeHO HenpepbIBHOe yseJJHtte1rne cpe]IHeH nosepXHOCTHOH TeMnepaTypbl B 3TOM perHOHe c 1500 no 
2000 r . CyMMapHblH npHpOCT nosepxHOCTHOH TeMnepaTypbl COCTaBHJJ B 3TOT nepHOJI -1 ' C . Jl:JJS! scex nSITH 
CTOJJeTHH xapaKTepeH nOJIOlKHTeJlbHblH TpeH]I H3MeHeHHSI nosepxHOCTHOH TeMnepaTypbl, O]IHaKO c pa3HOH 
CKOpOCTblO. Ha1160J1bWee yseJIH'-leHHe TeMneparypbl (-0,5-0,6 ' C) npOH30WJIO B xx BeKe. YKa3aHHble O[.\eHKH 
npaKTH'-leCKH COBnaJIH c pe3yJlbTaTaMH HHTepnpeTa[.\HH rJ106aJ1bHOH 6a3bl ]laHHblX (358 TepMOrpaMM 113 pa3HblX 
pai10HOB MHpa). 3TO yKa3bJBaeT Ha rno6aJJbHOCTb BblSIBJleHHblX 3aKOHOMepHOCTei1. reoTepMH'-leCKHe ]laHHble 
CBH]leTeJlbCTBYIOT B CT0Jlb3Y npet1CTaBJ1e1rni1 0 eCTecrneHHOH npHpO]le npOL\eCca no'renJ1eHHSI. BbmOJIHeHHblH 
attaJIH3 noKa3aJI, '-ITO IOlKtta11 C116Hpb S1BJ1S1eTc11 6JJaronpHSITHbJM pemonoM JIJISI 113y4ett1111 ocnoBHbIX Tent1eHL\HH 
H3MeHeHHSI KJIHMaTa B HCTOpH4eCKOe speMSI reoTepMH'-leCKHM MeTOJIOM. 
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cmpyK~uu, noBepx1-1ocm1-1aR meMnepamypbl, BeKOBbLe mpe1-1ab1 

CENTURY-LONG CLIMATE CHANGE TRENDS AT HISTORICAL 
TIME, RECONSTRUCTED FROM BOREHOLE TEMPERATURE 

A. D. Duchkov, H. N. Pollack* 

Institute of Geophysics, SB RAS, 630090, Novosibirsk, prosp. Koptyuga, 3, Russia 
*Department of Geological Sciences, University of Michigan, Ann Arbor, Ml 48109-1063, USA 

Short description of a geothermal method of the paleoclimate reconstructions for the borehole temperature 
logs is given. It allows the surface temperature evolution at historical time to be studied. This method has been used 
to analyse the 17 temperature logs in Altai- Sayan area (South Asia). As a result a continuous increase in the mean 
surface temperature has been determined from 1500 up to 2000 years in this region. The total increase in the 
surface temperature during that period was about 1 ' C. A positive trend of the surface temperature change (but at 
different rates) was typical for all five centuries. The highest increase in temperature, about 0.5- 0.6 ' C, took place 
in the XX century. These estimations practically coincided with the results of interpretation of the global data base 
(358 temperature logs from different areas of the world) . This suggests that the determined regularities were global. 
G eothermal data evidence natural character of warming. Our analyses show that South Siberia is a favorable region 
for studying principal tendencies of climate changes at historical time by the geothermal method. 

Borehole temperature logs, inversion of temperature logs, geothermal method, paleoclimate reconstructions, 
surface temperatures, century- long trends 

BBE,ll.EHME 

TeMrrepaTypttoe rroJie Bepxttero (rrpHMeptto AO 

1 KM) CJIOSI rropOA orrpeAeJisreTCSI ABYMSI OCHOBHbIMH 

ct>aKTOpaMH - rny6HHHblM TeIIJIOBblM IIOTOKOM H 

KJIHMaTHt.IeCKHMH BapHaIJ;HSIMH TeMrrepaTypbI rrpH-

3eMHOro CJIOSI B03Ayxa (Ta) . B OAHOPOAHhIX rropoAax 

rrpH rrocTosrttttoli T a pacrrpeAeJieHHe TeMrrepaTyphI 

rpyHTOB (T) (TepMo rpaMMa) SIBJISleTCSI JIHHeHHOH 

¢yttKu;Heli rny6HHbl (pHc. 1). ErnH TeMrrepaTypa y 

IIOBepXHOCTH MeHsreTCSI co BpeMeHeM, TO JIHHeH

HOCTb TepMorpaMM HapymaeTCSI, rrpOHCXOAHT HJIH 

rrporpeBattHe, HJIH oxJia)KAeHHe rropoA. Pa3ttorre

pHOAHhle KJIHMaTHt.IeCKHe KOJie6aHHSI rrpOHHKaJOT AO 

pa3HOH rJiy6HtthI B ropttb1e rropOAhI, yMetthmasrcb no 

aMIIJIHTyAe H OCB060)KAaSICb OT BbICOKOt.IaCTOTHbIX 

CHrHaJIOB. B HTOre B COBpeMeHHOM TeMrrepaTypHOM 

IIOJie ¢opMHPYJOTCSI ,,KJIHMaTHt.IeCKHe" attoMaJIHH. 

(Cl A. ;::i:. AY4Kos, r . H . TioJ1J1aK, 2002 
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BEKOBblE TPEH,ll.bl J13MEHEHJ151 KJJJ1MATA B JfCTOPWJECKOE BPEMJJ 

I t H 1 

LJ2 

HapyweHHblei cnoei 

HeHapyweHHblei cnoei 

\ 

\ 
Pttc. 1. 06~HH xapaKTep pacnpe,[1.eJieHHR TeMne

paTypbI B BepxHeM CJIOe ropHbIX nopo,[1.. 

1 - nporpeBam1e, 2 - oxJia)!(11emie. 

Tipeo6Jia,[l.aIOT B HaCT05Im;ee BpeM5I Ha BCex KOH

THHeHTax noJIO)KHTeJihHhie KJIHMaTHl!eCKHe aHOMa

JIHH (BOrHyTbie TepMorpaMMbI) ' CBH,[l.eTeJihCTBYIO

m;He 0 IIOTe1rneHHH KJIHMaTa B HCTOpHtieCKOe BpeM5I. 

KJIHMaTHtieCKHe aHoMaJIHH MoryT 6bITh BhI):leJieHhr, 

HX HHTeprrpeTaU,H5I II03BOJI5IeT IIOJIYllHTb KOJIHl!eCT

BeHHYIO HHcPOpMaU,HIO 06 3BOJIIOU,HH TeMrrepaTypbI 

3eMHOH IIOBepXHOCTH B IIpoIIlJIOM. 3,[l.eCb IIO,[I. IIOBepx

HOCTHOH TeMrrepaTypoH: (Tn) IIOHHMaeTC5I TeMrrepa

Typa ropHhrx rropo,[1. Ha rJiy6HHe 15-20 M (npH

MepHo Ha HH)KHeH rpaHHU,e CJI05I ro]J.OBbIX KOJie-

6aHHH) HH)Ke noBepxHOCTH. B ceBepHhIX mHpoTax 

T
0 

06bI1IHO Bbime T
8 

Ha 3--7 °C, BCJie]J.CTBHe OTeII

JI5IIOID;ero BJIH5!HH5I CHe)KHOro IIOKpoBa B 3HMHHH 

nepHOJJ.. B 3aBHCHMOCTH OT rrrnpoThI H MeCTHbIX 

ycJIOBHH 3TO pa3JIH1IHe MO)KeT cym;eCTBeHHO BapbH

poBaTb H J:IJI5I ero orrpe):leJieHH5I Tpe6yeTC5! cne

u,HaJihHhIH aHaJIH3. 0):1HaKO OlleBHJ:IHO, l!TO BapHa

ll,HH T n OTpa)KaIOT OCHOBHhie TeH):leHU,HH H3MeHeHH5! 

TeMIIepaTypbI IIPH3eMHOro CJI05I B03]J.yxa. 3TO IIO):l

TBep)K,[1.aeTC5I HHCTpyMeHTaJihHbIMH Ha6JIIO):leHH5IMH 

3a TeMnepaTypoH: B03):1yxa H IIOl!B ():10 rJiy6HH 

3,2 M) Ha MeTeOCTaHll,H5IX [I'UJlU'-lUHCICUU U 8p., 
2000; /I,ytt/C06 u ap.' 2000a ]. 

TaKHM o6pa3oM, coBpeMeHHoe TeMrrepaTypHoe 

noJie BepxHero CJI05I IIOPOLI coxpaH5IeT CBH):leTeJihCT

Ba TeMrrepaTypHbIX BapHaU,HH, rrpOHCXO):IHBillHX y 

rroBepxHOCTH 3eMJIH. Co BpeMeHeM cHrHaJihI OT 

y]J.aJieHHbIX KJIHMaTHlleCKHX co6bITHH MaCKHPYIOTC5I 

J:lpyrHMH, 6oJiee MOJIOJ:lhIMH. Tio3TOMY B reoTep

MHtieCKHX ):laHHbIX HaH6oJiee OTlleTJIHBhI CJie):lhI 

KJIHMaTHlleCKHX BapHaU,HH, rrpOHCXO]J.HBillHX B IIOC

Jie,[l.Hee ThIC5IlleJieTHe. MH¢opMaU,H5I, co):lep)Kam;a5I

c5I B 3TOM reoTepMHlleCKOM ,,apxHBe"' 5IBJI5IeTC5I 

u,eHHbIM ):IOIIOJIHeHHeM K ):laHHbIM pa3JIHl!HbIX He

np5IMbIX MeTO):IOB (proxy ):laHHhre)' HCIIOJih3yeMhIX 

):IJI5I IIOHHMaHH5I He):laBHeH HCTOpHH KJIHMaTa. l13-

BJie1Ib 3TY HHcPOpMaU,HIO MO)KHO B pe3yJihTaTe COOT

BeTCTByIOm;eH: HHTepnpeTaU,HH (HHBepcrrn) TepMO-

rpaMM. feoTepMHlleCKHH MeTO):I naJieOKJIHMaTH

lleCKHX peKOHCTPYKU,HH IIOJIY1IHJI pa3BHTHe B rroc

Jie):IHHe ,[I.Ba ):leC5ITHJieTH5I [Eww6aee 1991 · Shen 
Beck, 1991; Lewis, 1992; Cyxopy~oea, ';J,yttKoe'. 
1998; Eww6aee, 2000; /I,eMex1CO, 2001 ]. C ero 

IIOMOIIl;bIO MO)KHO HCCJie):IOBaTb 3BOJIIOU,HIO TeMnepa

TYPhI 3eMHOH rroBepxHOCTH B Ba)l(HhIH J:IJI5I HCTop1rn 

lleJIOBelleCTBa BpeMeHHOH HHTepBaJI, BKJIIOllaIOID;HH 

MaJihIH Jie):IHHKOBbIH rrepHO):I, 3noxy yp6aHH3all,HH H 

HHJ:IYCTp1rnJIH3au,HH. MeTOJ:I rrpHMeHHM J:IJI5I cne

u,HaJihHOro H3ytieHH5I TexHoreHHhIX aHoMaJIHH T 
BbI3BaHHhIX Bhrpy6KoH JiecoB, 3acTpOHKOH, H LIPY~ 
rHMH IIO):I06HbIMH ):leHCTBH5IMH lleJIOBeKa, TeM 6oJiee 

l!TO OH MO)KeT o6ecne1IHTb JII06oe no ):leTaJihHOCTH 

H3y1IeHHe TeppHTOplrn IIpH HaJIHl!HH CKBa)KHH. feo

TepMHlleCKHH MeTO):I BbI5IBJI5!eT TOJihKO OCHOBHhie 

TeH):leHU,HH (TpeH):lbI) ):IOJiroBpeMeHHbIX H3MeHeHHH 

noBepXHOCTHOH TeMrrepaTypbI H He MO)KeT o6ec

ne1IHTb rO):IOBOe pa3pemeHHe npH H3ytieHHH KJIH

MaTHL!eCKOro CHrHaJia. 

B HaCT05Im;eH: pa6oTe rroKa3aHa B03MO)KHOCTh 

HCIIOJih30BaHH5I reoTepMHl!eCKOro MeTO):la ):IJI5! BbI5IB

JieHH5I OCHOBHbIX 3aKOHOMepHOCTeH H3MeHeHH5! rra

JieOTeMrrepaTyp BO BTOpOH IIOJIOBHHe BTOporo TbJ

C5!1IeJieTH5I B ~eHTpaJihHOH CH6HpH, a TaK)Ke B p5!J:le 

J:lpymx paH:oHoB MHpa. OcHOBHOH ynop ):leJiaeTrn Ha 

OIIHCaHHe H aHaJIH3 pe3yJihTaTOB HHTepnpeTall,HH. 

METO.lJ:MKA 

Ou,eHKa naJieoTeMnepaTyp 3eMHOH noBepx

HOCTH reoTepMHlleCKHM MeTO):IOM ocym;ecTBJI5!eTC5I 

rrocpe):ICTBOM HHBepCHH COBpeMeHHbIX TeMrrepaTyp

HhIX pa3pe30B (TepMorpaMM). K HaCT05!ID;eMy Bpe

MeHH pa3pa60TaHO HeCKOJibKO HHBepCHOHHbIX Tex

HOJIOrHH, peaJIH30BaHHbIX B BH):le KOMIIbIOTepHbIX 

rrporpaMM. HaMH HCIIOJih3yeTC5! nporpaMMa TI. llle

Ha [Shen, Beck, 1991; Shen et al., 1992], KpaTKoe 

OIIHCaHHe KOTOpOH ):laHO B pa6oTe [ CyxopyKoea, 
/I,yttKoe, 1998 ]. B ):laHHOH pa6oTe Mhr HanoMHHM 

TOJibKO HeKOTOphre acrreKTbI MeTO):IHKH. 

McnoJih3yeMa5I MaTeMaTHtiecKa5I MO):leJih ocHo

BhrnaeTC5I Ha J:IBYX OCHOBHbIX rrpe):IIIOJIO)Kemrnx: 

cpe,[1.a C1IHTaeTC5I O):IHOMepHOH (O):IHOPOJ:IHOH HJIH ro

pH30HTaJibHO-CJIOHCTOH) H OTCYTCTByeT KOHBeK

THBHhIH TerrJiorrepeHOC. 0TKJIOHeHH5! 3TOH H,[l.eaJIH-

3all,HH OT peaJihHbIX ycJIOBHH rrp05IBJI5IIOTC5I B BH):le 

myMOB. Tip5IMa5I 3a):latia J:IJI5! OJ:IHOMepHoro ypaB

HeHH5I TeIIJIOIIpOBO]J.HOCTH cPOPMYJIHpyeTC5! B onpe

):leJieHHbIX HHTepBaJiax rJiy6HH [zn, Zr] H BpeMeH lto, 
tl l c 3a):laHHbIM HatiaJibHbJM pacrrpe,[1.eJieHHeM IIOJI5! 

TeMrrepaTyp T(z, t): 

C ( 
a a a 

p z) at T (z, t) - az [A.(z) az T (z, t )] =A (z), 

1
T(z, t) = T(t), 

-A.(z) :z T(z,t)lz~z = q, 

T (z, t0) = T (z). 
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P11c. 2. IlpHMepbt peayJibTaTOB HHBepcHH TepMo

rpaMM no CKBaxrnttaM A ; ITae-CagttcKoi1 o6JiaCTH. 

a - TepMorpaMMbI no CKBal1urnaM rotth6a-416 (!) 11 EoraTbipe
eo-2045 (2); 6 - ttenpepbIBHbie rpacjJ11K11 113MeHeH11S1 TeMnepa
TYPbI 3eMHOi1 noeepxHOCT11 (pe3yJibTaT 11tteepc1111 repMorpaMM no 
Mern1111Ke [Shen, Beck, 1991]) no nyttKTaM rotth6a-416 (J) 11 
Eorarhipeeo-2045 (2) e Te'leH11e rpex nocne11tt11x crnnerni1 (110 
1700 r.) 11 rpacjJ11K 113MeHeH11!! reMneparypb1 no311yxa (3) no 
tta6mo11ett11S1M Ha MeTeocrnHI.-11111 r . Eapttayn; 6 - rpacjJ11K1111JMe
Hett11S1 noeepxttocrnoi1 TeMneparypbI no CKBalK11HaM rotth6a-416 
(!) 11 Eorarbipeeo-2045 (2) 3a norne11tt11e nS1Tb nonerni1 
(pe3yJibTaT l1HBepc1111 repMorpaMM no ynpOII.\eHHOH MeT0)111Ke 
[Pollack et al., 1998]. 

3AeCb T(z , t) - noJie TeMnepaTyp, A(z) - HH

TeHCHBHOCTh paAHOreHHOH TenJioreHepau:HH B eAH

HHU:e ofo,eMa nopOAhl, A.(z) K03cPcPHU:HeHT 

TenJionpoBOAHOCTH, pC (z) - TenJIOeMKOCTb nopo

Ahl npH IIOCTOSIHHOM A3BJieHHH, T n(t) - TeMnepa-

84 

Typa 3eMHOH nosepxHOCTH H q - nJIOTHOCTb Ten

JIOBOro nOTOKa. 

06paTHa51 3aAaIIa COCTOHT B OTbICKaHHH cPYHK

U:HH T n (t) no pacnpeAeJieHHIO TeMnepaTypbI c rny-

6HHOH s HacT0511.Il.HH MOMeHT speMeHH. HaAo 3a

MeTHTh, 1ITO o6bI1IHO CBOHCTBa nopOA Ha rny611He z 
H3BeCTHbI c nJIOXOH TOIIHOCTbIO. 3TO LJ;eJiaeT o6paT

HYIO 3aAa11y HeKoppeKTHOH, c 6oJihIIIHM KOJI1111ecT

BOM B03M0)1(HbIX peIIIeHHH. ll,eJiecoo6pa3HO nepe

cPOPMYJIHpOBaTh 3aAaIIy B sepOS!THOCTHOM CMbICJie, 

KaK OTbICKaHHe HaH6oJiee sepOS!THOro B CTaTHC

THtieCKOM CMbICJie 3HaIIeHH51 Tn (t) B npOCTpaHCTBe 

napaMeTpos MOAeJIH. B HTore HHTepnpeTaU:H51 6yAeT 

3aKJII01IaTbC51 B MHHHMH3aU:HH paCXO)l(AeHmI Me)!(AY 

Ha6JIIOAaBIIIHMC51 H MOAeJihHbIM TeMnepaTypttbIMH 

nOJISIMH nocpeACTBOM noA6opa 3Ha1IeHHH napaMeT

poB MOAeJIH. PeIIIeHHe HaXOAHTCSI MeTOAOM KOHe11-

HhIX pa3HOCTeH B npOCTpaHCTBeHHOH H speMeHHOH 

o6JiaCT51X. 

Heo6xo11;11Mo OTMeTHTh, 11To HCnOJih30BattHoe 

ynporn.eHHe Tpe6yeT AeTaJibHOro OnHCaHH51 MOAeJIH, 

BKJII011asi: H MaJIOH3BeCTHbie napaMeTpbI. ITo3TOMY 

npo6JieMa npeOAOJieHH51 tteeAHHCTBeHHOCTH B 6oJib

IIIOH CTeneHH nepeKJiaAbIBaeTC51 Ha nJietIH HHTep

npeTaTopa, KOTOpbIH roTOBHT HCXOLJ;Hhie MaTepHaJihI 

K HHBepcHH, 3aAaeT BXOAHhie napaMeTpbI H HX 

AHcneprnro. Pe3yJihTaT HHBepc1111 6yAeT TeM 6JIH)!(e 

K HCTHHe, 11eM 6oJiee To11:H:o 6 yAeT 3aAaHo tta11aJih

Hoe npH6JimKeHHe H . cy)[(eHhl HHTepBaJibI BXOAHhIX 

napaMeTpos. KpoMe Toro, o6JiaCTh 3KBHBaJieHT

HOCTH pe3yJihTaTOB, xapaKTepH3YIOl.Il.a51 CTeneHh 

HeOAH03Ha1IHOCTH HHBepCHH, MO)[(eT 6bITb yMeHh

IIIeHa 3a CIIeT 6oJiee noJIHOH H HHcPOpMaTHBHOH 

BbI60pKH AaHHbIX, 3HaHH51 CTaTHCTHIIeCKHX CBOHCTB 

CHmaJios 11 MHOroKpaTHOCTH 11x H3MepeHHH. Ko

tteIIHhIM pe3yJihTaTOM KOJIHIIeCTBeHHOH HHTepnpe

TaU:HH TepMorpaMM 51BJI51IOTC51 rpa<PHKH H3MeHeHH51 

TeMnepaTypbi 3eMHOH nosepxHOCTH B nocJieAHHe 

HeCKOJibKO CTOJieTHH (pHC. 2). 
Ha1160Jiee ysepeHHhie AaHHhie noJiy11aIOTCS1 

npH HHBeprnH BbICOKOTOIIHbIX (-0,01 °C) TepMO

rpaMM, H3MepeHHbIX B BbICT051BIIIHXC51 CKBa)[(HHax 

rJiy6HHOH AO 500-600 M, npo6y peHHbIX B MaC

CHBax nJIOTHbIX HenpOHHu:aeMhIX nopOA IIPH MH

HHMaJibHOM BJIHSIHHH nosepXHOCTHbIX <PaKTOPOB c 

AeTaJibHbIM H3ytieHHeM TenJionpOBOAHOCTH nopOA. 

TaKHX CKBa)[(HH MaJio. 06bI11Ho AJI51 naJieOKJIH

MaTHIIeCKHX peK OHCTPYKU:HH HCilOJih3yeTC51 cPOHA 

TepMorpaMM, noJiytieHHbIX npH H3yIIeHHH TenJIOBO

ro nOTOKa. 1Iarn.e BCero OHH OCJIO)[(HeHhI HeKJIH

MaTHIIeCKHMH noMexaMH, HenOMaIOl.Il,HMHC51 npeA

BapHTeJibHOMy y11eTy. 

Pa3HhIMH asTopaMH reoTepM'1111ecKHM MeTOAOM 

npoaHaJIH3HpOBaHhl COTHH TepMorpaMM [Lewis, 
1992; Clauser, Mareschal, 1995; Harris, Chapman, 
1995; Shen et al., 1995; Cyxopywea, t(y<1xoe, 
1998; t(y<tXOB U ap., 2000a; t(eMeXJCO, 2001 ]. 
IToJiy11eHb1 Ba)[(Hhie AJI51 H3y11ettHS1 naJieOKJIHMaTa 



BEKOBhlE TPEH/1.hl 113MEHEH115! KJI11MATA B 11CTOP11'1ECKOE BPEM5! 

HCTopnllecKoro speMeHH pe3yJibTaTbr. 0AHaKo 0603-

HallHJIHCb I1 HeKOTOpbre AOITOJIHHTeJibHbie npo6Jie

MbI. IT05lBJiem1e orpoMHOro KOJIHlleCTsa rpatj:JHKOB 

T ITO OTAeJibHbIM nyHKTaM IlOTpe6oBaJio HX COBMe-n 
CTHOro aHaJIH3a AJI5l Bbl5IBJieHH5l perHOHaJibHbIX 

KJIHMaTHlleCKHX I13MeHeHHH. 3TO OKa3aJIOCb AO

BOJlbHO CJIO)KHO B CB513H C pa3JIHllHbIM ITOAXOAOM 

asTopoB K npou,eccy HHBepcmi:. B TO )Ke speM5l 

OlleBHAHO, llTO B 6oJibIIJHHCTBe CJiyllaeB B pe3yJihTa

Te HHBepCHH YAaeTC5l ysepeHHO onpeAeJIHTb OCHOB

Hbie xapaKTepHCTHKH KJIHMaTHlleCKOro CHrnaJia: 

aMITJIHTYAbI I1 TpeHAbl I13MeHeHH5l ITOBepxHOCTHOH 

TeMnepaTypbI 3a AJIHTeJibHbie 0Tpe3KH BpeMeHH. 

CTpeM51Cb ynpocTHTb H CTaHAapTH3HposaTb 

HHBepCHOHHYIO npou,eAYPY, r . ITOJIJiaK c KOJIJie

raMH [Huang et al. , 1996; Pollack et al., 1998] H 

aBTOpbI CTaTbH orpaHHllHJIHCb npH H3ylleHHH HC

TOplrn ITOBepxHOCTHOH TeMnepaTypbI TOJlbKO onpe

AeJieHHeM TpeHAOB CTOJieTHHX KJIHMaTHlleCKHX I13-

MeHeHHH. B 3TOM ITOAXOAe HCITOJib3yeTC5I TO o6cT0-

51TeJibCTBO, l!TO B o6III,eM CJiyllae reoTepMHlleCKHH 

MeTOA JIYl!IIJe BOCCTaHaBJIHBaeT Tpemi;osyIO (HH3KO

llaCTOTHYIO) COCTaBJI5lIOIII,yIO TeMnepaTypHOH HCTO

pmL PaccMoTpeHHe HaJIHllHOro QJOHAa CKBa)!(I1H 

(TepMorpaMM) l1 xapaKTepHCTHK ypOBH5l rnyMOB 

IT03BOJIHJIO BbI6paTb Il51Tb ITOCJieAHHX CTOJieTHH B 

KalleCTBe npaKTHlleCKOro HHTepsaJia, B npeAeJiax 

KOToporo u,eJiecoo6pa3HO BbIIlOJIH51Tb KJII1MaTH

lleCKHe peKOHCTPYKIJ,HH no reoTepMHl!eCKHM AaH

HbIM. Bee ocHOBHhre TeMnepaTypHbie aH0MaJI11H, 

CB513aHHbie c KJIHMaTHlleCKHMH I13MeHeHH51MH B 

npOlliJibie Il51Tb CTOJieTHH, 3aQJHKCHpOBaHbI B TeMne

paTypHOM IIOJie BepxHero Il51THCOTMeTpOBOro CJI05l 

ropHbIX nopoA. B pe3yJibTaTe ynpoIII,eHHOH HH

sepcHH TaK)!(e ITOJiyllaIOTC5l rpatj:JHKH Tn, HO y)!(e B 

6oJiee o6o6III,eHHOM BHAe (CM. pHC. 2). 
HoBhIH ITOAXOA rro3BOJI5leT noBbICHTh Hall,e)!(

HOCTh pe3yJihTaTOB I1 AaeT B03MO)KHOCTb o6'heAH

H51Tb pe3yJihTaTbI HHBepc1rn 113 pa3HbIX CKBa)!(HH 

ll,JI5l noJiylleHH5l ocpeAHeHHbIX 3Hal!eHHH I13MeHeHH5l 

nosepxHOCTHOH TeMnepaTypbI B npOIUJIOM AJI51 pe

moHa B u,eJIOM. Pe3yJibTaTbI HHBepcnii: no OTAeJih

HbIM CKBa)!(HHaM MOryT 6hITb BeCbMa CJIO)KHbl I1 

pa3Hoo6pa3Hhr. YIHAHBHAyaJihHhie oco6eHHOCTH 

OKpy)!(aJOui;eii: CKBa)KHHY o6cTaHOBKl1 OCJIO)KH51IOT 

pe3yJihTaT HHTepnpeTaIJ,HH, MaCKHPY5l perHOHaJib

HblH KJIHMaTHl!eCKHH CHrHaJI. JJ;JI5I xapaKTepHCTI1KH 

rJio6aJibHbIX HJIH perHOHaJibHblX KJIHMaTHlleCKHX 

H3MeHeHHH u,eJiecoo6pa3HO paccMaTpHBaTh cpeAHHe 

xapaKTepHCTHKH no rpynnaM CKBa)KHH. ITpn ocpeA

HeHHH cJiyllattHble IIJYMbI B3aHMHO yHHllTO)!(aJOTC5l, 

a KJII1MaTHl!eCKHH CHrHaJI, npHCYIIJ;HH BCeH pac

CMaTpHBaeMOH TeppHTOpHH, Hao6opoT, ycnmrnaeT

C5l. TeM caMbIM KaK 6hr pernaeTC5l ocHOBHa5l 3aAal!a 

BbIAeJieHH5l noJie3HOro CHrHaJia Ha QJOHe HeKJIH

MaTHl!eCKHX noMex. 

Ynpoui;eHHa5l cxeMa HHBepcnn 11cnOJih30BaHa 

HaMH npH ou,eHKe 3BOJIIOIJ,HH KJIHMaTa B AliTae-Ca-

51HCKOH 06Jiacn1. Eui;e paHee oHa np11MeHeHa 

r. IToJIJiaKOM c KOJIJieraMH [Pollack et al., 1998] 
AJISI aHaJIH3a rJio6aJihHOH 6a3hI AaHHhIX (358 Tep

MorpaMM) . PaccMOTpHM noJiylleHHbJe npn 3TOM 

pe3y JlbTaTbl. 

PE3YflhTAThIMHBEPCMM 

A ;nae-CaSIHCKaSI o6JiaCTb. JJ;mr naJieOKJIH

MaT11l!eCKHX peKOHCTpyKIJ,HH 6hIJIH Bb16paHbI Tep

MOrpaMMbI no 17 CKBa)!(HHaM, npo6ypeHHbIM B pa3-

HblX TeKTOHHlleCKHX 30Hax AliTae-Ca5lHCKOH CKJiaA

llaTOH o6JiaCTH (ToMh-KOJihIBaHcKa5l 30Ha, PyAHhIH 

A.nTaii:, Enii:cKo-EapHayJihCKa5l H TyBHHCKa5l sna

AHHhI, Ky3Heu,KHH A.naTay H BocTol!HbIH CaSJH). 

PacnoJIO)!(eH11e cKBa)KHH cxeMaTHllHO noKa3atto Ha 

pHC. 3 (KBaApaT 45+56° c.rn. I1 80+95° B.A.); HaH-

60JibIIIee HX llHCJIO npHXOAHTC5l Ha BOCTOllHYIO llaCTb 

CesepHOH AMepHKH, Es pony, IO)!(HYIO A¢p11Ky 11 

AsCTpaJIHIO. fJiy6nHa CKBa)!(HH - 220-600 M. 

TepMoKapoTa)K BhmOJIH5lJIC5l 3JieKTpHl!eCKI1M Tep

MOMeTpoM, OTHOCI1TeJihHa5l TOl!HOCTb I13MepeHflH -

0,01-0,02 °C. CKBa)KI1HbI BCKphrna10T pa3JIHl!Hbie 

reoJiornl!eCKfle pa3pe3hI: KaK ropH30HTaJibHO 3aJie

ra10III,11e ocaAOllHhre nopOAhI, TaK 11 CJIO)KHhie no 

¢opMe TeJia MeTaMOPQJI1l!eCKI1X H MarMaTHlleCKHX 

nopoA. TerrJIOBbie CBOHCTBa rropoA tt3yl!eHhI He AO

CTaTOl!HO AeTaJibHO, l!aIII,e BCero H3-3a OTCYTCTBH5J 

KepHa. BechMa pa3ttoo6pa3tta reorpa¢m1 MeCT 6y

peHfl5J: OT paBHHH AO ropHbIX xpe6ToB. He so scex 

cJiyllaSJx yAaJIOCb ylleCTb crreu,tt:aJihHhIMH rrorrpas

KaMH BJIH5lHHe HeKJIHMaTHlleCKHX tj:JaKTOpOB Ha pac

rrpeAeJieHHe TeMrrepaTypbr. 

B pe3yJihTaTe flHBepCHH rroJiylletto 17 rpa

QJI1KOB H3MeHeHH5J IIOBepxHOCTHOH TeMrrepaTypbI B 

noCJieAHHe n51Tb CTOJieTHH - OT 1500 r. AO 2000 r . 

Bee OHH noKa3aHhI Ha pttc. 4 B ttopM11posaHHOM no 

cospeMeHHOH TeMrrepaType BHAe (6.Tn)· B I1HAfl

BHAyaJihHbIX CJiylla5lX QJHKCI1pyeTC5J KaK yBeJIHl!e

HI1e, TaK fl yMeHhllieHHe 6.Tn co BpeMeHeM , XOT5J 

OCHOBHa5l TeHAeHIJ,H5l ITOTerrJieHH5J rrporJI5l)l.bIBaeT fl 

B 3TOH MeIIJaHHHe KpHBhIX. OlleBHAHO, llTO flHTep-

P11c. 3. KapTa pacnoJIO)Kem1S1 CKBa)Jurn, TepMo

rpaMMbI no KOTOpb!M aHaJIH311POBaJIHCb B HaCTOSl

III,eH pa6oTe (nomtrott A) 11 B pa6oTe [Pollack et 
al., 1998]. 
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P11c. 4. lltt)J,11B11)J,yaJihtth1e rpacp11K11 tt3Mettett11i1 
nosepxHOCTHOH TeMnepaTypbl (OTHOCl1TeJihHO COB
peMeHHOH) 3a nSITb nocJie)J,Hl1X CTOJieTl1H, noJiyqeH
Hbie s pe3y Jib Ta Te 11ttsepc1111 17 TepMorpaMM 113 
AJITae-CaSIHCKOH 06JiacT11 (MecTopacnoJio)l(eH11e 
noKa3aHo Ha p11c. 3) no ynpo~eHHOH MeTO)J,11Ke 
[Pollack et al., 1998]. 

npeT11poBaTh rpacpMKl1 no OTJI.eJJhHOCTH npaKTH
qeCKH 6ecnepcneKTHBHO . .Umr CHH:>Kemrn: ypOBHSI 
CJJyqaHHblX IIIYMOB 11 yc11J1emrn KJIHMaT11qecKoro 
c11rttaJ1a MhI BOCnOJJh30BaJ111Cb npou.eJI.ypoM: ocpeJI.
HeH115I. Pe3yJJhTaT noKa3aH Ha p11c. 5. 3JI.eCh qep
HhIM Bbl)J,eJJeHa cpeJI.H5151 KpHBaSI 113MeHeHH5I noBepx
HOCTHOH TeMnepaTyphI JI.JJSI sceH: AJJTae-Ca5IHCKOH 
o6JJaCTH. 3amTpHXOBaHHa5I o6JJaCTb COOTBeTCTByeT 
JI.McnepCH11 cpeJI.HHX 3Haqett11H:. Ou,eHKH TeMnepa
Typttoro TpeHJI.a 3a CTOJJeTHHe nepMOJI.bI np11BeJI.eHbI 
B Ta6J1111.1,e. 

HecMoTpSI Ha 6oJJbIIIOH pa36poc JI.aHHhIX, pe-
3Y JJhTaThI l1HBepc1111 CBHJI.eTeJJbCTBYIOT 0 HenpepbIB
HOM nOBbIIIIeHHH c B03pacTaro11.1,ei1: CKOpOCTblO cpeJI.
HeH nosepxHOCTHOH TeMnepaTypbl B l.I,eHTpaJJbHOH 
C11611p11 B Teqett11e noCJJeJI.HHX 500 JieT. 3a 3TOT 
nepMOJI. Tn nOBhICttJJach B cpeJI.HeM Ha 0,9 °C. Ha11-
60Jree TeIIJibIM OKa3aJIOCb xx CTOJieT11e, Ton 1,a :>Ke 
Ha6JIIOJI.aJIC5I 11 MaKCHMaJibHbIH TpeHJI. HapaCTaHl15I 
noBepxHOCTHOH TeMnepaTypbI. 

3aKOHOMepeH Borrpoc 0 3Haq11MOCTH 3Tl1X pe-
3)'JlhTaTOB: HMeIOT OHM q11CTO MeCTHOe 3HaqeH11e 
MJIH OTpa:>KaIOT r Jio6aJihHYIO TeHJI.eHU,HIO? 

r JI06aJihHbie )J,aHHhie. .UJrn OTBeTa Ha 3TOT 
Bonpoc paCCMOTpHM pe3yJihTaTbI nOJI.06Horo 113y-

-0,5 

-1 ,0 

- 1,5 

-2 0 ---~~~~~~~~~~~~~~~~~~ 

'1500 1600 1700 1800 1900 2000 
ro/).bl 

P11c. 5. Cso)J,HhIH rpacp11K (qepHaSI JIOMaHaSI J111-
H11S1) 113MeHeHHH nosepxHOCTHOH TeMnepaTypbl 
(0Tttoc11TeJihHO cospeMeHHOH) s AJITae-CaSIHCKOH 
o6JiaCTl1 3a nSITb nocJie)J,HMX CTOJieTl1H, noJiyqeH
HaSI B pe3yJihTaTe CJIO)l(eHHSI rpacp11KOB p11c. 4. 

3aunp11xoaaHHasi nonoca xapaKTep113yeT CTaHAapTHOe OTKJIO
Hem1e. 

qeHl15I l1CTOp1111 noBepxHOCTHOH TeMnepaTyphl no 

6oJiee o6urnpHoi1: (rno6aJihHOH) 6a3e JI.aHHhrx, 

BKJIJOqaJOill,eH 358 TepMorpaMM no CKBa:>KMHaM, 
npo6ypeHHhIM B pa3Hhlx paH:ottax EBponhl, A¢
p11K11, AacTpaJJHH 11 CeBepttoH: AMep11K11 [Pollack et 
al., 1998 ]. MecTonoJro:>Kettne 113yqeHHhrx nyHKTOB 
noKa3aHo Ha p11c. 3. 0TMeT11M, qTo B 6a3e JI.aHHhIX 

coBepmeHHO oTcyTCTBOBaJrn MaTepnaJibI 113 A31111. 
Ha p11c. 6 np11BeJI.eHa r11cTorpaMMa 01.1,eHOK aM

nmITyJI. 113MeHeHl15I noaepxHOCTHOH TeMnepaTypbl 
(!!..Tn) 3a 500 JJeT no OTJI.eJihHhIM TepMorpaMMaM 113 

3TOH Bh16opK11. Otta noKa3brnaeT, qTo B 3TOT nep110JI. 
npHMepHO B 80 <;{, nyHKTOB npOHCXOJI.11JIO noTen

JJeHHe KJIHMaTa. y cpeJI.HeHHa5I TeMnepaTypHa51 MC
TOpmr JI.JI5I Bcex 358 nyHKTOB npHBeJI.eHa Ha pHC. 7. 
Otta HJI.eHTMlfHa noJiyqeHHOH JI.JI51 IO:>KHOH C11611p11 

(CM. pnc. 5)' HO co 3HalfHTeJihHO 6oJiee HH3KOH 

JI.ttcnepCHeH:. B rn6JI111.1,e np11BeJI.eHh1 01.1,eHKM npn
pocTa noBepXHOCTHOH TeMnepaTypbI 3a Ka:>KJI.Oe 113 
n5ITl1 CTOJieTHH. fJio6aJJbHbIH aHaJIH3 CBMJI.eTeJibCT

ByeT, qTo COBpeMeHHaSI cpeJI.HSISI TeMnepaTypa B 
H3ylfeHHblX nyHKTax B cpeJI.HeM Ha 1 'C BbIIIIe, lfeM 
6h1Jia nSITh CTOJJeTHH Ha3aJI.. Ha1160Jihmee yseJI11-
lfett11e TeMnepaTypbr (-0,5 °C) cp11Kc11pyeTC5I TaK-

CpeAHHe ou;eHKH npttpOCTa noaepxHOCTHOH TeMneparypbl (Tn' "C) 33 Ka>I<,!IOe H3 ll!ITH CTOJICTHH B nepttOA c 1500 no 2000 r . 

PemoH 1500- 1600 rr. 1600- 1 700 rr. 1700- 1800 rr. 1800- 1900 rr. 1900- 2000 rr. 1500- 2000 rr. 

A.rnae-CasiHcKaSI o6naCTh 0,05 om 0,08 0,13 0,57 0,90 
(17 TepM.) 

CeaepHa11 AMepttKa, U eHT- 0,04 om 0,14 0,23 0,51 1,0 
paJihHasi EBpona, IO>KHasi 
AcjJpttKa, AsCTpaJittSI 
(358 TepM.) 
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P11c. 6. r11cTorpaMMa ou,ettOK aMnJIHTY)J, H3MeHe

HH5I nosepXHOCTHOH TeMnepaTypbI (~T n) 3a 

500 JieT no OT)J,eJibHbIM TepMorpaMMaM H3 rJI0-

6aJibHOH 6a3bl )1,aHHbIX (MeCTOpacnOJIO)KeHHe no

Ka3aHO ua p11c. 3) [Pollack et al., 1998). 

q epHbIM OTMe'leHo o6ll(ee n0Tennem1e, 6eJJhIM - n oxon0Aam1e. 

>Ke B XX BeKe. Ycpe)J,HeHHhie MeTeoJ],aHHhie sa no11-

Topa noc11e)J,HHX CTOJieTH5I no TOH >Ke TeppHTOpHH 

(TaK>Ke llOKa3aHbl Ha pHC. 7) B Il,eJIOM nOJ],TBep>KJ],a

IOT 3TY TeHJ],eHil,HIO. 

OBCY)l(,ll,EHIIE PE3YJihTATOB 

I1HBepc:irn TepMorpaMM H3 A.rirne-CaRHCKOH 

0611aCTH Bbl5IBHJIH TaKHe >Ke H3MeHeHH5I noBepxHO

CTHOH TeMrrepaTypbI B llOCJie)J,HHe II5ITb CTOJieTHH, 

KOTOpbie 6blJIH saqmKCHpOBaHbl B J],pyrHX paHOHax 

MHpa rrpH rno6aJibHOM aHamrne. 3TO COBIIa)J,eHHe 

pesyJihTaTOB llOBbIIIIaeT )1,0CTOBepHOCTb CH6HpCKHX 

OIJ,eHOK H CBHJ],eTeJibCTByeT 0 r1106aJibHOM xapaKTe

pe nO)J,MelleHHbIX 3aKOHOMepHOCTeH. feoTepMHl.!eC

KHe )1,aHHbie nO)J,TBep>KJ],aIOT HenpepbIBHOe yBeJIH

l.!eHHe cpeJ],HeH rroBepxHOCTHOH TeMrrepaTy phl (rro

Terr11eHHe KJIHMaTa) KaK B lO>KHOH CH6HpH, TaK H 

BO MHOfHX paHOHaX MHpa Ha rrpOT5I>KeHHH IIOC

Jie)J,HHX 115ITH CTOJieTHH. 061Il,ee B03pacTaHHe T n sa 

3TOT rrepHO)J, IIOBCeMeCTHO COCTaBHJIO 0, 9-1 °C. 

3aqmKCHpOBaHa pa3JIHl.!Ha5I CKOpOCTb HapacTaHH5I 

TeMrrepaTyphl BO BpeMeHH. B XVI-XVII BB., B 

MaJihIH 11e)J,HHKOBbIH rrepHO)J,, ttapacTaHHe Tn 6hlJIO 

uesHalIHTeJibHhlM (-0,04-0,05 °C/l 00 11eT). Oc

HOBHoe noTerr11eHHe rrpo11so1IIJI0 B XVIII-XX BB. 

HaH6011hmee yBeJIHl.!eHHe rroBepxHOCTHOH TeM11e

paTypb1 (-0,5-0,6 °C/ 100 JieT), a COOTBeTCTBeH

HO H T
8

, rrpoH30IIIJIO B XX BeKe. TaKHM o6pasoM, 

reoTepMHl.!eCKHH aHaJIH3, OCHOBbIBaIOIIl,HHC5I Ha 

IIp5IMbIX TeMrrepaTypHbIX H3MepeHH5IX H OTJIHl.!aIO

IIl,HHC5I 110 MeTO)J,OJIOfHH OT OCTaJibHbIX proxy )1,aH

HbIX, 06ecrre1mBaeT He3aBHCHMOe IIO)J,TBep>KJ],eHHe 

1500 1600 1700 1800 1900 2000 

P11c. 7. Cso)J,HbIH rpacpHK (11epuasi: JioMattasi: JIH

HHH) H3MeHeHHH noBepxHOCTHOH TeMnepaTypbl 

(OTHOCHTeJibHO cospeMeHHOH) 3a nSITb nocJie)J,HHX 

CTOJieTHH, noJiy'leHHbIH B pe3y Jib Ta Te CJIO)KeHHSI 

pe3yJibTaTOB HHBepCHH 358 TepMorpaMM [Pollack 
et al., 1998). 

3awTpHXOBaHHaY o6naCTb xapaKTepH3yeT CTaHAapTHOe OTKJIO
HeHHe. 

Heo6bil.!HOro xapaKTepa KJIHMaTa B xx BeKe, KOTO

pbIH no BCeM OIJ,eHKaM 5IBJI5IeTC5I Te1111eHIIIHM B 

11pome)J,meM TbIC5Il.!e11enrn. 

ECJIH ua6JIIO)J,aBIIIHHC5I B llOCJie)J,Hee CTOJieTHe 

TeMll yBeJIHl.!eHH5I T n coxpaHHTC5I, TO K KOHil,Y 

XXI BeKa r1106a11hHa5I 110BepxHOCTHa5I TeM11epaTypa 

MO>KeT B03paCTH elil,e He 6011ee l.!eM Ha 0,5-0,6 °C. 

J1 3TO CKOpee BCero MHHHMaJibHbIH 11porH03. 3KC

ll epHMeHTaJibHbie J],aHHbie CBHJ],eTeJibCTBYIOT' 'ITO B 

llOCJie)J,HIOIO TpeTb xx BeKa TeMll B03pacTaHH5I 110-

BepxHOCTHOH TeM11epaTyphl yBeJIHl.!HJIC5I B CH6HpH 

rrpHMepHO Ha IIOp5IJ],OK H COCTaBHJI 0,03-
0,07 °C/ fO)J, [J.ry•ocoe u ap., 20006; CIW'l/C0i3 u ap., 
2000]. 

Pe3yJibTaTbI HHBepcHH TepM:orpaMM CBHJ],e

TeJibCTBYIOT B IIO)J,)1,ep>KKY rrpeJ],CTaBJieHHH 0 11pH

pOJ],HOM xapaKTepe rrpou;ecca 110Terr11eHH5I. ITo r eo

TepMHl.!eCKHM )1,aHHbIM, OHO Hal.!aJIOCb 3Hal.!HTeJlbHO 

paHbIIIe (XVIII BeK?)' l.!eM Mor rrp05IBHTbC5I TeXH O

reHHbIH cpaKTOp, CB5I3aHHbIH c HHJ1,YCTpHaJIH3ail,Hei1 

H corryTCTBYIOIIl,HM POCTOM KOHIJ,eHTpail,HH ,,nap

HHKOBbIX" ra30B B aTMOccpepe. 0)1,HaKO TeXHOreH

HbIH <PaKTOP Mor HaJIO)!(HTbC5I Ha llpHpOJ],HbIH 11po

u;ecc, ycHJIHB TeM caMblM IIOTe1111eHHe KJIHMaTa B 

XX BeKe. YMeCTHO Ha110MHHTh, 'ITO B rroCJieJ],ttee 

speM5I 1105IBHJIHCb MO)J,eJIH, llblTaIOIIl,HeC5I OtTh5ICHHTb 

KaK llOTe1111eHHe KJIHMaTa, TaK H B03pacTaHHe KOH

IJ,eHTpail,mi ,,11apHHKOBhlX" rasoB B aTMoc¢epe cy 

ry6o ecTeCTBeHHbIMH 11pH1IHHaMH, 6e3 rrpHBJiel.!eHH5I 

Tex HoreHHhlX <PaKTopoB [Kump, 2000; HauaeHoe, 
m eeii1CuHa, 2000 ]. 
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Pwc. 8. PeKOHCTPYKU:HR H3MetteHHH cpe.D.ttei1 TeM -

nepaTypbI np113eMttoro CJIOR B03.D.yxa B nporne)l.

rnee TbIC51l.JCJICTHe [Mann et al., 1999]. 

J - sap11al\1111 cpeJ1HeroJ1osoi1 TeMnepaTypb1: JIO 1902 r . -
Ol\eHKl1, nony4eHHbie np11 aHaJil13e KOJIOHOK Jlb}:(a, 03epHblX 11 
J\PYrHX OCa):\04HbIX nopOJI, rQ):\OBbIX KOJiel\ J1epeBbeB, xapaKTepa 
poem KOpaJIJIOBbIX pmpos 11 llP· (reoTepM114eCKl1e ):\aHHble He 
y411Tbrnan11cb), s nep110J1 1902-1 998 IT. - no 113MepeH11SIM Ha 
MeTeOCTaHl\11SIX; 2 - ocpe):\HeHHble Bap11al\1111 TeMnepaTypbl 
B03):\yxa (OKHO ocpe):\HeHl1SI 40 JieT); 3 - Jll1HeHHblH TpeH):\ 3a 
1000-1900 IT. Ocb ,,0 °C" - cpeJ1Hee 3a nep110J1 1902-
1998 rr. 

CJieJJ;yeT OTMeTHTb, tJTo reoTepMHtJeCKHe 

ou:eHKH 3BOJIIOU:HH noBepxHOCTHOH TeMnepaTypbI 

cyIIJ,eCTBeHHO npOTHBOpellaT BbIBOJJ;aM pa60TbI 

M. MattHa n AP· [Mann et al., 1999], B KOTopoii: 

BblIIOJIHeH CHHTe3 naJieoTeMnepaTypHOH HHcPOpMa

U:HH, noJiytJeHHOH rrpH H3y1IeHHH KOJieu: JJ;epeBbeB H 

KOpaJIJIOB, KepHOB OCaJJ;KOB H JibJJ;a. feOTepMH

'IeCKHe peKOHCTPYKU:HH 3TH aBTOpbl He HCnOJib30-

BaJIH. BhlnOJIHeHHa51 no proxy JJ;aHHbIM peKOHCT

PYKU:H51 naJieOKJIHMaTa npomeJJ;mero TbIC51tJeJieTH51 

noKa3aHa Ha pwc. 8. Ha ee ocHoBaHHH aBTopw 

JJ;eJiaIOT BhlBOJJ; 0 HenpepbIBHOM noXOJIOJJ;aHHH KJIH

MaTa (TpeHJJ; nop51JJ;Ka MHHYC 0,03 °C/lOO JieT) B 

3TOT nepHOJJ; BnJIOTb JJ;O Ha'IaJia xx BeKa. TiocJieJJ;O

BaBinee 3aTeM 6hrCTpoe noTenJiemre, 3a¢ttKCHpo

BaHttoe y)l(e HHCTpyMeHTaJibHbIMH tta6JIIOJJ;eHH51MH, 

B U:HTHpyeMOH pa6oTe np51MO CB513bIBaeTC51 c BJIH51-

HHeM TeXHOreHHOro ¢aKTopa. 3Ta pa6oTa noJiy

'IHJia 6oJihIIIOH pe3ottaHc. B qacTHOCTH, oHa cnoco6-

cTBOBaJia TOMY, 'ITO B ony6JIHKOBaHHOM B anpeJie 

2000 r. OT'IeTe Me)l(rrpaBli.TeJibCTBeHHOH KOMHCCHH 

no H3MeHeHirnM KJIHMaTa npH3HaeTC51 cyIIJ,eCTBO

BaHHe 3aMeTHbIX npH3HaKOB ,,BJIH51HH51 'leJIOBeKa Ha 

rJio6aJibHbIH KJIHMaT" [CUJZKUH, 2000 ]. 
HaM npeJJ;cTaBJI51eTC51, 'ITO 3TOT BbIBOJJ; tty)l(JJ;a

eTC51 B yTO'!HeHHH. OlleBHJJ;HO, •ITO tteJib351 HCKJIIO

'laTh H3 paCCMOTpeHH51 pe3yJibTaTbl reoTepMH'leCKO

ro MeTOJJ;a, JJ;aIOIIJ,ero np51Mbie KOJIH'!eCTBeHHbie 

ou:eHKH naJieOTeMnepaTyp, B TO BpeM51 KaK OCTaJib

Hbie proxy MeTOJJ;bI Tpe6yroT npeJJ;BapHTeJibHOH rpa

JJ;yHpOBKH. 0JJ;HaKO 51CHO TaK)l(e, l.JTO COBMeCTHOe 

HCIIOJib30BaHHe H HHTepnpeTaU:H51 reoTepMH'leCKHX 

H JJ;pyrnx JJ;aHHblX 3aTpyJJ;HeHo, BCJieJJ;CTBHe HX pa3-
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JHFIHOro BpeMeHHOro pa3pemettm1: rOJJ;bI-JJ;eC51TKH 

JieT - no yKa3aHHbIM BbIIIIe proxy MeTOJJ;aM H 

TpeHJJ;bI - no reoTepMHH. Heo6xoJJ;HMO JJ;aJihHelimee 

pa3BliTHe MeTOJJ;HKH COBMeCTHOro aHaJIH3a BCero 

MaCCHBa naJieoTeMnepaTypHOH HHcPOpMaU:HH JJ;JI51 

BbI51CHeHH51 3aKOHOB 3BOJIIOU:HH noBepxHOCTHOH 

TeMnepaTypbI B HCTOpHlleCKOe BpeM51. 

BhIBO.ll:hI 

1. B pe3yJihTaTe naJieOKJIHMaTHlleCKOH HHTep

npeTaU:HH 17 TepMorpaMM no CKBa)l(IrnaM AJITae

Ca51HCKOH o6JiaCTH ycTaHOBJieHo HenpephlBHoe yBe

JIH'IeHwe cpeJJ;HeH noBepXHOCTHOH TeMnepaTypbI 

(noTenJieHHe KJIHMaTa) Ha npOT51)l(eHHH nocJieJJ;HHX 

n51TH CTOJieTHH (1500-2000 IT.) . 3a 3TOT nepHOJJ; 

noBepxHOCTHa51 TeMnepaTypa yBeJIH'IHJiaCb npH

MepHO Ha 1 ·c. 0JJ;HaKO CKOpOCTb npou:ecca IIOCT0-

51HHO B03pacTaJia. MaKCHMaJihHOe noTenJieHne KJIH

MaTa (Ha 0,5-0,6 °C) npOH30IIIJIO B xx BeKe, 

KOTOpbIH H no JJ;pyrHM JJ;aHHbIM 51BJI51eTC51 TenJieH

IIIHM B npoIIIeJJ;mee TbIC514eJieTHe. TiaJieOKJIHMa

TH'IeCKHe ou:eHKH JJ;JI51 AJITae-Ca51HCKOH o6JiaCTH 

npaKTHlJeCKH COBnaJIH c pe3yJihTaTaMH HHTepnpe

TaU:HH 6oJiee o6nmpHOH 6a3bI JJ;aHHblX (358 TepMO

rpaMM no CKBa)l(HHaM H3 pa3HbIX KOHTHHeHTOB). 

l1JJ;eHTH'IHOCTb pe3yJihTaTOB CBHJJ;eTeJibCTByeT 0 

rno6aJibHOCTH BbI51BJieHHbIX 3aKOHOMepHOCTeH. 

2. TiaJieOKJIHMaTH'IeCKHe peKOHCTPYKU:HH no 

TepMorpaMMaM CKBa)l(HH npHBOJJ;51T K BbIBOJJ;y 0 TOM, 

'!TO noTerrJieHHe KJIHMaTa HatJaJIOCb 3Ha1IHTeJibHO 

paHhIIIe, 'leM MOr np051BHTbC51 TeXHOreHHbIH ¢aK

TOp. TeM caMbIM reoTepMHtJeCKHe JJ;aHHhre CBHJJ;e

TeJibCTBYIOT B nOJib3Y npeJJ;CTaBJieHHH 0 ecTeCTBeH

HOH npnpoJJ;e npou:ecca noTenJieHH51. 

3. BhmOJIHeHHhie pactJeThr noKa3aJIH, tJTO IO)l(

tta51 Cn6Hpb 51BJI51eTc51 6Jiaron pH51THhlM perHOHOM 

JJ;JISI H3ytJeHH51 OCHOBHbIX TeHJJ;eHU:HH H3MeHeHH51 

KJIHMaTa B HCTOpHlleCKOe BpeM51 reoTepMH'leCKHM 

MeTOJJ;OM • .ll:JI51 noJiy1IeHH51 6oJiee JJ;OCTOBepHbIX na

paMeTpOB npou:ecca noTenJieHH51, a, B03M0)l(H0, H 

Bb151CHeHH51 HX npoCTpaHCTBeHHbIX H3MeHeHHH, He

o6XOJJ;HMO npOJJ;OJI)l(HTb HHBepCHIO TepMorpaMM H H3 

JJ;pyrnx pernoHOB Cn6wpw. 

l1ccJieJJ;OBaHHe BhlIIOJIHeHO npH noJJ;JJ;ep)l(Ke 

l1HTerpau:woHHoro npoeKTa CO PAH NQ 76 ,,Oc

HOBHhre 3aKOHOMepHOCTH rJio6aJibHbIX H p erHOHaJib

HbIX H3MeHeHHH KJIHMaTa H npHpOJJ;HOH cpeJJ;bl B 

rro3JJ;HeM Kal1:tto3oe Cn6wpw". ABTophr 6JiaroJJ;ap51T 

S. Huang (MwqnraHCKHH yttnBeprnTeT, CIIIA) H 

A.A. ,Il,y'IKOBa (l1f<I> CO P AH) 3a noMOIIJ,b B Bhr

noJIHeHnn JJ;aHHOro HCCJieJJ;OBaHH51. 
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