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PaccMOTpeHa 3B011IOl..IHSI /leAHHKa rpHropbeBa Ha TSIHb-W aHe c cepeAHHbl XIX B., 
113MeHeHHSI Bero rny6HHHOM crpoeHHH H HX CBSl3b c rno6a11bHblM noren11eHHeM. 

CospeMeHHblH 3Tan pa3BHTHSI oneneHeHHST xapaK
repHJyercsi npe:>KD.e scero orcrynaHHeM KpaeBblX '13CTeH 
ne)lHHKOB H yMeHbWeHHeM HX o6beMa B yCJlOBHSIX rno-
6anbHOro noren11eH11s1. Ha•111Hasi c cepe11HHb1 1970-x ro-

11os, nerpanauirn 11e11H HKOB 3!-la'I HTeJl bHO yCKOPHJlaCb 
[19, 201. CornacHo 1-1eKoTOpb1M HenaBHHM wcc11e11osaHH
nM, rponw•1eCKHe JlellHHKH HaXOllSITCSI Ha rpaHH nOJlHO

ro HC'le3HOBeHHSI [ 17, 18, 23]. ne11HHKH AJlSTCKH 11 UeH
TpaRbHOH A3HH HCnblTblBalOT CHJlbHOe BJlHSIHHe KJ1 HMa
TH4eCKHX H3MeHeHHH, H CKOpOCTb HX OTCTynaHHSI TalOKe 
MHOroKpaTHO B03pOCJla B nocJlellHHe )leCSITHJleTMSI [ 13, 
14, 16, 20]. 3TH TCH)leHUHH Bbl3blBalOT cepbe3HOe 6ec
nOKOHCTBO, nOCKOJlbKY B KOHe'IHOM HTOre npMBOllSIT K 
HC'le3HOBeHHIO HCTO'IHHKOB npeCJ·IOH BOJlbl H nOBblWe

HHIO ypOBHSI Mwposoro OKeaHa. 
Orne11bHb1e 11en1-111KM B re'!eHHe MHornx necsirwne

THH CJlylKaT 06beKTaMH npHCTaJlbHOro BHHMaHHJI. 0JlHH 
113 HHX - JlCJlHHK fpl-trOpbeBa (4 1°58' c.w., 77•55' B.Jl.) -

KpynHei1wHi4 nnocKosepwMHHblH nenHHK TS1Hb- W a1-rn, 
pacno11olKe1-1HblH Ha JO)KHOM CKJlOHe xp. TepcKeH Ana
Too B 11wana30He BblCOT 4150- 4609 M. Ha ero npMMepe 
paCCMOTpeHa peaKUHSI JlellHHKOB Ha H3MeHe1-1He KJ1HMa
rn•1eCKHX napaMerpos B UeHrpanbHOH A3HH. 

C0Kpame1rne nnomanH 
Hosei1wwe oueHKH HJMeHeHHSI oneneHeHHH Ha 

TSIHb-WaHe noKa3blBaJOT, 'ITO 3a 1955- 1995 rr. 11enHH
KJ1 norepMH 15% csoei1 n11owan11 H 22% o6beMa [20"1. B 
•1aCTHOCTH, COKpaweHHe nJlOillMH OJle)leHCHHSI xp. AK
WblHpaK Me)KJly 1977 H 200 1 rr. COCTaBHJlO 26%, no 
cpasHeH1110 c 3-4% 3a 1943-1977 rr. [7, 8]. B 11pyrnx 
patloHax THHb-WaHsi - B xpe6rax 3aHJlHHCKOM M KyH
refl Anaray - orcryna1rne 11e11HHKOB c cepeJlHHbl 1970-x 
ronos ralOKe ycKop1111ocb 13]. 

HanpaMeHHoe orcrynaHHe 11e11HHKOB Ha TSTHb-Wa
He nponom1<aeTCSI co speMeHH OKOH'laHHSI MaJlOro JleJlHH
KOBOro nepwona. Jln51 oueHKM COKpaweHHJI llJIOillMH 11e11-
HHKa fpHTOpbeBa 6b1JlH HCnOJlbJOBaHbl a::ipocpoTOCHHMKH 

1956 H 1988 rr., KOTOpble npH noMOillH KOMnblOTepHOH 
nporpaMMbl Erdas Imagine 6blJIH npHBST3aHbl K ronorpa
cj>H'leCKOH Kapre Macwra6a l : 100 000, COCTaBJleHHOH Ha 
OCHOBe CbeMIOI 1956 r. Ha CHMMKax JlOCTaTO'IHO HaJJ,e)f(HO 
new wc!Jpwpyercsi nonolKeHwe MOpeHHOro sana Manora 
JleJlHHKOBOro nepMOlla, naTMpOBaHHOro JlHXeH0Merpw1ec-

KHM MeTOllOM H npe11cTaBJ1SllOUlero co6ofl peJlHKT cpa3y 
HeCKOJlbKHX CTMHH, OTHOCSlillHXCSI K 1860-M ronaM, KOH
uy 1840-x H 1830-M ronaM [ 11] (pwc. I). 

CoKpaweHwe nJJowanw 11e11HHKa fpwropbesa npo
wcxo1111110 Ha ero IOlKHOM Kpae, noCKOJlbKY Ha OCTaJlbHblX 
r1acrKax OH KPYTblMH c6pocaMH coe11wHsiercsi c 0611ac
THMH nHTaHHSI JlCJlHHKOB nonosa H LIOH-Topp. c cepe
llHHbl X IX B. 110 1956 r. s uenoM no 11e111-1HKY nnowanb 
yMeHbWHJlaCb Ha 0,35 KM2 H COCTaBJlSIJla B yKa3aHHOM 
ro11y 9,46 KM2. <DpoHT 11em1HKa fpHrOpbeBa OTCTYTIHJl B 
CpenHeM Ha 80 M. npH 3TOM ero JlHHeHHOe OTCTynaHHe 
3a 36 JleT ( 1911-1947 rr.) llOCTHfJlO npHMepHO 50 M, npH 
MaKCHMaJlbHOH BeJlHLIHHe Ha OTlleJlbHblX Y'!aCTKax Kpasi 
150 M H MHHHMaJlbHOH 20 M [ I). c cepellHHbl 1950-x ro
llOB TeMnbl COKpaw.eHHSI nnow.anH Jlelll-tMKa cyw.ecrBeH
HO yseJlH'IMJlHCb, H 3a 32 ro11a (1956-1988 rr.) oHa 
yMeHbWHJlacb 6onee YeM Ha 0,5 KM2. OrcrynaHHe cppoH
ra c 1956 no 1988 r. COCTaBJlSIJlO B cpenHeM 130 M, 110-
CTHraSI Ha or11e11bHblX Y'lacrKax 250 M. TaKHM o6paJOM, 
3a nocnenHHe 150 ner nenHHK norepM 6onee 'leM I 0% 
CBOeH llJIOW.allH (pHC. 2). 

' "C.D.HHK 

fpMropbeea 
\ . -

iY 

P11c. 1. V13MeHeHHe nllOll\aAH lleAHHKa rpHrOpbeaa c cepeAH
Hbl XIX a.: AO 1956 r. (1), H c 1956 no 1988 r. (2) ; 60-

KOBb1e MOpeHbl Manero lleAHHKOBOro nepHOAa AO/lHH
HblX /leAHHKOB 4ott-Top H n o noaa (3) 

Fig. 1. Changes of g lacier area for the Gregoriev Ice Cap since 
XIX century: to 1956 (1), from 1956 to 1988 (2); little ice 
age moraines of the Chon-Torr and Popov glaciers (3) 
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PHC. 2. KpHBaR HJMeHeHHR nllOU.\aAH /leAHHKa rpHropbeBa 
Fig. 2. Change of glacier area of the Gregoriev Ice Cap 

YKaJaHHbJe JHa<1emrn HeCKOllbKO Hl1)f(e cpenH11x 

no eceMy pernoHy. 3TO o6bSJCHsieTcsi Mopcpo11ornei1 nen

Hl1Ka fp11ropbeea 11 OTcyrcrn11eM y Hero SJJbJKa. CoKpa

weH11e n11owan11 nenH11Ka npo11cxon11T no eceMy cppoH

Ty 11 c MeHbWei1, no cpaeHeHl110 c ropHO-JlOJll1HHblMl1 

nenH11KaM11, CKopoCTbJO. KaK noKaJbJBaJOT npornoJHbJe 

oueHK11, np11 coxpaHeH1111 cywecrny10w11x TpeHJlOB TeM

nepaTyp 11 ocanKoe, e noc11eny10w11e 50 neT TOJ1W11Ha 

11enH11Ka fp11ropbeea MO)f(eT yMeHbWl1TbCSJ Ha 10%. On

HaKo cKopoCTb nerpanau11t1 6yneT co apeMeHeM nanaTb 
l13-Ja CHl1)f(eH11S1 cpenHei1 no ero TOJ1lllt1He TeMnepary

pb1, "· KaK CJleJlCTBl1e, CKOpOCTl1 Te<JeHl1SI [10]. 
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PeJyJJbT3Tbl HccnenoBauH.11 nenuHKOBbLX Kepuoe 

CmpamuzpafjJu'lecKoe cmpoe11ue. Pa.ut10110Kau110HH0e 
JOHllt1poaaHt1e 11enH11Ka fp11ropbeBa B 1990 r. noKaJano, 

lJTO TOJIW11Ha Jlb)la KOJ1e611eTCSI OT 55-60 M B Kpaeaoi1 30-

He no 110 M y ero aepwt1Hbl. B 1990-2003 rr. B np11eep
w11HHOH <1acrn J1eJ11-rnKa 6bJJJl1 npo6ypeHbl CKBa)f(l1Hbl Ii 

nonylJe1-10 nHTb KOJJOHOK JJbJla [2, 8, 22]. Pacnpene11eHwe 

neJ1S1Hb1x npocnoea no paJpeJy 1990 r . noKaJano, lJTO 111-1-

TeHCl1BHoe l1Hcpl1J1bTpaut10HHOe " l1Hcpl1J1 bTpau110HHO
KOH)f(eJ1SIUl10HHOe Jlbll006pa30BaHl1e JaeepwaeTCH Ha rny-

611He OKOJIO 2 M, rne cpopMl1PYIOTCSI npoc11011 TOJllllHHOH 

OKOJJO I M. 3TO nonrnep)f(JlaJOT " peJyJJbTaTbl 11JMepemtit 
TeMneparypbl B CKBa)f(l1Hax - TOJlbKO BepXHl1e 2 M CHeJK

HO-cpl1pHOBOi1 TOJllll11 nporpeBalOTCSI B JJeTHl1H nepliO/l 110 

0°C , l1 Ha 3Tl1X )f(e rny61rnax npeKpawaeTCSI 11HTeHCHB

HblH pocT paJMepoa Kpt1cTannoe. Ha6n10naeTcS1 JaKOHO

Mep1-1oe yMeHbWeH11e no rny611He TOJlllll1Hbl cp11pHOBblX 

ropl130HTOB, lJTO CBSJJaHO c ocenaHtleM 11 ynJJOTHeHHeM 

cp11pHa. Ll,.nsi JJe)lSJHblX npOCJIOeB TaKaH JaKOHOMepHOCTb 

He CTOJlb OlJeBJW,Ha, OHa OTpa)f(aeT B nepay10 0<1epe)lb HJ

MeHeHl1SI 11HTeHC11BHOCTl1 11Hcpl1JlbTpaUl10HHOfO Jlb)lOo6-

pa30BaHl1SI (2] . npoCJIOl1 cpt1pHa npOCJ1e)f(11BalOTCSI BO 
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PHc. 3. PacnpeAelleHHe n/lOTHOCTH CHera, cpHpHa H llbAa B KepHe 2003 r. Ha BepWHHe /leAHHKa rpHrOpbeBa (a); annpOKCHMa~ 
3Ha4eHHH n/lOTHOCTH 11orapHcpMH4eCKHM JaKOHOM (6); 3Ha4eHHR nllOTHOCTH Allll HHcpHl1bTpa4HOHHO-peKpHCTa/1/1H3al1M
OHHOro ( 1) H HHcpHl1bTpa4HOHHOro H HHcpHl1bTpa4HOHHO-KOH>Ke11R4HOHHOro llbAa (2) (B) 

Fig. 3. Snow, firn, and ice density profile in 2003 ice core (a); depth-density curve approximated by logarithmic law (6); specific 
density values for infiltration-recrystallization ice ( 1) and infiltration ice (2) (s) 
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scex 11cc11e11yeM blX pa3pe3ax 110 rny611 H bl 16- 17 M, llTO 

no.nrnep)l(JlaeTC51 H xapaKTepoM HJMeHe l·llHI nJlOTHOCTH. 

0JlOTHOCTb 345 o6pa3UOB CHera, cjrnpHa H Jlb113 6bl

Jl3 113MepeHa B 2003 r. c T04HOCTblO 0 ,0 1 r /cM3 (pHC. 3a) . 

B uenoM no paJpeJy JHal1eHM5l n110THOCTM MeHHIOTCH no 

11orapHQlMHlleCKOMY 33KOHY (pHC. 36). 0THOCMTeJlbHO 

6hlCTpOe ee yBeJ1M4eHMe 1-ia6111011aeTCH 110 rny6MHbl 4 M, 

'!TO COOTBeTCTByeT M3KCHMaJlbHOMY ypOBHIO 1-IHQ)HJlbTpa

UHH TaJlblX 6011 B 2003 r. ; 311eCb nOHBJ15110TCH nepBble OT

HOCHTeJlbHO TOJlCTble (6011ee 0,2 M) 11e115!Hble npOCJlOH. 

f11y6)1(e nllOTHOCTb B03p 3CTaeT B OCHOBHOM 33 CtleT no

~BJleHlrn 60JlbWOro KOJlHlleCTBa MHQlHJlbTpaUMOHHOro H 

11Hcj>l1JlbTpa u110HHO- KOH)l(eJ15IUMOHHOro Jlb113 (pHC. 3 B). 

Tpa1-1ccjlopMau11H ¢11pHa B 11e11 Jaeepw aeTcH Ha rny611He 

17 M, HH)l(e 3H3Ll e HH51 nllOTHOCTl1 pa3HblX reHeTH4eCKHX 

THnOB Jlb113 Bblp3BHHB3 10TCH. 

CpaeHeHHe cTpaT11rpacjm4ecKoro CTpoeHHH paJ pe

JOB, no11y4eHHblX no KepHaM Jlb11a 1990 11 2001 rr. , noKa

JaJJO, 'ITO B noc11e11H11e f011bl TOJlWHHa ro110BblX ropH30H

TOB HeCKOJl bKO yMeHbWHJ13Cb - 33 1963/64-1989/ 90 rr. 

otta cocrne1111a 0,41 -0,43 M, rnrna KaK c 1990 no 2001 r . 

B cpe11HeM COKpaTHJ13Cb 110 0 ,35 M 12]. 

CMeHa yc110B11i1 Jlb11006paJoBaHH.51 np11 HJMeHeHHH 

KJIHMarn OTHOCHTeJlbHO xopowo npoc11e:>K.HeaeTC5l B rny-

611HHOM CTpoeHHH 11e11HHKOl3 no HJMeHeHHIO HX CTpyK

TYPHO-CTpaTHrpa<l)HlleCKHX xapaKTepMCTHK; oHa Bblp3)1(a

ercn o aap11au11nx o6wei1 Jlb11HCTOCTH pa3pe300 11 paJMe

poB KpHCTaJlJlOB Jlb113. fny6HHHOe CTpOeHHe Jle11HHK3 OT

p3)1(3eT H3MeHeHH51 ero pe)l(MMa H yCJlOBHH Jlb11006pa30-

eaHHSI. B XOJ1011HOH QJHPHOBOH 30He OCHOBHble HJMeHe

HHH npOHCXOJJJIT npe)l(Jle acero B BepxHeH llaCTH CHe)l(HO

cj>HpHOBOH TOJlWH , r.ue rnaBHblM Jlb11006pa3ylOWHM npo

uecCOM CJlY:>K.HT ee HHCpHllbTpaUHOHHOe npeo6pa30B3H.He. 

AHaJ1M3 OTHOCHTeJlbHOro co11ep)l(3HH51 HHQJHJlbTpa

UHOHHOro Jl b113 (KaK OCHOBHOro CTpaT11rpa cjlw1ecKoro 

noKaJaTem1 a 11aHHblX yc11oa1151x 11b11006pa3ooaH1151) 11J151 

BepXHHX I 5 M cHe)KHO-cp11pHoeoi1 rn11w11 11e11H11Ka fp11 -

ropbeea noi<aJan (p11c. 4) HeKOTOpoe ero yMeHbWeH11e no 
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P1-1c. 4. PacnpeAe11eH1-1e HHcj:iH11brpa4HOHHoro /lbAa e eepxHHX 
15 M CHe>KHO-cj:i"1pHOBOH TO/lW,H 11eAHHKa rp1-1ropbeea 
e 1990 (a), 2001 (6) 1-1 2003 (e) rr. 

Fig. 4. The 15-meter infiltration ice content of the Gregoriev 
Ice Cap in 1990 (a) , 2001 (6), and 2003 (e) 

B. H. Muxw1e111w, c. c. Kymy308 LI op. 

paJ p eJy. B 1990 r. cyMMapHoe co11ep)l(aH11e HHQlHJlbTpa

UHOHHoro H 11.HCj)HJlbTpauHOHHO-KOH)l(eJ151UHOHHOro Jlb.113 

COCTaBJlHJlO 63%; B 2001 r. - 57% H B 2003 r. - 53 % . 

noJlytleHHble peJyJlbTaTbl KOCBeHHO CBH11eTeJlbCT

BYIOT 0 TeH11eHUHH K OTenJJeHHIO TOJlWH 11e11H11Ka, 'ITO 

MO)l(eT 6b1Tb 06yc110BJleHO nOBblWe HH eM TeMnepaTypbl 

00311yxa B nocne11Hee apeMn. 6011ee Tennan Tonwa He 

MO)l(eT y11ep)l(MB3Tb 60JlbWOe KOJ1H4eCTBO TMOH B011bl, 

KaK c11e11crn11e, yl3eJJHllHl33eTC51 rny6HHa CJlOH MHCj)HJlbT

p aUHH H pa313Hl3aeTC51 60K0130H CTOK, 'ITO 13 ueJJOM npH

B011HT K yMeHbwe1rn10 ee o6weti Jlb11HCTOCTH. 

/1Jomo1111b11'i cocmae. D.nH 11e11H11Ka fp11ropbel3a 6b1-

110 11cc11e11ol3aHO co11ep)l(3HHe H30TOnOB KHCllOpo11a H 

n o11opo11a a KepHax 11b11a 1990 (8 180), 2001 (0'80) 11 

2003 rr. (8180 H 82H). nocKOJlbKY 13epXH5151 4aCTb CHe)l(

HO-QJHpHOl30H TOJIWH no11ee p )l(eHa HHTeHCHBHOH HH

QJHJlbTpau1111, TO Ha6J11011aeTC5l HeKOTOpa51 roMoreHH3a

U1'HI H30TOnHoro COCTaBa. HeCMOTp51 Ha :no, no p eJyllb

TaTaM 11cc11e11oaaHHH 2003 r . nOJlytle HO JlOKMbHOe ypa13-

HeHHe MeTeopHblX B011 11J151 BHyrpeHHero T5IHb- Wa1-1n 

(p11c. 5). Yron HaKJJoHa Kp11aoi1 Ha 3TOM p11cyHKe 11 K0-

3cpcjmu11eHTb1 3 MnHpH4eCKOro ypaBHeHH51 OK333JIHCb 

CX0.11Hbl c TaKOBblMH 11J151 ypaaHeHH51 rno6aJJbHOH JlHHml 

MeTeOpHblX 130.11115), lffO CBH11eTeJlbCTByeT 0 cj)opMHpO

B3HHH H30TOnHoro COCTaBa aTMOCcj)epHblX OC311KOB npH 

yc11oa1151x, 61111JKHX K paaHol3eCHblM. Kp11Bb1e pacnpe11e-

11eH1151 o 18Q H o2H 13 nepxHeH 20-MeTp0130H TOJJWe 11e11-

HHKa fp11ropbeBa HMe lOT HanpaaneHHYIO TeH11e1-1u1110 K 

nOBblWeHHIO Ha 1,5 H 14%0, coorneTCTBeHHO. 3To yKa-

3b1BaeT Ha OTHOCHTeJlbHO 6011ee TenJlble YCJ10BH51 B yKa-

33HHOM pai1oHe TnHb-WaHn B noc11e111rne 11ecHTHJ1eTHH. 

noMHMO CTa6HJlbHblX H30TOnOB B KepHe Jle11HHK3 

fpi-1ropbeaa 6b111a onpe11e11eHa KOHue1-1Tpau11n pa11110-

HyKJ1 1111013 ecTeCTBeHHOro H TeXHOreHHOro npoHCXO)l(Jle

HHH (K40, Sr90, 137cs, 226Ra, 232Th , 235LJ, 238LJ) c ue11b10 

1-1a116011ee TOllHOro 113THPOB3H11.H Jle,11HHKOl30ro p a3p e3a, 

a TaK)l(e BbHICHeHMn yponHn coopeMe1-11-1oro Jarpn3HeHH51 

11e11HHKOB p a1111oaKTHl3HblMH MJOTonaMM. V13MepeHHH 

13blnOJ1HeHbl MeT0113MH no11ynp013011HHKOl30H 3Jlbcj)a - , 

6ern-, raMMa-cneKTpOMeTpHH H :>K.H11KOCUHHTHJ1J151UHOH

HOH pan1-10MeTp1111 . 

Pe3y11bTaTbl HJ Me pe1-111i1 noJBOJlHIOT aoccTaHOl3HTb 

panHOHJOTOnHblH COCTal3 11e11HMKOl30H TOJlWH 110 rny611-

Hbl 21,58 M. Ha116011ee xapaKTepHblMH npencrnl31-1Tem1-

o'H. %0 

y = 7,7x + 12,9 
-40 

-80 

-100 -+---~--~-~--~--

-16 -14 .12 -10 -8 01•0. %0 

PHc. 5. CooTHoweH1-1e HJoronoe KHcnopoAa (8180) 1-1 BOAOPOAa 
(82H) B KepHe 2003 r. /leAHHKa rpHropbeea. B none pi.1-
criHKa noKaJaHO /lOKa/lbHOe ypaeHeHHe MeTeopHblX BOA 

Fig. 5. 8 80 in 2003 ice core as a function of 82H. Local equa
tion of meteoric water is given in the figure field 
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PHc. 6. PacnpeAeJleHHe PaAHOaKTHBHblX H30TOnOB B CHe>KHO-cpHpHOBOH TOJlll~e JleAHHKa r pHropbeBa B 2001 r.: 1 - H3MepeH
HaR aKTHBHOCTb; 2 - BOCCTaHOBJleHHaR nepBH4HaR aKTHBHOCTb 

Fig. 6. Gregoriev Ice Cap. Variations of radionuclides in 2001 ice core. 1 - measured activity; 2 - primary activity 

MH TexHoreHHbl X pa.llHOHYKJJH.llOB CJJy)l(aT CTpOHUHH 

(90Sr) H ueJHH ( 137Cs) c nepHo.llaMH nonypacnana 29, I H 

30,2 JJeT, COOTBeTCTBeHHO - OCKOJIKH neJJeHHH ypaHa 

(235U) H nJJyTOHHH (239pu). npH'IHHa HaJJH'IHH pa.llHO

aKTHBHOro ueJHH Ha JJe.llHHKe JaKJJI04aeTCH B rno6aJJb

HOM BblnMeHHH nponyKTOB neJJeHHH npH HCn blTaHHHX 

nnepHoro opy)l(HH. PaJJJH'IHb1e KOHUeHTpauH11 t37Cs H 

90sr B o6paJuax JJb.lla c paJHblX rny6HH oTp3)K310T, no

BH.llHMOMY, HHTeHCH8HOCTb T3Kl1X BblnMeHHH. 

B pacnpeneJJeHHH yneJJbHOH aKTH8HOCTH mes H 90sr 

no pa3peJy (pHc. 6) 8blJIBJJHeTcn PH.ll JaKoHoMepHOCTei1. 

H H)l(e 15,27 M OTMe'leHO OTHOCHTeJJbHO HeBblCOKOe conep

)1(3HHe mes (no 0, I EiK/JJ}, 4TO noJBOJJHeT OTHecrn ropH 

JOHTbl, pacnOJJO)l(eHHble nocJJe 3TOH OTMeTK11 , K n epHO.llY 

MaJJOH HHTeHCH8HOCTH H.llepHblX HCnblTaHHH 11JJH OTCYTCT-

81110 TaK08blX. B HHTepBane rny6HH 11-14 M KOHUeHTPa

UHH mes y8eJJl1'1118aeTCH 6onee 'leM 8 I 0 paJ 11 .llOCT11f3eT 

MaKCHMyMa ( I , I EiK/ JJ) Ha rny6HHe 13,3 M. EcJJH CBHJaTb ee 

pOCT c n epHO.llOM Ha1160JJbWei1 3KTl18HOCTH 11cnb1TaHHH 

nnepHoro opy)l(MH, a cnan - c npoueccoM HHTeHCH8HOro 

BblBe.lleHHH npO.llYKT08 neJJeHHH HJ CTpaTOCcj>epbl, TO CJIOH 

Ha rny6HHe 13,3 M MO>KHO OTHecrn K 1963 r., KOf.lla 6blJI 

nonn11caH .llOrQBOp 0 npeKpaLUeHHH HaJeMHblX H 803.llYW

HblX HCnblT3HHH . .[laJJbHeHWHH aHaJJHJ pacnpeneJJeHHH 

90sr H 137Cs n0380JJHeT Bb1.llem1Tb Ha cj>oHe nocren eHHOro 

cnana HX conep)l(aHH51 eLUe OlIHH nHK Ha rny611He OKOJJO 

5,615 M (0,6 EiK/n). BeponTHee Bcero, 3TO 06ycnoBJ1eHo 

JIOKaJJbHblM 803.lleHCTBMeM Bbl6pocoB npoiryKT08 neJJeHHH 

HJ aKTMBHOH JOHbl '-l epH06blJJbCKOi1 A3C 8 1986 r. 

HaJJH'IHe ecTecrneHHblX PMHOHYKJJH.ll08 B JJe.llHH

Kax (40K, 226Ra, 232Th, 235U) onpenem1eTCH BeTpOBOH 

3p03Hei1 H JJOKaJJbHbl M nepeHOCOM. Vix KOHUe1npauHH B 

cp11pH080-JJe.llHHK080H TOJJLUe JJe.llHHKa rp11ropbe8a HO

CHT CJJy4aHHbl H xapaKTep (CM. p11c. 6), a OTHOCHTeJJbHO 

8blCOKOe conep)l(aHHe OT.lleJJbHblX pan110HyKJJM.llOB, Ha

np11Mep, ypaHa, o6ycJJOBJleHO nOBbl WeHHOH KOHUeHTpa

UHei1 pan11oaKTH8HblX HJOTOnOB B noponax, CJ1ara10LUHX 

ropHb1e MaccHBbl BHYTpeHHero TnHb- W aH51. 

.l(aTHpoeatt tte rny6ttttttoro pa3pe3a JJeJlttttKa 

BpeMeHHCUJ wKana .llJlH pa3peJa cjrnpHo8o-JJe.llHHOi1 

TOJILUH Jle.llHHKa fp11ropbe8a p33pa60TaHa Ha OCHOBe ytle

Ta BH.llHMblX ropHJOHTOB 3arpH3HeHHH np11 orpaHH'leHHOM 

HCnOJlbJOBaHHH CeJOHHblX Bap11au11i1 1) l8Q H KOHUeHTpa

UHH Ml1KP0'13CTHU. He3aBHCHMblH KOHTPOJlb 6bUJ 8blflOJJ

HeH no pniry penepHblX rop1130HTOB: nOJlO)l(eHHIO JleTHHX 

noBepXHOCTeH 1990 H 200 I r. OTMOCHTeJlbHO noBepXHOCTH 

2003 r. H .llBYM nHKaM n08b1WeHHOH KOHUeHTPaum1 90sr 
11 t37Cs, OTMe'1eHHbl M Ha rny611Hax 13,3 H 5,6 M. B nep

BOM CJJytJae KOHUeHTPaUHH 137cs Ha nopH.llOK npe8bllli3eT 

JHa'1emrn 8 8epxHei1 11 HH)l(Hei1 4acrnx pa3pe3a. BTOpoii 

nHK 8blJleJlHeTCH Ha cpoHe yMeHbWeHHH conep)l(aHHSI .no 

cj>OHOBbl X 3Ha4eHHH B np11no8epXHOCTHblX ropH30HTax. 

n ony'leHHCUI JaBHCHMOCTb 803pacrn OT.lleJlbHblX ropl130H

TOB OT rny6HHbl 11X JaJJeraHHH (pHC. 7) .llOCTaTO'IHO xopo

wo cornacyeTcn c TeopeTH'JecKoi1 KPHBoi1, pacc411TaHHOii 

no MO.lleJlH Te'leHl1H n)I(. Han. npH 3TOM 6bUJa 11cnOJJbJ0-

8aHa cpem-rnn TOJllUHHa ronOBblX ropHJOHT08, paBH3SI 0,35 
M/ron, nony4eHHaH np11 conocrnsneHHH KepH08 JJb.lla 

1990 H 2001 rr. H TOJJLUHHbl Jle.llHHKa (100 M}, onpeneneH

HOH np11 panHoJ0Hn11poBaH1111 1990 r. CornacHo 3TOii 

803paCTHOH WKaJJe, CKB3)1(}1Hbl .llOCTHfJIH CJlOeB, o6pa30-

8aHHblX 8 1940-x ronax. 

c peJyJlbTaTaMH npoBe.lleHHOro n aT11po8aH11S1 co

rnacy10TCH naHHble , nony4eHttb1e np11 MO.lleJJHpo8amm 

380Jl10UHH CHe>KHO-cj>HpH080H TOJJLU11 JJe.llHHKa rpwro

pbeBa [1 0) . Monenb Y'IHTbrnaeT cjrnJJbTpauH10 TaJJbLX eon, 

npoueccb1 cj)aJOBblX n epexonoB "nen-sona", CTPYKTYP

Hb1e HJMeHeHHH Jle.llHHOrO CKeJleTa B pe3yJJ bT3Te Mera

MOPCPH3Ma H ynnoTHeHHH, a TaK)l(e CTOK TaJJblX 80.ll. KaK 

noKaJano Mon en H posaH 11e, ocena1rne cHe)l(Ho-cpwptto-

80i1 TOJILUH 3a 1990-2001 rr. COCT3811JJO OKOJIO 4 M, IJTO 

ynosnernopHTeJJbHO cornacyeTCH c npoBe.lleHHOii narn

poBKoi1. KpoMe Toro, HMeeTcn ynoBnernop11TeJJbHOe co

rnacHe paCC'IHTaHHblX H HJMepeHHblX nHKOB nJJOTHOCTH 

Ja nepHO.ll Ha6JllO.lleH HH ' T.e. 1990- 2003 rr. (pwc. 8). 
3To CBH.lleTeJJbCT8yeT 0 npaBHJlbHOM Bbl.lleJJeHHH 3nl130· 

.ll08 nOBblWeHHOro JleTHero TaHHHH. 

Ces3b tt30TOnttoro cocTaea JJb.lla c TeMnepaTYPOii 

B03JlYX8 

.[laTHpOBaHHe pa3pe3a nOJ BOmleT cpaBHl1Tb 1130· 

TOnHO- KHCJlOpO.llHblH COCTaB Jlb.lla OT.lleJJbHblX rO.llOBblX 

ropHJOHTOB c TeMnepaTypoi1 BOJ.llyxa, npH KOTOpoii 

npm1cxonHT cj>0pM11posaHHe ocanKoB. B Ka,1ecrne apry

MeHTa 6b!JlH HCnOJlbJOBaHbl 3Ha4e HH51 c pen HeH 11erneii 
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PHc. 7. Bo3paCTHble Kpl1 Bble AJHI /leAH11Ka rp11ropbeBa, no11y-
4eHHble Ha OCHOBe penepHblX rop1130HTOB ( 1) 11 MOAe
/111 re4eH11.R A>t<. Ha.R (2) 

Fig. 7. Depth-age curves for the Gregoriev Ice Cap: 1 - on the 
base of marked horizons, 2 - according to the J. Nye 
model (2) 

TeMnepaTypbl B03nyxa 3a Tpl1 JJeTHl1X MeC51Ua, noCKOJlbKY 

Ha 3TOT nepHO)l npl1X0)111TC51 )10 80% aKKYMYJJ51U1111 Ha 

,m1tt11Kax BHyTpeHHero THHb-Wa~rn [4], no )laHHblM 

MereocrnHu1111 THHb- WaHb (36 14 M), pacnoJJO)l(eHHoti 8 

JOHe CblpT08 8 Henocpe)lCT8eHHOH 6JJH30CTl1 OT JJe)lHl1Ka 

rp11ropbeBa. 3HaL1eHl151 TeMnepaTypbl 6bJJll1 np118e)leHbl 

K BblCOTe TOLJKl1 KepH080fO 6ypeHl151 Ha JJe)lHl1Ke c yi-1e

TOM ycTaH08JleHHblX )1Jl51 )laHHOro pernoHa 8blCOTHOro 

1e~meparypHoro rpa;i11e~na 11 «CKaLJKa» 15 ] . 

TioJJy<leHHaH 3a 8HCHMOCTb (c K03cPCl)l1U11 e HTOM 

KOppeJJ51U11M 0,57) ( p 11c. 9) OTpa)l(aeT o6UiyJO TeH)leH

Ul1IO 113MeHeHl151 1130TOnHoro COCTa8a oca11K08 c Te1;1ne

parypoti 803Jlyxa 8 paccMaTp118aeMOM pa~10He 11 no3so

m1eT KOJIH4eCT8eHHO o ueHHTb 113MeHeHH51 TeMnepaTypbl. 

0rCYTCTBHe )lOCTaTOLJHO TeCHOH CBH311 o6b51CH51eTC51 KaK 

llHTeHCH8HOH l1HcPl1J1 bTpau11ei1 TaJJblX 8011, TaK 11 TeM, 

qrn BJ1aroHecyUI11e 80311YWHble MaCcb1, nocTyna1ourne 8 

pai1oH BHYTpeHHero THHb-illaHH, me pacnoJJO)l(eH JJeJl

Hl1K fp11ropbe8a, Q)OpM11py10TC5I HM M CCblK-KyJJbCKOH 

KOTn0811HOH np11 6on ee Hl13KOM yp08He KOH)le1-1cau11~1. 

lJeM Ha n o8epXHOCTl1 CblpT08, me np080)111Jll1Cb 113Mepe

Hl1ll reMnepaTypb1 803Jlyxa. Ko3Cj)clmu11e1-1Tbl 3Mn11pw1e

cKoro ypasHeH11n YJlOBJ1eT8op11TeJ1bHO c.ornacy10Tc5l c 

TaK08bJM11 )1Jl51 )lpyrnx JJe)lHl1K08blX patiOHOB 11 c )laHHb1-

Ml1 113MepeHl1H 8180 CHera OTJleJJbHbl X CHeron a)l08 Ha 

ne11tt11Kax NQ I 11 "1HblJlblJeK [ 12, 24]. 

"13MepeHH51 TeMneparypbl 8 CKBa)l(HHax Ha JJe)lHHKe 

rp11ropbe8a 8binOJIH51J1 11Cb B 1962, 1990, 200 I 11 2003 rr. 

B 1962 r. Ha ne11H11Ke 6h1J10 npo6ypeHo nHTb TeMneparyp

HbIX CK8ruK11H 8 1111ana30He 8blCOT 4170-4450 M [6], B 

1990 11 2001 rr. 113MepeHH51 npoBO)lHJll1Cb 8 19- 11 21-Me

Tp08blX CK8a)f(11Hax Ha 8epw11He JJeJlHl1Ka. B 2003 r. 6b1-

Jlll npo6ypeHbl )18e TepMOMeTp11lJeCKHe CKBa)l(].1 Hbl rny-

61rnoi1 50 M (Ha 8b1COTe 4609 M) 11 30 M (4450 M) . Cpa8-

HeHHe TeMnepaTypHblX npocf>1weH, nony<JeHHbLX 8 pa3-

Hb1e fOllbl ' nOllT8ep)l(llaeT' LJTO TOJI bKO 8epxH 11e 5 M 

CHel!<HO-cPl1PHOBOH T0Jlllll1 no118ep)l(eHbl 11HTeHCl18HOH 
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P11c. 8. PacnpeAe11eH11e H3MepeHHOH (1) H pacc4HTaHHOH (2) 
n/lOTHOCTH CHe>KHO-cpHpHOBOH TO/lll.\H B /leAHHKe rpH
ropbeBa 

Fig. 8. Measured ( 1) and calculated (2) density of snow f irn 
sequence in the Gregoriev Ice Cap 

11Hcp11J1bTpau1111 TaJJblX 8011. BonHa 3HMHero xono11a n po

Hl1KaeT 110 rny611Hbl 7-8 M. 

B xono11Hoi1 cf>11pH08oti 30He (np118epw11HHa5I 06-

nacTb, 4609 M) 8 npe11enax nep8bIX coTeH 11 11a)l(e )leCHT

K08 MeTp08 no npocT11paHl1IO Ha6J1JO)lalOTC51 8eCbMa cy

UieCTBeHHble 8ap11au1111 TeMnepaTyphl Ha rny611 He 10 M 

(no CKBa)f(11HaM 2001-2003 rr. fl T"' 1,4 °C). Ornoc11TeJ1b

HO Hl13Ka51 TeMnepaTypa H3MepeHa 8 CJ<Ba)f(l1He 2003 r., 

npo6ypeHHOi1 Ha y<JaCTKe nosepxttocTH c yKJ10HaM11 8 

n ep8ble rpa;iyCbl. flO-Bl11111MOMy, lla)l(e H3-3a He3HaLJJ1-

TeJJbHOrO yc11J1eHl15l 60K080ro CTOKa cyUieCT8eHHO CHH

)l(aJOTC51 co11ep)l(aH11e TaJJOH 801lbl 8 cPHPH080-JJemIHOH 

TOJJUie 11 cyMMapHoe OTenJ1eH 11e pa3pe3a np11 npoMep3a

HHl1 HaCbl llleHHOro BJJaroti cf>11pHa 11 Jlblla. 

B 1962 r. B HH)l(Heti l1acT11 06nacT11 n11rnH11H Ha 

8blCOTe 4440 M 6b1Jla 113MepeHa TeMnepaTypa 8 30-MeT

p080H CKBa)f(l1He [ 6 ] . B 1110He 2003 r. Mb! n o8TOp11n11 113-

MepeH1151 8 TOH )Ke T04Ke. Ha p11c. 10. noKa3aHo, LJTO 3a 

o"O, %0 

-8 

-12 • 

y = 0,769x - 11 ,777 
R = 0,57 

• 
-16+-~~~~~"T""~~~~~"T""~~~~~~ 

0 2,0 4,0 t,°C 

P11c. 9. Cs.R3b 113oronHoro cocrasa (8180) /lbAa s rDAOBblX ropH-
30HTax /leAHHKa rp1-1ropbeBa H cpeAHeH 11erHeH TeMne
parypbl B03Ayxa tno AaHHblM MereocraH41111 T.RHb-WaHb 

Fig. 9. 8180 value in annual layers of the Gregoriev Ice Cap as a 
function of mean summer temperature tat the Tien Shan 
meteorological station 
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Mamepua11bt 211J1t(uo11ozu11ecKux ucCJ1eiJoeaHuii, <Jb/11. 98 

npowe.nwHe 40 JieT npo~13owJ10 cyu.teCTBe1·1Hoe oTenJie

H Me clrn PHOBO-Jle.Ll51 HOH TOJI UHi Jie.LlH 11 Ka f pH ropbeBa, 

KOTOpoe COCTaBl1JIO 1,5 11 0 ,6 ·c Ha rny611Hax I 0 11 30 M. 

COOTBeTCTBeHHO. n p11 3TOM TOJllJ.l11Ha Q)HpHa 3a yKa3aH

HbJJ';\ ncp110.n yMeHbWHJiaCb OT 10 .no 5 M. 

Pacnpe.neJ1eH11e TeMnepaTypbl 11 n11KoB nJIOTHOCTM 

B Jie.LlH11Ke o6ycJIOBJJeHO MHOfl1Ml1 Q>aKTOpaMH (com1el.f

HaH pa.n11au11n, nepel13Jly<leHHafl KOpOTKOBOJIHOBaH 11 

.il1111HHODOJIHOBaH pa.n11au11n aTMOCQlepbl 11 Jie.LllmKa, co

OTBeTCTBeH HO, cy6J111Maum1, CKpbJTOe TenJIO, BeTpOBOH 

nepeHoc). ATMOCQlepHb1e npoueccbJ 11rpa10T onpe.neJ1n-

1owy10 poJib B cpopM11posaH1111 ro.noBblX cJioeo. Bb1coK11e 

TeMnepaTypbl JieTOM npl180.LlHT K rnmm10. npOHMKHOBe

Hl1IO TaJioti BOllbJ orny6b 11 nocJ1e.ny1oweMy ee 3aMep3a

H1110 c o6paJoBaHHeM Jie.UHHbJX npocJioeo, npensncrny-

1ow11x rny60KOMY QJPOHTaJibHOMY npocall l1BaHMIO TaJIOH 

BOllbl 113 oepXHl1X ropl130 HTOB. "1 3MepeHl151 11 paCLJeTbl 

noKa3b1oa10T, LJTO TaJiaH so.na JieTOM qlpOHTaJibHO npo

H11KaCT He 6oJiee LJCM B 2- 3 ro.noBblX CJIOH 113-Ja Hl13Koi1 

npo~111uaeMOCT11 Jie.UHHbJX npocJioeo. oblJIO ~1Jy<1e1-10 

BJIMH Hl1C TaKl1X napaMeTpOB KaK aJib6e.no, K03CPQ>11U11CHT 

3KCTl1HKUl111, nep11011MllHOCTb oca.nKOB, OTHOCl1TeJibHaH 

.LlOJl51 CTOKa 11 HeKOTOpblC 11pyr11e. H ecMOTpH Ha 60Jib

WOH Ha6op napaMeTpos, y.noBJ1ernop11TeJ1bHOe coonane

H Me TCMnepaTypHoro 11 nJIOTHOCHJOro npocp1.rnei1 Ha-

6mo.naeTCH Jl11Wb .illlH onpe.neJieHHblX 3HalJCHl1H 3Tl1X na

paMeTpOB. H a p11c. 11 n oKa3aHo cpaoHeH11e 113MepeHHO

ro 11 paCCLJl1TaHHOro TeMnepaTypHblX npOQJMJICH B Jie.n

Hl1Ke f p11ropbeBa. B np11nosepXHOCTHOM cJioe 110 rny611-

Hbl OKOJIO IO M Ha6mo.naeTC5J xopowee cosna.neH11e TeM

nepaTyp. B .n11anaJ0He rny611H 10-20 M 11MCIOTCH onpe

.neJieHHble pacxo)!(JleH11n, LJTO, no-s11.n11M0My, con3aHo c 

OTCYTCTBHCM .neTaJibHblX BXOllHblX .naHHblX no nJIOTHOCTl1 

11 npoH11uaeMOCTl1 CHC)KH0-QJ11pHOBOH TOJllJ.lH, a TaK)KC 

orpam1•1eHHOCTblO 0.LlHOMepHOH ll>JOlleJ111. 0TMeTl1M, 4TO 

B pe3yJibTaTe n poueccoB peKp11cnurn113au1111 TaJIOH BO.Ubl 

MaKC11MYMbl Te~mepaTypbl CMewaJOTCH Ha rny611He aK

Tl1BHOro CJIOH K nooepXHOCTl1 JiellHl1Ka 11 CJiy)KaT .nonoJI

Hl1TCJlbHblM 11CTQLJHl1KOM TefUJa 12 11. 

n oJIY'JeHHbJC pe3yJibTaTbl n03BOJIHIOT C.LleJiaTb Bbl

BO.Ll, LITO Ha6mo.naJOweecn no CKBa)K11HaM 2001-2003 rr. 

nOBbJWCHl1e TeMnepaTypbl Jlb.Lla (B cpaBHeHl111 c 1962 11 

OTLJacrn 1990 rr.) CBH3aHO c COOTBeTCTBYIOIJ.ll1M nOBbJWe-
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P11c. 10. PacnpeAe/leH11e TeMnepar ypbl t B TO/l~e JleAH11Ka rp11-
ropbeBa Ha BblCOTe 4440 MB 1962 ( 1) 11 2003 rr. (2) 

Fig. 10. Depth-temperature prof iles in the boreholes at 4440 m 
a.s.I. in 1962 ( 1) and 2003 (2) 

0 

-20 -

-40 

·~ ---------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t ,"C 
-60-+-~~~~~~~~~~~~ 

-8 -6 -4 -2 

P11c. 11. Cpa0HeH11e 113MepeHHOH ( 1) 11 pacc411raHHOH (2) reM
neparypb1 f B eepxHeH 4aCTH JleAHl1Ka rp11rOpbeBa 

Fig. 11. Comparison of measured (1) and calculated (2) tem
perature-depth profi les in the Gregoriev Ice Cap 

Hl1eM cpe.nHero11osb1x TeMnepa-ryp 003.nyxa, onpe11em110-

IJ.l11X TeMnepa-rypy .nenTeJibHoro cJIOH KaK HenocpencreeH

HO, TaK 11 lJepe3 113MeHeHl1e ycJIOBl1H Jlb.Ll006pa30BaHl151. 

0 6c)')KlleHHe peJyJJbTaTOB H BblBOllbl 

Oco6eHHOCTl1 cTpanirpaclm•1ecKoro cTpoeH11s1, 1no

rnnHoro COCTaBa 11 TeMnepa-rypbl QJl1PHOBO-Jie.LlHHOH ron

IJ.ll1, paccMOTpeHHbJe B HacTm1wei1 pa6oTe, c¢opM11poea

JIHCb Ha cpoHe 1-1anpaBJICHHblX 113MCHeHl1i1 TeMneparypbl 

803.Llyxa 11 OCMKOB BO BHy-rpeHHCM THHb- W aHe. AHaJillJ 

.naHHbJX MeTeopoJ1ofl1lJCCKOH crnHu1111 T51Hb-WaHb Ja 

1930-2004 rr. noKa3bJBaer w11pOJ<YJO 113MeHLIHBOCTb TeM

nepaTypb1 BOJ.nyxa 11 oca.nKOB. CpenHnn ro.nosan TeMnepa

-rypa KOJie6JieTcn OT -9,8 no - 5,2°C. MaKc11MaJibHoe rono

Boe KOJIMLJeCTBO OCMKOB COCTaBJIHJIO 512 MM, M~fHl1MaJlb

HOe - 96 MM. n p11 3TOM C 1930- X ronOB OTMCl.faeTCll yc

TOH411BblH cran1cTw1ecK11 3Ha•111MblH TpeH.n yee1111•1eH11J1 

cpem1eron0Boi1 TeMnepa-rypb1 no3nyxa 11 yMeHbWCHllJI ro

nosoi1 cyMMbJ aTMOCcjlepHbJX ocMKOB. B Hal.Jane 74-ner

H 11X MeTeOpOJIOnJlleCKl1X Ha6JIJOneH 11 i-1 cpenHeroJIOBaJI 

TCMnepaTypa B03.rryxa COCTaBJIHJia -8, 18 ·c, K 2004 r. npo

MJOWJIO ee nosb1weH11e Ha I , 18 ·c (p11c. 12). 

B OTJIJ1lJl1e OT TCMnepa-rypbl, ro.nooaH cyMM3 OCaJI

KOB HMeeT OTp11uaTeJ1bHblH TpeHll. B ueJIOM OHa yMeHb

Wl1JlaCb OT 320 no 260 MM/ r. OnHaKo , Hal.f11HaH c 1930 

n o 1975 r. KOJIH'leCTBO ocallKOB Haxonl1JIOCb np11MepHO 

Ha OllHOM ypOBHe. nocJie 1975 r. yBeJIHLJl1B3CTCSI llX 

BHy-rp11ronoBaH 113MeH'll1BOCTb 11 CTpeMMTCJlbHO COKpa

waeTCH ronosan cyMMa (cM. pMc. 12). B nocJ1enH11erom.i 

HaMenJJICH TpeHn K HeKOTOpOMY yBeJ111•1eHl1IO OC3JIKOB 

Cl1HXPOHHO c nponOJDJ<aJOIJ.ll1MCH pOCTOM Te11omeparypbl. 

YxylIWe1me yCJ10011i1 n11rn1-111H JiemrnKoB 11 eoJpoc

wan a6JIHUl151 np11BeJ111 K yMeHbWeHl110 TOJllJ.ll1Hbl rono

BblX rop1130HTOB B J1enH11Kax. B pe3yJibTaTe coKpamaera 

MOIJ.lHOCTb Qll1PHOBOH TOJJIJ.lM 11, KaK CJ1encrn11e, ee BOJIO

ynep)Kl1Ba1owaH cnoco61-1ocTb. n p11 3TOM yMeHbuiaeTCR 

BpeMH no6erdHl151 TaJiblX Bon OT o6JiaCTl1 n11TaHl1H llO KOH

UOB JienHMKOB 11 npo11cxo.n11r nepepacnpene11eH11e neJIHH

KOBoro cToKa B Te•1eH11e ro.na. OnHaKo n p11 nporpecc11py-

1owei1 CKOpOCTH COKpaweHMH OJie.neHeHl1j] B 6JIIDJGIKwCC 

BpeM51 3TO np11Bener K CHl1)KeHMIO CTOKa c JieLIHllKOB. 
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PHc. 12. "13MepeHHble se11H4HHbl reMneparypb1 BOJAyxa t (c11esa) H OCaAKOB P (cnpasa) no AaHHblM Mereopo11orn4ecKoH craH4HH 
TRHb-WaHb 3a 1930-2004 rr.: cpeAHRR JleTHRR (a) H cpeAHRR rDAOBaR (6) TeMneparypa, cyMMa OCaAKOB 3a ceHTR6pb
MaH (B) H 3a rDA (r) 

Fig. 12. Mean summer (a) and annual (6) temperatures t (left) and winter (s) and annual (r) precipitation P(right) for the period 
1930-2004 measured at the Tien Shan meteorological stat ion 

Bo3MO)KHOCTb KOJUflJeCTBeHHOH oueHKH TeMnepa

TYPHhlX 113MeHeH11H no KepHaM JTb.lla cyIUecrneHHO orpa
m1qeHa 113-3a He.nocTaTKa 1-1a.ne)l(HbIX pernoHaJTbHbIX 

CBH3eH 1130TOnHoro COCTaBa Jlb.lla c TeMneparypoH 603-
.ayxa. n o11yt1eHHble .naHHbie 0 CO.llep)l(aHl111 pan110aKTl1B

HblX 1130TOnOB B CHe)l(HO-QlHPHOBOH TOJTWe 11e.111-111Ka 
rp11ropbeBa n03BOJJHJTl1 .naT11pOBaTb OT,UeJTbHbie fO.UOBble 

rop1130HTbI 11e.11H11Ka. Cpaa1-1e1-111e 3aa11c11MocTeH 1130Ton

Ho-K11c11opo.11Horo cocrnaa cHera 11 JTbJla 11e.111-111KoB fp11-
ropbeaa, l1HhIJTblJeK 11 11e.11H11Ka N2 I OT TeMnepaTypbI 

noKa3bIBaeT, 4TO nnH THHb-illaHH cyweCTayeT e11111-1aH 

pernOl-laJTbl-1351 CB513b. 
Hanpas11e1-11-1oe noTern1eH11e np11aeno K noab1we

Hl1IO TeMneparypbl cp11pHOBO-ne11HHO~I TOJTUll1 . 113Mepe

HIHI, nposeneHHble B OllHOH T04Ke o6JJaCTl1 aKKyMyJJH

U1111 11e111-111Ka f p11ropbeaa c 111-1TepaanoM a 41 ron, n0Ka-
3an11 , 4TO Ha rny611l!e 3aryxa1-111H ce30HHbIX Ko11e6aH11H, 

oHa B03pocna Ha 1,5 ·c , a Ha rny611He 30 M 1-1a 0,6 ·c. 
l1.3Me1-1eH11e 1130Ton1-1oro cocrnaa cp11p1-1a 11 JTblla c 

1930-x ronos no HacToHwee apeMH TaIOKe o6Hapy)l(MBa

eT YCTOH411BYIO TeH.neHUl1IO K ero o6orauteHl1IO, llTO 
CJlY)KMT KOCBel-IHblM no11TBep)l(ll.eH11eM npo110JJ)l(a10utero

Cll noTenneH11H. 

floJTytfeHHble 11aHHbie nO.UTBep)l(ll.alOT MHeH11e 0 

ttanpasneHHOM n0Ten11e1-11111 B pernoHe. TaK11M o6pa-

30M , JTeJlH11Kl1 B nOJTHOH Mepe OTpa)l(afOT 113MeHel-11151 

KJll1MaTl14eCKOH Cl1Tyau1111. l13MeHeH11e TeMnepaTypbl 

so311yxa a1111HeT a nepsyIO 04epe11b Ha 06w11i1 TeMne

paTypHbIH pe)l( l1M JTe.llHl1KOBOH T0Jlllll1, a nocJTellHHH B 

CBOIO 04epe,llb o6yCJTOBJTl1BaeT rny611Hy 11 nponOJT)l(l1 -

TeJJbHOCTb 111-1cp1111bTpau1111 TaJTbIX so.a. Cy11H no sceMy, 

0TenneH11e cp11pHOBOH Tonw11 np11aeno K yae11114eH1110 

60KOBOfO CTO Ka 11 yMet-1bWeH11IO Jlb,Ul1CTOCTl1 B ee 

sepxHeH t1acT11. 

LlaHHbie 0 rny611HHOM CTpOet-11111 JTe.llHl1KOB OTHO
CHTCH K 411cny 1-1 a116onee 11HcpopMaT11BHblX. EypeH11e 

JJe.llHl1KOB CB513aHO co 3MatrnTeJTbHbIMl1 TeXf-111lleCKl1Ml1 

Tpy111-1ocrnM11 11 MaTep11anbHbIM11 3aTparnM11. K 1-1acTOH

uteMy apeMeH11 HaKonneH MaTep11an o cTpoeH1111 nom1p

Hhrx 11 HeKOTOpblX ropHblX 11e11Hl1KOB, 11 pe3yJTbTaTbl 6y

peHl151 Ma ne111-1 11Ke fp11ropbeBa .llOTIOJTHHIOT :ny 6a3y 

naHHblX, OTpa)l(aH OCHOBHb!e oco6eHHOCTl1 CTpOeHl151 11 

pe)l(11Ma 11e.111-111KoB 8MyTpeH1-1ero THHb-WaHH. 
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ABTOpbI Bbipa)l(alOT 611aro.napHOCTb coTpy11H11KaM 

l1.1-1cT11TyTa reo11orn11 Hau110HanbHOH aKaneM1111 HayK 

K.b1prb13cTaHa 3a noMOlllb np11 nposeneH1111 noneab1x 11c
c11e.nosaH11H, a TaIOKe n .-H. Ji11Hy (Yt-111Bepc11TeT WTaTa 
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SUMMARY 

Five shallow ice cores have been recovered from the 
summit of the Gregoriev Ice Cap (41.98 °N; 77.92 ' E; 
4609 m a.s.I.) in Tien Shan, Central Asia, between 1990 
and 2003. The 1990 ice core has been analyzed for stable 
isotopes, microparticle concentration, major ions (K+, 
Na+, Ca2+, Mg2+, S042-, No3-, Ci-) and total beta
activity. The 200 I and 2003 ice cores have been analyzed 
for stable isotopes and concentration of radionuclides 
(40K, 226Ra , 232Th, 2Jsu, 238U, rncs, 90Sr). These ice 
cores have been dated on the base of set of reference 
horizons and annual microparticle concentrations. The 
detailed stratigraphic records for the top sections of the 
1990 and 200 I cores indicate that 3.8 m of snow/firn 
accumulated in the 11 years. The mean annual net accu
mulation derived from this comparison is 0.35 m in ice 
equivalent (i.e.) (260 mm w.e.) for the period from 1990 
to 200 I. The net accumulation from 1963 to 1990 was 
0.42 m i.e. (320 mm w.e.). Moreover decrease of firn 
pack depth from 9 to 6 m has been observed al 4450 m 
site between 1962 and 2003. Over the same period infil
tration ice concentration has been increased as a result of 
more intensive melt water percolation. Considerable 
enrichment in stable isotope composition for the top sec
tion of the 1990 and 2003 ice cores has been measured. 
The relationship between o180 in ice cores and mean 
summer air temperature has been determined and com
pared with results from other gla.cier areas. 

Temperatures were measured in the boreholes on 
the top of the Gregoriev Ice Cap (4609 m) in 1990, 2001 
and 2003. Their comparison shows an approximate I 'C 
warming at I 0 m depth between 1990 and 2003. Likewise 
considerable warming has been measured in boreholes 
drilled at 4450 m in 1962 and 2003. The temperature rise 
is -2.5 ·c at the depth I 0 m and 0.5 ·c at 30 m. The 
comparison of airborne images from 1956 and 1988 and 
satellite image from 200 l show considerable retreat of 
glacier terminus since 1956. This rate of retreat is com
pared to that determined from the little ice age moraine 
positions. This regional warming marked by changes of 
ice content and stable isotopic composition of the ice 
cores along with increasing glacier temperatures is consis
tent with data from the Tien Shan meteorological station. 
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