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Summary

In this work we have presented the results of numerical modeling of the age and temperature distribution
in ice layers at Dome B site (79,02° S, 93,69° E, altitude 3807 m a.s.l,, ice thickness about 2.5 km), located
300 km to the west from Russian Antarctic station Vostok. Dome B is situated on the onset of the ice flow line
passing through deep borehole 5G, and is considered as one of the most promising places to search for and
to study the Easth’s oldest ice with the age of up to 1.5 Ma. According to our calculations, all realistic scenar-
ios show the ice age at 60 m above the ice base to be considerably older than 1 Ma, and the glacier base tem-
perature is well below the pressure melting point (-1.8 °C for pressure = 23 MPa). For the most likely sce-
nario (accumulation rate 1.8 g/(cm? year), effective ice surface temperature —64 °C and geothermal heat flux
60 mW/m?) the ice age is 1.4 Ma and the basal temperature is about —13 °C that is close to the earlier pre-
dictions from a 2D-model. Maximum estimate of the «diffusion length» in the old ice (for the scenario in
which the basal temperature reaches the melting point, and in which 30% of «excess diffusion» is taken into
account) is 5.2 cm. In 1.4 Ma-old ice a 40-ka climatic cycle is squeezed into a 290-cm thick ice layer. For this
ratio of wave length and diffusion length the climatic signal attenuation (ratio between the signal amplitude
after and before the diffusive smoothing) is 0.6%. Thus, due to the relatively low ice temperature here we may
expect a nearly undisturbed climatic curve in the old ice core that will be drilled one day at Dome B. At the
same time shorter oscillations with the wavelengths of < 1500 years will be totally erased by diffusion.
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MpepcTaBneHbl pesynbTaThl MOAENVMPOBaHWA BO3pacTa U Temnepatypbl nbda ana Kynona B (79,02° 1o.w.,
93,69° B.A., BbicoTa 3807 M Hag yp. Mops, TONWMWHA NbAa OKoo 2,5 KM) B AHTapKTuge. [1na Bcex cueHa-
preB BO3pPacT fiba Ha OTMeTKe 60 M Bbille JTOXKa NefHuKa cocTaBnsieT 6onee 1 MiH feT, a Ans Hambornee
BEpPOATHOro cueHapua — 1,4 MnH net. TemnepaTypa noxa Ana BCero granasoHa peanucTUYHbIX OLEHOK
reoTepMasibHOro NoToKa Tersia HaXoAUTCA HYXKe TOUKW MJaBneHnsa 1 ans Hanbonee BepPOSATHONO CLEeHa-
pusi paBHa okoso —13 °C. PacuétHoe ocnabneHvie amnanTygbl 40-TbiCAYENIETHETO KIMIMATUUYECKOrO LKA
B APEeBHeM JibAly 3a CYET MosieKynapHon auddysmm coctaBnaet okono 0,6%. PesynbtaThl uccnepo.a-
HWUA MO3BOJIAIOT cAenaTb BbiBoA, UTo Kynon B — nepcnekTmBHOe MecTo AfiA M3BJieueHnsa HOBOro rny6o-
KOro KepHa, C MOMOLLbIO KOTOPOro MOXKHO OyAeT MOoNyUYnTb HEHaPYLUEHHbIN KAMMaTUYEeCKUA CUrHan 3a
nocnegHue 1,4 MiH neT.
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BBenenne

Ilouck npeBHeiillero Ha riaHeTe Jibla Bo3pac-
ToM 110 1,5 MJIH JIeT U U3ydyeHue MocjaenoBaTelb-
HOCTM KJIMMAaTUYECKUX COOBITUI Ha MPOTSIKEHUU
3TOro mepuoja, BKAYass U3MEHEHUE KOHIIEHT-
paluu MapHUKOBBIX Fa30B B aTMocdepe, — Bax-
HelMe 3agauM s IMoJOTuM U najeoreorpapuu
nepBoit mogoBuHbl XXI B. [1, 2]. Mx akTyalbHOCTb
MpexXIe BCero CBsI3aHa C BbISICHEHUEM INPUYMH TaK
Ha3bIBAEMOTO «CPEIHETUIeICTOIIEHOBOIO KIMMAaTH-
yeckoro nepexona» (Mid-Pleistocene Transition —
MPT) 0,8—1,2 mnu net Hazan [3]. [Tonumanue
npuuyuH MPT gact Bo3MOXHOCTh CIPOTHO3UPO-
BaTb OOJIMK Halllel TUIAaHEThI B TPSIAYIIE CTOJIETHS,
€CJIM YeJIOBEYECTBO HE CIIPAaBUTCS C IJI0OATbHBIM
BBI3OBOM I10 PE3KOMY CHUKEHUIO aHTPOIOT€HHBIX
BbIOpocoB CO,. CornacHo pe3yiabTaTaM MOJEJM-
poBaHusI, IpeBHUM €N (Bo3pacT 6oyiee 1 MiTH JeT)
MOXKET 3ajieratb B ocCHOBaHUM BocToyHO-AHTapK-
TUYECKOTO JeAHUKOBOIO IIIUTa BOJIM3U IJIaBHOTO
Jlegopasnena, npoxonsiiero yepe3 Kymona ®Oymxu,
A, B u C [4]. HenaBHgg Haxonka Jbaa Bo3pac-
TOoM 1,2 MJTH JIeT B HM3KHEH 4acTy JIEISTHOTO KepHa
cranuuu BocTok Ha rnyoune 3537 M [5] BriepBhIe
MOATBEPANIIA, YTO TaKOM JIEN e CTBUTEIBHO CO-
XpaHWJICS 10 HACTOSIIIEero BpeMeHu. B nHTepBae
3310—3537 M (Bospact 0,42—1,2 MJIH JIeT) B KepHe
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co ctaHuu BocTok HabmomanTCs HECOrIacHOe
3ajieraHyue U IepeMelMBaHue JeASIHbBIX CIOEB, UTO
BBI3BAJIO MCKaXKE€HUE 3aKIIOYEHHOIO B 3TOM KepHe
KJIMMaTh4eckoro curHajna [6]. OmHako caMm dakrT
COXPaHHOCTHU JIPEBHETO JibJa B OCHOBaHUU BocTou-
HO-AHTapKTUYECKOI'O JIETHUKOBOTIO IIMTA TOBOPUT
0 TOM, YTO IJIe-TO 3/1eCh 3TU JAPEBHUE CJIOU Jbaa
MOTYT 3aJleraTh U B HEHapYILIEHHOM BUIIE.

OnHuM 13 HanuOoJee MePCIIeKTUBHBIX MECT IS
MoMcKa IpeBHEro Jbaa cunutaetrcsa Jlegopasnen B
(mpousHocutcs «bu»), paconoXXeHHbII IPUMEPHO
B 300 kM K 3amanmy ot ctaHmu BocToxk (puc. 1), BBepx
no muHum Toka Jpaa VFL (Vostok Flow Line), mpo-
Xongueit yepe3 0ypoBylo ckBaxXuHy SI” Ha ctaHUMHN
Boctok. [lo HegaBHero BpemMeHu paiioH Jlemopasne-
na B ocraBajicst oOIIMPHBIM O€JIBIM TISITHOM C OYeHb
CKyIHBIM HaO0OpOM JOCTYITHOU nmHpopMaunu. JaH-
Hble HEMHOTOYMCICHHBIX TUCTAaHIIMOHHBIX UCCIIe-
JOBaHWUI [7] TTOKa3bIBAIOT, YTO TOMIEAHBIN peibed B
paitoHe 3TOoro jJenopasena MpeacTaBisieT OO0 X0~
MUCTYIO WJIM TOPUCTYIO MECTHOCTh C BBICOTaMU IO-
psnka 500—1000 M Ham yp. MOpsI, TIOKPBITYIO JISTHU-
KOBBIM IIIUTOM, MOIIIHOCTb KOTOPOTO 3/1€Ch TOCTUTAeT
2,5 kM (cMm. puc. 1). Pe3ynbraToB psSIMBIX U3MEepPEHUN
reorepManbHoro nmoroka temnia (Geothermal Heat
Flux — GHF) nna sroro paiioHa HeT, 0mHaKO KOCBEH-
HbI€ OLIEHKM YKa3bIBAIOT, YTO TAKOI ITOTOK HaXOMUT-
ca B penenax 50—60 mBt/m?2 [8].

Puc. 1. Kapra ToNIIMHEI 1bJa B
paiione mexnay Jlemopasne-
JioM B 1 momienHUKOBBIM 03e-
pom Boctok.

ToHKMe JUHUU — U3OTUIICHI BbI-
COThI MOBepXHOCTU Yyepe3 50 M.
IToka3aHo IOJIOXEeHKe UCTUHHOTO
Kynona B, craporo nosiesoro ja-
reps «Kymon B», cranuum Boc-
TOK, a Takke JTuHuM Toka VFL
Fig. 1. Map of ice thickness in
the area between Ridge B and
the subglacial lake Vostok.

Thin lines are elevation contours
spaced by 50 m. The location of
topographic (true) Dome B, old
drilling camp «Dome B» and
Vostok station is shown, as well as
of VFL ice flow line

2000

==
a1
o
o

=
(=]
[=]
o

_6-



A.A. EkalikuH u 0p.

B gauBape 2020 r. Ipy TOTMCTUYECKOM MO~
Jepxke Poccuiickoil aHTapKTUUECKOM DKCIeau-
LMY HaM# OBUI BHIITOJIHEH IIePBBIi HAYYHBII TOXOI
Ha Kymon B (79,02° 10.11., 93,69° B.1., 3807 M Hag
yp. Mops, cM. puc. 1). Kymon B — Tomorpadmaeckmii
kynoa Ha Jlenopasnene B, ¢ koToporo 6epér Haua-
so s Toka pna VFL. Tormorpadgudaeckuii (vmm
uctuHHBIN) Kynon B He ciemyer myTaTh ¢ pacio-
JIOKeHHBIM B 220 KM K ceBepy OT HETO CTaphIM IT0-
JIeBBIM JIarepeM «Kyrronm B», KoTopelil 66T oprann-
30BaH COBETCKOI aHTAaPKTUIECKOI SKCIEAUIINEH B
1980-x romax Ijis OCYIIECTBICHMS IIPOEKTa TIIy0o-
koro oypenust neaHuka [9]. B 2020 r. mo mapuipyty
oxoJa ObLIN IIPOBeIeHB KOMIUIEKCHBIE TTISIII0JI0-
rAYecKue, Treoae3ndecKre, reOXMMUIeCcKe 1 pa-
IOJOKAIIMOHHBIEC MCCIISIOBAHNSI, a HA CaMOM KYIIO-
JIe BBITIOJTHEHO OypeHMe CKBaXKMHBI TITyornHO 20,5 M
C TOCJIEAYIOIINM MCCIeA0BaHUEeM MOIHSITOrO (pUp-
HoBoro KepHa [10]. B pe3yasTare yaaaoch MOJIydnTh
MepBbie HATYPHbIE MISIHUOKJIMMATUYECKUE TaHHbIE
o Kymorre B (B mrepBy1o ouepenp TeMmepaTypy rupHa
Ha IIyOMHe 3aTyXaHWSI CE30HHBIX KOJIEOAaHUI 1 CKO-
POCTb CHETOHAKOILJICHMST ), HEOOXOTMMBIE IIJIST OLICH-
KU BO3pacTa JICASIHBIX OTJIOKEHUI.

Hactostmast pabota mocBssiieHa MOISIMPOBAHUIO
BO3pacTa JIbIa B 0a3aIbHBIX CJIOSX JICTHUKA B paiioHe
Kymona B Ha ocHOBaHMM BHOBb ITOJTy4€HHBIX OIIe-
HOK COBpEMEHHBIX 3HAaUeHUI CKOPOCTH CHETOHAKOII-
JICHUSI, TeMIIepaTyphl (PMpHA W U30TOITHOTO COCTaBa
IMOBEPXHOCTHOTO cHera. OTMETHM, YTO BO3MOXKHOCTD
PEKOHCTPYKIINH KIIMMATHICCKIX COOBITHI JaIEKOTO
MIPOIILJIOTO MO 00pa3LaM JISASTHOTO KepHa OIpeaesis-
€TCSI He TOJIbKO BO3PACTOM CJIATaloIIero ero JIbaa, HO
U CTEIIEHBIO COXPAaHHOCTH KJIMMATUIECKOTO CUTHA-
JIa, KOTOPBI ITOABEPTaeTCsI CYIeCTBEHHOMY Tuddy-
3MOHHOMY CIJIaXXMBAaHHUIO B IIPUIOHHBIX, HAaOOJIee
IpeBHUX CI0sX JlemHuKa. [loaTomy B 3TOI pabore
0c000¢ BHMMAaHME yAEJIeHO MOACIMPOBAHUIO IIPO-
necca 1ud@y3un MOJIEKyaI BOABI BO JIbAY U OLICH-
K€ CTEeIIeH! OCIa0JIeH!sI KIIMMAaTUIeCKOTo CUTHaja
B M30TOITHOM IIpOQUIIe JIEASIHOTO KepHa, KOTOPBIi
MOXET OBITH ITOJIYYCH IPU OCYIIECTBICHUM 31eCh
MpOEKTa IIydOKOro OypeHusl IeJHUKA.

Metonapl
Modeaupoeanue 6o3pacma u memnepamypsot avoa.

H7st MomenmpoBaHUS pacIIpeleeHUsT Bo3pacTa 1
TeMITepaTyphl JIbIa B JIASIHON ToIe B paiioHe Kymo-

J1a B ucnosnb3oBaH yIIpomE€HHBIN BApUaHT OTHOMEP-
HOIi cTallMOHAapHO# Moaenu jenHuka [4]. BaxHoe
JOTYIIIEHUE MO — OTCYTCTBUE IOHHOTO TasHUSI.
Kak 6yner nokaszaHo gajee, B AMaria3oHe peaiucTy -
HBIX 3HAYEHUN I'PaHUIHBIX YCIOBUI BO3MOXHOCTD
TOCTVZKEHMST TeMITepaTypoii Jibaa TOUKHU ILJIaBJICHUS
31ech AeMCTBUTEILHO HeBelnnKa. Kpome Toro, co-
IJIACHO TeOpeTUYeCKUM pacuéraM [11], BepoITHOCTb
TOrO, UTO Oa3ajbHbIN NEN 3a mocaeaHue 1,5 MaH et
JocTuraja B paifoHe KymnoJja TOUYKM IUIaBJIeHUs, He
npesbinaet 15%. PacnipeneneHue Bo3pacra jibia ¢ B
TOJIILIE JIEAHMKA PACCUMTHIBACTCS 11O (hOpMyJIe
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TII€ @ — CKOPOCTb AKKYMYJISILIMY B METPAX JIEASTHOTO
SKBUBAJICHTA B TOA (M J1.3./Tom); H — TOMIIMHA JIe/-
HUKAa, M J1.3.; 7 — BepTUKaJIbHAasI KOOPAUHATA, MEHSI-
IolIasiCs OT HYJIS Ha JIOXe JieAHWKa 10 H Ha rmoBepx-
HOCTH JISAHWKA;, M — HacTpauBacMbIil mapaMeTp,
3HaYeHMEe KOTOPOro mpuHuMaeTcs paBHbIM 0,5 [4].

3HaueHuss H 1 a MOTYT MEHSTLCS BO BPEMEHH,
HO B HalllMX pacyéTaX OHU IMPUHUMAJIUCh ITOCTO-
SIHHBIMU U PaBHBIMU CpeIHEMY 3HAUCHMIO 3a pac-
YETHBIN TTepro. Bo Bcex YMCIeHHBIX 9KCIIEPUMEH-
tax H = 2500 M 11.3., a BeJIMYUHY @ UCTIOJb30BaAIU
KaK JOITOJTHUTEIbHBIN HACTPOCYHbIN apamMeTp (CM.
nanee). Pacuét Bo3pacTa ocTaHaBJIMBAETCS Ha pac-
ctosstHUM 60 M OT JIoXKa JIeIHMKa, TaK KaK TIIyoxe
3TOIl OTMETKM OIIMOKa pacuéra Bo3pacTa I10 IIpo-
CTOM MOIEIM CIMIIKOM Benuka. Jlaxe B yCI0BMSIX
JISASTHOTO KyToJa, KOTIa TOPU30HTAIbHbBIC TBIKE-
HUS JIbIa OJIM3KU K HYJIO0, MOXHO OXWIATh, UTO B
HkHUX 60 M J1baa OyaeT HaOIIoAaThCsl Hecoriac-
HOE 3aJIeraHue JICASHBIX CJIOEB U KIMMaTUIeCKHIA
curHan oyaeT uckaxeén [12]. Temnepatypa nbaa
PacCUMTBHIBAETCS CIEAYIOIINM 00pa3oM:

ey

m+2 m+2

az az
j-e ka”(m+2)dz_ Ife kH’”*'(m+2)dz

T(z)=T,-C )

0 0

rae T, — teMIiepaTypa MOBEpXHOCTH JenHuKa, ‘C;
C — BepTUKAJIBHBII TeMIIEpaTypPHBII TpagueHT Ha
noxe negHuka (°C/m), pasusiii GHE/K, 3nech K —
TEIUIONPOBOIHOCTH Jibaa, Br/(M °C); k — Temmepa-
TyponpoBoAHOCTh (M2/ron), paBHas K/pc, rue p —
TUIOTHOCTB Jibaa (920 kr/m3), a ¢ — TEMI0EMKOCTh
npaa, JIx/(xr °C).
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TenaonpoBOAHOCTh U TEIUIOEMKOCTD JibJa,
B CBOIO ouyepelb, 3aBUCIT OT TeMIIepaTyphl:
K=12,55(1—10,0039(T+ 30)); c=1,89(1 + 0,0037 X
X (T'+ 30)) [13, 14]. OTMeTHM, YTO B TUIIMIHOM JIJISI
JICAHUKOBOTO IIMTa AHTapKTHUIBI TEMIIEPATYPHOM
JIVAra30He OHU MOTYT MEHSAThCS B LIMPOKUX IIpe/e-
nax: npu T = —60 °C 3nauenue K = 2,85 Br/(M °C)
u ¢ = 1680 Ix/(xr °C), anpu T=—10 °C 3HaueHUe
K=2,35Bt/(M °C) u ¢ = 2030 Ix/(xt °C). B Hamei
MOJEIU Mbl OepEéM 3HAYCHUS STUX BEJIMYUH, pac-
CYMTAHHbIE 110 CPeIHEMY 3HAYCHUIO TeMIIEPATYPhI B
JIEIHUKE, KOTOpast HEMHOTO MEHSIETCS IIPU U3MEHe-
Huu K ¥ ¢, TO3TOMY ISl OJYYeHUS] OKOHYATEIbHO-
ro pe3yjbTaTa TpeOyoTCs 2—3 uTepaluy pacu€éToB.

Mooeauposanue moaexyasapuoii dugpghysuu 6o
avdy. Pacuér pacnpeneneHUs BO3pacTa U TeMIIE-
paTtypsl Jbaa 1o ypaBHeHUSIM (1) n (2) mo3Bomser
JIETKO BBIYMCIIMTDH TeMIIEPATYPHYIO UCTOPUIO KaK-
JIOTO CJIOS B JICAHUKE, KOTOpAsl OIpeaeIsieT UTO-
TFOBYIO BEJIMYMHY IU(PHY3MOHHOTO CIIIaXKUBAHMUS
M30TOITHOIO cUrHama. JIjisl OueHKU CTereHu aud-
(by3MOHHOTO CTiIaXXuBaHUSI YIOOHO MOJIb30BATh-
cs1 TaK Ha3bIBaeMOM «IIMHOU T hy3nn» [, KOTO-
past IpeAcTaBiseT coboil cpeaHee KBaIpaTUIeCKoe
BEPTUKAJILHOE CMEILEHNE MOJICKYJ BOIbI 32 BPEMSI,
MpoLIeAIIee ¢ MOMEHTa OTJIOKEHUSI JTaHHOTO CJI0ST
Ha MOBEPXHOCTU JICAHMKA W YUCJICHHO paBHOE
CTaHIAPTHOMY OTKJIOHEHUIO B «TayCCOBCKOM» CIJIa-
KUBaloLIeM QWIbTpe, uMerolieM GopMy HOpMalb-
HOro pacrpeneiieHust. Mopaeab nig pacuéra / me-
TaJIbHO orycaHa B padore [6].

Pe3yabTaTni

Bospacm avoa e patione Kynoaa B. B Hamieii on-
HOMEPHOI MOIEIN TP YCIOBUM OTCYTCTBUS HOH-
HOI'O TasgHUS BO3PacT Jbla Ha UCCIeNyeMOM TIy-
OMHE OoIIpemesieTCs NCKIIIUTEIbHO CKOPOCTHIO
akkymyaaouu a. Ilo manusim [10], coBpeMeH-
Hasl CKOpOCTh cHeroHakoruieHus Ha Kymone B
(2,28 r/(cM? ron) Ha 10% Bbllie, 4YeM B pailoHe
craniuu Boctok. Cpennsis 3a 400 Twic. JIET cKO-
pOCTb aKKyMYJISIIMM Ha cTaHUMU BocTok cocTaB-
nsiet 0,0177 m n.3./rox [15]. Ucxons u3 npenmnosno-
>XeHus, 4yTo 10-TpolleHTHas pa3HUlla B CKOPOCTHU
akkymyisiuuu Ha Kynone B u ctaiiuu Boctok ocra-
BaJlaCh HEM3MEHHOI B IIPOIILJIOM, CPeIHEe MHOIO-
JIETHEEe 3HAYeHUE a TSI HaIllMX Pacu€TOB MPUHUMA-
Joch paBHbIM 0,0196 M J1.3./T0/I, YTO COOTBETCTBYET

1,8 r/(cm? roxm). BmecTe ¢ TeM B COOTBETCTBUU C
HOBBIMU TAaHHBIMU, OJIYIEHHBIMU 110 (DUPHOBBIM
KepHaM B paiioHe ctaHuuu Bocrok [16], cpenHss
3a mocaemHue 2000 1eT CKOpOCTh aKKyMYJISIIINA B
3TOM paifoHe coctaBuia 1,8 r/(cm? rox), uro Ha 7%
MEHBIIIE CpeAHEel CKOPOCTH aKKyMYJISIIAM 33 3TOT
K€ MHTEePBaJI BpeMEHHM 110 JTaHHBIM XpPOHOCTPaTH-
rpadpuueckoit mkamsl AICC2012 [15]. C yuétom
3TOTO BeJIMYMHA @ UISI pacuETOB BO3pacTa Jibaa Ha
Kymnosne B takxke moykHa ObITh CHUXKEHA Ha 7% —
10 0,0183 M 11.5./rox (1,68 r/(cMm? rom)).

B Hammx pacuérax MblI MCIIOJIB30BAIM TPU 3HA-
YEHUSI d, YTOOBI IIPOBEPUTDH YYBCTBUTEIBHOCTb MO-
Ieau K u3MeHeHuto atoro napametpa: 0,0183 u
0,0196 M 11.3./roa, a TakXe OOHO 00Jiee BHICOKOE
3HaueHue a, pasHoe 0,0228 M 1.3./ron (3TU 3HaUe-
HUS B 00Jiee IPUBBIYHBIX €IUHUIIAX COOTBETCTBY-
1ot 1,68, 1,8 1 2,1 r/(cM? roz1) COOTBETCTBEHHO).
PesynbraThl pacuéta u3MeHeHUs BO3pacTa Jibia Io
ryouHe B paitoHe Kymnosia B moka3aHbl Ha puc. 2, a.
Kak BumHO 13 rpacduKoOB, IMpY MAaKCUMAJIbHOM 3Ha-
YEHWHU a BO3pacT Jiblla Ha OTMeTKe 60 M HaJ JIokeM
JocTuraeT 1,2 MITH JIeT, Torma Kak pyu MAHUMAaTb-
HOM a OH COCTaBJIsIeT TTOYTH 1,5 MJIH JIeT.

Pacnpeodeaenue memnepamypot 6 aednuxe. I1po-
(bunb TeMIIepaTyphl JibIa Ha JEASTHOM KYTOJie OTpe-
JIeJISIeTCs TPeMsT OCHOBHBIMU (haKTOpaMu: a) Beu-
ynHoit GHF; 6) remneparypoit nosepxHoctu 7
B) CKOPOCTbIO akKyMyisiliu a. CoryacHo [8], Benau-
yuHa GHF B paiione Kyrona B HaxonuTcs B ipese-
nax 50—60 MBT/M2, MOSTOMY Ul HAIIMX PACYETOB
MBI TIPUHMMAEM JBa KpaifHNX 3HAYEHUST 3TOTO rapa-
Mmetpa — 50 1 60 MBT/M2, a U1 TPOBEPKM UYBCTBHU-
tenbHocTH Moznenu K GHF u 3Hauenue 70 MBt/m2.
OuyeBUIHO, YTO CpenHss 3¢ heKTUBHAS TeMIepaTy-
pa MOBEPXHOCTH JieIHUKA T, KOTOPYIO HEOOXOAMMO
HCITOJIb30BaTh B pacy€Tax JJIsl MOJydyeHUsT HaOJIto-
JlaeMOTO pacrpeesieH!s] TeMIlepaTyphl Jibla C IIy-
OMHOI, OTJIMYAETCS OT COBPEMEHHOI TeMIlepaTyphbl
(upHa Ha TIyOMHE 3aTyXaHUs CE30HHBIX Kojieba-
Huii. [TockonbKy sKCTiepUMEHTaNbHBINM TeMIlepa-
TypHbII ipodwis s Kynoja B moka He 1ocTyrieH,
IUI OLIEHKU T, MICTIOJIb30BAaHbI JAHHBIE, UMEIOLIUE-
csl JUISL APYTUX KYIOJOB AHTapKTUAbl. Tak, 3Haue-
Hue T, Ha Kynone C cocrasnsier —60 °C [4], Toraa
KaK COBpeMEHHasl TeMIiepaTypa Ha IJlyouHe 3aTy-
XaHUs CE30HHBIX KojiebaHuit paBHa Tam —54 °C. Ha
Kynone B coBpemMeHHast Temrnepatypa ¢upHa Ha
riyouHe 20 m coctaBaset —58,1 °C [10], ucxons u3
4ero MOXHO IMPEANOJNIOXKUTh, YTO T NOJKHA ObITh
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Puc. 2. Pe3ynbrathl MOaeabHBIX pacuéToB mis Kymona B.

@ — 3aBUCUMOCTH BO3PACTa JIbIa OT NIyGMHEI, PACCUMTAHHBIE [Tl CKOPOCTH HaKoILIeHus baa 1,68, 1,8 1 2,1 r/(cm? rom); 6 — pacrpene-
JIeHHe TeMIIepaTypbl B JIEAHUKE [UIs1 pa3HbIX CLEHApUEB: B CLieHapusiX 1—3 TemmnepaTypa MoBepXHOCTH JeaHuka T u a paBHbl —64 °C u
1,8 r/(cm? rom), a reotepMaibHbIii oToK Teruia GHF cocrabnsier 60, 50 u 70 MBt/M? cooTBeTCTBEHHO; CligHapuii 4: T, u a pasHbl —58 °C
u 1,8 r/(cMm? rom), a GHF— 64,3 MBT/M2, Ipy 3TOM TeMIlepaTypa Ha JIoxe JOCTUTaeT ToukM riasieHns (—1,8 °C); cueHapuil 5 — To xe,
yTO U cLieHapus 4, Ho i a = 2,1 r/(cM? Tox); cLieHapuii 6 — To Xe, uTo JTs cLieHapys 2, Ho st a = 1,68 r/(cM? rox) (Ha puc. 2, 6 clie-
Hapuu 2 1 6 MPaKTUYECKU CIIIIMCH B OTHY JIMHUIO); 6 — paclpeieieHre IUTMHBI Iuddy31r B 3aBUCMOCTH OT BO3pAacTa JibIa IJIsl HEKOTO-
PBIX M30PaHHBIX CIieHapreB (HOMepa COOTBETCTBYIOT CLICHApUsIM Ha pHC. 2, 0); ¢ — TOJIIIHA CJIOSI JIbIA, COMEPKAIIIero BpeMeHHOM MH-
TepBa 40 ThIC. JieT (cuHss KpuBasi) Wi a = 1,8 1/(cM? rox), a Takoke ocabeHye aMIUTUTYIb! (OTHOLIEHYE KOHEUHOM aMILTUTY/Ib! K Ha-
YaJIbHOI) NEPUOANYECKOr0 KoJIeOaHUsI C IUIMHOM BOIHBI 40 ThIC. JIET ISl [IUTMHBI TUddY3UK B IpeBHEM JibIy 5,2 ¢M (OpaHKeBasi KpyBasi)
Fig. 2. The results of model simulations for Dome B.

a — dependence of ice age on depth, calculated for accumulation rate (a) = 1.68, 1.8 and 2.1 g/(cm? year); 6 — temperature distribution in
glacier for different scenarios: in scenarios 1—3 ice surface temperature 7, and a are equal —64 °C and 1.8 g/(cm? year), and geothermal heat
flux GHF = 60, 50 and 70 mW/m?, correspondingly; scenario 4: T, and a are —58 °C and 1.8 g/(cm? year), while GHF = 64.3 mW/m?, the
basal temperature in this scenario reaches pressure melting point (—1.8 °C); scenario 5 is the same as 4, but for a = 2.1 g/(cm? year); scenar-
io 6 is the same as 2, but for @ = 1.68 g/(cm? year) (in Fig. 2, 6 scenarios 2 and 6 are almost merged into one line); ¢ — the distribution of dif-
fusion length as a function of ice age for selected scenarios (the numbers correspond to scenarios in Fig. 2, 6); ¢ — the thickness of an ice lay-
er that contains the time interval of 40 ka (blue curve) for a = 1.8 g/(cm? year), as well as the attenuation (ratio of final amplitude to the ini-
tial one) of the amplitude of a periodic oscillation with the wavelength of 40 ka for the diffusion length equal to 5.2 cm (orange curve)

paBHa —64 °C. [lyist mpoBepKU YYBCTBUTEIbHOCTH
MOZEJIA K 3TOMY MapaMeTpy Mbl TAKXKe UCITOIb3yeM
3HayeHue T, = —58 °C.

PesynbTathl pacuyéToB TeMIEpaTypHOTO IIPO-
¢unsg nokasaHwl HA puc. 2, 6. Hanbonbiee Bius-
HUe Ha TeMIleparypy okasbiBaeT 3HaueHue GHF.
IMpu T,= —64 °C u a = 1,8 r/(cM? rox) Temrepa-
Typa Ha Joxe pacTeéT ot —22,1 no —3,9 °C npu yBe-
andennn GHF ot 50 o 70 MmBt/m? (cuenapum 1, 2
U 3 Ha puc. 2, 6). OTMeTUM, YTO Jaxe MPu MaKCH-

MaJIbHOM IIOTOKE IFe0TepMaIbHOIO TeIlla TeMIlepa-
Typa Ha JIOXe HaXOAUTCS HUKE TOYKU TUIaBICHUS,
KoTopasi ISl TOJIIMHBI Jbaa 2500 M j1.3. (maBjie-
Hue 23 MIla) cocrtaBnsier —1,8 °C. I1pu 3agaHHBIX
3HAYEHMSIX TEMIIEPATyPhl U CKOPOCTU CHETOHAKOII-
JICHUs TOYKA TIIaBJIeHMS OyAeT JOCTUTHYTA IIpU
GHF =72 mBt/m2.

M3MeHeHMe TeMIlepaTypbl OBEPXHOCTH, KaK
caeayeT u3 ypaBHeHUs (2), cABUTAeT BeCh TeMIlepa-
TYPHBII TPOMUITL B CTOPOHY OOIBIINX WJIN MEHBILIMX
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sunavenuii. [lpu 7T, = —58 °C, GHF = 60 mBr/m?
na = 1,8 r/(cM? roa) Temmneparypa Ha JIOXE CO-
ctasasiet —6,2 °C. IIpu Takux 3HaueHusx T, u a
TOYKa IUIaBJICHUS Ha JIOXKe OYAET HOCTUTHYyTa IpU
GHF = 64 mBt/M?2 (cueHapwuii 4 Ha puc. 2, 6), 4To
MMO-TIPEKHEMY IIPEBHIIIACT OLICHKH, IIPUBEIEHHBIC
B pabore [8].

Haxkomnelr, ckopocTb aKKyMYJISILIMM OTHOCHUTEIIb-
HO ¢J1a00 BIMSIET Ha TeMIIepaTypHBIi ITpoDWIb: Ipu
pOCTe @ yBeIMUYMBACTCS aABEKIIUS XOJIOJa CBEPXY
BHU3, YTO HE3HAUYMTEJIEHO YMEHBIIIACT TEMIIEPaTypy
Ha Joxke. B manHoOi1 paboTe B KauecTBe OCHOBHOTO
cueHapus npuHaT caenytommii: GHF = 60 mBt/M2,
a=1,81/(cm?ron), T,= —64 °C. TIpu 310M TemIiepa-
Typa Jbaa Ha Jioxke cocTapisieT —13,1 °C, uro 6Ju3Ko
K OLIEHKaM, IIOJIyYeHHBIM paHee C UCIOJIb30BaHUEM
JIByXMepHoii Moaenu tuHuu Toka VFL [17].

Jauna ougpgpyzuu. Ha puc. 2, ¢ mokaszaHo pac-
npenejaeHue IJUHB TUPGY3Un O pas3TuuHBIX
CLIEHapueB paclpeneJeHus Bo3pacTa U TemIieparTy-
PHI B JIeIHUKE. B KauecTBe HaYaIbHOM IJIUHBI AU(p-
(dysuu /[, Ha rpaHulle NpeBpalleHus GUpHa B JIEN
BeIOpaHO 3HaueHUe 8 cM. OmHAKO, KaK ITOKa3aHO B
pabote [6], 3HaueHue /, MPaKTUYECKU HE BIUSET Ha
UTOTOBYIO JIMHY AUddy3un B ApeBHEM Jbay. st
BCeX cleHapueB ajnHa Aud@y3uu ObIcTpo yObIBa-
eT MpHu yBeJIMYeHUu Bo3pacta abaa A0 100 Teic. JeT
3a CYET YTOHUEHMUS CJIOEB. 3aTeM HAuUMHAETCsl POCT
3TOro MmapamMeTrpa I10 Mepe HaJIbHEMIIero yBelIn-
YyeHHUs BO3pacTa M TeMIIepaTyphl Jibla, COBOKYII-
HOE BJIIMSIHUE KOTOPBIX ITepeBeIINBaeT yMEHbIIIEe-
HUe /, cBsI3aHHOE ¢ yToHUeHUeM cI0EB. [TockobKy /
TECHO CBSI3aHO C TeMITepaTypoii, Ha BEIMUMHY 3TOTO
napaMeTpa MepBOCTEIIEHHOE BIMSHUE OKa3bIBa-
et GHF. [Insg ocHoBHOTO cueHapus (quHuu 1 Ha
puc. 2, 6 u ¢) navHa AU @y3un 1ocTUraeT 3 cM rnpu
Bo3pacTte abaa 1,4 miH Jet. MakcumasnbHas JJ11MHa
Iuddy3un, KoTopast MOXET ObITh JOCTUTHYTA MPU
clieHapuu 4, Korma TeMIiepaTypa Jbia Ha JoXe JI0-
CTUTAET TOYKU IIABJICHUSI, COCTABIISIET 4 CM.

O0cyxknenue

Haubonee BeposiTHbIE 3HAUEHUS 3aJT0XKEHHBIX
B MOJE/Ib TPAHUYHBIX YCIOBUI IPEANONIaramT, YTO
BO3pACT Jibaa Ha oTMeTKe 60 M OT JloXKa CyLIEeCTBEH -
HO TipeBbIlIaeT 1 MJIH JeT (caMoe BEepOosITHOE 3Ha-
yeHue 1,4 MJIH JIeT), MpUYEM TemmepaTypa 3TOTo
Jiba Mo Haubojee BEPOSITHOMY CLIEHApUIO CO-

craBasger —14,4 °C. YToObl HUKHSISI YaCTh JICAHU -
Ka IOCTUIJIA TeMIlepaTyphl IUIaBJAEHUsI, HEOOXOIUM
o4yeHb 6osbwoii (> 70 MB1/M2) reorepManbHbIi
MOTOK TeIlJIa, YTO HEe MOATBEPXKIAIOT UMEIOIINECS
OLIEHKM [8], MJIM HepeaJMCTUYHO BBICOKOE 3HaUe-
HUE TeMIIepaTyphl IOBEPXHOCTHU JenHuKa. Huskme
TeMIIepaTyphl JIbIa TaKXKe CIIOCOOCTBYIOT XOpOIIIeit
COXPaHHOCTY M30TOITHOIO CUTHAJIa MOCJIe ero ya-
CTUYHOTO CIJIAXXMBaHUS MOJEKY/ISIpHON muddy3u-
ein. limuaa muddy3um Bo IbAy Bo3pacToM 1,4 MITH
JIET COCTaBJIsIeT 3 CM I10 Hamboyiee BEpOSITHOMY
CIIECHapHIO 1 4 CM 10 MaKCHUMAaJIbHOI OLleHKE (IIpHu
KOTOPOI TeMIiepaTypa Ha J0XKe JOCTUraeT TOUKU
maBineHus). [lpu [ = 4 cM Bce KBazumnepuomgmuie-
CKM€ BOJIHBI M30TOITHOTO COCTAaBa JIbJa C IIMHOM
BOJIHBI MeHee 10 ¢cM OyayT ITOJHOCThIO YHUYTOXKE-
HBI, ¢ JHoit 10—100 ¢cM — B TOII W1 UHOU CTeme-
HU ocJabJIeH I, a ¢ yTnHoI 6omee 100 cM — mmpakTH-
yecKM He 3aTpoHyThI. [l 1bma Bo3pacTtoMm 1,4 MIIH
JIeT cioit 1baa B 10 ¢cM COOTBETCTBYET MHTEPBAy
BpeMeHU 1,4 ThIC. JIeT, a 1 M JIbIa — MHTEpPBaJLy Bpe-
meHu 13,7 teic. meT. Takum obpaszom, n1updy3n-
OHHOE CIVIAXXMBaHUE TTOJTHOCTBIO COTPET BCE KIIMMa-
TUYECKME KOJIeOaHMS C IEPUOIOM MEHBIIIE ITOPsIIKa
1400 e, Torma Kak OoJiee TJIMHHBIC KOJdeOaHUS
WJIM He OyIyT 3aTPOHYTHI, MJIX MOTYT OBITh YaCTUI-
HO BOCCTAHOBJICHBI C IIOMOIIIbIO METOIUKH «00paT-
Hol muddy3um» [18].

B pab6ote [19] mokazaHO, 4TO JIsT KEPHA, IIPO-
oypenHoro Ha Kymosne C, xapakTepHa «IOIIOJHU-
TeabHas nuddy3usi», Ipu KOTOpoii HabmogaeMoe
1ud@y3ruoHHOe criaaXUBaHUe 3a CUET HeycTa-
HOBJICHHBIX ITOKA IIPUYNH CHJIbHEE TOTO, KOTOpPOe
npearojaraeTcs Moaeabo nuddysuu. s kepHa
ckBaxuHbl 5T ObII0 TTOKa3aHo [6], 4YTO B yCJIOBU-
SIX CTAaHIMHU BOCTOK 3TO HJOMOJHHUTEIHLHOE CIjia-
XKMBaHUE HEBEJIUKO U cocTaBisieT He 6oiee 30%
pacuétHoit BemmunHb /. C ya€ToMm 3TOrO (hakTopa
MaKCHMAaJIbHO BO3MOXHAasI OlleHKa IIMHBI 1uddy-
3uu B IpeBHeM JIbay Kyrmonma B 6ynet paBHa 5,2 cMm.
B snoxy no MPT ngjinvHa OCHOBHOro KiMMaThye-
CKOTO IIMKJIa cocTaBisiia okojo 40 teic. et [3]. Bo
Ay Bo3pacToM 1,4 MaH neT Ha Tiyoune 2440 M
B paitone Kymona B BpemeHHOI MHTepBam IIn-
HoIt 40 ThIC. JIeT 3aKJII0YEH B CJI0€ JIbAa TOIIIMHOMN
okoJjio 290 cM (cM. puc. 2, ). [lpu nauHe BOJTHBI
290 cMm n gnuHe muddys3uum 5,2 cM ociablieHUE
aMIUTUTYObl CUTHAJa cocTaBisieT okoio 0,6% (cM.
puc. 2, ¢). Takum o0pa3omM, MOXHO cAeIaTh BEIBO,
YTO IIPU OTCYTCTBUU CKJIAAYATOCTH U IIepEeMeIlIBa-
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Puc. 3. UcxonHblit (opaHxxeBast Ju-
HUSI) U CTJIaK€HHBIN (CUHSIST JTUHSS)
KJIMMaTUYECKUI CUTHAJI B MHTEpBa-
qe 1,2—1,4 MJIH J1eT, KOTOPbIA MOX-
HO OXMIAThb B TMITIOTETUYECKOM Kep-
He Kynona B.

HJ’IH pac'{éTa CIJIa2KEHHOI'0O CUrHajla uc-
oJib30BaHa IjrHa 1uddys3uu 5,2 cMm
Fig. 3. The initial (orange curve) and
smoothed (blue curve) climatic signal
in the time interval 1.2—1.4 Ma BP
that could be expected in a hypothet-
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HUM CJIOEB B JIEASIHOM KepHE, KOTOPHIi Ipearoia-
raeTcs ToJiyuuTh B paitone Kynona B, momkeH co-
XPAHATBHCSI HEHAPYILIEHHBIN KIMMATUYECKUIA CUTHAJT
BO3pacToM A0 1,4 MJTH JieT.

Ha puc. 3 MBI cMoIenMpoBaan BEPOSTHYIO KITH-
MaTUYECKYIO0 KPUBYIO, KOTOpasi MOXET OBIThb IOJIY-
YyeHa 110 TaKOMY KepHY ApeBHero Jibaa. B kauecTse
CYppOraTHOIO KJIMMaTUYECKOIo CUTHaIa B3SIT U30-
TOTIHBIN PsIA TT0O MOPCKUM JTOHHBIM ocagkam [20],
MpUBEAEHHBIM MO aMIJINTYIE U CpeIHEMY 3Haue-
HUIO CUTHAJIa K KJIMMAaTUYECKON KPUBOU CTaHIIUU
BocTtok [21] ¢ yuéToM pa3sHUIBI U30TOMHOTO CO-
CcTaBa MOBEPXHOCTHOTO CJIOSI CHEra B MyHKTaX CTaH-
uuun Boctok u Kynon B [10]. CornacHo puc. 3, B
npouecce TUPGY3NOHHOTO CTIaKMBaHUSA (popMa
U aMIUIUMTYyIa KJIMMaTUYeCKOIro CUrHajla B paMKax
40-ThICAYENETHETO IIUKJIA COXPAHSIOTCS, HO OoJiee
KOPOTKHE KoJieOaHUs ¢ IePUOIOM IMOpsaKa He-
CKOJIKMX THICSIYU JIET IMMOJHOCThIO JJU0OO0 YaCTUYHO
critaxxuBarTcs. OXuaaeTcs, YTO COXPAaHHOCTb CUT-
Hajla B BepTUKaJbHOM Ipoduie KOHIIEHTpalluu
MapHUKOBBIX Ta30B, KOTOPKIN OyAeT MOJIy4eH 10
3TOMY JIbAy, OyIeT CYLIECTBEHHO JIydllle, YeM s
M30TOITHOTO COCTaBa Oy1aronapsi MEHbIIEe CKOPOCTU
nudhy3ur MOJIEKYJ ra3a Bo JIbIy 110 CpaBHEHUIO C
camoauddy3ueit MoJeKyJ Boabl [22].

3akinoyeHue

BrinmosiHeHHbIE UCCIEAOBAHUS TTOATBEPXKIAIOT
npeamnosoxeHue, uyTo paiton Kymnosna B (79,02° ro.111.,
93,69° B.11., 3807 M Haz yp. MOpsI), pacIiOJIOXKECHHBII
B 300 KM K 3araay oT CTaHIIMU BocTOK 1 SIBNISIIOIIMIA-

T
1350

ic core Ridge B.
To calculate the smoothed signal, we used
the diffusion length equal to 5.2 cm

1
1400

csl HAYaJIOM JIMHUU TOKa JibJa, KOTopas MPOXOAUT
yepe3 ckBaxkuHy 5I, cienyeT paccMaTpuBaTh B Ka-
YeCTBE OJHOIO 13 Haubosiee MepCleKTUBHBIX MECT
JUTSI TIOMCKA 1 MCCIIeI0BAaHMS IpeBHEMIIIero Ha 3emiie
JIbIa Bo3pacTtoM A0 1,5 MiH net. s Hanbosee Be-
POSITHOTO ClLieHApUsI, IPU KOTOPOM CPEIHSST CKO-
POCTb aKKyMyJIsiLuK pasHa 1,8 r/(cM? rom), Bo3pacTt
JIbIa Ha oTMeTKe 60 M HaJ JIOXKeM cOocTaBuT 1,4 MIIH
neT. [1py HepeaTUCTUYHO BHICOKOM CKOPOCTU CHETO-
HaKOIUIEHUH, paBHOii 2,1 r/(cM? rom), 3TOT BO3pacT
OyzneT paBeH 1,2 MJIH JIeT.

TemmnepaTypa Ha JIOoXe MPU BCeX CIEHApUsIX,
MpeanojaralmmxX pealucTUIHbIC 3HAYCHUS TEM-
neparypbl TOBEPXHOCTHU JICAHUKA U BEJIMUMHBI T€O-
TepMaJbHOTO ITOTOKA TeIlIa, He JOCTUTAECT TOYKU
miaBiaeHus. s Hanbosee BEpOSITHOTO CLieHapus
(ckopocTh akkyMyssiumu 1,8 r/(cm? ron); Temnepa-
Typa noBepxHocTu —64 °C; reoTepMaibHBIN TOTOK
tera 60 MBT/M?) TeMnepaTypa Ha JIoXe paBHa
okoJ10 —13 °C, yTo OJM3KO K OLIeHKEe, MOJIydYeHHOMN
10 IBYXMEPHOI MOIENI IMHAMUKHU JieaHuka [17].

MaxkcumanbHas olleHKa «ITUHBI TUhPy3un» B
IPEBHEM JIbIY (JUISI ClieHapus, IpU KOTOPOM TeM-
rnepaTypa Ha JIOXe JOCTUTAeT TOYKHU IUIABICHUS U
KoTOphiit yuuTsiBaeT 30% HOMOJHUTEIbHON TU(d-
¢y3un) cocrannsieT 5,2 cM. I[1pu Bo3pacrte 1,4 maH
JIET TOJIIIMHA CJIOS JIba, ColepKallero B cebe MH-
tepBas BpemeHu 40 Thic. JieT, paBHseTcs 290 cM.
[Ipy1 TaKOM COOTHOIIEHUH IJMHBI BOJIHBI U JUIMHBI
anddy3um ocnadbiaeHme curHana 40-TeicSIYeIeTHETO
KJIMMaTUYeCKOTO HUKJA (T.¢. OTHOIICHUE aMILIM-
TyIbl CUTHAJIA TIOCJIe CTIaXMBaHUS K aMILIUTYIE
1o criaaxuBaHust) coctaBut 0,6%. UHbIMU ciloBa-
MU: G1aromapsi OTHOCUTEILHO HU3KOM TeMIlepaTy-
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pe n1baa, MBI MOXKEM OXMIATh MPaKTUIYECKN HeHa-
PYIIEHHYIO KIMMAaTUIEeCKYI0 KPUBYIO IUIST IPEBHETO
JIbIa B JICASHOM KepHe, KOTOPBIIA KOorma-HUOYIb
yuéHble u3BaekyT Ha Kymnone B. ITpu sToM BbICO-
KOYaCTOTHBIE KOJIeOAHUSI C IJIMHOI BOJHBI MEHEe
1,5 ThIC. 16T OyAyT MOJIHOCTBIO CTEPTHI AU Dy3Ueii.

JanbHeiiiee uccnenosanue Kynona B nipenno-
JlaraeT MPOIOJLKeHNE PEKOTHOCIIMPOBOUYHBIX IIOX0-
OB, HAIIpaBJICHHBIX Ha M3y4YeHHUE IVISIIMOKINMA-
TUYECKNX YCIOBHUIA 3TOr0 PErMOHa M BHIOOP TOUKU
Oynyiero OypeHusi. B HacTosIILMii MOMEHT K Hanbo-
Jiee IIPHMOPUTETHBIM OTHOCSITCS IBE 3amaun: 1) nsyde-
HHE MOMIETHOTO pefibeda B OIMKANUIIMX OKPECTHO-
CTSIX (B pamuyce HECKOJBKUX IeCSITKOB KIJIOMETPOB)
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