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Summary

New data on the distribution of the isotopes 880 and 8D of ice wedges in Central Yamal are presented. In
the summer of 2019, the massive wedge ice was studied in the thermal circus of the third marine terrace. On
the surface of the terrace, polygonal-vein relief is common with a polygon size of about 10-20 m. The largest ice
wedge Ne 1 in the upper part was 1.5 m wide, and its visible depth in the outcrop amounted to 2.3 m. Perpen-
dicular to this wedge, another one Ne 2 was opened with a width of 60 cm, and 20 m from them the wedge Ne 3
was opened along the strike. At the level of the head of the wedge Ne 1, radiocarbon AMS dating was performed
based on a sample of host deposits, which showed that the ice in the upper part was about 13 thousand years old
(the ice age was of 13.6 cal. BP). According to the isotopic characteristics (average values of §'80 = —24.8, and
8D = —187.6 %o), the ice corresponds to the Yamal ice-wedge ice, which was formed during the MIS-2 isotopic
stage (the end of the Late Pleistocene). The isotopic composition of oxygen indicates temperatures of the cold
period of the vein formation from —22.8 to —26.8 °C (on average 7 °C colder than the present-day) and the Janu-
ary temperatures from —34.2 to —40.2 °C (on average 10 °C colder than the present-day). For some ice samples
(11 out of 43), high values of deuterium excesses (d.. = 12+17 %o) were observed, which is unusual for this type
of ice. A few examples of high d.,. values of ice wedges are mentioned in the literature for sections of Seyakha
yedoma, Cape Sabler and Bolshoi Lyakhovsky Island, and note that for the ice dated to the Late Pleistocene.
The deuterium excess values may reflect the unstable climatic conditions of the Late Pleistocene associated with
changes in the vapor source and the trajectories of the air masses over the continent.
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KiroueBsbie cioBa: U30monHbiii cocmae Kuciopoda u 600opooa, delimepuegblii IKcyecc, N08MopHO-KunbHolii n€d, Aman.

MpuBeaeHbl HoBble AaHHble o pacnpegeneHnn §'80 1 8D B NOBTOPHO-KWUbHOM nbay LleHTpanbHoro
Amana. Mo CBOMM M30TOMHbIM XapaKTePUCTUKaM (cpefHie 3HaveHns 8180 = —24,8, a 8D = —187,6 %o) népn
COOTBETCTBYET »KWIbHbIM NbAam fAmana, koTopble GopMMPOBaNNCb B M30TOMNHY0 cTaguio MAC-2 (KoHel
no3gHero nnencToleHa). [lna HeKOTopbix 06Pa3LOB JibJa OTMEYEHbI BbICOK/E 3HAUEHUs [eNTepueBoro
akclecca (dgy = 12+17 %o), UTO HexapaKTepHO AJiA 3TOro Tuna NbAoB. HemHorouncneHHble CBUAETESNb-
CTBa BbICOKMX 3HauYeHUi d,,. B MO3AHENIENCTOLEHOBOM »KWUbHOM Jibly OMUCaHbl B IUTepaType Ana pas-
pe3oB p. Cenaxa, Mmbica Cabnepa 1 0. bonbLwoi JIAxoBCKUIA.

BBenenue BBIX JIBJOB C >KUJIbHBIMU JIbJIaMU U MHbEKIIMOHHBI-

MM LITOKAMM B pa3pe3ax MoJIIpHOI ctaHuu Map-

OnHa M3 caMbIX UHTEPECHBIX YepT Mmoa3eMHbix pe-Caie [1] 1 MpOHMKHOBEHUE KW JibJa B TOJIILY
JbI0B fMana — uX mapareHeTUYeckKoe coueTaHue: IUIACTOBOM JICASTHOM 3a1eXKU B BEPXOBbSX P. MOpIbI-
Hampumep, couyeTaHue TUCIOLMPOBAHHBIX I1acTo- xa [2]. HecMoTpst Ha Xopolyio M3y4eHHOCTh I'e0-
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Puc. 1. Paiion ucciaenoBaHuii
Fig. 1. Study area

KPMOJIOTUUECKHUX yCIOBUI fAMana, maHHBIX 00 U30-
TOITHOM COCTAaB€ XUJILHOTO JIbAA ITOJIy4eHO HEMHOTO.
BennuuHa neifrepueBoro skcuecca d,,, Kak mpaBu-
JI0, CJIYXKUT IOKa3aTeJIeM YCIOBUI MICTOYHUKA BJIarv
(OCHOBHBIX pailoOHOB, TAe (POPMUPYIOTCS BIIaTOHECY-
1I1e BO3MYLIHbIC MACChl), TaK KaK HAIPSMYIO 3aBU-
CUT OT TeMIIepaTyphbl BOIbI I OTHOCUTEIbHOM BJIAaXK-
HOCTHU BO3[yXa HaJ MOPCKOI MOBEPXHOCTHIO [3, 4].
TTockoNbKy XUJIBHBIN TED OOBIYHO (hOPMUpPYETCS
M3 CMECU CHETa M KUIKUX OCAIKOB, BbINAJAIOIINX
Ha CHEXXHBII IMOKPOB B Hauajie BECHBI, KOI/A Tajlble
BOJIBI ITOTIAJAI0T B MOPO300OMHYIO TPEIIUHY, €T0
M30TOITHbIE XapaKTEPUCTUKM OTPAKAIOT U30TOIHbBINA
cocTaB aTMOC(EpHBIX 0CaIKOB 3UMHETO (1 YacTUY-
HO BECEHHET0) ce30Ha. DTOT (pakT — OCHOBHAs TIpe-
MOCBUIKA [UIS UCTIOIb30BaHU 3HaYeHuit 880 mpu
PEKOHCTPYKIMY 3UMHHMX IMAJICOTEMIIEPATyp MO I10-
BTOpHO-XIbHBIM JbaaM (IT2KJT) [5]. bazoit nnsa Heé
CJIY>KWT 3aKOHOMepHas cBA3b 3HaueHuit 830 B ocan-
Kax ¢ TeMIIepaTypoil MpU3eMHOT0 CJIost Bo3ayxa [6].
IlepBbIMM paboTaMM, B KOTOPBLIX U30TOMHBIN CO-
CTaB KMCJ0pO/a JISASTHBIX KT UCIIOIb30BaJICs /IS Ma-

JIeOTeMIIepaTypHBIX TIOCTPOSHUI, ObLIN UCCIICIOBAHNS
®. Maiixna, JIxx. Makkas n F0.K. Bacumbayka [7—10].
[TaneopeKOHCTPYKIINK TEMITEpaTyp 3UMHETO Tieproaa
no I12KJI B 0CHOBHOM BBITIOJTHSIFOTCS TIO M30TOITHO-
MY COCTaBY KMCJIOpOIa XWJI, IIOCKOJIBKY OH OTpakaeT
KIMMaTAYeCKII CUTHAJI 3MMHET0 ce30Ha. M30TOmHbII
COCTaB BOIOpOAA paHee Majio MCIOJIb30BaICs, KaK
MPaBUJIO, YTOOBI ITOKA3aTh COOTBETCTBUE 3HAUCHUIA
830 1 8D XWIBHOTO JIbIa NIOOATLHOI TMHUU METEO-
PHBIX BOI 1, TAKUM 00pa3oM, BaJIMIHOCTD I1aJIe0TeEM-
nepaTypHOII MHTepIpeTaluy. B mocieqHue rombl mo-
SIBJISIETCST BCE OOJIbIIIE JAHHBIX 10 M30TOITHOMY COCTaBY
BOJOPOA XKW pa3Horo Bo3pacta [11—18]. Bapuauuu
BEJIMYMHBI JeiiTepreBoro skcuecca dg,, B XKUJIBHOM
JIbJYy MOTYT yKa3blBaTh Ha: 1) U3MeHeHUEe COOTHO-
IIEHUST 3MMHMI CHET/BECEeHHME OCAIIKU, IIOCKOIbKY
B pa3HbIe Ce30HBI WX IIEPUOIBI BpeMEHU TPELIUHBI
MOTYT 3aIOJTHSTHCS JIMOO0 TAJIOM BOMOM, TM00 CHETOM,
KOTOPBII B pPa3HOM CTETICHN MOXET OBITh IIPOMOYEH
TaJIBIMU BOIAMM WJIM XXUIKMMU aTMOC(EPHBIMU OCaf-
KaMM; 2) UBMEHEHHSI B UCTOUHUKE OCAIKOB WU Tpa-
EKTOPUSIX MX ITOCTYITICHUSI, YTO IIPSIMO BJIMSIET Ha JACii-
TEPUEBBII 9KCIIecC aTMOCEPHBIX OCAIKOB PETOHA.

3anaun JaHHOU paboThl — OMPEACTUTb U30TOITHbIC
XapaKTePUCTUKN CUHTCHETUYECKOTO ITO3MHEIIIeICTO-
LIEHOBOT'O TIOBTOPHO-XWILHOTO Jibaa (8'80, D) u pac-
CMOTpPETh BapyalliK JaeiiTeprueBoro akcuecca. OObEeKT
uccnenosanust — [TKJT LHenrpanbHoro fImana (paiton
Hay4YHO-MCCJICIOBATE/IECKOTO CTallioHapa «BachbKIHEBI
Jlauil» ), BCKPBIThbIE B OOHAXKEHII TEPMOLIMPKA TPEThei
MOPCKOIi Teppackl. Ha TToBepXHOCTH 3TOI Teppackl C
BBIpaXKEHHBIM ITOJINTOHAIBLHBIM pesibeOM B paiioHe
cralmoHapa «BacbKuHbI Jaun», BOIM3M boBaHeHKOB-
CKOTI'0 Ta30KOHAEHCATHOTO MECTOpOXKIeHus (puc. 1,
puc. 2, a), Ha LlenTpansHom SIMane pacnpocTpaHe-
HbI TepMOAeHYAaUOHHbIE (DOPMBI pesibeda (TepMo-
LIMPKK), B CTEHKAaX KOTOPBIX BCKPHIBAIOTCS IIaCTOBBIE
neasHble 3anexu u T12KJI. B oqHOM 13 TepMOLIMPKOB
(70°13'57,632" c.u1., 69°0'58,485" B.1., No 4a B paGo-
Te [19]) Ha BbICOTE MECTHOCTH 28 M Hal yp. MOps MO,
CJI0eM CYIJIMHKA MOLIHOCTBIO 1 M ObLUTA BCKPBIThI CUH-
reHetnueckue [12KJI, mapareHeTUYeCKM 3ajieraroliye B
TTACTOBBIX JIbJIAX.

Marepuajbl 1 METOIbI
Ha moMeHT onnpo6oBaHMsI MOIIIHOCTh OOHAXe-

HUA, BCKPbIBAIOIEI0 COYETAaHUE HECKOJIbKUX KNJT
JibJa U BMEIIAI0IMX MX I1JIaCTOBbLIX JbJOB, COCTaB-
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Puc. 2. Cxema onpo0oBaHUS XUJIBHOTO JIBIA:
a — KOH(bUTYpaLKs MOJTUTOHOB M MECTOIOJIOXKEHME XK B TepMOLIMpPKe; 6 — XKWkl Ne 1 1 2; 6 — xkmma Ne 3; IpepbIBUCTOM JIMHM-
eif mokasaHo repecedyeHue X1 No 1 u 2

Fig. 2. The scheme of sampling of ice-wedge ice:
a — configuration of polygons and location of ice wedges in the thermal circus; 6 — ice wedges Ne 1 and 2; ¢ — ice wedge Ne 3; the
dashed line shows the intersection of ice wedges No 1 and 2

ngna 3 M. [TnacToBelil A€M TpeacTaBiIsiia coOO0 ropu-
30HTAJIbHO-CJIOMCTYIO MAYKY JIEIOTPYHTa, B KOTOPbIIA
Ha TIyoMHY 2,3 M IPOHMKAJ KWIbHBIN 1&a. MuHe-
paibHasI COCTaBJISIONIAS TIACTOBOTO JIbJA IPEICTaB-
JIEHa CephIM CYIJIMHKOM, B KOTOPOM ObljIa paccesHa
MeJIKasi opraHuka. Takue ocaakyl TUITMYHBI JJIs TOH -
HbIX OTVIOXKECHUI MEJIKHX 03EP, KOTOPHIC Ype3BbIYali-
HO IIMPOKO PACIPOCTPaHEHbI HA BLIPOBHEHHBIX I10-
BEPXHOCTSIX MOPCKUX Teppac SAmamna [20].

JIBe XUJIbl ObUIM BCKPBITHI BKPECT IMPOCTUPA-
HUSI, OIHA — B IIPOAOJIBLHOM CEUCHUU, pa3Mep CETKU
MOJUTOHOB cocTaBsii okojo 10—20 m. ITonuro-
HaJIbHBIM pejibed U CeTKa IMOJIUTOHOB XOPOIIIO MPOo-
CMAaTPUBAIOTCS C TTOBEPXHOCTHU 3a CYET MPOIECCOB
TepMOKapcCTa T10 JISASTHBIM XuJiaM (CM. puc. 2, a).
Kunel umeror 4€TKyo KIMHOOOpa3Hyo Gopmy.
Crou BMEIIAMOIINX XWIbl OTJIOXEHUM MIaCTOBO-
ro Jbaa (JIegorpyHTa) MMEIOT BhIpaXKeHHBIN U3TU0
BBEpPX Y KOHTAKTa C JICASHBIMU XKUJIaMU, TTOBTO-
psist KOHQUTYpaLUIO TOAOIIBBI CE30HHO-TAJI0r0
cnost (CTC) B moMroHaabHBIX BaHHAX BO BpeMsI Ha-

KOIUTeHUs B HUX oTinoxeHuit u pocta IT2KJI. [upu-
Ha xwibl Ne 1 B BepxHeit yactu — 1,5 M. OnipoboBa-
HUE XWIBHOTO JIbAA BBIMOJHSIIOCH [0 TOPU30HTAIN
(o0p. IW-21—-1W-30) u Beptukanu (oop. IW-31—
IW-43). Taxke ObLT 0TOOpaH 0Opa3ell JIbIa U3 KUIbI
BTOPOIi TeHepaluy MOJIUIOHa, KOTopasl IIpoCTupa-
JIach MePIIeHIUKYJISIpHO ke No 1 1 uMesia IupuHy
okoy10 60 cM (00p. IW-44). XKunbHblil €1 ObLT YK-
CTBIM, IIPO3PaYyHbIM. BMeIatomuii Ky Je10rpyHT
ObLT 0TOOpaH Ha paccTossHUU 50 ¢M OT JIeBOro Kpas
KUJBI (CM. puc. 2, 6) Ha OJHOM YpPOBHE ¢ obOpa3slia-
MU XWJIBHOTO JIba TOPU30HTAILHOTO 0TOOpa IS
panunoyriepogHoro AMS-agaTupoBaHus.
OcobeHHOCTh pa3pe3a — Manas 3aTopdoBaH-
HOCTh BMEIIAIOIINX OTJI0XeHU. Hu B mmepekphI-
BalOIIMX CYIECSX, HA B JICIOIPYHTE HE BCTPEUYEHO
TOp(SAHBIX TIpOciioeB, To3ToMy AMS-natupoBaHue
BBIIIOJIHEHO MO 00IIeMYy OpraHM4ecKoMYy YIjiepo-
oy (TOC — total organic carbon), mpeacTaBiIecHHO-
MY MEJIKUM ACTPUTOM M YaCTUIIAMU XOPOIIIO pa3-
JIOXXUBIIEHCS opraHuku. B 20 M oT onmpoOGoBaHHBIX
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Usotonusiit cocras kucnopopa (8'80), somopoma (8D) u d
HOBTOPHO')K]/UI])H])IX IbIO0B

exc

Howmep o6pasua ‘ I'ny6una, m ‘ 8130, %o ‘ 8D, %o ‘ Qeyer %0

Kuna No 3, no eopuzonmanu om npasoeo kpas

IW-1 0 —25,6 | —194,2 | 10,3
IW-2 15 —-26,1 |—199.2| 9,6
IW-3 30 —25,7 | —197.3 8,2
Iw-4 45 —25,7 | —195,3] 10,0
IW-5 60 —254 | —192,7| 104
IW-6 75 —-26,1 |—199,4| 9,1
Iw-7 90 —25,3 | —195,0 | 7.8
IW-8 105 —25,4 | —195,1 8,4
IW-12 120 —25,3 | —193,3 8,9
IW-13 135 —24.8 —186 12,4
IW-14 150 —24,8 | —180,9 | 17,4
IW-15 165 —23,5 —175 13
IW-16 180 —24,9 —184 15,2
Kuna No 3, no enybune om nogepxnocmu
IW-9 130 —25,2 | —194,7 6,9
IW-10 120 —25,0 | —193,1 7,1
IW-11 110 =251 |—192,6| 7,9
IW-17 180 —26,1 —195 13,8
IW-18 160 —24,5 | —184,6 | 11,4
IW-19 175 —25,1 | —186,4| 144
Kuna No 1, no eopuzonmanu om aeoeo Kkpas
IW-21 0 —25,0 | —185,7| 14,5
IW-22 15 —25,9 | —191,0 | 16,1
IW-23 30 —25,1 | —1859| 14,8
IW-24 45 —25,0 | —183,7| 15,9
IW-25 60 —23,3 | —180,2| 6,3
IW-26 75 —25,0 | —193,1 6,6
IW-27 90 —26,2 | —203,1 6,7
IW-28 105 —25,7 | —1944 | 114
IW-29 120 =22,7 | —170,9 | 10,7
IW-30 135 —21,2 | —157,5] 12,2
Kuna Ne 1, no enybune om nogepxnocmu
IW-31 140 —249 | —190,2 | 9,2
IW-32 155 —24,5 | —187,7 8,5
IW-33 170 —24,6 | —187.3 9,7
IW-34 185 —24,1 | —183,0 | 10,1
IW-35 200 =241 | —182,2| 11,0
IW-36 215 —23,9 | —181,0| 9.9
IW-37 230 —23,1 | —176,1 8,6
IW-38 245 —=23,0 | —174,1| 10,1
IW-39 260 —22,9 | —174,8 8,7
IW-40 280 —25,0 | —190,4| 9,6
IW-41 305 —26,0 | —198.8 9,0
IW-42 330 —25,7 | —196,5 8,8
IW-43 355 —25,2 | —191,2 | 10,1
Kuna Ne 2
IW-44 150 | -23,0 |[-1745] 97

Ilnacmosutii 260, emewarowuii ncuny Ne 1

IW-20 160 | —22,6 | -168,5] 12,0

kvt Ne 1 1 2 BCKpBIT (parMeHT XKuiabl Ne 3 B mpo-
IOoIbHOM ceueHUM. B mnane xuma Ne 3 pacriooxe-
Ha cyomapajuienbHo Xuie Ne 1 1 nmeprneHIuKysap-
Ho xuie Ne 2. 2Kwmma Ne 3 oOHaxkaeTcsT Ha BEpXHEM
KOHTaKTe (roJI0oBa XXUJIBI) C IIePEKPHIBAIOIINMU €€
CyHecsIMH, KOHTaKT TOPU30HTAIbHBIN YETKUM, JIEN
JKWJIBI B 3TOM (pparMeHTe YMCThINA, OeJIbIid, My3bIp-
yaTblii. BckpbiTasg B 0OHaXXeHUU MOILIHOCTD (ppar-
MEHTa COCTaBMJIa 3 M IO IIMpUHE U 1 M 1o IiryOouHe.

JI€n sToro (pparmeHTa OTOMpPAICS IO TOPU3OHTA-
i (00p. IW-1—IW-8 u IW-12—IW-16) u BepTuxkanu
(06p. IW-9—IW-11 n IW-17—IW-19). Paccrosinue
MEXIy 00pa3laMy 110 TOPU3OHTAIN 1 BEPTUKAJIN CO-
ctaBisuio 15 cM. OOpasisl JbJa BEICBEPIUBAIN aJl-
Ma3HOI KOPOHKOM ¢ MCITOJIb30BaHUeM apenu Metabo
BS 18 LTX Impuls, momMemnianm B INIACTUKOBBIC 3UTI-
MaKeThl, a 3aTeM pacTaIUIMBaJIM U IIePEIMBAIN B IIPO-
OMpPKHU, KPBIIIKA KOTOPHIX TepMETU3UPOBAIHN TIa-
pacduHOBOM JIeHTOI. AHaIN3 U30TOITHOTO COCTaBa
KHCJIOpPOJa 1 BOAOPOAA BEIITOJIHEH B M30TOITHOM J1a-
0oparopun Poccniickoro XuMmKoO-TeXHOJIOTUIECKO-
ro yuupepcuteTa uM. .. MeHaeneeBa Ha aHaIMU3a-
tope Los Gatos Research Triple-Liquid Water Isotope
Analyzer (LGR T-LWIA, Model 912-0050). U3me-
PEHHBIC BEJIMYMHBI KaTMOPOBAaHKI 1 IPUBEACHEI OT-
HocutenbHO V-SMOW. TouyHOCTb U3MEpEHUIN —
0,1 %o JUJIS 6180 ul %o JLTSL oD.

Pe3yabTaThi

3HaueHnus 6'%0 u 6D nbaa Xui U3MeHAI0TCA
or —21,2 no —26,2 %o u or —157,5 no —203,1 %o
COOTBETCTBeHHO (Tabauua). CpenHue 3Haye-
Hust: 8180 = —24.8 u D = —187,6 %o. Benuuu-
Hbl d.,. — OT 6,3 10 17,4 %o npu cpeaHeM 3Haye-
Huu 10,5 %o. Bce monyyeHHbIe 3HAYEHUST MOXHO
oIMcaTh YpaBHEHUEM JIMHEMHOW perpeccuu
8D = 8830 + 10,5 %o (R?=10,9). ITpu 310M Tpadu-
yecku o6pasubl I12KJI B 0CHOBHOM COOTBETCTBYIOT
JIMHUU MeTeOpHBIX BoA. YacTb o6pa3uoB (11 u3 43),
B KOTOpPbIX BeanuunHa d.,. > 10 %o, Ha u3oTonHoMi
avarpamMme (popMUPYIOT TOUKHM, paciioyiararoniiecs
BBILIE IMHUM MeTeOpHBIX BoA. 1o 0Opa3iry IW-20 Ha
YpOBHE ToJIOBHI KUkl No 1 Obl1a nmoaydyeHa paguo-
yriaepoaHast naTupoBka 13,6 ThIC. KaJIMOPOBaHHBIX
net Hazan (IGAN, s 7698) no obuiemy opraHuye-
ckoMmy yriaepony (TOC total organic carbon). DTo
MO3BOJISIET ClIeJIaTh BHIBOI, YTO BO3PACT OMPOOOBAH-
HOTO KWJIbHOTO JibAa 13 ThIC. JI.H. WX CTapliie, T.€.
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BpeMsI KOHIIA U30TomnHOM ctaguu MUC-2, nnus-
mreiicst ot 29 mo 11,7 kanuOpoBaHHBIX ThIC. J1.H. [21].

IMonyyenHele Hamu 3HadeHus 680 u 8D npna
YUCJIIEHHO COOTBETCTBYIOT BeanuuHaM &80 u 6D
MMOBTOPHO-XMJIBHEIX JTbIOB SIMana M30TOITHON
cragun MUC-2 [16, 22, 23]. [1oBTOPHO-XKUJIb-
Hbl#1 n€n CeIXMHCKOM eIOMBI ITO3IHEeIICCTO-
meHoBoTo Bo3pacTta (ot 23 go 15 TeIC. J1.H.) Xa-
pakTepusyercs 3HaueHuamu 020 ot —23,4 nmo
—26,6 %o [22]. Bo3pacT mOBTOPHO-KUIBHOTO JIbIa
BOJIM3Y NojsipHOM ctaHMu Mappe-Cajie OlLieHEH B
24—11 thIC. II.H. [ 16], OH XapaKTepU3yeTCsI CPeIHUM
3HaueHueM 880 = —24,1 (ot —21,43 1o —27 %o) n
0D = —184,9 %o (ot —161 mo —208 %o) [23]. Oxn-
Hako d,,, B 9TOM JIblly HE JOCTUTAET MOJYyYEHHBIX
HaMM 3HaYE€HUi, OH nu3MeHsieTcs ot 5,8 1o 12,2 %o
U B cpeaHeM cocrasisier 8,1 %o [23]. BooOiiie, BbI-
cokue 3HaueHus d., . B [12KJI — penkocTb He TOJIBKO
Ha SIMmanie, HO U B OOJIBIIMHCTBE U3YUYEHHBIX pa3pe-
30B KPUOJMUTO30HBI ApKTUYECKOT0 odepexkbst Poc-
CHUU, MPUUYEM HE TOJBKO B ITO3AHEIICHCTOLIEHOBOM,
HO U B ToJiolieHOBOM jbay [11—13, 18].

O0cyxKaeHue pe3yJbTaToB

O ToM, uto uzydyeHHble Hamu TT2KJI oTHOCSTCS K
CUHTEHETUYECKMM, YKA3bIBaIOT BhIPAKEHHBIN N3N0
BBEPX Y KOHTAKTa C JISASHbIMU XKUJIaMU BMELIAIOLIUX
OTJIOXKEHMH (M MauKHy IJIAaCTOBOTO JIbAa) U Iyrooopas-
HOE BBITMOaHNE BHU3 MEXIY KUJIaMU, YTO ITOBTOPSI-
eT KoHpurypaiuio nojgoisbl CTC B moIUMroHaaIbHBIX
BaHHaX BO BpeMsI HAKOIUJICHUSI B HUX OTJIOXKCHUI 1
pocta IT2KJI. dpxo BeIpakeHHasl MOJMTOHAJIbHOCTh
MOBEPXHOCTU BEAET K AuddepeHIMaluu 00BOIHEH-
HOCTU U BiaxHocTu oTiaoxeHuit CTC, rinybuH ce-
30HHOIO OTTaMBaHUS U HAaKOIUJIEHUS ocaaka. B pe-
3y/bTaTe MOSICKU U JIEASHbIE IIUTUPbI B 0OBOAHEHHBIX
MOJIUTOHAIBHBIX BAHHAX MTPUOOPETAIOT U3rM0, MOBTO-
psast KoHdurypauuio onoissl CTC [24, 25].

ITo HameMmy MHeHM10, JeaorpyHT u ITT2KJI dop-
MHUPOBAJIUCH B MepeyBAaKHEHHBIX 03EPHBIX OTJI0-
JKEHUSIX B YCIOBUSIX MEJIKOTO 03epa WJIM Ha Kpalo
oOmeneBuero osepa. O3épa yacto MOTYT Me-
HSATh CBOM KOH(MUTYpalLlMK, IIepeMelIaThbCcsT U Me-
JIETh U3-3a aKTUBHBIX MPOLIECCOB 2po3un. Benu-
yunbl 880 1 8D mnuacrosoro nbaa (06p. IW-20,
cM. Tabnully), yuciaeHHo oauskue K [12KJI, moryT
KOCBEHHO YKa3bIBaTh Ha TO, YTO B MOMEHT (hOpMU-
poBaHUs TIJIACTOBOIO JibAa B 00CTAHOBKE MEJKOTO

o3epa UM YaCTUYHOI 3a03€pEeHHOCTU ObLI BbIpa-
JKeH TepPMOKapCT MO yXe chOpMHUPOBAHHBIM JIEAsI-
HBIM XXWJIaM M XXUJIbl YaCTUYHO IIPOTAasIN, 100aBUB
M30TOITHBIN CUTHAJI XXWJIHBHOTO JIbIa B IIOBEPXHOCT-
HYIO Bomy. 3aTeM, IIpY JajlbHelIeM oOMeJIeHNN
U TIEpeXOoJe YaCTU BOJbI B IJIACTOBBIN NED, BO300-
HOBUJICS 1 00Jiee aKTUBHBIN POCT XWI. 3HAYCHUE
8180 = —21,2 %o, moaydeHHOE Ha KParo KIWIbI (00p.
IW-30), — oTHOCUTENBHO BBICOKOE IO CPABHEHMUIO C
IPYTUMHU OIIPeNeEHHBIMU 3HAYCHUSIMU T10 KUJTh-
HOMY JIbIY U, BEPOSITHO, CBSI3aHO CO BTOPUYIHOI ce-
rperauyen BAoJb KOHTAKTa C KUJIOM.

OnuH U3 ciIy4aeB cOYeTaHUS B pa3pe3e Topu-
30HTaJIbHO-CJIOMCTOTO IIJIACTOBOTO JIbAA M CHHIE-
HETUYECKOTO ITOBTOPHO-XXMJIBHOTO JIblla OIMCaH
B BEPXOBbsIX p. Mopabisgxa [2]. ABTOpHI AejaloT
BBIBOJI, YTO B KPaeBBIX YACTIX 03E€p MOIIU (popMHU-
pOBAaTbCSI CUHTEHETUYECKHE ITOBTOPHO-XKIJIbLHEIS
JIBIBI, 00pa3ysl MapareHes3 IJIACTOBBIX (BO3ZHUKIIINX
13 03EPHOI1 BOIBI CerperalliOHHBIM WA MHBEKIIH-
OHHBIM MEXaHM3MOM) 1 JKUJIbHBIX JIBIOB.

Ilaaeomemnepamypot. 110CKONBKY M30TOIIHBIMA
cocTaB kuciopona [12KJI ycrentHo npumeHsieTcst 1Jist
pacuéTa IajeoTeMIiepaTyp, HeOOXOIUMO PaccMO-
TpeTh, KaKne TeMIIEPaTyphl ITOKAa3bIBAIOT YCTAHOB-
JeHHble HamMu Bapuauuu 0'80 B xwmnax LleHTpanb-
Horo SImana. Haubonee 6iu3ku no seanuuse 80
K U3y4EHHOMY HaMMU JIbAY IIOBTOPHO-KWJIbHBIE JIbIBI
CegxuHckoro paspesa (puc. 3). CHauana CesaxuH-
CKMIi pa3pe3 ObLI JaTUPOBAaH 110 BMEIIAIOIINM CY-
NJIMHUACTBIM OTJIOXKEHUSIM, U Hanbosiee OJIM3KIMU KO
BpeMEHU HaKOTUICHUSI OTJIOXKEHUI TPEThell Teppachl
ObLIM MPU3HAHBI JATUPOBKU 25 U 26 ThIC. €T [26].
DTO MO3BOJMIO CYUTATh, UTO CYTJIMHKM TpETheil
Teppachl, BMelamine 1 nepekpoiBatorive T12KJI,
dopmupoBanuck oT 25 g0 20 ThIC. JI.LH. U HECKOJIb-
KO Mo3aHee. 3aTeM ObLIM MOJYYeHbl PaauOyTaepo-
HbI€ TaTUPOBKMU I10 aJUIOXTOHHOMY TOP(Y, KOTOpPbIE
nokaszanu, uto Bpems dpopmupoBaHus [TKJT Cesa-
XWHCKOTO pa3pe3a OTHOCUTCS K MEepUoay 3aBepliua-
JOLIEro LMKJIa MO3AHEeIIeCTOLIEHOBOTO KPUOXPOHA
W XUJIbI OPMUPOBATIUCH OT 23 10 15 ThIC. J1.H. [26].
3navyenus 680 B CesAXMHCKOM Xujle BapbUPYIOT OT
—23,15 no —26,63 %o, cpenHee 3HaYeHUE COCTAB-
asiet —24,75 %o. B pabote [22] Ha OCHOBE 3TUX U30-
TOITHBIX TAHHBIX CIEIaHbl OLIEHKU CPETHESTHBAPCKUX
TeMreparyp Bosayxa nepuona 23—15 (18) Teic. J1.H.,
KOTOpbIe HaxoadaTcs B mpenenax —35 +~ —39 °C.

10.K. BacunbuykoM Ha OCHOBE COTIOCTaBIEHUS
COBPEMEHHBIX TeMIIepaTyp BO3ayxa 3UMHETO Tepu-

- 141 -



llaneoznayuonoeusa

-130 - - | |
| ] .
P! 1 W\G
140 - . ! :
2.9 ! ;
-150 1 " : 2 | ot
. B |
] 1
> 160 : ! ! B2
] 1
% 170 4 - | 03
A : m4
S 804
\8 ] 1 ;
°. 190 1 : IDKUL: 3D = 813150 + 10,5 %
o ; : o D %o
= ! ' R?=10,9
-200 - : | :
210 1 | | !
. | | !
220 LI - —! . . .
28 26 24 2 20 18

3120, %o V-SMOW

Puc. 3. CootHotenne §D—3'80 m1s nbna 3ydeHHBIX (DPArMEHTOB OJIUTOHATBHO-KIIBHBIX JIbI0B (TTKJIT):
1 — w3 xunel Ne 3; 2 — m3 xxwiel Ne 1; 3 — mnactoBbiii 1€a, BMematomuii TTKJT Ne 1; 4 — u3 sxunsl Ne 2; 5 — nuamna3oH u3MeHe-
Hus BennuuH 8'80 nosnHereiicToueHoBbIx TTXKIT CestxHCKOI enoMbl B paboTe [22]; 6 — AMana3oH n3MeHeHus BeauduH &80

no3nHeruieiictouieHoBbIX [12KJI Mappe-Caie B padore [23]

Fig. 3. The 8D—8'%0 relationship for the studied ice-wedges:
1 — from the ice-wedge Ne 3; 2 — from the ice-wedge Ne 1; 3 — massive ice near the ice-wedge Ne 1; 4 — from the vein Ne 2; 5 — the
range of 8'80 values of the Late Pleistocene ice-wedge of Seyakha [22]; 6 — range of 8'80 values of the Late Pleistocene ice-wedge

near Marre-Sale station [23]

o/la, CaMOT0 XOJIOJTHOTO Mecs1la 3UMBI (STHBapsi), U
M30TOITHOTO COCTaBa KUCIOPOJa JIeMEHTAPHbIX JIe-
JOSTHBIX XXUJIOK ObUIU MPEIIOXEHBI MpsiMble (Gop-
MYJIBI JUIST pacuy€Tta TeMmriepaTypbl 7' 10 BEIUYMHAM
830 [10]. 3aTeM ObLIM OMYOIMKOBAHBI €1IE HECKOJIb-
Ko ypaBHeHwmit perpeccun T — 8180 [27, 28]. Bee atn
3aBUCHMMOCTU paccMOTpeHbI B 0030ope T. Onens [5].
ITpu ncnonw3oBanuu ¢opmyasl 0. K. Bacuabuyka
JUTSL CpEMHET0 3HaYeHUs rccenoBaHHbIX Hamu TT2KJT
8180 = —24,8 %o cpenHe3nMHASA TEMIIEPATypa BO3-
JyXa BpeMeHM (POpMUPOBAHUSI KUl OLICHUBAETCS B
—24,8+2 °C, cpenHestHBapckast — B —37,213 °C. Ort-
MeTuM, 4To B 0030pe T. Oresisg oimmboYHo yIIoMrUHA-
ercs 3Ta popMyisl (880 = T42) Kak 3aBUCUMOCTD,
XapaKTepu3ylolasl CBSI3b N30TOIMHOIO COCTaBa KMC-
JIOpoJia XXKWJI ¢ TeMIlepaTypaMu BO3ayxa Iepuoaa ¢
Jnexkadps mo ¢geBpanb. OnHako gaHHas (opmysa 1mo-
JydeHa JJIs KJIMMATU4YeCKOro 3MMHeETo (He KaJleH-
JapHOTO) Meproa, T.e. AJII XOJIOAHOTO Mepruoaa — C
OKTsI0ps 1o Mait [10].

bonee no3nHue nepecyETh Mo OOIBITOMY O0BE-
MY OIyOJIMKOBaHHBIX 3HaueHui §!80 mo TTKIT [27],
C OJHOUW CTOPOHBI, MOKA3aJIU XOPOIIYIO JUHEW-

HyI0 CBA3b O'80—T 11g 6G0NBLIOTO MaccHUBa AaH-
HBIX (OCOOEHHO, €CJIM alIpPOKCUMHPOBAThL 3HAUYE-
Hud 8'80 no ITKJT Takux yaanéHHbIX APYT OT Ipyra
pa3pe3oB, Kak, HarpuMep, -oB SAAman u o. Korenb-
HbIif), a C APYTOl CTOPOHBI — TOCTATOUYHO OOJIb-
1I0¥ pa30dpoc 3HAYeHUII OTHOCUTEIbHO JIMHEM-
HOM amIpoOKCUMAILIMU IJI51 OTACJIbHBIX PAaiOHOB
(4TO BBIPA3UIOCHh B TOM YMCJIe B BEIMYNHE KO-
¢uuMeHTa 10CTOBEPHOCTH JMHENHON ammpoK-
cumatmu R? = 0,75 u 0,67 11 T, g0 ¥ Tyopnep
COOTBeTCTBEHHO). OTaeabHO A1 SAMaja paccuu-
TaTh 60Jiee TOUHYIO 3aBUcUMoOcTb 8!180—T, ckopee
Bcero, HeBo3MoXkHO. Eciiu paccMmaTpuBaTth omy011-
KOBaHHbBIE TaHHbIC MO SIMay 11 COBpEeMEHHBIX
JISASTHBIX XKMJIOK, TO MOXXHO BU/I€Th, YTO HE BCE 3HA-
yeHnsd 880 MOXHO UCIOIb30BATh KAK COBPEMEH-
HbIE, IMOCKOJbKY OHU HEKOPPEKTHO COTJIACYIOTCS
JIPYT C IPYTOM U ¢ TeorpacuyecKuM IMOJOXEHUEM
y4acTKOB onpobosBaHusd. Beanunna 880 midg co-
BpeMeHHo# kunku B Mappe-Cane, cocTaBuBILIast
—14 %o [16, 27], BO3MOXHO, KOHTAMUHUPOBAaHA CO-
BPEMEHHBIM TEKCTYPHBIM JIbIAOM (KOTOPBI MUMEET
6osee BoIcokue 3HaueHud 880, uem ITKJT).
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Tak:xe BEepOSITHO, YTO OIIPOOOBAHHBIE COBpE-
meHHble T12KJI B nonuue p. lyybss KOHTAMUHU-
pOBaHBI TOJOLIEHOBEIM TbaoM MUC-1. YcraHoB-
nAeHHas BequunHa 880 = —18,2 %o [10] ckopee
TOJIOLICHOBAsI, a He COBpeMeHHasI, IIOCKOIbKY T'e0-
rpaduyeckoe nojoxkeHue ooHaxkeHust Ha p. [lyubs,
VIUTHIBAsE M30TOITHOE OOemHEHME aTMOC(hEpPHBIX
0CaIKOB, BEIpaXK€HHOE C 3allaza Ha BOCTOK, TUK-
TyeT Gosiee BhICOKME 3HaueHus &80 coBpeMeHHBIX
KMJIOK, KOTOPHIE JOJIKHBI MOMNaaaTh B IMana3oH
3HAYEHUU MexXay cTaHUMSIMU AMaepmoii 1 Cesxoid.
Takum o6pa3oM, maxke cama BapuaTUBHOCTH M30-
TOITHOTO COCTaBa KMCJIOPOIa 3JIeMEHTApHBIX JICIsI-
HBIX XKUJIOK CIYKUT MPEISITCTBUEM TSI TIOJIyICHUS
6oJiee TOUHBIX 3aBUcUMocTeii §'80—T.

Hcnonb3oBaHue J1000i U3 MpeaIOKEHHbIX 3aBU-
cumocreit 8!180—T [5] st cpenHero 3HaueHus &80
nccienoBanHbix Hamu T12KJI mmokaseiBaeT TeMrepa-
TYypbI, MOMAaoNIKe B ananason 1, ... = —37,2£3°C
(r.e. or —34,2 10 —40,2 *C) v Ty pep = —24,812°C
(t.e. or —22,8 10 —26,8 °C). CoBpeMeHHbIE TeMIIepa-
Typbl Bo3ayxa LlenTpanbHoro SIMana MOXHO OLIEHUTD
IBYMsI pa3HbIMU cItocobamu. Tak, ecim MCITOJIb30-
BaTh CpeaHNE MHOTOJIETHIE JTaHHbIC HAOMIONEHMIT Ha
ct. Cesxa (70° c.ur., 72.5° B.1.) 3a mepuon ¢ 1961 mo
1990 r., To pa3HUILIA MEXITY COBPEMEHHBIMU TeMITepa-
TypaMHU XOJIOMHOTO TepHroaa U BpeMeHeM (hopMUPO-
BaHUsI OITPOOOBAHHBIX HAMU XKIJI COCTABJISIET OKOJIO
7 °C (u 10 °C nnga cpenHesiHBapckux). Ecnu xe oue-
HUBaTh TEMIIEPATYPhI BO3IyXa IS KOOPAMHAT pailoHa
HCClIea0BaHuiA IO JaHHBIM peaHanr3a ERA-Interim,
KoTophlii padotaer ¢ 1979 r. (u mo 2019 r. BiItoun-
TEJIbHO), TO BO BpeMst popMupoBanust Xui Ty, qep
obun Ha 10 °C HUXXe COBpEMEHHBIX, a CpeAHesTHBap-
ckue — Ha 16 °C. Ckopee Bcero, Takve BbIpakeHHbIE
pa3Iums B OLIEHKaX COBPEMEHHBIX TeMITepaTyp BO3-
JyXa CBSI3aHBI CO 3HAYMTEILHBIM OTIIMYMEM METEOpO-
JIOTMYECKMX TToKazaTesei 3a mocyieaHue 20—30 et no
cpaBHeHMIO ¢ Hopmamu 1961—1990 rr.

Ecnu paccMmarpuBaTh Bech AMAIla30H MOJIY-
yeHHBIX 3HauYeHUi 880 mo TTXKIJT (cMm. Tabiauny,
6e3 yuyéra ogHoro 3HaueHusa 880 = —21,2 %o), TO
0o0IIMIT AUAalla30H BapualluM TeMIepaTyp Bo3ayxa
XOJIOAHOTO Tepuoaa coctanisi 52 °C, a cpenHe-
gaHBapckux — 7,513 °C. CoBpeMeHHBII AMana3oH
M3MEHEHUN TeMIlepaTyp BO3ayXa XOJOMIHOIO Iepu-
ona (c okTsa06ps no maii) s LentpansHoro SAmana
(KoopauHaT paifoHa UCClIeI0BaHMsI) 0 JaHHBIM pe-
aHanu3a Era-Interim cocrasiset okojio 7 °C. Co-
BPEMEHHBIN KJIMMAT MOKa3blBaeT HAMHOTO OoJiee

BBIPAXKEHHYIO MEXTOIOBYIO NU3MEHUMBOCTD TEMIIE-
paTyp Bo3ayxa, ocobeHHO 3a mociuegnue 30 jet, u
M3-3a pa3Inynil B MaciuTade OCpeIHEeHUsI He BbIAEP-
JKMBaeT CPaBHEHMSI C MPEILICCTBYIOIIMMMI BPEeMEH-
HBIMU TIEPUOAaMU, TOCTYITHBIMU I10 HaJIeOKINMAaTH -
yecKuM apxuBaM. OTMETUM, YTO MOJIydeHHbIE HAMU
sHauenus 8'30 mo ITXKJI LlentpansHoro Sdmana
MMEIOT TOCTaTOYHO OOJIBIION AMaIta30H, YTO yKa-
3bIBacT Ha HEKOTOPYIO HECTaOMIBHOCTh METEOPO-
JIOTUYECKMX YCJIOBMI 3UMHEIO Ce30Ha B MO3THEM
mieiicroueHe. Bo3aMoXHO, IMEHHO C TaKOI HecTa-
OMJIBHOCTBIO KJIMMAaTUYSCKUX YCIIOBUII CBSI3aHBI U
BapHalliy ISHTEPUEBOrO 3KCIIeCCa B KUJILHOM JIbIY.

JHeiimepueeuntii 3xcyecc. ToTbKO OrpaHUYECH-
HBIIA 00BEM M30TOIMHBIX JAHHBIX C BEIMYMHA-
mu dg > 10 %o nonyuen ansa ITXKJI xpuonuro-
30HbI APKTUYECKUX MOOEepexXuit Bo3pacToM oT 24
1o 14 teic. 1. Hanpumep, mas TT2KJT CesaxuHckoi
enoMbl, 3HaueHus O'80 b1a KoTopoii 6JIM3KHY K I10-
JIyIeHHBIM HaMU U1 JIEN KOTOPOM JaTUpOBaH OT 23
0 15 ThIC. 1.H. [22], ObLT OTMEYEH 3KCKYpC 3Haue-
Huii d., 10 19 %o [17, 26]. 1151 GonbIIMHCTBA UC-
CJIeIOBAaHHBIX TEOKPUOJOTMYECKUX Pa3pe30B BEJIM-
yuHbl d,, . B [12KJT He npesbimatoT 10 %o. KpynHble
cuHreHetTnyeckue capranckue (MUC-2) xunbl Ha
Mbice Comounast Kapra B OTJIOXKeHUSIX BTOPOU Tep-
pacel EHuces xapakrepusyloTcst BeIMuMHaMu d., .
ot 2,6 10 10,9 %o (46 obpa3uoB) [23]. 3HaueHue
d.,. B cpenHeM MeHbie 10 %o (ot 8,2 mo 10,2 %o)
OTMEUYEHO B MOBTOPHO-KMJIBHBIX JIbAAX pa3pe3a
«MbIc MakapeBuua — yctbe p. KpecTbsiHKa» cap-
TAHCKO-TOJIOLIEHOBOM TosIM, 3HaYeHus d'30 u
dD B koTopbIX U3MeHs0TC 0T —23,5 10 —22,0 %0
u ot —179,7 1o —167,7 %o coorBeTcTBEeHHO [23].
B cunrenetnueckux IT2KJI HuxHero sipyca B paii-
oHe noc. JlukcoH 3HaueHusa d'®0O cocrasasior ot
—26,8 1o —24,3 %o, d.. = 9,3 %o [23].

B xunax mo3nHeniaeicToLeHOBOTO BO3pac-
ta (< 18 ThIC. 1.H.) MBbIca Cabiep (26 o6pa31oB)
3HayeHue d,,, = 13,9 %o [15]. B xunax Bospac-
toM oT 20 10 26 Thic. J1.H. Ha TaiimbIpe (03. J1aba3s),
1m-oBe bhIKOBCKOM U 0. boJibiiioM JISIXOBCKOM cpei-
HUe BeJIMYUHBI d., . coctaBuau ot 3 10 9,2 %o [13].
ITpu netanbHOM pacCMOTPEHUM U3OTOMHBIX TaH-
HbIX, moaydyeHHbIX Mo [12KJI mo3gHenneicTo-
LIeHOBOTO Bo3pacTa ¢ o. boabioit JIsxoBckui,
BUJIHO, 4TO U3 174 006pa310oB JIeJOBOI0 KOMILJIEK-
ca, ¢opMHUpOBaHKE KOTOPOTO JaTUPOBAHO OT 55 10
28 toIC. N.H. [11], Toabko 10 06pa3LoB IbAa Npu

cpenHeM 3HaueHuu d.,. = 10,3 %o xapakTepusy-
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I0TCS MaKCUMAaJIbHBIMU BeaudnHaMu 00 15,1 %o;
elmé 1ecTh 00pa3loB JbAa IIPU CPpeIHEeM 3Hade-
Huu dg,, = 11,3 %o NeMOHCTPUPYIOT MAKCUMYM
B 15,4 %0. Bo3pacT 3TOro jpaa no COOTHOIIEHUIO
a0COIIOTHO BBICOTBI OTOOpA U BHIIIOJIHEHHOTO Ja-
TUPOBAHUSI BMEIIAIOLIUX XUJIbl OTA0XeHUM [11]
MOXKET OBITh YCIIOBHO TIPUHAT B 35 1 28 (Mam Mo-
JIOXe) ThIC. JIET COOTBETCTBEHHO. TakuM o0pa3oM,
BBICOKME BEJIMUYUHBI d, . B TO3IHEIUIEHCTOLIEHOBBIX
TT2KJT cocTaBisitoT HeOOIbIIYIO YaCTh BCEX MOJY-
YeHHBIX 3HAYCHUI. DTO MOKA3bIBACT, UTO IIEPUOLI,
MMO3IHETO IJIeCTOleHa, COOTBETCTBYIOIINI N30~
TorHo#t cragust MU C-2, xapakTepu3oBaJics KJIu-
MaTHYECKON HeCTaOMIBbHOCTBIO, CBSI3aHHO 100
¢ m100anbHON HUpKyJIsiuueir atMmochepsl, J1ubO ¢
0OJIBIION BapMAaTUBHOCTHIO JTOKAJbHBIX KJIMMAaTH-
YECKMX YCJIOBUM.

B rononenosbix I12KJI Beicokue BeaIMYUHBI d,.,
yaile oTMeueHbl B 3anagHoi Cubupu, a He B Boc-
TOUYHO. ['0701IeHOBBIE JIEASIHBIE XWJIbl OTpaXa-
10T 00Jiee BBICOKHE TeMIEpaTyphbl BO3AyXa 3UMHETO
Mepuoaa Mo CPaBHEHUIO C TTO3MHUM TUIEHCTOLE-
HOM — yBesinuyeHue 3HaueHuit 630 u dD B cpenHeM
Ha 6 1 40 %o COOTBETCTBEHHO XapaKTepU3yeT KiIu-
MaTUYECKYIO TPAHUILY TUIEHCTOIEH—TOJIOIEH, YTO
OBLIO YCTAaHOBJIEHO KaK MO MOA3eMHBIM JIbAaM, TaK
U 110 I'peHJIaHACKUM JIETHUKOBBIM KepHaM.OaHaKo
MoBeeHUE NeUTepueBOro sKcIecca He TaK OJHO-
3HauHo. ['onoueHoBkIe kbl (MUC-1) B paiioHe
noc. JInkcoH umerot 3HaueHus d,,, okono 11 %o, a
B FOJIOLIEHOBBIX XWJIaX B OTJIOKEHUSIX BTOPOU Tep-
pacel Enucesa 3Hayenus d.,, cocraBuiu ot 4,4 1o
13,8 %0 — 3T0 MakcMMaabHOE 3HaYeHue 1o 29 00-
pasuam [23]. PaHee oTHOCUTENILHO BBICOKKE 3HAUE-
Hud d,. (> 10 %o) ma ronouenosbix [12KJT 6butn
nojiyyeHsl 6au3 r. Bopkyta [29], roe oHu cocTa-
Bwin ot 9 1o 13,8 %o. OTMeTHM, YTO MPHU TTEPEXO-
Jie OT IJIeCTolIeHa K FOJIOLEHY MPU BhIPaXKEHHOM
casure 3HaueHuit 8'80 u 8D mpakTUyecKu He OT-
MEYEHO 3HAUYMTEJIbHOTO U3MEHEeHMS B BeIMUMHAX
d.. B TIZKJI Boctounoit Cubupu. HemHoro ysesnu-
yuBaroluecs: cpefiHue 3HauyeHus d.,, (0Kosno 2 %o
s Oiirocckoro fpa u okono 1 %o mist o. bonb-
1ot JISxoBcKMit), KOTOPbIE COOTBETCTBYIOT Iepe-
XO[y OT IO3IHEIIECTOLIEHOBOIO KPMOXPOHa K ro-
Joueny [11, 18], cOOTBETCTBYIOT HAOMIOAEHUSIM Ha
mbice MamonToB Kibik [30] u B nenbre p. Jlena [31]
M yKa3bIBalOT Ha TOBOJBHO MOCTOSTHHBIE ITyTH 00-
pa3oBaHuUs UM nepeHoca Biaru. Hanmpotus, cpen-

Hue 3HauyeHus d.,. B [12KJI Ha m-oBe BrikoBckumit

MOKAa3bIBAaIOT BHIPAXXEHHBIN CIBUT B CTOPOHY yBe-
nnueHus d.,. [12] B ronouene. IMoxanyit, 3To —
eIMHCTBEHHbBIC TaHHBIE (KpOoMe IOIyIeHHBIX HaMH
u 10.K. BacunpuykoMm misa CessXumHCKOIro paspesa
nosnHeriericToueHoBbix I12KJT) ¢ TakuMu BbICOKHU-
Mu 3HaueHusMH d,,.. B 109 obpasuax nozaHeroso-
LICHOBOTO KMJIBHOT'O JIbJIA aJJaCHOM KOTJIOBUHEI, 1a-
TUpOBaHHOTO OT 3285 mo 1171 KanmOpoOBaHHBIX JI.H.
(0o6p. BYK A-2 B pa6ore [12]), BenuuuHsl d,,, co-
ctaswm ot 10,7 10 17,8 %o. Bo3aMoXHO, TaKue BbI-
cokue d.,. B MO3HETOJIOLIEHOBBIX XWJIaX He ObUIA
MOJyYeHBI TOJILKO IIOTOMY, YTO ITOKA HE YIAJIOCh
onpoOOBaTh XUJIbHbBIN JIEQ MOJIOXE 3 ThIC. JIET B
apyrux paspesax BoctouHoit Cubupu. Bricokue
3HayeHud d,,. B TAKUX MOJIOIBIX KUJIaX OTPaXKaloT
CYIIECTBEHHbIEC U3MEHEHMSI TOKAJTbHOIO WU peruo-
HaJbHOIO PeXXMMa BJIAXKHOCTU U TTepeHOCca BO3AY1 -
HBIX MacCC MO3AHETOJ0LIEHOBOIO BPEMEHM.

ITocne Toro, xkak B. JlaHcrop npeajgoxXua g0-
MOJIHUTEAbHBINA PacYETHBIN MapaMeTp — aeitepue-
BbIiA 9Kcrecc d,,, = D — 88'80 [6] kak mokasaresb
HEpaBHOBECHOCTHU (hOPMUPOBAHUS U30TOMHOIO CO-
CcTaBa OCAJKOB, OH CTajJ MCMOJb30BaThCs B IaeO-
KJIMMATOJIOTHU TI0 JIEAHUKOBBIM KepHaM. JI. Mep-
nuat u K. XKysenb [32] mokaszaau, 4To BeJIUYMHA
d.,. CBS3aHa C YCIOBUAMU B paiioHe UCIapeHUs
BJIaru, KOTOpas 3aTeM BblMagaeT B BUAE aTMochep-
HbIX ocaakoB. OHU pa3paboTajiu MepByIO TEOPEeTH-
YEeCKYyI0 MoJesb MpolieccoB (ppakLMOHUPOBAHUS
M30TOIOB KHUCI0POAAa U BOAOPOAA MPU UCTIapEeHUU
C TIOBEPXHOCTU OKeaHa, KOTopasl A0 CUX MOP LLIUPO-
Ko ucrob3yetcs. CorjaacHo 3TOM MOJENU, BeJIUYr-
Ha d.,, B BOOSHOM Ilape CBA3aHa C OTHOCUTEIbHOMN
BJIAXKHOCTBIO BO3[yXa Haj MOBEPXHOCTHIO OKeaHa 1
C TeMIIepaTypoii MOBEPXHOCTU MOpsl. OrpaHUYEeH-
Hble HAOJIIOAEeHMSI 32 UBOTOMHBIM COCTaBOM BOJISI-
HOTO Tapa HEKOTOPbIX PETMOHOB MOJATBEPXKAAIOT
MPUOPUTETHOE BIUSIHAE OTHOCUTEIbHOM BIAXXHO-
CTU Ha U3BMEHYUBOCTH d,., B TO BpeMs KaK BJIUS-
HUE TeMIIepaTyphbl OCTAETCS TPYIHOOLIEHUBAEMbIM
B 9TOM KOHTeKcTe. OCHOBBIBasICh Ha TEOPUU HC-
MapeHusl U HaOJIIOAEHUSIX Ha IpaHMIle aTMocde-
pa/okeaH, MoJeb [32] TakXke YUYUTHIBAET BIUS-
HUE CKOPOCTHU BETpa Ha MPOLECChl KUHETUYECKOTO
(bpak1IMOHUPOBAHUSI BO BpeMsl UCIIapeHUsI U, clie-
NOBAaTEeIbHO, Ha BeJU4YuHy d.,. B nmape. [locnen-
HUMU UCCJEIOBAaHUSIMU YCTaHOBJIEHO, UTO BETPO-
BOI1 peXUM MPaKTUYECKU HE BIUSIET HAa BEJIMUUHY
d. [4] ¥ U30TOIHBIN COCTaB KUCI0OPOIA U BOLOPO-
Jla Tapa 00YyCJIOBJIEH OTHOCUTEILHOMN BIaXKHOCTBIO
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BO3IyXa 1 TeMIIepaTypoOil IOBEPXHOCTH: YBeIUUEC-
HI€ OTHOCUTEJIPHOM BJIAXKHOCTH BO3IyXa Haa MOp-
CKOIi ITOBEPXHOCTBIO Ha 10% MPpUBOAUT K CHIXE-
Huio d.,, mpubanu3uTesbHO Ha 3 %o, a yBeTUYEHME
temnepaTypbl Ha 10 °C BbI3bIBaeT yBeIMYEHUIO d
MpUOIU3UTENLHO Ha 3 %o.

W3MmeHeHUS HUPKYISIOUU aTMOC(ephl, KOTO-
pble BIUAIOT Ha yBeauvyeHue d., . B [1I2KJI, moryr
OBITH KaK JOKaJIbHOTO/PErMOHAIIBHOTO, TaK U TJIO-
OanpHOro macimrada. EAMHCTBEHHBIN 100aabHbII
(akTop, BIUAIOIINI HAa M30TOIMHBIA COCTaB OCa-
KOB Ha TEpPUTOPUM KPUOJIUTO30HBI Poccun, KoTo-
PBIif MOXKHO UCKITFOUMTD U3 PACCMOTPEHMUSI, — CyIIIe-
CTBOBaHHE OOIIMPHOTO ITOKPOBHOTO OJICACHCHMS
Ha ceBepe EBpomeiickoit yactu. st Tepputopun
otT Amana no AxkyTuu obmuii XapakTep UUPKYJIs-
uuu B miepuopn 34—10 ThIC. JI.H. MEHSIJICSI OYeHb
maio [10, 27]. A Ha 3anagHoM fmase u modepexkbsIxX
baiinapankoii ry0bl yCTaHOBIIEHBI KOHTUHEHTAJIb-
Hble (aJUTIoBUAIbHBIE, 03€pHEIE, JJATYHHBIE, 20JI0-
BbI€) OTJIOKEHUSI, (DOPMUPOBABIINECS B TIEPUOL OT
coBpeMeHHOCTU 10 37 ThIC. J.H. [33]. Takum o6pa-
30M, B ITO3QHEM ILIelicTolleHe Ha fMaje 110 He-
MIpepBIBHOE MMPUOPEKHO-MOPCKOE M KOHTMHEHTAIb-
HOE 0CaJKOHAKOIUICHHE, YTO MCKJII0YaeT MOIIHOE
nokpoBHoe osieieHeHue [34]. To, uro d.,. > 10 %o
oTMeuaeTcs B oTaeabHbIX o0pa3uax I[T2KJT Ha SImane
U Jajblle Mo apKTUYeCKOMY Modepexblo Ha BOC-
ToK (MbIc Cabnepa, otaenabHble 00pas3ubl [T2KJT Ha
o. boabmoit JIsixoBckuii), MOXeT yKa3blBaTh Ha
MacluTabHble aTMOC(epHbIe U3MEHEHUsT B MEPUO
20—14 TBIC. 1.H. A TO, 4TO Takux obpas3uon IT2KJI ¢
BBICOKUMHU d,, OBIIO MOJYYEHO MaJIO, BO3MOXHO,
CBUAETENBbCTBYET O JOBOJbHO KPAaTKOBPEMEHHBIX
nepuoaax, B TeueHUe KOTOPhIX U3MEHMBIIAsICS 00-
CTAaHOBKA IMOBJIMJIA HA BEIUYUHY ...

OnHa U3 BO3MOXHBIX IPUYUH — U3MEHEHUE
B MCTOYHUMKE Iapa: CMellleHue OCHOBHOTO palio-
Ha MpoucxoxaeHus Biaaru. YToObl onucaTh Mo-
JIydeHHbIe JaHHbIe (C BO3POCIIMMU BeIMUYMHAMU
dey. MPU OTHOCUTEJIBHO MOCTOSHHBIX 3HAYEHUAX
8'80), HYXHO NPETIOIOXNTh CMEILEHUE UCTOYHM-
Ka Iapa K Iry Ipv YyMEHbIIIEHUU OTHOCUTEIbHOM’
BJIAaXKHOCTM Bo3ayxa. Takasti cuTyaluss BO3MOXHa,
€CJIM yBEJIMYMBAeTCsl MPOTSKEHHOCTD Ha 10T MOp-
ckoro jbpaa B CeBepHOUl ATIaHTUKE U MPOUCXOIST
KPYIHBIE OTKOJIBI M BBIHOCHI aiicOeproB y Oeperon
I'peHnanauu, 4TO BBI3BAJIO IepeMelleHue obJia-
cTi (popMuUpoBaHUd napa (00JacTH UCIapeHUs1) Ha
for. Takue u3MeHeHUs B ATJaHTUKE YCTaHOBJICHBI

11T BTOpoit (pa3sl coobiTus Xaiinpuxa (Heinrich
Stadial 1 — ot 17,5 mo 14,7 TBIC. J1.H.) TI0 MCCENO-
Banmio ['pennanackoro neassHoro kepHa NGRIP.
B nemHuKoBOM KepHe IJjisl MepUoaa, IPEeAIIeCTBO-
BaBIIIETO MEPEXOAY IUICHCTOLICH,/TONIOIEH, OTMeYe-
HBI pe3Kre U3MEHEeHUs B BeauuunHe d,,. — oT 5 10
14 %o0) [35]. [1pu 3TOM pacmpocTpaHEeHUE Ha OT
0OJIBIIIOTO KOJIMYECTBA MOPCKOTO JIbaa U alicOepron
TIOJKHO OBLIO TTOBIMSATH HA YMEHBIIICHUE TeMIIepa-
TYPBI IOBEPXHOCTHOTO CJI0SI BOABI B ATIIAHTHUKE, U,
cJiedoBaTeIbHO, CMEIIEHNWE paiiloHa UCIIapeHMUsT Ha
IOT He O3HAYaJIo YBeJIWYeHUEe TeMIIepaTypbl BOIbI 1
HE MPUBOAWIO K BEIPpaXK€HHOMY YBEJIMYCHUIO 3HA-
yennii 680 popmupyronmxca ocankos. Hannuue
MOPCKOTO JibJla B 3MMHUIA CE30H TaKXke YJIOBJIETBO-
psieT TPEANOoJ0XKEeHNI0O O HU3KUX BEJIMYMHAX OTHO-
CUTEJIbHOM BJIAXXHOCTU BO3Iyxa (a cleaoBaTesIbHO,
BBICOKMX 3HaYeHUsX d.,.). BoaMoxHO, 3TOT mpo-
1lecc CMellleHUs] UICTOYHUKA Tapa JAeiCTBUTEIbHO
3aTparuBaj rjaio0ajlbHYI0 aTMOC(EpPHYIO LIUPKYJISI-
1o B CeBepHOM MOJIyILIAPUU.

CwmelleHre K 10Ty OCHOBHOTO palioHa-TIOCTaB-
IIMKa BJIaru B ATJIaHTUKE TakKe MOTJIO COTTPOBOXK-
JaThbCsl U3MeHeHueM (yIJMHEHWEM) TPaeKTOpUU
JIBWKEHMST BO3MYIIHBIX MACC, MPUHOCSIINX OCAIKU
Ha SIman. IlponeraHue myTeil ABUKEHUS BO3MYII-
HBIX Macc HaJ KOHTUHEHTOM MOTJIO BBI3BIBATh BBI-
pakeHHOe MU30TOMHOe 00eHEeHNEe Ha MOCIeTHUX
CTYTEHSIX P3JIeeBCKO NTUCTWIISILIMY M BO3pacTaHue
e TeprueBOro aKclecca.

Bo3HUKHOBEHME BBICOKMX 3HaYeHMIA d., . KWIIb-
HOTO Jibja, 10 HallleMy MHEHMIO, HE MOXKET ObITh
CBSI3aHO C YBEJIMYEHUEM JOJU 3UMHETO CHera Io
CPaBHEHUIO C KOJMYECTBOM BECEHHUX OCaKOB. DTOT
MpoI1Iece TOJKEH COMPOBOXIATHCS HE TOJIBKO PO-
ctoM d.,., HO U yMeHblIeHneM 3HaueHuii §'80, uro
JIOTUYHO CJIeyeT U3 MpeobiafaHus 3MMHEro u30-
TOTTHO JIETKOTo cHera. [1o HallMM 1aHHBIM, 00pa3IIbI
C BBICOKMMM 3HAYEHUsIMU d.,, UMEIOT Te Xe 3Haue-
Hus 8'80, yTo 1 06pasLBl ¢ HEBHICOKUMU 3HAYEHU-
MU dgy, CIEI0BATENBHO, MBI HE MOXEM KOHCTaTU-
pOBaTh, UTO BBIIEIAETCA TpeH I yMeHbineHus 830 ¢
poctoM d.,. (4aCTMYHO U MTOTOMY, YTO NAHHBIX IS
3TOro HexocTaTouHo). Ecinu mpeanonarats HeM3MeH-
HYIO KapTUHY 3aITOJTHEHNSI MOPO3000ITHOM TPEeIHBI
B T€UEHUE JJINTEJIbHOTO BPEMEHU CMECHIO 3UMHETO,
BECEHHEI0 CHEra U BECEHHMX OCANKOB, TO POCT d,,
B 3TOI1 CMECU CKOpee MOKa3bIBaeT HE TOJbKO M3Me-
HEHUE MPONOPLUUMU CMELIUBAaHUSI, HO U U3MEHEHUS
M30TOMHBIX TTapaMETPOB CaMUX KOMIIOHEHTOB.
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BriBoabl

1. UccnenoBaH M30TOITHBIN COCTaB KUCIOPOAA 1
BOJIOPOJIa IIOBTOPHO-XXKWJILHOTO Jibaa Ha LleHTpaib-
HoMm Amaste. 3nauyenus 680 u 8D nbaa U3MEHSIOT-
cst ot —21,2 no —26,2 %o (cpenree —24,8 %o) n oT
—157,5 no —203,1 %o (cpennee —187,6 %o) coot-
BETCTBEHHO. B 11eJ10M, Bce ToyYeHHbIe 3HAYSHMUST
OITMCBIBAIOTCSI YpaBHEHUEM JIMHEMHOM perpeccun
dD = 8880 + 10,5 %o (R*>=0,9).

2. BennuuHbl aeiitepueBoro skcuecca d,,, u3-
MeHstoTes ot 6,3 1o 17,4 %o nipu cpenHeM 3Ha-
yeHuu 10,5 %o. s 11 o6pa3LoB baa OTMEYEHBI
BbIcOKMe 3HaYeHus d.. (o1 12 1o 17 %o), uTo He-
O0OBIYHO JIJIs1 TOTrO TUIIA Jibaa. HeMHorounciaeHHbIe
CBUETEIbCTBA BBICOKUX 3HAY€HUH d, B XKUIBHOM
JIbIY OTIMCaHBI B JIMTepaType Wil pa3pe3oB CessxuH-
CKOM1 eIoMBI (TTOBTOPHO-KMJILHOTO JIbIa, chopMU-
poBaHHOTO OT 23 10 15 ThIC. 71.H.) 1 MBbIca CabJie-
pa, TaTupoBaHHOTO MoJioxe 18 ThIc. 1.H. Benuunna
deye» BO3MOXHO, OTPAXaeT HECTAOMJIbHBIE KIMMa-
TUYECKUE YCIOBUS IMO3IHEr0 IJIEHCTOLIeHa, CBSI3aH-
HbIE ¢ U3MEHEHUEM B MCTOYHMKE Iapa U IpoJiera-
HUEM TPaeKTOPUIl NBMKEHUS BO3MYIITHBIX MacC Hal
KOHTUMHEHTAJbHON YacThlO, YTO IIPY OOIIEM 3amaj-
HOM MepeHOoCce MPUBOAMIIO K BhIpakeHHOMY M30-
TOITHOMY MCTOILIEHUIO U BBICOKUM 3HAYEHUSM d,, ..

3. Ilo U30TOMHBIM XapaKTEPUCTUKAM HMCCIIEI0-
BaHHBII TOBTOPHO-XUJIbHBIN JIEA COOTBETCTBYET
KWJIBHBIM JIbIaM fMana, popMUpPOBaBIIMMCS B Te-
yeHue n3oTonHoi cragun MUC-2 (KoHel o311~
Hero mjeicroueHa). M30TONHbINM cOCTaB KUCIO-

JIutepaTypa

1. Craeoda E.A., Onoxuna O.J1., Poeos B.B., Kypuamo-
6a A.H. CtpoeHue u reHe3nc Noa3eMHBIX JIbJIOB B
BEPXHEHEOIICUCTOLICH-TOJIOLIEHOBBIX OTJIOKEHMSIX
mbIica Mappe-Carne (3amagusiii Siman) // Kpuocdepa
3emum. 2012. T. 16. Ne 2. C. 9-22.

2. Bacuavuyx F0.K., Bacuavuyk A.K., Bydanuyeséa H.A.
M30TOMNHBINI 1 CTTOPOBO-MBLILLIEBOI COCTAB IJIACTO-
BOI1 JIeIsTHOM 3aiexku Ha peke Mopabisixa, LleHTpanb-
Hbiii SAman // JAH. 2012. T. 446. Ne 2. C. 204—208.

3. Pfahl S., Sodemann H. What controls deuterium excess
in global precipitation? // Climate of the Past. 2014.
V. 10. P. 771-781.

4. Bonne J-L., Behrens M., Meyer H., Kipfstuhl S., Rabe B.,
Schonicke L., Steen-Larsen H.C., Werner M. Resolv-
ing the controls of water vapour isotopes in the At-
lantic sector // Nature communications. 2019. Ne 10.
P. 1632. doi.org/10.1038 /s41467-019-09242-6.

pola CBUIETEILCTBYET O TeMIIEpaTypax XOJIO0THOIO
nepuoga BpeMeHM (pOpMHUPOBAHUS KUl OKOJIO
13 ThIC. JI.H. Topsiaka —22,8 + —26,8 °C (B cpeaHeM
Ha 5—9 °C xo10mHee COBPEMEHHBIX) U STHBAPCKMX
temrmiepatypax ot —34,2 no —40,2 °C (na 8§—14 °C
XOJIOIHEE COBPEMEHHBIX). DTU TeMIlepaTyphl OJIn3-
KM K paHee PeKOHCTPYMPOBAHHBIM TeMIIepaTypaM
XoJIogHOTrO nepuonaa mo CessXxuHCKOMY pa3pe3y.

baaronapnoctu. Asropsl 6naromapsat HIT «Poccuii-
CKMI LIEHTP OCBOEHUSI APKTUKM» 32 COAEUCTBUE B
opraHusanuu mojesbix pador. F0.H. Ymxosa uc-
KpeHHe npusHartenbHa mpod. FO.K. Bacunpuyky 3a
o0cy:xxaeHue HayyHoli mpobjemMaTuku. Pabora BbI-
MoJIHeHa TIpu (pUHAHCOBOU mmoaaepxkke PODOU B
paMKax HaydHBIX TpoeKToB: N 19-05-00813 — n3o-
TOITHBIE OMpENeJICHUSI M MHTEePIpEeTallMsI, IOJIeBbIe
pa6oter FO.H. Yumkosoii; Ne 18-05-60272 — 06006-
meHue naHHbix; Ne 18-05-60222 — uzydyeHue Tep-
MOLIMPKOB U mojeBbie padoThl A.B. XomyToBa u
E.M. babkuHna.
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