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C momoIbo YCKOpHUTeIbHOM Macc-cnekTtpoMeTpuu (AMS) BriepBrie mist EBponeiickoro ceBepa Poccun
BBITTOJTHEHO TaTUPOBaHE MUKPOBKIIIOUEHWIT OpraHM4eCcKOro MaTepualia, 9KCTparupoBaHHOTO HEMOCPe/I-
CTBEHHO M3 TOJIOIIEHOBBIX CUHTEHETUYECKIX TTOBTOPHO-XKWIBHBIX JIBIOB, BCKPHITHIX B OOHAXKEHUU Ha M0-
6epexbe bBaitmapatikoit ryosl 6;1u3 noc. fApsiHckasi, B 500 M k FOB ot ycrbsi pekun Hrapku-TamObsixu
(68°51°20.27” c.11., 66°52°6.51” B.1.). JJaTpOBaHHBIE XUl (POPMUPOBAIKCH OKOJIO 6.4, 5.0 1 1.9 ThIC. Ka-
JUop. et Hazald. [To U30TONMHO-KUCIOPOAHBIM JaHHBIM paccuuTaHa CpeHessHBapcKas majeoTemMiieparypa
BO3/IyXa CpEIHETo M IMO3IHETOo rojiolieHa Ha Imobepexbe baitmaparikoit ryosl. [TokazaHo, 4To cpenHesTHBap-
cKasi TeMIepaTypa Bo3iyxa B 9TOT IepHo/ 31eCh BapbupoBaia Mpuoau3uTeabHo oT —20 1o —25°C, onHako
BO BpeMs1 6ojiee MITKUX 3UM OHA MOTJia ObITh U 0KoJio —18°C.

Karouesbie ca06a: MOBTOPHO-XKIWIBHBIE JIBIBI, TOJIOLIeH, AMS-pannoyrieponHoe TaTUpOBaHUE, CTaOUIIb-

HBIe M30TOIEI KUCIOPOIa, STHBapcKasl majleoTeMIleparypa, mooepexne baiinapaliikoii ryobl
DOI: 10.31857/S2686739723601564, EDN: XIBMEQ

B zamangnom cextope Poccuiickoit KpMoanuTo30-
HBI JIeTaIbHO U3YYeHO OYECHb HEMHOTO JICISTHBIX XK,
KOTOPBIE MOTJIN OBbI CITYXKUTb NCTOYHMUKOM JIOCTOBEP-
HOI TTajieoreorpaduyeckoi 1 N30TOMHO-MNAJIEOTEM -
nepatypHoii mHpopmanuu [1—5]. B cBI3u ¢ atuMm
MMOJIYyYeHHBIE C IIOMOIIBIO YCKOPHUTEJILHOM Macc-
cnekTpomerpuu (AMS) BriepBbie a5t EBporneiickoro
ceBepa Poccuu HOBbIE pagnoyIIepOTHbIC JATUPOBKU
¥ M30TOITHBIE JaHHBIC 10 TOJIOLEHOBEIM IIOBTOPHO-
KWJIBHBIM JIbIAM Ha 1mmobepexbe baiimapalikoil ryobl
BeCbMa aKTyaJIbHEL.

OcHoOBHag 1IeJb JaHHOW pabOThl — YCTAHOBUTH
BpeMsi GOpPMUPOBAHUSI TOJIOLIEHOBOTO CUHT€HETUY e~
CKOTO TTOBTOPHO-KWJILHOTO JIbAa, BCKPHIBIIETOCS Ha
nob6epexne baitnapaiikoii ryosl 6J113 noc. SApbIiHCKas,
B 500 m x IOB ot yctbst peku Hrapku-TamoObsixu
(68°51720.27” c.u1., 66°526.51” B.1.). ¥ C UCIIONBL30OBA-
HUEM M30TOITHO-KUCIOPOMHBIX NaHHBIX YCTAHOBUTH
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MPUOIU3UTENIFHYIO CpeaHEesTHBApCcKylo (cpemHeden-
paJIbCKYI0) TMajieoTeMIiepaTypy B 3TOT mepuon. Jlas
pelIeHus TOCTaBIeHHOM 3amaun BriepBblie st EBpo-
neiickoro CeBepa BBHITIOJTHEHO OTpenesieHue Bo3pac-
Ta TOJOLIEHOBOTO ITIOBTOPHO-XXUJIBHOIO JIbAa, IIO
MUKPOBKJTIOUCHUSIM ~ OPTaHWYECKOTO MaTrepuaa,
MPEICTaBICEHHOTO OPraHUYECKOM MBUTBIO — OCEBIIIN-
MU MOYBEHHBIMU 1 OMOTEHHBIMU a3PO30JISIMU, Opra-
HUYECKUMU TTBUICBUIHBIMIA YaCTUIIAMH M3 MUKPO-
BKJIIOUEHUI OpPTaHUKM, SKCTPArupOBaHHBIX U3 ITIO-
BTOPHO-KWJIbHBIX JIBAOB, JaTUPOBAHHOTO C IOMO-
IIbI0 YCKOPUTEJbHOI Macc-cnekrpoMmerpuu (AMS)
U TMTOAPOOHO U3YyYeHBI M30TOMTHO-KUCIOPOIHBIN CO-
cTaB 6 JIeISTHBIX XKUJI.

M3ydeHHbIil pa3pe3 B OOHaXXKeHUU TEPBOM MOp-
cKoil Teppachl (abc. BeicoTa 4—9 M) pacrnosaraercst
BIIOJIb Y3KOI'O ydacTKa Ypaibckoro Oepera baiina-
patikoii ryosl B 500 m K FOB ot ycTbst peku Hrapku-
Tam6baxu (68°51°20.27” c.u., 66°52°6.51” B.11.).

Jnsa 3anmamHoro Modepexbst baiimapanikoii ryobl
XapakKTepeH cybapKTuueckuii Tun kiumara. Haubo-
Jiee TEIUIBIM MECSILIEM 31eCh SIBJISISTCSI UIOJIb (CpeaHe-
MecsaHas Temreparypa Bozayxa +8.3°C), caMbIM XO-
nogHeiM — eBpanb (—20.6°C). [6]. MouHoCTh
MEP3JIBIX IOPOJ, KoyebaeTcs oT 8 mo 25 M u 6oitee [7].
T'eokpuronornyeckuit paspes3 IIpeaCcTaBIIsIET COOOM
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Puc. 1. T'osiorieHOBbIE TTOBTOPHO-KMJIBHBIE JIBIBI B OTIIOXKECHUSIX JIAlIbl Ha 3anaaHoM nobepexbe baiinapalikoii ryobl, B ycTbe

pexku Hrapka-TamObsixa.

yepenoBaHNe MEP3JILIX TTOPOJI C OXJaXKASHHBIMU [8].
ITo undopmanuu u3 6a3sl faHHbIX GTNP [9], B paii-
OHE MCCIIeIOBaHMI CpeaTHEeToMOBasI TeMIIepaTypa Iro-
pon Ha TIyOMHE HYJEeBBIX KOJIeOAaHUI COCTABIISIET OT
—4.8°C no —3.7°C. Ha 1oro-3anmagHoM MnobGepexbe
baiimapaiikoit ry0bl IIMPOKO Pa3BUTHI MOPO3000Ii-
HOE pacTpecKMBaHME U OOpa3oBaHWE TOBTOPHO-
SKUJIbHBIX JIBAOB.

OO0pas3upl JIbaa OTOMPAIMCh U3 JICASHBIX XKW 10
BEepTUKaIU Yepe3 Kaxkapie 10 cM ¢ TOMOIIBIO Apeieit
Makita DDF481rte 18B u Bosch GSR 36 VE-2-LI co
CTaJIbHBIMM KOPOHKAMM IS JIbAAa TMaMeTPOM 51 MMm.
PanunoyrneponHoe matupoBaHue OOpa3lioB, MUKPO-
BKJIIOYEHU I OPraHUYEeCKOro MaTepuasa, 3KCTparupo-
BAHHOTO HETOCPENCTBEHHO U3 JICASTHBIX XXWJI TIPOBE-
neno B HKIT “JIaGopaTtopus paguoyriepogHOro
JaTUPOBAHUSI M 3NEKTPOHHON MMKpockomnuu” WMH-
cruryta reorpadum PAH u lleHTpe mpuxiramHbIx
M3O0TOITHBIX McclieqoBaHuil YHuBepcurera Xop-
mxun (CIHA). M3MepeHusT M30TOMHOTO COCTaBa
KUCJIOPOJAa Y BOJOPOJA JIbIa BbIMOJIHEHBI HA Jla3ep-
HOM MH@PpakpacHoM crnekrpomerpe Picarro L 2130-i
B PecypcHoMm 1eHTpe “PeHTreHomudpakiiioHHbIE
MeTonbl uccnegoBanms” Hayynoro mapka CaHKT-
IleTepOyprckoro rocyrapcTBEHHOIO YHUBEPCHUTETA.
HMcnonab3oBaHbl clienyole MeXXIyHapOIHble CTaH-
gaptel: V-SMOW-2, GISP, SLAP, USGS-45 u
USGS-46. IlorpenrHocTh OIpeneeHruii cocTaBIIa:
s 880 — +0.02%o, nna 6°H — +0.3%o0. Beero npo-
aHAJIM3UPOBAaHO 63 TIPOOBI MOBTOPHO-KMJIBHBIX
JIBIIOB.

T'onouieHOBBIE TTOBTOPHO-XUJIbHBIE JbABI (IT2KJT)
BCKPBITBHI Ha Jlaline rmobepexbst baiinapaiikoili ryont
HEBBICOKMM OOHaxkeHueM BbIcoTOl 10 1—1.5 M.
Ha uccineqoBaHHOM y4yacTke Jaiiibl pa3BuUTa MOJIM-
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TOHAJILHO-BAJIMKOBAass Y BBIMYKJIO-TIOJIMTOHAJIbHAS
ceThb, (hopMa MOJMTOHOB U30OMETPUYHAS, UX Pa3MePbI
BapbupyioT oT 40 X 25 M 1o 7 X 10 M, a B TIOTIepeYHU -
ke mocturaioT 30 M. Ormpo6oBaHMEe TOJOLICHOBBIX JIe-
JISTHBIX >KWJT BBITIOJTHEHO U3 TOJIIIU O3EPHBIX CYTJIMH-
KOB, TEPEKPHITHIX TOPHOM MOITHOCTEIO 0.3—0.6 M.
Topd ropn3oHTaTBHO-CIIOUCTHIN C TIPOCIOSIMU TOH-
KOTO ecKa ¢ MaCCUBHOM, pexe 6a3aibHOI KpUOTeK-
crypoii. Topd momcTumaeTcsl CyrIMHKaMU CephbIMU
CUJIBHOJIBAVCTBIMHU CO CJIOUCTO-JTMH30BUIHON KPUO-
reHHo# TekcTypoil. [ToBTOPHO-KUJIbHbBIE JIbAbI 1K~
puHoii 1.2—1.5 M 3aneraror Ha mryouHe 0.5—0.6 M
(puc. 1), BCKpBITO 6 eASTHBIX XU BBICOTOM 0.5—1 M.
CocTaB TPYHTOBBIX BKJIIOUEHUI BO JIbAY BapbUpyeT
OT TSIXKEJIOTO CYINIMHKA K IJIMHE, ¢ MUKPOBKITIOUEHM -
MM opraHmyeckoro marepuaia. Otdéop o0Opas3loB
BBITIOJIHEH T10 CETKE MO BCEil BCKPBITOM YacTH XKWJI.

IToBTOpHO-XKMJIbHBIE JIBABI YAbTpaNpecHbIe, 00-
II1ast MUHEPATU3aIns KT, U3MepeHHasl B TIOJIE C TT0-
moupio TDS-MeTpa, HaxomuTes B mpeneiiax ot 16.5
1o 36.9 Mr/m.

H3zomonnblii cocmae Kucaopoda B N3y4eHHBIX T0-
BTOPHO-XWIBHBIX JIbAaX 3aMETHO pa3jindaeTcs
(puc. 2, tabu. 1). Haubonee BbIcOKME cpeaHUE 3HA-
yenus 60 nmonyuenst B ITXKII-5 —12.51%0, Han6o-
see Hu3kwme B [12KJ1-8 —18.40%0, pa3HmIia cocTaBMIIa
5.89%o0. 3HaueHus 6'*0O B MOBTOPHO-XMJIbHBIX JIbIAX
C BU3yaJIbHO BBIPAaK€HHBIMU BKJIIOUCHUSIMU CEPOTO
IJIMHVICTOTO TPYHTA HECKOJIBKO Tskesee — oT —11.30%o0
B IT2KJI-1 no —13.73%0 B T1KJI-6 1 o —12.17%o0 B
IT2KJI-5. HaubGosee MuHepaau3oBaHHBIE JieAsSHBIC
KWUTBI, B KOTOPBIX 00IIIee KOJTMIECTBO PACTBOPEHHBIX
B BOJe YacTuIl cocTaBisieT 29.4 u 36.9 Mr/n, IBASIIOT-
csl U HanboJiee U30TOMHO-TSKEJIBIMUA — B HUX 3Ha4Ye-
Hus 380 cocrasnsaior —11.30 u —12.49%o, uTo yKa-
Ne 2
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Ta6mmua 1. PesynbraTel uaMepeHmit 3HadeHuit 880 B 06pasLax MMOBTOPHO-KIIIBHBIX JIBIOB OJIU3 M. SIpBI B yCTbE
peku Urapka-TamObsixa

Yucio 3180, %o Yucno 8"%0, %o

o6pasios MuH. Cper. Maxkc. o6pasLos MuH. Cpen. Makc.
TKJI-1 [2KJI-5

11 \ —18.30 \ —16.10 | —11.30 6 \ —16.01 \ —12.51 \ —11.07
TKJT-2 TTKJI-6

1 \ —19.43 \ —15.72 | —13.39 7 \ —18.37 \ —15.95 \ —13.73
TIKJT-3 TKJT-7

16 \ —21.82 \ —18.40 | —13.73 5 —17.83 —17.44 —16.99
[KJ1-4

12 \ —19.87 \ —17.96 | —16.97

Ta6auua 2. Pe3yabTaThl paanuoyrjiepoaHOro JIaTUPOBaHUs 00Pa3oB MOBTOPHO-KWIbHBIX JIBAOB 0J1U3 1. SIpbl B yCThe pe-
ku Hrapka-TamoOpsixa*®

KanunbGpoBaHHBII BO3pacT, JIET,
TToseBoit HOMep TyGuia, IGAN suis AMS '“C narsl, BEPOSITHOCTD 95.4%
oOpasiua Jiet Hazan (16)
B nHTepBae MennaHHBIIT
Apwi-29 (TTXKJII-3) 1.04 10443 5640 £+ 20 6489—6320 6422
Apwi-45 (TTXKJT1-4) 0.94 10444 4400 £ 20 50424873 4958
Apwi- 69 (TTXKII-7) 0.73 10445 1945 + 20 1939—1821 1869

* KayimOpoBaHHBIN BO3pACT TMOJIYYEH € UCIONIb30BaHUEM KaiuOpoBouHoil kpusoii IntCal20 [14] u nporpammsl Oxcal version 4.4.4
[15]. Bo3pact opraHuku U3 MOBTOPHO-XKWIBHOTO Jibla KAJIMOPOBaH B KaJleHIAPHBIX roJax 10 HacTosero BpemeHu (1o 1950 r.)

3bIBaeT WJIM Ha TPUMECh BOJ CE30HHO-TAJIOTO CJI0s B
KUJIAX, UM Ha MUKPOIIPUMECH MOPCKUX a3PO30Jieii
B MOBTOPHO-XXWJIbHBIX JibAax. OTMETUM, 4TO 1O pa-
Hee UCCIeIOBAHHBLIM TOJIOLIEHOBBIM IIOBTOPHO-
XKUJBHBIM JIbIaM B OJM3JIeXallMX pailoHax TakKue
BBICOKME 3HAaueHUsI He ObUIM 3a(UKCHUPOBAHBI HU
pa3y, 1 BHOBb ITOJIydeHHBIE 9KCTPEMaJbHO BHEICOKME
U30TOIHEIE JaHHbIE TPEOYIOT JajbHEHMIIEero musyde-
HUSL.

CootHoueHue 3HayeHuii 02H u 880 B ronoueHo-
BBIX ITOBTOPHO-XXWJIBHBIX JbJaX Ha Imooepexbe baii-
Japailkoil ryosl (puc. 3) 6JMU3KO K INIOOAJIbHOI JIv-
HuKU atMocepHBIX (MeTteopHbix) Bom (IJIMB) m
onuceiBaeTcs ypasHenueM 6’H = 7.58'%0 + 2.1. Co-
ortHoleHus 3HaueHuit &*H u 380 B panee uccieno-
BAaHHBIX TOJIOLIEHOBBIX TOBTOPHO-XXKUJIbHBIX JIBAAX B
paitone r. Bopkytsl °H = 7.688'%0 + 6.55 [3], Ha
n-oBax dman u Teinanckuii 8°H = 7.48'%0—0.3 [4], B
COBPEMEHHBIX ocankax B Amaepme 6°H = 7.626'30 +
+ 6.86 u Canexapne &*H = 7.666'80 + 1.21 [3] Takxke
omusku K I'JIMB.

Paduoyzanepoonoe damuposanue MUKPOBKIIIOUE-
HUI OpraHWYeCcKOro MaTepuaia, SKCTparupoBaHHO-
r'o0 HEMOCPEACTBEHHO U3 3 TOJOLIEHOBBIX CUHTCHETH -
YeCKHMX ITOBTOPHO-XWIBHBIX JIBIOB, BBHITIOJTHEHO C
TIOMOIIBIO  YCKOPUTEILHOM Macc-CIeKTPpOMETPUH

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

(AMYS). JlaTupoBaHHBIE XUl POPMUPOBAIUCH OKO-
710 6.4, 5.0 m 1.9 TBIC. KamGp. JeT Ha3ax (Tabir. 2).

Pexoucmpykuyus npubausumenvHoil cpeoHesHeap-
cKoil (cpedneghespanvckoil) memnepamypul 6030yxa B
pa3Hble TepUOobl roJiolieHa BbIMOJIHEHA HA OCHOBE
M30TOMHBIX JaHHBIX. CoIocTaBlieHUe HM30TOITHO-
KHUCJIOPOJTHOIO COCTaBa Jibla TOJIOLEHOBBIX XU (B
KOTOPBIX 3HaYeHUs 0'% 0 BapbUpyIOT B OCHOBHOM OT
—21.8 mo —13.73%0) 1 cOBpeMEeHHBIX KIJIOK (BO3pacT
KOTOPHBIX, KakK IIpaBwmwio, He 6oee 100 jeT) mokasbl-
BaeT ONMM3KWI muana3oH Bapualuii 3HAYeHWI: BO
Jabpay poctkoB IT2KJI yctbe p. Hrapka-TamObsixa 3Ha-
yeHue 620 cocraBuio ot —21.82 no —14.11%o [1], no
pPOCTKY B paiioHe moc. AMaepMma paHee IIOJIydeHO
3HayeHue 080 = —15.2%o [10], nBa 3HayeHus 8'°0 B
KMJIBHBIX pocTKax U3 Topda Ha Mbice IlInuumnepa
okazach paBHbI —13.1%0 1 —16.9%o [11], o X1JTb-
HOMY POCTKY B palioHe BOopKyThl MOJIy4eHO 3HaUeHUE
880 = —16.0%0 [3]. 1o DaHHBIM MeTeOCTAaHLMIA
Bopkyra, Ammepma m Ycrb-Kapa coBpeMeHHast
CpEIHE3VMMHSISI TeMmIieparypa Bo3ayxa (CpemaHss 3a
MEpUOJ C HOSIOpS IO MapT) B paililoHE UCCIIeNOBaHUM
Mo JaHHBIM Ha 1965 r. coctasnsteT oT —14 g0 —18°C
[12]. Ons u3yyeHHOTO palioHa OTMedeHa MpsMas
Koppessaius cpenHesuMmHeit (ot —14 go —18°C) u
cpenHessHBapcKoii (oT —20 no —25°C) TemMneparyphl
ToMm 513

Ne 2 2023
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Puc. 2. 3Hauenus 830 B rosoeHoBbIX TMOBTOPHO-KMJIBHBIX JIbIaX U B CMEIIIAaHHBIX CerperallMOHHBIX Y TOBTOPHO-KUJTbHBIX
JIbIAX ¢ BKJIIOYEHUSIMU CEpOTO NIMHMCTOIO TPYHTa Ha 3allallHOM Itobepexbe baitmapalikoii ryobl, B ycTbe peku Hrapka-
Tam6bsixa: a — ITXKJI-1; 6 — TI2KJI-2; B — T12KJI-3; r — TI2KJT-4; 1 — TI2KJI-6; xx — T12KJI-7. 1 — AMS paauoyrinepoaHblii Bo3-

pacr; 2 — 3Hauenwue 8'°0.

JOOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAVKU O 3EMJIE  Tom 513  Ne2 2023
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Puc. 3. Cootnomenue 3navennii 32H u 8'%0 B rosoue-
HOBBIX ITOBTOPHO-XWJIBHBIX JIbIAX HAa Tobepexbe baiina-
paukoii ryosr. [ — ITXKII-1; 2 — TTXKJII-2; 3 — TTXKJI-3; 4 —
TI2KJI-4; 5 — TTXKJI-6; 6 — T12KJI-6; 7 — TT2KJI-7.

BO3Iyxa U mapaMerpa 0'*0 coBpeMeHHBIX XWIbHBIX
poctkoB (oT —13 10 —19%0) ¢ oTkKIOHEeHUEeM +2—
3°C.

IIpuMeHss TIPUOIMKEHHYIO 3aBUCHUMOCTH M30-
TOITHO-KMCJIOPOAHOI'O COCTaBa IIOBTOPHO-XXMJILHOTO
JIbJA XXWJI OT CPEIHESTHBAPCKUX TEMIIEPATYP BO3ayXa,
npemioxkennyro HO.K. Bacunbuykom [13], MoxHO
cacjiaTb BBIBOJ, 4YTO BapHalnu CpeﬂHeﬂHBapCKOﬁ
TeMIIepaTyphl BO3ayXa B meproa (GOpMUPOBAHUS ITO-
BTOPHO-KWJIBLHBIX JILIOB B UCCICAYEMOM paiioHe cOo-
CTaBJISUIM NpUOaU3uTesIbHO OT —20 10 —25°C, onHa-
KO BO BpeMsl 0ojiee MIATKUX 3UM CpeIHesTHBapcKast
TeMIlepaTypa Bo3ayxa Morjia ObITh U okoyio —18°C.
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For the first time AMS radiocarbon dating was used to date microinclusions of organic material extracted di-
rectly from Holocene syngenetic ice wedges in the European North of Russia on the coast of the Baydarata
Bay near the Yarynskaya village, 500 m south of the mouth of the Ngarka-Tambyakha River (68°51°20.27” N,
66°52’6.51” E). Dated ice wedges formed about 6.4, 5.0 and 1.9 ka BP. According to isotope oxygen data, the
average January air paleotemperature in the Middle and Late Holocene at the coast of the Baydarata Bay was
calculated. It is shown that the average January air temperature during this period here varied from about —
20 to —25°C, however, during milder winters it could be about —18°C.

Keywords: ice wedges, Holocene, AMS radiocarbon dating, stable oxygen isotopes, January paleotempera-

ture, coast of Baydarata Bay
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