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Summary

The object of study is ice wedges at 10 sites in the lower Kolyma River. The Holocene age of ice wedges is deter-
mined on the basis of radiocarbon dating of the enclosing sediments and location of ice wedges in alases, flood-
plains and lacustrine-paludal basins. The analysis of radiocarbon dates has shown that formation of alases with
ice wedges began in early Greenlandian stage of Holocene (the oldest dates are 11 and 10.8 cal ka BP). The most
active alas development and syngenetic ice wedge growth occurred since the second half of the Greenlandian
stage till the middle-late Northgrippian stage of the Holocene, most of the available “C dates fall in the range
from 9.5 to 4.2 cal ka BP. Accumulation of the floodplain deposits of the Kolyma River occurred mainly during
the Meghalayan stage, according to obtained *C dates from 2.5 to 1.9 cal ka BP. Oxygen isotope data of studied
ice wedges show that for the Holocene ice wedges the range of 8'80 is about 4 %o (?rom -28 to -23.7 %o) and
for the modern ice veinlets — about 5 %o (from -28.1 to —23 %o). Water of meteoric origin was the main source
for ice wedge formation, however, for ice wedges on the floodplains some participation of surface (river) water is
not excluded. Based on the refined equation of the ratio between ice wedge isotope composition and mean Janu-
ary air temperature, paleotemperatures for three key periods of the Holocene were calculated. It was established
that mean January air temperature during the Holocene varied in the approximately same range: from -40.7 to
-33.8 °C during the Greenlandian stage, from -38.6 to —33.3 °C during the Northgrippian stage and from -41.5
to -33 °C during the Meghalayan stage. This most likely indicates the stability of winter climatic conditions in
the north of Yakutia during the Holocene, determined by the influence of Siberian anticyclone.
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PekoHcTpyKUMA cpegHeAHBapCKOWM TemnepaTypbl B HU30BbAX P. KonbiMa ana TPEx KioyeBbliX NeprnogoB
rofnioLeHa, BbINOSIHEHHAA Ha OCHOBE AaHHbIX M30TOMHOrO COCTaBa MOBTOPHO-XW/bHbIX JIbAOB, NOKa3ana,
YTO CpefiHeAHBapCKaA TemnepaTypa BO3fyxa B TeUeHe rofoLeHa BapbupoBasna He3HauuTenbHo, cpep-
HVe 3HaueHunA anAa bonee Ténbix M 6onee cypoBbix 3UM cocTaBnany —33 n —41 °C cooTBeTcTBEHHO. NoKa-
3aHa CTabUNIbHOCTb 3UMHMX KIIMMaTMYeCKNX YCNIOBUIA Ha ceBepe AKyTWM B rofioLeHe, onpeaensemas Bnu-
AHVEM CUBUPCKOrO aHTULIMKITOHA.

Coxpamemm NPUHATHIC B CTATHEC

['JIMB - rno6anpHast TMHNsI METEOPHBIX BOJ
JUIMB - noxanbHas TMHUA METEOPHBIX BOJ,
MMIT - MHOTO/E€THEMEP3IIblE IOPOAbL
ITOKJI - mOBTOPHO-XWU/IbHBII NE,

Brenenue YeCKUX, KIMMaTUIYECKNX, OMOTUUYECKUX U apXeoJIio-

TMYECKUX JaHHBIX. Bo3pacT HUXHE TpaHULIbI TO-

TosiolieH — HanboJee XOPOLIO UCCeNOBaHHbIA  JolieHa ObuT onpenenéH B 11 700 kanuOpoBaHHBIX
MepuoJ, ero UCTOPUSI BOCCTAHOBJEHA HAa OCHOBE JIeT Ha3aj (KaJl. JIeT Ha3al), KOTOPbIii MapKUpyeT
MHOXECTBa F€OKPUOJIOTUYECKUX, TeOMOP(OIOTH- TIepBbie MPU3HAKKU KJIMMATUYECKOTO MOTEIUICHUS
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B KoHI1Ie mo3gHero apuaca. C 2018 r. Komuccueit
110 YeTBEPTUYHOM CTpaTUrpadum IMpUHITO TPEX-
YJICHHOE NeJIeH!e TOJIoLeHa: TPeHIaHACKNI TIepr-
on (ot ~11,7 mo ~8,2 THIC. KaJl. JIET Ha3a.I), CeBepO-
TpUIIIAAHCKUI TTepuon (0T ~8,2 mo ~4,2 ThIC. Kall.
JIeT Ha3am) U Merxajaiickuit mepuon (ot ~4,2 ThIC.
KaJi. JileT Ha3an no coBpemMeHHocTr) (Walker et al.,
2019). Havano xaxmoro mmepuoaa, Kak IpaBujo,
COOTHOCHTCSI C 3aMETHBIMH KJIMMaTUIEeCKUMU CO-
OBITUSIMU TT00aTBEHOTO MacimTaba. OCHOBHOI Map-
Kep TPEHJIAHACKOTO MeproAa B JICTHUKOBOM KepHe
NGRIP2 — 3ameTHOE CHMXXEHHE 3HAUYCHUN Ieii-
TepPUEeBOTO 3KCIIecca, YTO OTpaxkaeT IMepecTPOKY
pexXuMa ucnapeHUsI B UICTOYHNKE (DOPMUPOBAHMUS
ocankoB. CeBepOrpUIMIIMAHCKUNA MEPUO BHIICIIS -
€TCsI TI0 YETKOMY CUTHAIIy IOXOJOMaHMs KIMMAaTa,
KOTOpPOE ITOCIEA0BAJIO 3a IIePUOIOM ITOBBIIICHUS
TeMIlepaTyp B Hadajie rojoueHa. Merxajaaiickuii
MIEPHUOM XapaKTePU3YyeTCsI OBICTPHIM MEPEXOAOM K
3MO0Xe 3aCYILIMBOTO KJIMMAaTa B CPEIHMX M HU3KMX
IIMPOTaX, B BEICOKMX IIUPOTaX OBLIN 3a(pPUKCHUPO-
BaHbI HEOTJISIIIUAIbHBIC YCIIOBUS U 3aMETHBIE IO~
Brkku jgenHukoB (Walker et al., 2019).

H3MeHeHNe 3MMHUX KIMMaTHISCKNX MapaMeT-
POB IIpHU IIepexoe OT ITO3IHETO IUIeICTOIIeHa K Io-
JIOLIEHY B apKTUYECKUX PETMOHAX XOPOIIO IPO-
CJIeXXMBAETCS 110 3HAYCHUSIM M30TOITHOIO COCTaBa
kuciopona 8'80 B moBropHO-KIbHBIX J1b1ax (TTXKIT)
(Vasil'chuk, 1991). J1J11 BOCTOYHBIX ¥ CEBEPO-BOCTOY -
HBbIX pernoHoB CHOUPU HaYaso rojioleHa GUKCU-
pyeTcs TI0 CABUTY B CTOPOHY 00Jiee BBICOKMX 3Haue-
HUIA Ha M30TOIMHBIX KPUBBIX 110 TIOBTOPHO-KMIHbHBIM
JbJlaM, YTO OTpaxkaeT IMOBBIIICHUE CPEIHE3UMHUX
TeMreparyp Bo3ayxa. 3aMeTHO 0oJjiee BHICOKHME YeM
no3aHernielicroneHoBble (Boiie Ha 6—10 %o) 3Haye-
Hug 8'80 nosyueHsI 1o rojioLeHoBLIM Xuiam Oiroc-
ckoro fApa (modepexne rponusa JImurpus Jlantesa),
o. bonbioii JIsixoBckuii (Meyer et al., 2002b; Opel et
al., 2017), beikoBckoMy m-oBy (Meyer et al., 2002a),
0. Aiton (Vasil'chuk, Vasil'chuk, 2018a), neHTpaib-
HBIM U BOCTOYHBIM paiioHaM Yykortku (Vasil'chuk,
Vasil'chuk, 2017). Jdns auzoBuii p. KonsiMa Haub6o-
Jiee ToKa3aTe/IbHbI U30TOIHbIE JaHHbBIE O TTOBTOP-
HO-XWJIbHBIM JibaaM dyBaHHoro fpa u IlnaxuH-
ckoro fpa, rie pasHULA B CPEIHUX 3HAYeHUsIX O30
MEXy MO3IHEIIeHCTOIIEHOBBIMU 1 T'OJIOIIEHOBDI-
MM XUJIaMU COCTaBISET B cpenHeM 6 %o (Vasil'chuk,
Vasil'chuk, 2018b; Bacunbuyk, Kotisikos, 2000).

B rosolieHe MOBTOPHO-XXUJIbHBIE JIBIbI (DOPMU-
poBaJIMCh HEPAaBHOMEPHO B MPOCTPAHCTBE U Bpe-

MeHU. 111 MHOTUX paiilOHOB KPUOJIUTO30HBI TPEH-
JIAHOCKUI Mepuoa TOoJOolleHA XapaKTepu3yeTcs
aKTUBU3aIlMel IIPOIIECCOB TEPMOKApPCTa U IIpoTa-
WBaHUS BEPXHUX F'OPU30HTOB JIbAMCTHIX OTIOXKE-
HUH MO3IHEIJICHCTOLIEHOBOIO BO3pacTa, a TAaKXKe
pacmpocTpaHeHHEM NPEeBECHOI PaCTUTEIbHOCTU Ha
OOIIMPHBIX TYHIPOBKIX IIpOCTpaHCTBax. IlpumunHoit
AKTHBHU3AIlUM TEPMOKAPCTOBBIX IIPOILIECCOB, BEPOSIT-
HO, OBLJIO YBEIMYCHME JICTHUX TEMIIePaTyp U ITyOu-
HBI Ce30HHOTO npotanBaHusi. Co BTOPOIi IIOJIOBUHBI
TPEHJIAHACKOIO 1 B TEUCHUE CEBEPOrPUITIIIAHCKO-
ro IepUOIOB IIPOUCXOANIIO 3200 IauBaHIIE alacoB
1 oOpa3oBaHue TOpPSIHUKOB. [TouTn moBceMecTHO
B IIpeeIax ajJacoB OMHOBPEMEHHO C HaKOIUICHUEM
Topa GopMUPOBANTUCH MOBTOPHO-KUJIbHBIE JIbJbI
(Opel et al., 2017; Vasil'chuk, Vasil'chuk, 2018a;
Grinter et al., 2019). K KoHIIy ceBepOrpuImmaHcKo-
ro — Hayvally MerxajalicKoro repuomaa B pe3ybTare
MOXO0JIOJAHUS KJIMMAaTa aKTUBHOCTh Pa3BUTHUS ajia-
COB CYIIIECTBEHHO CHU3MJIACh M HOCHJIA JIOKATIbHBII
xapakTep. CHHIeHeTUYEeCKHE TOBTOPHO-XUJIbHBIE
JIBIBI (POPMUPOBAIMCH HA aKKYMYJIITUBHBIX y4acT-
Kax moiiM u jaiin (Schirrmeister et al., 2018).

3amaun HaIIero MCCaenoBaHus — O0OOIINTE BCe
MMEIOIINE JaHHBIC IO M30TOITHOMY COCTaBY I'OJIOIE-
HOBBIX ITOBTOPHO-XWIbHBIX JIbIOB HU30BUM p. Ko-
JIbIMA, BBITTOJTHUATD BO3PACTHYIO IIPUBSI3KY M30TOITHBIX
3HAYCHUII Ha OCHOBE PaarOyIJIEPOIHBIX TaTUPOBOK
BMEIIAOIIMX XKWJIbl OTJIOXKEHUI 1 pEKOHCTPYHUPOBATh
CpEeIHEeSTHBApPCKYIO TeMIIepaTypy BO3AyXa B TeUCHHE
TPEX KJIFOUEBBIX IIEPUOIOB IOJIOIICHA.

Paiion uccienosanmii

PaiioH ucciegqoBaHUil OXBaThbIBAET IMIPUMEPHO
250-KnIoMeTpoBEBI OTPE30K HILKHEro TeueHns Ko-
JIbIMBI — OT noc. KoabIMcKoe Ha 1ore 10 cT. AMbap-
YUK Ha obdepexkbe BocTouno-Cubupckoro Mopst Ha
ceBepe. OCHOBHBIC MPUTOKM KOIBIMBI Ha JaHHOM
ygacTke — peku OmosnoH, bombioit AHI0# 1 Mabrit
AH1oli. BonopasaenabHble MOBEPXHOCTU TEPPUTO-
PUU CIIOKEHBI OTJIOXEHUSIMHU JISIOBOTO KOMILJIEK-
ca (ToJjIa JbAUCTHIX CyIleceil U CYIJIMHKOB C MOIII-
HBIMU TIOJIMTOHAJIBHO-KUJIbHBIMU JIbIaMU), CUIBHO
pacwIeHEHHBIMU aJlacaMU M aJJaCHBIMU paBHUHAMM.

ITo manHBIM MeTeocTaHuuil (M/c) Yepckuii,
Bbyxta Am6apunk n Konesimckas (puc. 1), cpenane
TeMIepaTyphbl BO3Iyxa STHBapsI U UIOJISI BapbUPY-
1ot ot —33,6 10 —29,7 °C u o1 6,8 10 12,3 °C coort-
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Puc. 1. PacrionoxeHue paiioHa Uccaen0BaHU Ha ceBepo-BocToke Cubupu.
Meteoctanuuu: a — byxra Amo6apuunk, 6 — Yepckuii, ¢ — KonbiMcKast

Fig. 1. Location of the study area in the North-East of Siberia.

Weather stations: a — Ambarchik Bay, 6 — Chersky, ¢ — Kolymskaya

BeTCTBeHHO (Www.meteo.ru/data/156-temperature;
www.pogodaiklimat.ru). [lepuon ¢ Temneparypamu
Bo3ayxa crabuinbHo Huxke 0 °C gauTcest ¢ OKTSIops
10 Havajla—cepeauHbl Masi, HanboJee XOIOMHbII
Mecsll Toa — iHBapb. Bapuaunu cpenHestHBapCKOM
TeMIlepaTyphbl BO3IyXa COCTaBUIMU: 1o M/c Uepckuii
(1940—2019 rr.) ot —41,7 1o —23 °C; o m/c byxra
Amb6apyuk (1933—1991 rr.) or —39,6 no —29,7 °C,
no M/c Konsimckas (1949—2019 rr.) or —42,4 no
—26,2 °C. CpenHerogoBoe KOJIMYECTBO OCAIKOB B
patione noc. Yepckuii coctaBaseT okojo 200 MM,
0OJbIIas YacTh OCAAKOB BhIMIagaeT JIETOM (OKOJIO
39%) u ocenbio (0koyio 31%). CHEeXHBbII TOKPOB
OOBIYHO JIEKUT C KOHIIA CEHTAOPS OO0 CepelrHBI
Masl, TOJIIUHA cHera BapbupyeT oT 0,25 mo 0,5 M,
MUWHMMAaJIbHAas TOJIIMHA OTMEUYaeTCs Ha OTKPBITBIX
BO3BBILIEHHOCTSX (Www.pogodaiklimat.ru; Davydov
et al., 2008). Uccnenyemblit paiiloH pacrojioXeH B
00J1aCTH CIUIOIIHOTO PACIpOCTPAHEHUSI MHOTOJIET-
HeMmeép3nbix Topoa (MMII), Tanuku BcTpeyaroTcs
TOJILKO MO KPYMTHBIMU peKaMu U o3épamMu. Molii-
Hocth MMII cocrasiser 500—650 M, cpeaHeromo-
Bas TeMIiepaTypa MEp3JbIX TTOPod BapbUpyeT oT —3
no —11 °C (Davydov et al., 2008). Pactymue coBpe-
MEHHBIE U TOJIOLICHOBBIE XWIbl BCTPEUYECHBI HA TI0M -

Max peK M OCTPOBax B pycJiax KPYITHBIX PeK, B IIpe-
JieJlax ajacoB U TOP(PSIHUKOB.

MeToauka ucciaea0BaHuii

B oOGHaxxeHusIX aacoB U MOWM Ha IeCSATH yJacT-
kax (cM. puc. 1) B nepuon 1983—2018 rr. 6putn uc-
cJiel0BaHbl TTOBTOPHO-XXKUJIbHBIE JIbIbI. B oOHaxe-
HUSIX aJIacOB ISl UCCIeOBaHUI 1 0TOOpa 00pa3iioB
BBIOMpanu Hauboyiee KPYIMHbIE KUJIbI, UMEIoIINe
MpU3HAKU CUHIeHETUYECKOTO POCTa: SIpyCHOE 3a-
JIeTaHUE XKW, TTOSICKU, TIEYUKU, U3TUOBI ITOIOIIBBI
Topda Ha KoHTakTe. [Ipn3HakamMu cuHTeHe3a TakxkKe
CJIY>KUJIM BBICOKAsI JIbAUCTOCTh BMEIIAIOIINUX OTJIO-
JKEHUI, OTHOCUTEJIbHO paBHOMEPHO pacIpeaeacH-
Hasl 110 pa3pe3y, U YBeJIMYeHHEe MOIIHOCTU Topda
OT >XWJIBI K IEHTPY MOJUTroHa. 2Kuibl B HOAMEHHBIX
OTJIOXEHUSIX Bcerna (popMUpOBaIUCh CUHTCHETH -
YEeCKH, U B TeYEHME BCEro Mepruoa UX pa3BUTHS Ha-
KOTUJIEHUE TOMMEHHBIX OTJIOKEHUN TTPOIOJIKATIOCH.

Jlist aHanu3a 3Ha4eHUI CTaOMIbHBIX M30TOIIOB
OTOMpaan o0pa3lbl JIbIa U3 TOJIOLEHOBBIX XKW U U3
COBPEMEHHBIX XUJIOK U pocTKOB. OTO0Op 00pa3ioB
JIbJa 13 TOJIOLIEHOBBIX >KIJI BEJICS MPEUMYIIIECTBEHHO
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10 BEPTUKAJIM, HO B TeX CIyJasix, KOrma B OOHAXKEHM-
sIX OBbLJIa BCKPBITA TOJIBKO BEPXHSISI 9aCTh KIIBI (Ha-
npumep, [12KJ1 5) nam BBUAY HEZOCTYITHOCTH TSI OT-
Oopa HIKHER yacTy XKwibl (Harmpumep, [T2XKJ1 6 u 7),
0TOOP JIbIIA BEJIM BIOJIb TOPU3OHTAIBHBIX IIPODUIICH.
3HAYNTENIbHBIA OITBIT MCCASA0BAaHUS U30TOITHOTO
CcOCTaBa KaK TOJIOLIEHOBBIX, TaK U ITO3THEIUICHCTO-
LICHOBBIX IIOBTOPHO-XWIbHBIX JIbIOB (Bacuiabuyk,
1992; 2006) moxa3bIBaeT, YTO AUAIMA30H M30TOITHBIX
3HAYeHMI MO0 oOpasllaM, OTOOpaHHBIM IO BePTHU-
KaJIv, BCerma BKIIoYaa B ceOsl Bce 3HAUCHMS 10 00-
pasiam, oTOOpaHHBIM 10 TOPU3OHTAIN. M cKitoue-
HHE COCTaBJISUIA TOJBKO 3HAYCHUS, TIOIydeHHBIE T10
10—15-caHTUMETPOBOMY CJIOIO XXMJILHOTO JIbaa Ha
KOHTAaKTe ¢ BMEIAOIIMU OTI0XeHus MU, O0pa31ibl
JIbJa PACTAIUIMBAJINCh B MOJUATIICHOBBIX IMaKeTax
npu Temrniepatype He Beimre 20 °C, 3arem Boga Tepe-
JINBAJIACh B IIACTUKOBBIC (DJIAKOHBI, JOTIOJTHUTEIEHO
KpblllIKa (akoHa odMaThIBajgach napapuaiMoM IJist
MUHMMHA3AUMU UCIIapeHusl. [0 M30TOIMHBIX OIpee-
JIeHU# (JIaKOHBI ¢ 00pa3laMy XpaHWINCh B XOJIO-
IMIBHUKE TTpu TemIteparype +3 °C.

OmnpeneneHnsT U30TOITHOTO COCTaBa KUCIOpoaa
BO JIBAY KWJI BHITIOJIHSUIOCH B 1a00OpaTOpUM M30TOII-
Holi reojorur MHCTUTYTA Teonoruu B I. TamiuH,
Octonus (tpod. P. BaiikMsi3) u B 1aboparopuu n30-
TONHO# ruapoaoruu MHCTUTYTa BOTHBIX IIPOOJIeM
PAH (A.l. EcuxoB) Ha mipu6ope G-50. ITaprabie
HM30TOITHBIE OIpeAeIeHNs (KICI0poaa M BOOOPOIa)
BO JIBIY XWJI, NccliemoBaHHBIX B 2018 T., TpoBOIM-
JIX aBTOPHI CTaThbM B M30TOITHOM JJaOOpAaTOPUM I'eo-
rpacuueckoro ¢akynsrera MI'Y nmenu M.B. Jlo-
MOHOCOBa Ha Macc-crektpoMeTpe Delta-V Plus ¢
HCIIOJb30BaHEM KOMILIeKca ra3-oenu. s kanmno-
POBKM M3MEPEHUI HMCIIOIb30BAINCh MexXITyHapom-
Hele ctangaptel V-SMOW, GRESP, SLAP. Ilo-
IPELIHOCTD onpeneaeHuii coctapuia +1 %o mwisa 6*°H
u £0,4 %o nna 8'30. 3nayenus 8'%0 u 6°H Bripaxe-
HBI B poMuJie oTHocuTeabHo VSMOW. Jlefitepue-
BbIii aKcuecce d., paccuntat 1o popmysie B. lancro-
pa (Dansgaard, 1964) — d,,. = 8’H — 85'%0.

[ panroyriepoaHoro [aTMpOBaHUS OTOMpaIn
00pa3Iibl OPraHMKU U3 BMEIIAIOIINX XKWIbl OTIO0XE-
HUii. [laTupoBaHue 06pa31oB BEITIOJIHEHO B ['eosoru-
yeckom nHctutyte PAH (unnexc 'MH) u 8 Unctuty-
Te UCTOPUM MaTepuanbHoul KyabTypbl PAH (nHaekc
Jle). KanubpoBka 1aTMpOBOK TMpoOBeAeHa ¢ IMpUMeHe-
HueM nporpammbl Oxcal 4.2 Ha ocHOBe 0a3bl JaHHBIX
IntCal13 (Bronk Ramsey, 2009; Reimer et al., 2013),
JaThl IPUBEIEHBI B BUIE THICSY KaJl. JIET Ha3all.

PeayjleaTm MOJIEBBIX UCCJIEI0BAHMI

Kak yxe oTmMeuanoch, OCHOBHbBIE YYaCTKU KC-
cJieoBaHUs U OMPOOOBAHUS TOJIOLEHOBBIX TTOBTOP-
HO-XWJIBHBIX JIBIOB — OOHAXKEHUs IOIM 1 aJlacoB,
3ajierarlolle Ha BOJOpa3ae/ibHbIX MTOBEPXHOCTSIX U
HaarolMeHHbIX Teppacax p. KonbiMa (cM. puc. 1) u eé
MPUTOKAX B BUJIE BKJIAIOK MM OOILIMPHBIX 03EPHO-00-
JIOTHBIX MOHIKeHU. HekoTophle U3 rccienoBaHHbIX
SKWJI UMEIOT TIPU3HAKU COBPEMEHHOTO POCTa B BUJIE
Y3KMX MOJIOABIX XKWJI WJIU 3KWJIbHBIX POCTKOB, 3aJIeraro-
IIMX OO MEXIIOIUTOHATIBHBIMU TTOHVKEHUSIMU.

Aaacoel 6 npedeaax 6000pazdeabHbIX NOGEPXHO-
cmeli u HadnoliimenHvix meppac p. Koavima (yuacmru
T2KJT 1 - 1I2KJT 5). Yuacmok T12KJI 1 — JlyBaHHBII
Sp (68°40'3,38" c.m1., 159°4'34,97" B.1.). B nipene-
Jlax ooHaxkeHus JlyBaHHbINA A p onucaH anac ¢ MoB-
TOPHO-XKWJIBHBIMHU JIbIaMH. B 0oOHaXXKeHUM BBICOTOI
10—12 M BCKPBIT CYIIMHOK, JIETKUIA, CephIif, C He-
MPaBUJIBHO CETYATOM U STYEUCTON KPUOTEKCTYPOMH,
MEPEKPBITBIIA OYpbIM TOPHOM MOIITHOCTBIO 1—1,5 M.
Huxe mogoimBbl TOpgsiHMKA pacoaoXeHbl TOpdhsI-
HbIe XUkl BeicoToi 0,5 M U mupuHoi 0,1—0,2 m.
OnHa 13 BCKPBITBIX TOPMSTHBIX XKWJI TOCTUTAJIa BBICO-
Thbl 00J1ee 3 M. B BepxHeit yacTu oOHaXKeHUSI IO TOp-
(sTHUKOM ObL1a BCKPbITA y3Kas JeAsiHas Xuja, cJio-
>KEHHasl 3KeJITOBaTO-CePhIM JIbIOM BBICOTOU OoJiee
4 M u mmpuHoii okoio 0,4 m (Bacunbuyk, 1992).

Yuacmok [I2KJI 2 — AnelmikuHcKasi Teppaca
(68°41'16,18" c.u1., 158°24'50,99" B.1.). Anac B npene-
JIax TiepBOii HaAmoWMeHHO Teppackl KonabiMbl onu-
caH B paifoHe AJIEIIIKMHCKOI 3auMKH. BricoTa Teppa-
ChI Haf ype3oM peku cocTapiisgeT 8—10 M, B oOOHaKeHUMN
BCKPHBIT TOP(] MOITHOCTBIO | M, TTOACTUIIaeMBIiA Cepoit
CYIIECBIO C THE3MaAMU Topda B BepXHEl YacTu, B HIXK-
HEll 9acTu OoINecYaHEeHHOH MOIIHOCTBIO 1 M. JIbau-
cTocTh cyrecu mocturaia 80—85%. Cyriech moacT-
JIajach IIECKOM MOIIHOCTD 0KOJI0 4 M. B oOHaxkeHuHU
BCKpPBITA CUCTEMA JICATHBIX KT IMAPUHOM 1,5—1,8 M.
JIEn k1 BepTUKAIbHO-CJIOUCTbIN, Oe/bli, C BKIIIOUE-
HUSIMU KJIMHBEB ceporo Jibaa (Bacuibuyk, 1992).

Yuacmox TIKJT 3 — Tnaxunckuii Sp 68°40'35,49" c.u.,
160°12'57,79" B.1.). Ha neBom Gepery CramyXxuHCKOI
npoToku KoibiMbl, BOIM3U oOHaxkeHUs [lmaxuH-
ckuii fAp, uccienoBaH ajac ¢ JeASHBIMU XUJIaMU.
OTioxxeHus anaca IMpeAcTaBlIeHbl IPEeUMYIIEeCTBEeH -
HO CYIIeCSIMU MOIITHOCTHIO OKOJIO 4 M C IPOCJIOSIMU
topda mommHocThIo 0,2—0,3 M, 9acToTa ¥ MOILIIHOCTh
KOTOPBIX BO3pacTajla Mo HaIlpaBJIEHUIO K LIEHTPalb-
HBIM YacCTSIM ITOJIUTOHOB; Y OCHOBaHMUS TOP(SIHOTO
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TOPU30HTAa BCTPEUEHBI CTBOJIBI M ITHU AepeBhbeB. Ilon
MMOJIMTOHAJIBHBIMY KaHaBaMM 3ajierajy IIOBTOPHO-
SKIJTBHBIC JIBIIBI, BCKPHITOM MOIITHOCTBIO OKOJIO 2,5 M
U IMIMPUHOI B BepXHeil yacTu okojio 1 M. B xumy
CBEpXY BHEIPSIACh MOJIOHAsT Y3Kasl XKWIa BEICOTOI He
6osee 0,7 M (Bacwibuyk, 1992).

Yuacmox TIXKJT 4 — noc. Yepckuii (68°44'25,96" ..,
161°23'48, 71" B.1.). O3€pHO-00/I0THASI KOTJIOBUHA C
MMOBTOPHO-XXWJIbHBIMU JIbAAMM MCCIeAOBaHa B paii-
oHe noc. Yepckuit, B 1 kM oT cT. «Opbutar. OT10-
JKeHUs MpeACcTaBiIeHbl CYIIMHKAaMU, 3aTop(oBaH-
HBIMU C TTIOBEPXHOCTU. B TepMO3p0O3MOHHBIX HUIIIAX
IO TOPU30HTOM TOpda BCKPHITH BepxHue ¢par-
MEHTHI JIeASTHBIX k1. OmHa 13 Hanboiee BCKPBITHIX
SKWJI, INUPUHOM B BepXHeii yactu 0KoJjio 0,6 M, cto-
JKeHa CepoBaTO-XKENTHIM BEPTUKAIbHO-CIOUCTHIM
JIBIOM C MEJIKUMMU ITy3bIpbKaMU BO3IyXa.

Yuacmox T12KJT 5(68°30'25,99" c.ur., 160°927,80" B.1.).
Ha OMon0HO-AHIOMCKOM MeEXaypeube, B BEpXO-
BbsIX p. TUMKUHCKOW, onycaH ajac B 0OHaXKeHUM Ha
Oepery 03. JlensgHoe (naHHbie M. JleiitomaH). B 06-
HaXXeHUU BCKPBIT TOPPSIHUK MOITHOCTHIO 0,5—1 M
CO CTBOJIaMU Oep€3bl B OCHOBAHUM, MTOACTUIaeMbIiA
0TOp(OBAHHO CYIEChIO C TUEUCTON KPUOTEKCTY-
poii. ITox TopdoM 3aneraet JeasHas Kujia IUPUHON
B BepxHeit yacTi 1 M 1 BBICOTOM 10 5 M.

Hoiimennsie omaoxcenus p. Koavima u eé npumo-
ko6 (ywacmiu II2KJI 6 — II2KJT 10). 2ZKwvinbl, ruccieno-
BaHHEBIE B Ipeleliax IMoiiM, MPUypodYeHbI, KaK IIpa-
BUJIO, K OTOP(OBAHHBIM C MOBEPXHOCTU yYacTKaM
U XapaKTepu3yIOTCcs HEOOIbIIMMU pa3MepaMi U He-
TJTyOOKUM 3aJieTaHueM.

Yuacmox TIKJT 6, oiima p. Konbima (68°39'52,44" ¢,
159°0'37,88" B.1.). B 0OHaxXeHNM BBICOKOI MOMMBI
JeBoro 6epera KojbIMbl, HATTPOTUB KpaeBoil yacTu
obHaxxeHus JlyBaHHBIN fp, BCKpbITa Cymech, OTOp-
(boBaHHas B BepXHEil YacTU, C MPOCIOSIMHU ACTPU-
Ta MOIIHOCTBIO 10 2 M, TIOACTUIaeMas TecKoM 10
ryouHsl 3,5 M. KpruoTekcTypa cyrnecu — siueucras,
rnmecka — MMUKPOJMH30BUIHASI HA KOHTAKTe C CyIe-
Chl0, HIKEe — MaccuBHas. Ha rmoBepxHOCTH TTOHMBI
OTMEYEH MOJUTOHAJBHBIN peabed, MoJ MOPO30-
OOMHBIMU TpeIIMHAMM HIXKE ITOIOIIBEI CE30HHO-
TaJIOTO CJIOSI B 00HAXKEHUU BCKPBHIBAIOTCS XKUJIbHBIC
POCTKM U MOJIO/IbIE COBPEMEHHBIE XWJIKU, Hepe/-
KO pacceKkarollne XUkl 00jiee paHHErO BO3pacTa.
IIvpuHa rojJoleHOBBIX XUl — He Oosee 0,5 M, Ha
KOHTaKTe CYIeCH U Mecka OHU CUJIBHO 3aru0aroTcst
JI0 TOPU30HTAJIBLHOTO TTOJOXEHUS U JIMIIb U3peaKa
MPOHUKAIOT XBOCTaMM B Iecok Ha 10—15 cm.

Yuacmox T1I2KJT 7, moiima p. Kombiva (68°52'29,81" c.ir.,
161°27'29,09" B.1.). B 0oOHaxeHMM TTOMMEBI Ha JIEBOM
oepery Kombimbl (50 KM HIKE IO TEYEHUIO OT IOC.
Yepckuii) XKWIbl IMPUHOM 10 0,5 M BCKPBITHI B CY-
mecu mox cioeM Topga MomrHocTho 0,2 M, B KOTO-
poii Ha ryouHe 1,8—2 M OTMEUeHBI CKOIUICHUSI KO-
pemikoB. KproTtekcTypa cynecu — MAKPOIIUTMPOBASL.

Yuacmox TIKJI 8, oiima p. OmoroH (68°32'50,81" c.r.,
158°41'14,91" B.n.). B moiiMeHHBIX OTIOKEHUSIX
OwmonoHa, npaBoro nputoka KoJjibiMbl, Ha TIyOMHE
0,5—1 M BCKpPBITHI XWJIbI, 3ajleTalOINE B MblIeBa-
TOM CymnecH, CIOMCTOM 3a CUET BKIIOUEHUN pacTu-
TeJbHOTO netpuTa u Topda. LllnpuHa xui B Bepx-
Hel 9acTU JOCTUTAeT 1 M, BEICOTA JKIJI — OKOJIO 3 M.

Yuacmox II2KJI 9, noiima B ycThe p. OMOJIOH
(68°34'38,09" c.11., 158°42'55,18" B.A.). BOm3u ycTbs
OMOJIOHA B OTJIOKEHUSIX BBICOKOM MONMBI BCKPBIT
ajac MpoTsLKEHHOCTBIO Oojiee 200 M, CIIOXKEHHBIN TEM-
HO-KOPUYIHEBBIM TOP(POM ¢ OOIBIINM KOJIUISCTBOM
IIPEBECHBIX OCTATKOB, MOIITHOCTh KOTOPOT'O BO3pacTa-
JIa 10 4 M B LIEHTpaJIbHOM YacTu anaca. Topd mmomcTu-
JIAJICSI CYIIECBIO C OCTaTKaMU TOPEJIBIX IePEBbEB, BETOK
U npociossMu Topda MolHocThio 10 0,2 M. B cyne-
cu 11011 TopOM 3aJIerajIn JIeAsTHbIE XKIJTBI ITUPUHON B
BEepXHEI yacTu 0KoJ1o 1 M, He OoJiee 2 M BbICOTOIA.

Yuacmox T1I2KJI 10, noiima TToxonckoit mpoToKu
(69°4'42,89" c.11., 160°57'54,80" B.11.). B HM30BBE . KO-
JbIMa y 11oc. Iloxomek mom Mopo3000iTHEIMU TPEIH-
HaMM BCTPEUYCHBI COBPEMEHHbBIE POCTKH ITOBTOPHO-
KWJIBHBIX JIBIOB, IIPOHUKAIOIINE B O0JIee IIMPOKIE
SKIJTBI TOJIOLICHOBOTO Bo3pacTa (Bacuibuyk, 1992).

PamnoyriepoaHoe 1aTHPOBAHKE U ONpe/e/IeHIe
BO3pacra OT.JI0KEHUI 1 NOBTOPHO-2KIWJIbHBIX JIbJ10B

Bo3spacT uccienoBaHHBIX aJacHBIX W ITOMMEH-
HBIX TOJIIII OIIpeneIEH Ha OCHOBE PaaroyTIePOIHBIX
IAaTUPOBOK, YaCTh KOTOPBIX MOJIyYeHa aBTOpaMU B
Ipoliecce MUcCiaeqoBaHNil, HEKOTOPhIe TaTUPOBKU
3aMMCTBOBaHbI U3 OoJjiee paHHUX nyoaukauuid. ITo
TopdsiHoI xuie u3 anaca JlyBanHoro Apa (ITXKII 1)
nostydeHsl Tpu 4C natuposku ot 8,4 10 5,2 ThIC.
KaJl. JIeT; B ajace AjnelkuHckoi Teppachol (IT2KJT 2)
Top(d U3 cyrecu, NepeKpbIBAIOIIUIA JEATHYIO XKUY,
JaTUpoBaH B 7,6 ThIC. KaJl. JieT. boiiee Mo10101i BO3-
pacT (cepearHa mMerxajaalickoro repuojia) moy-
YyeH JJIs1 OTJOXEHUI HU3Kol moiimbl p. KonbiMa
(TT2KJI 7), roe ckorieHre KOPEeLIKOB JaTUPOBAHO B
2,5 ThIC. KaJl. JeT Ha3an (Taba. 1).

-414-



H.A. byoaHueaa, F0.K. Bacunbuyk

Ta67mu,a 1. Panuoyrneponﬂmﬁ BO3pacT aIaCHbIX N MOVIMEHHBIX TONI] C IOBTOPHO-XW/IBHBIMMU JIbJAMI B HU30BbSAX P. Kompima

JlaGopartopHerii | I'myouna, m/ AGco- Marepuan 14 14C nara*, ka- CpenHee 3HaUeHUE,
HOMep obOpasia* | JIIoTHas BbICOTa, M | JaTUPOBAHMS flata, T Hasal JIMOPOBaHHBIE TOMBI | KATMOPOBAHHBIE TOBI
JlaHHbIE aBTOPOB
TI2KJT 1 — Jlysannsiit fp, asac
TMH—-4005 5,4 Topd 4500140 5319—-4910 5163
I'MH-3851 5.8 Betku 4530150 5450—4883 5164
T'MH-38598 6,5 Topd 75601180 9030—7849 8371
TI2KJI 2 — Anewkunckas meppaca, arac
TH-4589 | 0,7 | Topd | 6780440 | 77287515 | 7629
TI2KJT 7 (noitma p. Koavima)

Jle-11890 | 2,0 | Kopewku | 2440+65 | 2750-2323 | 2523

JlaHHbIe U3 IPYrUX MyOIMKAIMi
TI2KJT 1 — Jlysannwiii Hp, aracol (Kanauna, Jloxckun, 1979)

MAT-161 1 3955480 4823-4086 4406
MAT-156 5 Topd 6300£60 7424—6993 7227
MAT-165 1,5 92001150 11 131-9736 10401
MAT-470 1,5 IpeBecrHa 5400%100 6495—5895 6181
MAT-162 4 Topd 8500+50 9598—9314 9503
MAT-164 4,5 8510+55 9665-9310 9506
112KJI 3 — Iaaxunckuii Ap, anac (Fukuda et al., 1997)
NUTA-4554 1,1 Topd 5780x90 6896—6300 6581
NUTA-4541 1,6 7080120 8308—7586 7900
NUTA-4540 2,1 Top® ¢ apese- 7180+130 8388—7660 8009
NUTA-4539 2,6 CUHOH 8040100 9404—8545 8905
TI2KJT 10 — anac 66ausu noc. Tloxodck (Wetterich et al., 2018)
Poz-50918 +6,5 Topd 3855+35 4000—4485 4239
POZ-50919 +5,2 PacTtureabHbIN 6850i50 6741—7751 7616
Poz-50920 +4 LIEeTpUT 8290150 8650—9345 9112
Poz-50921 +2,5 Topd 8610£50 9586—10 266 9942
Poz-50923 +1,7 921050 10276—11 061 10489
TI2KJI 11 — doauna p. boavwas Kyponamouws, arac (Kanauna, Jloxckun, 1979)
MAT-138 8 Opratiuka 8450+150 10 174—8976 9431
MAT-136 8 8150£100 9472—-8636 9111
MATI-131 1 Topd 4700£110 5750—4879 5422
MAT-140 2 4270£150 5472—4237 4842
TI2KJI 12 — Cmanuuxosckuii Ap, arac (Kanauna Jlosckun, 1979)
I'MH-379 1,2 JpeBecuHa 6000300 7757—5918 6864
MI'Y-424 2 Topd 7100100 8204—7622 7921
TI2KJT 13 — Moaomkoeckuit Kamens, arac (Kanauna, Jlosckun, 1979)
MAT-151 1 Topd 7920+70 9027—8513 8771
MI'Y-426 1,5 8350+70 9534—-9032 9359
TI2KJT 14 — «Kpacusoe», arac (Muxanée u dp., 2006)
MAT-166 1,5 Topd 8330120 9677-8779 9312
MAT-171 7 9650+£100 11 337—-10571 10978
TI2KJT 15 — noc. Ambapuux, arac (Fukuda et al., 1997)
NUTA-4886 0.35 JpeBecHbIE 8750+90 10 195-9525 9776
NUTA-4871 ’ OCTaTKU 9470190 11 197—10 376 10757

*J1aTUPOBKY TOJIyYeHbI B paaroyrieponHbix gadoparopusix: [MH — I'eonornueckoro unctutyra PAH, Jle — MHcTuTyTa Hcto-
pumn MatepuaiabHoil KyabTypbl PAH, MAIT — CeBepo-BOCTOYHOIO KOMITJIEKCHOTO HayYHO-HMCCIIeI0BaTeIbcKOro nHctutyta JIBO
PAH, r. Maragan, MI'Y — MocKOBCKOTo rocyaapcTBeHHoOro yHuepcuteta uMmeHu M.B. JlomoHnocosa, NUTA — r. Haroiist
(SInonus), Poz — r. I1o3uanb (ITonbiia).
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ITockonbKy BpeMsT GOpMHUPOBAHUS JSASIHBIX
JKHJI OLIEHMBAJIOCH II0 BO3PACTy BMEIIAOIINX OT-
JIOXKEHUI1, HEOOXOANMMO pPacCMOTPETh HEKOTOPEIS
ACTIEKTHI PACIOJIOXEHMS KM OTHOCUTEIHLHO BMe-
IIAIOIINX OTIOXEHUN IMIPU UX CHHICHETUYECKOM
HakoruieHun. [lpenmonaraercst, 4To BO3pacT BMe-
MIAIOIIMX OTJIOXKEHUI Ta€T MaKCUMaJIbHOE BpeMsI
(bopmupoBanus k1. CUHTeHETUYECKNE JICISIHBIC
JKWJTBI MOTYT OBITh Ha HECKOJIbKO COTEH JIET MOJIO-
JKe, YeM BMEIIAOIINe UX OTIOXKEHMS Ha TOM Ke IIy-
OuHe, KakK cieacTBre (opMUPOBaAHMS XU B MOPO-
3000iHBIX TpemurHax. OQHAKO CTOUT YUYUTHIBATD,
YTO IIyOMHA IIPOHMKHOBEHMS BOIBI, 3aIIOJIHSIIOIICH
TPELIUHY, OrpaHUYeHa OOBIYHO BepXHUMU 1—1,5 M,
TaK Kak INIy0xe TpelllHa CyxKaeTcs U oOpa3yola-
sicsl JieAsTHasI IPOOKa IIPETSITCTBYET 3alI0JTHEHHIO Ha
MOJIHYIO IITyonHy. Mcxoms u3 Bcero pacCMOTPEeHHO-
ro, BO3pacT CUHTC€HETUIECKUX JICISIHBIX 3KIJI COOT-
BETCTBYET BO3pacCTy BMEILIAIOIINX OTIOKEHMIA C TOU-
HOCTBIO 10 HECKOJIBKIX COTEH JIET.

Bapuauuu cTa0nibHBIX N30TONOB KUCJIOPOAA U
BOAOPOJA B roJIOICHOBLIX U COBPEMEHHBIX 2KINJIAX

Ilo xune n3 anaca JlyBanHoro fApa (ITXKJI 1)
nmoJlydeHbl Bapuauuu 3Hauenuii 6'%0 ot —27 no
—24,8 %o, 1€ COBPEMEHHOIO pOCTKa B ajlace Xa-
pakTepusyetcst 3HaueHueM 8180 —23,3 %o (Tabm. 2).
Haubonee meraabHast M30TOITHO-KUCIOPOIHAS a1~
rpamMma mosjydeHa rno 25 obpasuam 13 KUJIbl B ajgace
AnemkuHckoit Teppacel (IT2KJT 2), Bapuanuu 3Ha-
yeHuit 8'%0 cocraBum ot —27,5 no —24,2 %o. 3Ha-
yeHus 8'%0 Bo JbIy rooLEHOBON KUIBI U3 anaca
ITnaxunckoro fApa (IT2KJI 3) Bapeupytot ot —27,4 no
—26,5 %o, B TPEX COBPEMEHHDIX XUIKAX 3HAYEHUS
830 konebmorcsa or —27,1 10 —23,4 %o. Bonee y3kuit
JAIa30H BapUalyii U30TOMHBIX 3HAYEHUI TTOJTyYeH
no xwie B paitoHe noc. Yepckuii (IT2KJT 4), rne 3Ha-
yenud 8'80 Bapbuposamu ot —27,9 no —27,2 %o, u
B kuJie u3 ajaca Ha OMOJOHO-AHIOHCKOM MEXIy-
peune (ITKJT 5), tne 3HayeHus 8'%0 usmensmcs ot
—25,9 no —25,1 %o. B xxunax, orpoOOBaHHbBIX B IO~
MEHHBIX oTIoxeHusX p. KonbiMa (yaactku TTXKIT 6,
TKJT 7, TIKJT 9), Bapuanmu 3Havenuii 8'30 B rono-
LIEHOBBIX XKMJ1aX COCTaBUIIN OT —28 10 —23,7 %o, B cO-
BPEMEHHBIX JKWIBHBIX POCTKAaX — OT —26,5 10 —23%o.
B xxune na notime p. Omonon (IT2KJI 8) 3naueHus
880 usmensch ot —25 10 —26,2 %o. B coBpeMeH-
HBIX KWJIBHBIX POCTKAaX Ha Tovime IToxomckoii mpoTo-

Ta6nuya 2. 3navenua §'%0, 8°H u d,,. B rononeHoBbIx
noBTOPHO-XKIIbHBIX NbAax (IDKJT) u coBpeMeHHBIX TeIsTHbIX
JKIIKaxX B HU30BbAX p. Kombima

Yyactok ¢ | Yuc- d%0/5’H
TKIT (em. | 1o doyer %00
puc. 1) | mpo6 mn |  mid | max
Tonouenoswvie TIKJT
—27,9/-212 |=27,7/-209,5 | —-27,2/-207,1
T4 ? 9,/3 1{),5 1/2,5
—28/-207,6 |—27,2/—202,3|—26,9/—198.8
7 > {4,3 1/5,2 1/6,3
—27,6/-211,5 | —26,6/—202,7 | —25,6/—193,7
TDIITI0™ - 7 9/,2 {0 1/1,3
TIKJT 1* 10 =27 —26 —-24.8
TT2KJT 2% 25 -27,5 —25,6 -24.2
TI2KJT 3* 4 274 27,1 -26,5
TIKIT 5 4 -25,9 —25,7 -25,1
TIKJT 6 6 -27.9 =27 -26,1
TIKIT 8 6 —26,2 —-25,4 =25
TI2KJ19 7 -27.8 —26,6 -23,7
CospemeHrnbie n1e0sHble HCUNKU (POCIIKIL)
TIKJT 1* 1 — -23.3 —
TI2KJT 3* 5 -27,1 —-25,8 -23,4
TIKJT 6 4 —25,6 -25,3 =25
T2KI1 7 5 -26,1 248 =23
TI2KJ19 1 — -26,5 -
TI2KJT 10* 6 -28,1 —24.9 -23,2

WM3oronHble naHHble B3AThI: *U3 paboThl (Bacuibuyk, 1992) u
**13 pabotel (Wetterich et al., 2018).

ku (ITKJT 10) 3Hayenus 8'80 Bapbuposanmu ot —28, 1
1o —23,2 %o (cM. Tabm. 2).

AHaIN3 MMOJIyYeHHBIX M30TOITHBIX JAHHBIX I10-
3BOJIMJI YCTAHOBUTD, YTO TOJIOLICHOBBIE XKMJIbI I CO-
BpeMEHHbBIE POCTKH, OIPOOOBaHHbBIE B HU30BbsIX Ko-
JIBIMBI, XapaKTePU3YIOTCSI NMalia30HOM BapuallMid
3HayeHuii 880 okoso 4%o U1 KU TOJOLEHOBOTO
Bospacra (0T —28 10 —23,7 %o) v 0k0510 5 %0 — [Is CO-
BPEMEHHBIX JKMJIbHBIX POCTKOB (0T —28,1 10 —23 %o0).
OrmMeTuM, 4To cpeaHue 3HadeHus 880 coBpeMeHHBIX
Y TOJIOLICHOBBIX 3KWJT B OJHOM M TOM XK€ TOYKE OT/IMYa-
torcst Ha 1—2 %o, Kak TIpaBuiIo, 00Jiee BEICOKUE 3HA-
yeHus 8'80 nosydyeHs! 1719 POCTKOB COBPEMEHHBIX JIe-
IAHBIX X (puc. 2). Touku 3Hauenuii 8'%0 u 6*H B
rojiotieHoBbIX xkuax [T2KJT 4, TI2KJT 7 u TT2KJT 10 (cm.
puc. 2) pacronoxkeHbl MEXIY JIOKaTbHOI JIMHUEH Me-
TeopHbIX Boa (JIJIMB), npeacrasisitolieii CHer B paii-
oHe noc. Yepckuii, ¥ robabHON JTMHUEH METEOPHBIX
Boz (I'JIMB). D10 yKa3biBaeT Ha NIPEeUMYILIECTBEHHO
aTMocepHYIo MPUPOIY Biaru, (hoOpMUpPYIOIIEH JIET.
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Puc. 2. Bapuauuu 3HaueHuit 8'80 B MOBTOPHO-KUIBHBIX JIbIAX U COBPEMEHHBIX OCATKAX:

A — Bapuauuu 3HayeHuit 8!80 (I — nuanasoH, 2 — cpeHee 3HaYEHKME) B COBPEMEHHBIX POCTKAX (3) Y FOJIOLEHOBBIX JIEASHBIX XKHU-
J1aX, JaTMPOBAHHBIX He paHee 4 ThIC. KaJl. JIeT Ha3az (4) 1 oT 9 10 4,2 Thic. KaJl. JieT Hazaz (5); 5 — cootHomeHue 8'80—82H B rojo-
LIEHOBBIX MOBTOPHO-XKWIbHBIX Jibaax (IT2KJT) yuactkos TT2KJT 4, TT2KJI 7 u T12KJT 10 oTHOCUTEIbHO JIOKAJIBHOM JIMHUM METEOPHbIX
BOII (@) ¥ T7I00aTbHOM JIMHUY METEOPHBIX BOI (6); 6 — 3HaYeHMsI M30TOITHOTO COCTaBa COBPEMEHHOIO CHera B pailoHe moc. Yepckuii
Fig. 2. Variations of 8'30 values in ice wedges and modern precipitation:

A — variations of 8'80 values (/ — range, 2 — mean value) in modern ice veinlets (3) and Holocene ice wedges dated not earlier than 4 cal
ka BP (4) and dated from 9 to 4,2 cal ka BP (5); 5 — 8'80—82H ratio in Holocene ice wedges (IW) at the sites IW 4, IW 7 and IW 10 rela-
tively local meteoric water line («) and global meteoric water line (6); 6 — isotope values for modern snow in Chersky settlement

W3zoronubie 3HaueHus no [12KJI 7 Ha moitme Kosbi-
MBI PacmoyioXXeHbl HeMHOTO B cTopoHe oT JIJIMB u
TJIMB, uyTo He oTpULIaeT U HEKOTOPOE yJacTue Io-
BEpPXHOCTHBIX (PEUHBIX) BOJ, B 00pa30BaHUM JKMUIHLHOTO
Jiba. 3HAYCHUS IEUTepUEBOroO DKCIiecca B XKMUJIax Ba-
peupytor ot 9,2 1o 16,3 (cM. Tab1. 2), 4TO, BEPOSITHO,
CBUJIETEILCTBYET 00 M3BMEHEHUM YCIOBUI MCITApEHUST
M TIepeHoca BJIary B TOJIOLICHE.

I[I/IHaMHKa Pa3BUTHA A71aCOB U MOIM B HU30BbSIX
P. Kombiva B TedyeHne KIo4eBbIX NEeproI0B roJjioncHa

Pazeumue aaacoe. B rnobansHOM MaciTabe repe-
XOJI OT TTO3[HETO IJICICTOLIEHA K TOJIOLICHY BhIIEISI -
€TCs TI0 3aMETHOMY CMSITUCHUIO KIIMMATUYECKUX yC-
noBuii. Ha ceBepe SAKyTuu, B TOM 4MClie B HU30BbIX
KombIMBl, TTOBBIIICHUE TEMIIEpaTyp BO3ayXa, 0CO-
OCHHO JICTHMX, IIPUBEJIO K aKTUBU3ALU TIPOLIECCOB
TEPMOKapCTa, JOKAIbHOMY IPOTAUBAHUIO BEPXHEI
YacTU OTJIOXEHUI JIEJOBOTO KOMILIEKca U 00pa3o-
BaHUIO 03€p, a Mocie ux ocymeHus — angacoB (Ka-
winHa, 2009; I'op6aTtoB u ap., 2021). 3HauuTeIHLHOE
ypciao “C 1aTUpoBOK U3 BEPXHUX CJIOEB JIELOBOTO
KOMITJIEKCa M U3 aJacHOTO KOMILIEKCa MOKa3bIBaeT,
YTO IpeKpalleHue HAKOTUICHMS JISI0BOIO KOMILIECK-
ca ¥ Havyajo 03€pHOro TepMoKapcTa U 00pa3oBaHUsI
aJacoB OTHOCSTCS TTpUMepHO K 11,5—12 ThIc. Kal. et
Hazal, T.¢. K Hayajly IPEeHJIaHICKOrO Iepruoa.

OnHa M3 OCHOBHBIX MMPUYUH OBICTPOrO pa3BU-
TUsI TEPMOKapCTa U MOSIBIEHUST OOJIbIIOTO Yucia
03€p, MIOMUMO MOBBIIICHUS TeMIIepaTyp, BEPOSITHO,
CBsI3aHa C U3MEHEHMEM BOJHOIO OajaHca — OT Jie-
¢uuuTHOTO K N30BITOYHOMY. OO 3TOM TaKXKe CBU-
JeTeJIbCTBYET IMPOMCXONMBIIIEE B Havajie TojiolieHa
M3MEHEeHUE TIPUPOIHBIX YCIOBUM U JTaHAIIA(PTOB —
OT KPMOKCEPOTUYECKUX «TYHIPOCTEIEN» JO BIaXK-
HBIX KYCTapHUKOBBIX TYHAP Ha CeBepe U JIECOTYHIIP
B Oostee 10xKHBIX paiioHax (Karummna, 2009). Haua-
JIo OOJIOTHOM CTaauu pa3BUTHS ajlacOB B HU30BbSIX
KombiMbl 00ycioBI€HO HAYaBIIMMCSI TTOUYTH TTOBCE-
MECTHBIM IPEHUPOBAHUEM TEPMOKAPCTOBBIX 03EP
okoio 10 ThIC. KaJjl. JIeT Ha3a/l KakK pe3yJbTaT pa3Bu-
THST SPO3MOHHON CHUCTEMBbl U YCTAaHOBJIEHUS ITMHA-
MHUYECKOI0 PaBHOBECUS C IOJJMHHOM BOJIHOM CETHIO.
K py6exxy 10—8 kan. Teic. JleT Ha3an (T.e. K Havay
CEeBEpPOrPUIIITUAHCKOTO MEPUOIa) allacHBIN pesibed
o611 cchopmupoBaH. MHTEHCUBHOCTh pa3BUTHS ajla-
COB MOXET OBbITh IMOATBEpKAeHA TeM (haKTOM, UTO B
COBpEMEHHOI TYHAPOBOU 30He KOJBIMCKOI HU3-
MEHHOCTHU OCTaTKU MO3IHEeIUIeiCTOLIEHOBOTO JIeA0-
BOTO KOMILJIEKCa U ajlaCHbIe OTJIOXKEHUS 3aHMMAaIOT
16 u 72% Teppuropun coorBercTBeHHO (KaruHa,
2009; Bepemeena, 2017).

Bricokast B1axkHOCTh OTJIOXKEHMI KaK Ha CTaauu
pa3BUTHS 03€p, TaK U Ha JaJbHEHIIel cTanuu 3a00-
JIaYMBaHUsI 03¢PHBIX KOTJIOBMH U aKKyMYJISILIUY TOP-
(GSIHUKOB crTocoOCTBOBajla UHTEHCUBHOMY MOPO-
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3000 {HOMY PacTPECKMBAHMIO B 3UMHUE TIEPUOIBI 1
POCTY TIOBTOPHO-KIIBHBIX JIbIOB B IIpeIesiaxX alacoB.
[IpakTryecKy MOBCEMECTHO aTacHBIN KOMILIEKC CO-
JOEPXKUT OMVH WU JaXKe HECKOIBKO SIPYCOB JISASTHBIX
Kujl. I30bITOUHOE JIOKAIbHOE OOBOJIHEHUE MOBEPX-
HOCTH aJJaCOB HEPEAKO IIPUBOIMIO K (hOPMUPOBA-
HUIO TPYHTOBBIX (4acTo TopdsHbIX) xwi (KarmmHa,
2009). BepTukasiibHasi MOIIIHOCTb XXUJI TOCTUTAET 5 M
u OoJiee, IIMPYHA B BEPXHEI YaCTHU 10 CE30HHO-Ta-
JIBIM cJtoeM BapbupyeT oT 0,4 1o 1,8 M; 3TO TTO3BOJIS-
€T IPEIITOI0XUTH JOBOJBHO CYPOBBIE T€OKPHOJIOTH-
YyecKue ycJIoBus rojioneHa. Jlaxe B menbre KombIMbl
MPOUCXOIMIIO CyOAKBaJIbHOE CUHTCHETUIECKOe IIPO-
Mep3aHUE TOHHBIX OTJIOXEHUN 1 (pOpMUpPOBaAHKE
TIOBTOPHO-KIJIbHBIX JIHAOB Ha OCYIIAIOIINXCS yIacT-
kax (Konsxun u ap., 1989).

B TeueHMe rpeHNIAHACKOrO MepHOIa roaolieHa
ajlachl B OCHOBHOM TOJIBKO 3apOXXIaINCh U JIUIIIb
B HamboJiee ApeBHUX HavyalIu (OpMUPOBATHCS I10-
BTOPHO-XWIbHBIE JIbAbl. K HacTosImeMy BpeMeHH
nostydeH psan “C 1aTMpoBOK, OTHOCSAIIMXCS K TPEH-
JIAHJICKOMY TepUOAY TOoJIoLeHa, OAHAKO U30TOIMMU-
YeCKM ONMpOOOBAHHBIX JEASHBIX XU, GOpMUpPY-
IOIIUXCS B 3TOT IIepUOM, CPAaBHUTEIILHO HEMHOTO.
OauH U3 HUX — ajlac Ha mpaBoM Oepery p. Marnblit
AHIOI1 B BepxHeil yacTu pazpe3a MoJOTKOBCKUM
Kamens (IT2KJT 13); 3nech ToppssHUK AaTUPOBaH OT
9,4 no 8,8 Thic. Kan. neT Ha3aa (KamnuHa, JIoXXKUH,
1979). ABe natupoBKu okojo 11 u 9,3 ThIC. Kaj. jeT
Ha3zaz no ajacy B ooHaxxeHun Kpacusoe (TT2KJT 14)
Ha npaBoM Oepery p. Manbiii AHtoit (Muxanés u
ap., 2006) ykaseiBaloT Ha (hOpMUpPOBaHUE ajlaca B
HavaJie TpeHIaHIcKoro repuoaa. Havamom rosore-
Ha (10,8 1 9,8 ThIC. KaJ. JIeT Ha3ad) JaTUPOBaH TOP-
(siHUK B anace B paiioHe Mmoc. AMOapuyuK B JAeJbTe
Konbimer (TT2KIJT 15, puc. 3).

Cepun pagnoyTriaepoOIHbIX JaTUPOBOK MTOKA3bI-
BAlOT, YTO B HU30BbsIX KOJIBIMEI ajlackl pa3BUBaIINCh
B TeYCHME TPEHJIAHICKOIO — IIEPBOM MOJIOBUHEI CE-
BEPOTPUIITMAHCKOTO IIEPUOIOB TojiolieHa. B paiio-
He JlyBaHHoroO fpa amackl Hauanu ¢GOpMHUPOBATHCS
10,4 1 9,5 ThIC. Kaj. neT Ha3an (cM. puc. 3), JaTu-
poBKa 8,4 ThIC. KaJl. JIET Ha3aJ 0 HUXHEN yacTu
TOP(MSIHOM XKMIbI B ODHOM M3 aJlacOB CBUIETEIb-
CTBYET O BO3MOXHOM MOATOILICHUH ajlaca M IIpo-
TauBaHUM paHee 00pa30BaBLICKCS JeASHON XKUJIbI.
3aBepuieHue GopMUpPOBaAHUS anacoB (WU, IO
KpaifHeil Mepe, 3aMeTHOE CHIDKeHNEe MHTEHCUBHO-
CTU UX Pa3BUTHUS) MOXHO JATUPOBATh KOHIIOM CE-
BEPOTPUIIITMAHCKOTO Ieproja.

Anacwl B patione ITnaxunckoro fApa (ITXKIJT 3),
r. [Toxoack (IT2KJI 10) u B nonune p. bonbias Ky-
pOIAaTOubs, COMIACHO IMOJIYyYeHHBIM “C gaTupos-
kam (Karmmna, Jloxkus, 1979; Fukuda et al., 1997;
Wetterich et al., 2018), Takxke Hayamm GopMupo-
BaThCs B KOHIIE TpeHIaHAcKoro nepuona (10,5—
8,9 ThIC. KaJl. JIET Ha3am) U 3aBEPIIIN CBOE pa3BU-
THE B CEpeAMHE WIM KOHIIE CEBePOrPUIIITMAHCKOTO
nepuona rojoueHa (6,7—4,8 ThIC. Kall. JIeT Ha3am).
Hamnboiee BeposiTHO, 4TO ajac Ha OMOJIOHO-AHION -
ckom Mexaypeube (IT2KJT 5) Takke opmupoBaics
MPEUMYIIECTBEHHO B T€UYCHNE CEBEPOTPUITIIMAH-
CKOTIO Ieproaa, Ha YTO MOXKET YKa3bIBaTh OOJIbIIIas
BepTHKAaJIbHasI MOIITHOCTB X (0oJiee 5 M) 1 e€ pac-
MOJIOKEHNE MO TOPPOIHUKOM ¢ MHOTOUYMCICHHBI-
MU IpeBEeCHBIMU OCTaTKaMM. MICKIIOUeHNE MOXKET
COCTaBIIITH kmiia B paiione r. [Toxonck (I12KJI 10),
KoTOpast Hayaja (popMUPOBAThLCS IIOCIIe IIPOMEpP3a-
HUS ajlaca ¥ 00pa30BaHUsI IIMHTO B €T0 IIpeaeiax He
paHee 4 ToIC. KaJ. JieT Ha3an (Wetterich et al., 2018).

K Hamboee Moa0mbIM ajaCHBIM TOJIIIIAM C ITIO-
BTOPHO-XKWJIbHBIMU JIBAAMU MOXHO OTHECTH 03€p-
HO-00JIOTHYIO KOTJIOBUHY B paiioHe moc. Yepckuii
(I2KJI 4). E€ dopmupoBaHme, CKOpee BCEro, Ipo-
HWCXOOWJIO B TeYCHUE IOCICAHNX HECKOIbKIX THICSTY
JIeT, T.€. B MeTXaJlaiicKuil mepuop rojoueHa. Ha eé
OTHOCHUTEIBHO MOJIOAOI BO3PAacT MOTYT YKa3bIBaTh
BBICOKAsI COBPeMEHHasI 3a03€PEHHOCTh TEPPUTOPHUH,
pa3BUTas CUCTEMa PYyYbEB U MPOTOK, a TAKXKE MaJlo-
MOIIHEIA TopdSHOM ITOKPOB. B ke orMedeHa ma-
pajUTeIbHasl CJIOMCTOCTD 3JIEMEHTAPHBIX XKWJIOK, YTO
MOXKET PacCMaTPUBAThCS KaK IMPU3HAK €€ IIperMyIIe-
CTBEHHO 3IUTeHEeTYeCKOro hopMupoBaHust. Bo Besi-
KOM CJIydae, M3-TOTO, UYTO B Y3KOil IPOMOMHE ObLIA
BCKPBITa TOJIBKO BEPXHSISI YaCTh XKUJIbI, JOCTOBEPHO
YCTaHOBUTh CUHT€HETUYECKUI XapaKTep (popMupo-
BaHUS 3TOM XKWIIBI HE IIPEICTABIISIOCH BO3MOKHBIM.

Paszeumue noiim. ®opMupoBaHue TOMNMEHHBIX
OTJIOXXEHUI 1 meabThl p. KonxbiMa 3aBepIInioch B
no3gHeM rojoueHe. [lofiMeHHBIE OTIIOXKEHUS B HU-
30BbsIx KoabiMbl matupoBaHbl 2,1 1 1,9 TeIC. T
(Kopotaes, 2010). IMonyyennaa Hamu '*C naru-
poBKa 2,5 ThIC. KaJl. JIET Ha3aj 10 OpraHuYeCcKUM
BKJIOUEHUSIM B ITOMMEHHBIX OcaakKax B pailioHe
nmoc. Yepckuii Takxke MoATBEpXKAaeT (popMupoBa-
HUE OTJIOXKEHUI B MO3MHEM TOJIOLIEHE, B Merxajiai-
ckuit mepuon (cM. Tabiu. 1). [ToiiMmeHHBIE TOMIIN,
KaK MpaBUJI0, CIOXKEHbI CyNeCsIMU U TeCKaMu C
MPOCIOSIMU U TUH3aMU Topda U paCTUTEIBHOTO Jie-
TpuTa. 3a001a4rMBaHre CTAPUYHO-TIOMMEHHBIX 03€P

-418 -



H.A. byoaHueaa, F0.K. Bacunbuyk

10,8

_;3¢9,8
H HV

L 18

MXI 15 16

14

|I|a E6

[#=]r [E52 [7s U4 [V s [¥ |6 m7,2]7

H, wm|8

Puc. 3. Crparurpadgusa u *C 1aTupoBKM OTJIOXEHUI a1acoB ¢ MOBTOPHO-XWIbHBIMU JbaaMu (ITXKJT) B HU30BBSIX
p. KonbiMa o maTepuaiaM aBTOpPOB (@) U paHee OMyOJIMKOBAaHHBIM JaHHBIM (6) (Oosiee monpodHast nHbopMalus o

JMaTUpPOBKax MpuBeneHa B Ta01. 1).

1 — Topd; 2 — mecok; 3 — cymnech; 4 — CYNIMHOK; 5 — MOBTOPHO-KUJIbHbBIE JILABI; 6 — TOPMSIHBIE U TOPMPSIHO-TPYHTOBBIE JKUJTBI;
7 — panMoyrjiepoaHble JaTUPOBKU, ThIC. KAJIMOPOBAHHBIX JIET Ha3al; § — BbICOTa OOHaXKEHUIA Hall ypOBHEM MOPST

Fig. 3. Stratigraphy and “C dates of alas deposits with ice wedges (IW sites) in the lower Kolyma River area based on the
authors' materials (a) and previously published data (6) (more detail information about “C dates is given in Table 1).

1— peat; 2 — sand; 3 — sandy loam; 4 — loam; 5 — ice wedges; 6 — peat and peat-soil wedges; 7 — C dates, cal ka BP; & — height

of exposure, a.s.l.

MPUBOIMIO K aKKyMYJISILIUU TOPMOSIHUKOB MOIIHO-
cThiO 10 4 M (HampumMmep, Ha noiiMe p. OMOIOH).
Bricokasi B1aXXHOCTb MOMMEHHBIX OTJI0XEHUN U
Hanuuue TOopGSIHBIX TOPU3OHTOB CO3IAI0T OJ1aro-
MPUSATHBIE YCJIOBUS IIJII POCTA IMTOBTOPHO-KUJIBHBIX
JbI0B. ZKMTbI OMrcaHbl U ONMPOOOBAHBI B TTOMMEH-

HBIX oTJioXeHusax pek Konbima (yuactku IT2XKJT 6
u IT2KJT 7) u Omonon (yuactku TTXKJT 8 u TTXKJIT 9).
CuHreHeTUYeCKui XapakTep pa3BUTHUS KU B TIpe-
Jiejiax TIOMM He BbI3bIBAET COMHEHUM, TaK KaK MO¥-
MEHHBbIE OTJIOXEeHUs (POPpMUPOBAIUCH B T€UECHUE
BCEro Ieproa 00pa3oBaHMSI K.
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M3oTonHbie BapHALK B COBPEMEHHBIX 0CAIKAX
¥ POCTKAX XKHUJI M COOTHOLIEHHE ¢ 3UMHUMH
TemMnepaTypamMH BO3ayXa

M30TONMHO-KUCIOPOIHBII COCTAaB XXUIBLHOTO JIbJa
yxe 6osiee 30 JeT yCrelHo MpUMEHSIETCS IJIsT pe-
KOHCTPYKIIMIA CpeIHesTHBAPCKOM TeMIlepaTyphbl BO3-
nyxa neproja (opMupoBaHus XKuia. M3BecTHO, UTO
MOBTOPHO-KUJIbHBIE JIbIbl 00Pa3yloTCs MPeuMyILie-
CTBEHHO M3 TaJIOM CHETOBOM BOJIBI U COXPAHSIIOT CUT-
HaJ aTMoc(epHBIX 0CaaKOB 3UMHero neproaa. Oc-
HOBHOM (haKTOp, ONPEACIISTIONINI N30TOITHEIN COCTaB
(8'80) atMochepHBIX 0OCaIKOB 3UMOIA, — TeMIlepaTypa
Bo3myxa. Ipyrue nporiecchl (aTMOcepHBIN IepeHoc,
CM€Ha MCTOYHMKA BJIar'v, UCIIApEeHUE CHera B TeUeHUE
31MBbI) BIUSIOT He3HaunuTeabHO (Meyer et al., 2002b;
Porter, Opel, 2020). JIixs KonpIMcKo#t HU3MEHHOCTH
(OCHOBBIBasICh Ha TAHHBIX TT0 TToc. Yepckmii) Koad-
(pUIMEeHT TPOIOPLMOHAIBHOCTH K IJISI COOTHOIIIE-
HUST Ty posn = AO180cqqy TS IEPUOLIA C HOSIOPSI 11O
arpesib BappupyeT ot 0,52 1o 0,99, Hanbos1ee BBICOKMIA
ko duLmeHT koppessiun — ot 0,95 10 0,99 — nosy-
YyeH JJ1s1 1eKaopsi, stHBapsl 1 (peBpaisl.

Panee ObL1a ycTaHOBIEHA XOPOIIIAst KOPPEISIIUS
MEXXIy CPeIHUM M30TOITHBIM COCTABOM CHeEra U JIbIa
aJIeMeHTapHbIX KWIoK. Tak, Ha cTauuoHape AMOO-
nuxa MuctutyTta reorpaduu JdaabHEBOCTOYHOTO
HayuyHoro neHTtpa PAH BOiu3u noc. Yepckuii cpen-
Hue 3HauyeHus 8'80 3uMHero cHera u Jaba coBpe-
MEHHOTO XMJIBHOTO POCTKa (IIeproj 0TOopa — 3uMa
1983/84 r.) cocraBuian —26 u —24,6 %o COOTBETCT-
BeHHO. Ha o. Kamenka (yctbe KosnbiMbl) cpeaHue
3HayeHus O'80 3MMHero cHera u JibJa COBPEMEH-
HBIX POCTKOB (mepuon oToopa — 3uma 1984/85 r.)
coctaBuau —20,7 u —20,5 %o cooTBeTCcTBEHHO. B
1IeJIOM JIJIS1 UCCJIeyEMOTO palioHa MPOCIeXKMBAETCS
KOppesaLus Mexay 3HadeHusMu 8'80 B coBpeMeH-
HBIX POCTKaX XWJI U CpeIHESHBAPCKOIM TeMIIepary-
poit Bo3ayxa: Temmnepatypam oT —30 g0 —35 °C co-
OTBETCTBOBAJIM CPEeIHNE 3HAUCHUSI B COBPEMEHHBIX
poctkax or —20,5 10 —26,8 %o (Bacuibuyk, 1992;
ConomatuH, 2013). Insg KoabIMCKO## HU3MEHHO-
ctu yctaHoBieHo (ConomartuH, 2013), yTto ¢ ynane-
HHEM OT IT00epeXbsl U3OTOIHBIN COCTaB XXUIbHBIX
POCTKOB CTaHOBUJICS 00JIee U30TOMUYECKU OTPULIA-
TeJbHBIM, YTO COTIJIACYeTCs C TIOHUKEHUEM CPeIHE-
3MMHMX TeMIepaTyp MPU3eMHOI0 Bo3nyxa (pa3Hulia
CpeIHE3MMHUX TeMITepaTyp MeXAy moc. AMOapunk
B ycthe KonbiMer u moc. KonbsiMckoe B 130 km oT
ycTbs KonbiMmel coctasnsteT 3,1 °C).

H1s1 yTouHeHUsI paHee MPeUIOKEHHOTO COOTHO-
nreHus 3HayeHuit 8'80 B pocTkax XU v cpeqHesH-
Bapckoit TeMrepatypsl (Vasil'chuk, 1991) mMbr ipo-
aHAIM3UPOBAIM TEMIIEpAaTypHBIE PSIOBI IO TPEM
METCOCTaHIIMSIM B paiioHe uccienoBanuii: byxra Am-
bapunk, Yepckuii 1 Konxemmckas (cm. puc. 1). Boi-
MOJIHEHO CPpaBHEHME CPeIHESTHBAPCKUX TEMIIEPATyp
BO3IyXa 1 M30TOIMHO-KHMCIOPOTHOTO COCTaBa COBPEe-
MEHHBIX XXIWIbHBIX POCTKOB. I10CKOIBKY poCcTKI ObLII
oToOpaHbI B Hauasie—cepeanHe 1980-x rogos, corro-
CTaBJICHME TIPOBOIMIIOCH C TeMIiepaTtypaMu 1o 1983 r.
Cpennue 3navenms 8'30 1o poctkam (830, ) B 1Ipe-
nenax uccieayembix yuactkoB (IT2KJT 1—10) Bapbupy-
10T oT —23,3 10 —26,5 %0 (cM. TabI1. 2), MaKCUMAJTb-
Hble 3HaueHus 830 (B cpenneM —20,5 %o) MoTyYeHBI
T10 JIBAY COBPEMEHHBIX XKIJIOK Ha 0. KameHKa B 1ejib-
te p. KoabimMa (Konsixun, 1988; Conomarun, 2013).
YcraHoBeHO, YTO 3HaUeHUe KO3 GULIMEHTa KOppe-
nsun k B cootHomennn T, . = kd180,  Bapbupyer
ot 1,26 1o 1,45 (tabm. 3).

B menom mist paitona Huzoswuii p. Kojeima cyiie-
cTByet 3aBucumoctsb T, ..o = (1,3520,1)8"80,  —
¢dopmyna (1), uTo GAU3KO K TMOJYYEHHOMY paHee
ypasHenuio T, ... = 1,581%0,  (£3 °C) — dopmy-
Ja (2), B koTopoM norpeirHocTh 13 °C yKa3bIBaeT Ha
BaprabeJIbHOCTh CpeTHESTHBAPCKOM TeMITepaTyphl, OT-
MeJyaeMoil Ha METeOCTaHIIMSIX paiioHa NCCIeOBaHMIA.
Ecnu mig pacuéra ucnoib3oBaTh CpeIHUE 3HAYEHUS
880 mo poctkam 1 popmyity (2), TO MOTYIUTCS, YTO
T aus BappupoBana ot —35 1o —39,8 °C, a ¢ yu€tom
MorpelHocTd — oT —32 10 —42,8 °C, 4TO HaXOOUT-
cs1 BHYTPM IMAaria3oHa CpeIHesTHBAPCKUX TeMIIEpaTyp
BO3IyXa, 3a(DMKCUPOBAHHBIX HAa TPEX YKa3aHHBIX Me-
TeocTaHIUsIX (cM. pasaen «PalioH uccienoBaHUin» ).
MBI TakKe Ioj1araeM, 4To pocTKU (POPMUPOBAINCH
MPEeuMYILIEeCTBEHHO B HauboJiee XOJ0IHbIe 3UMBbI (UTO
O0BACHSIET UX JOBOJILHO HU3KMe 3HaueHus 8'80), kak
1 B TEUEHME TOJIOLICHA.

PeKOHCTPYKIMS CpeHESTHBAPCKOIi TeMIIepPaTypbl
BO3/yXa M 00LIME YePThl PA3BUTHSA OBTOPHO-
JKHJIBHBIX JIbJIOB B HU30BbsAX p. KosbiMa B
KJII0OYEBbIE TEPHO/IbI T0JI0IIEHA

Huist pacuéra cpelHessHBapCKUX TeMIlepaTyp
BO3/yXa B KJIIOUEBbIE MIEPUOIbI TOJIOLIEHA IPUMEHSI-
Jack popmyna (1), B kotopoii nmorpemtHocTts £3 °C
MO3BOJISIET OLIEHUTDh AMAIa30H TeMIepaTyp MeXIy
0oJiee X0J0AHBIMU U OoJiee TEMIbIMU 3UMaMu. Bo3-
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Tabnuya 3. CpemHessHBapCKMe TeMIlepaTypbl BO3AyXa

T, 4us HA METEOCTAaHIMAX B HU30BbAX p. KonbiMa, cpefHme 3HaYeHMA
880 B coBpeMeHHDIX KMIBHBIX POCTKAX 6180)&P U KO3 (ﬂMI{I/IeHT KOppenAuuy k B COOTHOLIEHUN

Tcp.;u-m = kﬁlsox.p
Meteocranimu Mepron usmeperit T C* Cpennue 3Hauenus 8'30, Cpeniee sia-
TemIeparyp HB K- yeHue k
ByxTta AMGapuuk 19331983 -29,7 —20,5 (0. KameHka) 1,45
Yepckuii 1940—1983 —32,5 —24,8, —24.,9 (ITXKJ1 7 n 10) 1,31
KonsiMckast 1949—1983 —-33,4 Or —23,3 10 —26,5 (ITXXJ1 1, 3, 6, 9) 1,26—1,43

*[To manHBIM Www.meteo.ru/data/156-temperature; www.pogodaiklimat.ru.

pacTHas TIpUBSI3Ka MOJYYEHHBIX JaHHBIX OCHOBA-
Ha Ha umeromuxcsa *C gaTupoBKax BMeLIAOIINX
SKWJIBI OTJIOXKEHMH, TO3TOMY OHA UMEET TOUHOCTD B
CpeIHEeM HECKOJIbKO COTeH JeT. OTMETHM, UTO UMe-
IoIIMecs] B HACTOSIIIIee BpeMsl U30TOIHbIE U pallo-
yIJIEpOAHbIE JaHHbIE MO I'OJOILEHOBBIM ITOBTOP-
HO-XXUJbHBIM MacCUBaM He MO3BOJISIOT BbIASIUTH
OTJIEJIbHO TPEHJIAHICKUI TTepHOJ FOJI0lIeHa, TaK KaK
HE BCTPEYECHO XM, (DOPMUPOBABIIMXCS UCKITIOUM-
TEeJIbHO B 3TOT Ilepuoi rogoueHa. Kak mpasuio,
HauOoJiee IpeBHUE XUJIbl Hauyalu GOPMUPOBATH-
CsI B KOHIIE TPEHJIAHACKOTO MIePHUOaa 1 MPOIOJIKI-
JIN CBOM POCT BECh CEBEPOrPUIIITMAHCKUI TIEPHUO]I.
M maneoTeMIepaTypHBIX peKOHCTPYKIINI KOHIIA
IPEHJIAaHACKOTO Iepruoaa — IepBOIi IIOJJOBUHEI Ce-
BEPOTPUMITMAHCKOTO IePHUOAa NCIIOJb30BaHbBI U30-
TomnHble JaHHble o MaccuBaM TT2KJI 1 u TTKJT 3,
IJISI CEBEpOTPUIIIMAHCKOTO IIeproaa — 110 MacCH-
Bam TT2KJT 2, TT2KJT 5, a aiast merxanaiickoro mne-
puoga — no maccusam IT2KJT 4, 6—10. B teueHue
TPEHJIAHICKOTO Mepuoaa B mpeaeaax oopa3yrolmx-
csl TEPMOKAPCTOBBIX OacceifHOB Havaau GopMUpoO-
BAThCS TOJIOLIEHOBBIEC TOBTOPHO-KMJIbHBIE JIbIHI.
CpenHestHBapcKasl TeMIiepaTypa Bo3ayxa B 3TOT Ie-
puon BapbupoBana mexay —41 u —34 °C (ta6. 4).

B TeyeHue ceBepOrpuIIuMaHCKOIO mepuoaa
B HU30BbIX KOJBIMBI OTMeYasoch HanboJiee UH-
TEHCHUBHOE pa3BUTHUE ajlacOB U POCT B HUX IO-
BTOPHO-KWJIbHBIX JIBAOB. B KOHIIE 3TOro nepuoaa
MHTEHCUBHOCTb Pa3BUTHsI aJlaCOB U POCTa IMMOBTOP-
HO-XWJIbHBIX JIbIOB CHMXXAETCS U JIOKAJIBHO TIpe-
KpalllaeTcsi, B OCHOBHOM, KaK CJIEACTBUE Pa3BUTHUS
npeHaxHoU cucteMmbl. CpemHesTHBapCcKast TeMIie-
paTypa Bo3ayxa B 3TOT IIEpHOJ BapbUpOBaia MEXIY
—39u —-33°C.

B Teuenne merxanaiickoro Iepuomaa Haudoee
OJIaroNpUsITHBIE YYAaCTKH IJ11 (OPMUPOBAHUS T10-
BTOPHO-XXUJIbHBIX JIBAOB — aKKYMYJISITUBHEIE T10-
BEPXHOCTHU MOUM, 0COOEHHO Ha 3aTOP(OBAHHbBIX
y4JacTKax, a TakKe TOpMSHUKY B IIpeaeaX MOJIOIBIX
ajJjlacoB M ocylatomuxcs o3€p. B 6osnee apeBHUX

ajlacax JIOKaJIbHO IIPOA0JIKAJICS POCT paHee oopa3o-
BaBILIMXCS XKWJI, Ha YTO YKa3bIBaeT HAJIMUME BEPXHE-
IO sIpyca MOJIOIBIX Y3KMX XWI B anacax IlmaxuHcKo-
ro Apa (IT2KJI 3). CpeaHessHBapcKasl TeMieparypa
BO3[yXa B 3TOT Iepuoi BapbupoBaia Mexay —41 u
—33 °C. CorziacHoO NojJy4YeHHbIM JaHHBbIM, B TeUYe-
HUeE roJIolicHa CpelHessHBapcKasl TeMIleparypa Bo3-
Iiyxa B HU30BbsX p. KoabiMa ocTaBajiach JOBOJIBLHO
IMOCTOSIHHOI, OTMETUM TOJIBKO €€ He3HAaYUTeJIbHOE
CHIDKEHUE B MerxajaiCKuii meprosl OTHOCUTEIbHO
CEBEePOrpUMITMaHCKOTO.

ABTOpBI pabOTHI, B KOTOPO BHITTOJIHEHHI MaJIe0-
TeMIlepaTypHble peKOHCTpyKuMuu 11t KoabiMcKoi
Hu3MeHHocTu (MuxanéB u ap., 2012) Ha ocHOBe
MHTEepHpeTaluy U30TOITHOIO COCTaBa IMIOBTOPHO-
SKWJIBHBIX Y TEKCTYPOOOPa3yIOLINX JbIOB B JOJMHAX
pek Koapima (B oOoHaxkenusx JlyBannoro u Ilna-
xuHCcKoro SIpoB, 3emeHoro Mruica) m Manblii AHIONM
(ooHaxenus KpacuBoe, CtanunkoBckuit Jp n Mo-
JIOTKOBCKUI KaMeHb), MCIOIb30BaId M30TOITHO-
TeMIlepaTypHble KO3(PULIUEHTbI, OJIU3KKUE K TEM,
Kotopsie nipemiioxeHsl B (Vasil'chuk, 1991). Umu
MOKa3aHO, YTO AMAana30H Bapyuallnii CpeaHUX 3Ha-
YEHUU SHBApPCKOM TeMIlepaTyphbl B O3MHEM TLIEHC-
TOlLleHe — roJjioueHe BapbupoBaa oT —30 no—48 °C
B HU30BbsIX KoyibiMbl 10 —32 +—45 °C B nonuHe p.
Maunbiit Atoit (Muxanés u ap., 2012).

ConocrasJjieHHe ¢ ToJI0IeHOBBIMH TPEHIAMH
3MMHHUX TEMIIEPATYP BO3AyXa B APKTHIECKHX
paiionax Bocrounoii Cuonpu u CeBepHoii AMepUKH

B oTanume OT HOBOJIBHO CTAOMIIbHBIX 3UMHUX
TEeMIEepaTypHBIX YCI0BUM HU30BUI p. KonbiMma, mo
HEKOTOPBIM paiioHaM BOCTOYHOI U CeBEepO-BOC-
TouHO¥ Cubupckoit ApKTUKH, a Takxke I AJsi-
cku u CeBepHoii KaHambl moka3aHbI TPEHIbI TOBHI-
LIeHMST 3MMHMX TeMIIepaTyp BO3IyXa B TOJIOLEHE,
YCTAaHOBJICHHBIE TI0 JAHHBIM M30TOITHOTO COCTaBa
MMOBTOPHO-XXUJIbHBIX JbA0B. [IJ1g palioHa mpoJrBa
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Tabnuya 4. Bapuauyu snavennit 30 B ronouenossix sxmnax 880, 1 peKOHCTPynpoBaHHas CpefHEHBAPCKAs TeMIlepa-
» V1A pajioHa Hu30BMii p. KombiMa /15 TPEX K/II0UeBBIX IIEPUOJOB oMol eHa

Typa Bo3ayxa T,

p.AH.

BpeMeHHbBIE TpaHMIIBL, 18 " wx o
Iepuon THIC. KAUL. TET HA3AT 3uraueHnst 880 yr*, %o Pexoncrpynposannas T, 4, **, °C
I'pennanackuit 11,7-8,2 Or -27,1 1o —26 Ot —40,7 no —33,8
CeBeporpuImuaHCcKuii 8,2—4,2 Or —25,7 no —25.,6 Or —38,6 1o —33,3
Merxanaiickuii 42-0,1 Or —27,7 no —25,4 Ot —41,5 no —33
*[IpuBenéH nuarna3oH cpeaHUX 3HaYeHu (cM. TabJ. 2); **paccunraHa 1o ypaBHeHuto (1).
Hmutpus Jlantesa (0. bonbuioit JIssxoBckuit u Oii- BoiBonbt

rocckuii SIp) mociaeaHue 2 ThHIC. JIET XapaKTepU3y-
JOTCSI MOBBIIIIEHUEM 3UMHUX TeMIIEpaTyp BO3ayxa,
HauboJiee 3aMeTHOE 3UMHee MOTEIIEHUEe OTMeue-
Ho 11 nocnenHux necsatunetuii (Opel et al., 2017;
Meyer et al., 2002a). /1151 BOCTOYHBIX TPUOPEXKHBIX
paiioHOB UyKOTKU BbIpa>K€HHbBIN MOJOXUTEIbHbIN
TpeHJ 3UMHUX TeMIlepaTtyp Bo3ayxa Mexay 11—7
1 4—3 TBIC. KaJl. JIET Ha3aJ YCTAaHOBJIEH HA OCHOBE
BO3pACTAIOLIUX CpeaHUX 3HaueHuit 830 no nmosrop-
HO-XXWJIbHBIM JibgaM oT —17 1o —14 %o (Vasil'chuk
et al., 2018). /1ist 0. AlfOH 10 >K1JIaM B TOP(STHUKE,
JAaTUPOBAHHBIM MEXAY 8 M 5 KaJjl. ThIC. JIET Ha3al,
MMOJIyYEH ITOJIOKMTEIbHBIN TPEH I M30TOITHBIX 3HA-
YeHUIA CHU3Y BBepX OoT —22,3 1o —21 %o, uTo yKa-
3bIBaeT Ha BO3MOXHOE TTOBBIIIEHWE 3UMHMX TeMIIe-
patyp Bo3myxa (Vasil'chuk, Vasil'chuk, 2017).
ITokazaHo, 4To B ApKTUYECKUX palioHax As-
cku 1 KaHanmpl pocT IMTOBTOPHO-XUJIBHBIX JIBIOB B
paHHEM UM CpeJHEeM ToJIolieHe ObLI OYeHb OTpaHu-
YyeH B pe3yJibTaTe TIIyOOKOro IpoTanBaHWs U aKTHUB-
HBIX TEPMOKapCTOBBIX IpolieccoB. s LleHTpanb-
Horo KOkoHa (rato biskcToyH) ycTaHOBIEHO, UTO
POCT MOBTOPHO-XUJIbHBIX JIbIOB HayaJiCs OKOJIO
6,4 ThIC. KaJI. JIeT Ha3an, B nojauHe p. [TopkymnaitH
SKWJTBI CTali (hOPMUPOBATHCS HEe paHee 7,5 ThIC. KaJl.
JIET Ha3aj; 1o XWJiaM, JaTUPOBAaHHBIM TTO3IHUM Io-
JIOLIEHOM, TIOJIy4eHbI 6oJiee BBICOKME 3HaueHus 880
(B cpenHeM Ha 3 %o), 4TO UHTEPIPETUPOBAHO KaK
BEpOSITHOE MOBBIIICHNE 3UMHUX TEMIIEPaTyp BO3oyXa
(Grinter et al., 2019). IToBbllIEeHUE 3UMHUX TEMITEpa-
Typ BO3ayxa 3a nocjaeaHue 7,4 Thic. JeT 3a(DUKCUPO-
BaHO II0 M30TOITHOMY COCTaBY ITOBTOPHO-KIJIBHBIX
JIBAOB B paitoHe TaKTOsSIKTaK 1 Ha HEKOTOPBIX OCTPO-
Bax Kananckoit Apkruku (Holland et al., 2020). He-
3HAYUTEIbHBIC BapuallMi CpeIHEeSIHBAPCKO TeM-
repartyphl BO3ayxa B HU30BbsIX KOJIBIMBI, BEPOSITHO,
CBUJIETEJILCTBYIOT O CTAOMJIBHOCTY 3MMHUX KJIMMa-
TUYECKHUX YCIIOBUI Ha ceBepe SIKyTuM B T€UEHHE Io-
JIOLIEHA, OTpeeIsieMON CTaOUIbHBIM BIMSIHUEM CH-
Oupckoro aHTULMKIOHA (Bacunbuyk, 1992).

Kpuocrpaturpadust u pagroyriaepoaHbie 1aT-
POBKM OTJIOKCHMI aJIaCOB U ITOIM C ITOBTOPHO->KJTb-
HBIMU JIBIAMM B HU30BbsIX p. KoJbIMa ITOKa3bIBAIOT
MX TOJIOLICHOBBII Bo3pacT. COIjIacHO MOJIyYeHHBIM
paguoyTJIepOOHBIM JaTUPOBKAM, aKTUBHOE Pa3BU-
THE aJIaCcOB U IIPEUMYIIECTBEHHO CUHTEHETUUECKUI
POCT B HUX TTOBTOPHO-KMJIbHBIX JIbIOB ITPOMCXOIVIIN
B T€UEHIE BTOPOI MOJIOBUHBI T'PEHJIAHACKOTO MEPHO-
Jia ¥ OOJIbIIEH YaCTU CeBEPOrPUIIITMAHCKOTO ITeproia
rojiolieHa. B TeueHue Merxanaiickoro rnepuoaa rojo-
1IeHa UHTEeHCHUBHOCTh Pa3BUTHUS aJacoB C IIOBTOPHO-
KWJIBHBIMU JIbIaMU Ha BOAOpa3neiax 3aMeTHO I0-
HU3WIACh. B 3TOT mIepuon pocT MOBTOPHO-KMIbHBIX
JIBIOB IIPOMCXOOMI B (hOPMUPYIOIINXCST IIOMMEHHBIX
otJioxeHusix p. KonbiMa 1 e€ mputokoB. M3oTomn-
HO-KHCJIOPOAHBIE JaHHbIE 880 1o XMIbHBIM JbIaMm,
HCCJIeIOBAaHHBIM B HU30BbsIX KOIBIMBI, TO3BOMMIN
PEKOHCTPYHUPOBATh CpelIHEeSIHBapPCKUE TeMIIepaTy-
PBI BO3IyXa JUISl TPEX KITFOUEBBIX TIEPUOIOB IOJIOLCHA.
YcTaHOBJIEHO, UTO CpeIHEesHBapcKasl TeMIepaTypa
BO3/IyXa B T€YEHNE rojIolieHa BapbUpoBaia IPUMEPHO
B OJIHOM M TOM ke auara3oHe: ot —40,7 no —33,8 °C
B TeYeHMWE TpeHJIaHACKOTo nepuoaa, oT —38,6 10
—33,3 °C B TeueHME CeBEPOTPUINIIMAHCKOTO Mepu-
onga u ot —41,5 1o —33 °C B TeueHUEe Merxajaancko-
ro mepuona. DTo, CKOpee BCero, CBUICTEILCTBYET O
CTAaOMIBHOCTY 3MMHUX KIMMATUYECKUX YCIIOBUI Ha
ceBepe SIKyTUM B TeUeHHUE TOJIOIEHA, OIpeaesIsseMoil
BJIMSTHHEM CHOMPCKOTO aHTUIIMKIIOHA.
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